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PREFACE

This present annual volume is the fifth of a series. Traditionally, a
fifth anniversary is a time for retrospection. Readers familiar with the
series from its beginning may find it instructive to compare this volume
with the first, Many changes will be apparent, and these changes reflect
progress in Medicinal Chemistry - greater sophistication in theories, in
synthesis, in the approach to new and old problems, in interpretation of
subtle differences in biological effects, etc. Equal or greater progress is
expected the next five years.

Thanks due the contributors to each volume - authors, section edi-
tors and many others - are more deserved each year. There is more to
sift and condense, and the material is rarely, if ever, simpler. Their
efforts are greatly appreciated.

Fort Washington, Pennsylvania Cornelius K. Cain
June, 1970

ix
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Excursions in Medicinal Chemistry - Renal Agents

James M, Sprague
Merck Sharp & Dohme Research Laboratories, West Point, Pa,

Third Award in Medicinal Chemistry, Twelfth National
Medicinal Chemistry Symposium of the American Chemical Society,
Seattle, Washington, June 22-25, 1970

Medicinal chemists are concerned with the discovery of new therapeu-
tic agents, with the structural design of biologically-active substances
and with a chemical interpretation of how these substances bring about
their biological effects. Some results of our group in these areas of
concern are presented here., Of the several areas that might be selected,
the discussion is limited to specific topics in the renal field.

The rapid rate of discovery of highly effective drugs in all fields
of therapy over the past twenty to thirty years has been the subject of
much discussion. In the renal field, particularly diuretic agents, the
notable developments have occurred mainly in the last fifteen years,
starting with the first of the sulfonamide type drugs. Prior to this
period, the organomercurial diuretics had been the only effective agents
since their discovery in 1920. The progress in this area has closed the
gap between the level of desirable therapy and the level of therapy at-
tainable prior to these recent developments. Among the newly developed
drugs, we have achieved many desirable attributes. Nevertheless, in spite
of these advancements, there still exist gaps to be filled before we reach
our goal of the elusive, totally satisfactory drug. So far, all of the
highly effective drugs cause an undesirable excretion of potassium in the
urine that can result in hypokalemia. They also decrease urinary uric
acid excretion and increase blood uric acid concentration, a hyperuricemia
that has led to gout in predisposed individuals, Many of these drugs can
disturb carbohydrate metabolism leading to increased blood glucose levels.
While these shortcomings do not occur in all patients and frequently can
be overcome by judicious handling of the dose regime and by adjuvant medi-
cation, they can and do limit drug use.

These, then, are the major deficiencies to be filled by the design of
new diuretics, and they constitute the immediate objectives of many medic-
inal chemists working in the area of renal drugs. The following discus-
sion concerns some selected aspects of our own work that has been directed
to the search for compounds to fill these deficiencies, This discussion
will deal with three categories of compounds: (1) compounds designed to
mimic the mercurials, (2) the sulfonamides, particularly the hydrothia-
zides and (3) a heterocyclic class of potassium-sparing diuretics, A com-
plete or detailed analysis of structure-activity relations will not be
presented; these eilther have been or will be published. Emphasis is
placed on the inception of these compounds and on certain points related

xi
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to a chemical interpretation of how compounds of these classes may exert
their biological activity.

Soon after the introduction of organomercurials as diuretics, the
idea arose that their biological action resulted from the reaction with
and consequent blockade of essential sulfhydryl groups. This was the
prevailing concept in 1948-1951 when various of our attempts to design
non-mercurial diuretics began. After extensive and sophisticated investi-
gations that have been reported from many laboratories, this concept is
still held today. In a recent review, Cafruny states that 'the mechanism
of action probably involves a firm attachment of mercury to a sulfhydryl
group of a renal enzyme that helps to generate energy for sodium transport
or to a sodium carrier".

Even today, after the development of many powerful and useful new
drugs, the organomercurials are unique among these potent diuretics, in
spite of their several disadvantages. The mercurials cause little or min-
imal potassium loss and, in fact, under certain conditions, may exhibit
a potassium-sparing action. They are not known to disturb carbohydrate
metabolism. They do not cause uric acid retention and certain of them
have been shown to have a uricosuric action in man. Whether these desir-
able properties are a consequence of thelr structure and mode of action
or result from the intermittent or spaced manner of administration is not
clear. But these properties of the mercurials continue to be a challenge
to the medicinal chemist and present objectives for the design of new
structures,

From these considerations, we have developed in our laboratory sever-
al series of highly active compounds that were designed to react selec-
tively with functionally-important sulfhydryl groups, or possibly other
nucleophilic groups, that are essential for sodium transport. These com-
pounds generally contain an activated double bond attached to a carboxylic
acid structure of a type expected to assist transport into, or excretion
by, the kidney, Figure 1 shows a general structure for these compounds,

X X
| R'SH '
— c| R-COoH ———> -clz-u R-COoH
—-cC —C-8-R'
! R'SH '
Y-Hg-R-COH —————>  R'S-Hg-R-CO-H
Figure 1

in comparison with a generalized structure for the analogous mercurials,
and their reaction with compounds containing SH groups.

Figure 2 gives some of the types of activated ethylenic structures
and carboxylic acids employed, All of these ethylene structures have
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Figure 2

yielded compounds of high activity,

The (-haloacyl group has also given
active diuretics,

Among the carboxylic acid structures, the phenoxyacetic
acids are particularly active and have received most attention.

The O,B-unsaturated-acyl compounds (Figure 3) were the first studied,

0 0

I RSH P

—(C=C-C-R-COgHf = Z———>  RS-C-CH-C-R-COoH
|| < 1|

o

0
il il
CHp=C-C- -COgH CHp=C-C- -OCHoCOZH
I l

CHs CH'S
Figure 3

but the initial compounds showed only marginal activity in dogs. At this
point in our program, the investigation of these structures was tempor-
arily interrupted by the more promising results arising from the simul-
taneous study of the aromatic-disulfonamide series that led to the thia-
zides. In these sulfonamide series, it was clearly demonstrated that an
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"activating'" group such as halogen, trifluoromethyl, alkyl, etc., adjacent
to a sulfamoyl group was required for a useful order of activity. When
the work on the unsaturated-acylphenoxyacetic acids was resumed, the
effect of the chloro substituent in this series was explored (Figure 4).

Diuretic T 1/2
Activity (min, )
0
Il
CH,=C~C- -OCHoCOoH s 90
|
CHg
o Cl
I
CHp=C~C- OCH,COoH +2 1
|
CHgy
0 Cl
I
CHp=C=C- -OCH,CO.H +1 o7
CHs
0 Cl Ccl
I
CHp=C-C- -0CH,COH +3 1
|
CHs .

Figure 4

Here too, as in the sulfonamides, a tremendous boost in activity was ob-
served, particularly when the chlorine occupied a position ortho to the
carbonyl group of the acyl side chain, Not only was biological activity
increased but also the rate of the chemical addition of sulfhydryl com-
pounds across the double bond in a model in vitro system, The presence
of two chlorines, in positions? and 3 of the phenoxyacetic acid, further
increased both types of activity., The extension of these observations
led to several active diuretic serles., Representative compounds are
given in Figure 5. The first compound is ethacrynic acid, which has been
studied extensively, and is highly effective in animals and in man, 1In
the figures, the relative diuretic activity score is based on sodium ex-
cretion in dogs following an intravenous administration of a standard
dose and the chemical reactivity toward mercaptoacetic acid, as a model
sulfhydryl compound, is recorded as the time in minutes for half reaction
at pH T.4% (T 1/2).
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Diuretic T 1/2
0 o1 cl Activity (min,)
(1) cne-c c- -0CHpCOoH +6 L1
C2H5
Ethacrynic Acid
0 cl cC1
(2) CHaCH= C C- -0CHxCOzH +5 (210)
C2H5

(3 CHaCO
NccH- ~0CH5CO-H G7) 2
CHzC0””
(%) O0oN- c—cn-@-ocrlecogn +6 2

CoHs

o C1 cCl1
I
(5) iso-CgH,CH-C- ~-0CH,CO-H +5 (41)

|
Br

Figure 5

The importance of the presence and position of unsaturation and of
halogen in the acyl group is seen in Figure 6. Notable is the weak but
real activity of the saturated compound (compound 1), The activity of
this compound becomes unequivocal at a dose higher than the standard dose
used here for comparison. The introduction of the double bond into the
acyl group raises diuretic activity, particularly when it occupies the
terminal position (compound 2, ethacrynic acid) which also gives the
highest reactivity toward sulfhydryl in vitro. The O-bromo substituent
(compound 4) also increased activity; however, not to the level of the
unsaturated compounds., But when the bromo substituent is attached to a
secondary carbon of the acyl group, as in compound 5, still higher
activity results.
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Cl Cl1
R- -OCHCOoH
Diuretic T 1/2
R Activity (min,
0
I R
(1) CHg~CH-C— A N.R.
|
Colls
0
1!
2) CH2=(|3-C— +6 L1
CoHs
0
i1
(3) CHs"f'-C— +2 o7
CHCHg
Br O
bl
(4) CH3-C—Ce— + 21
|
Cols
Br O
[
(5) CoHs=CH—Co— +5 9
Figure 6

Figure 7 shows the point of nucleophilic attack in the three series
where a high level of diuretic activity is found. From these results,
one may conclude that the phenoxyacetic acid structure, properly substi-
tuted, possesses inherent diuretic activity which is accentuated either
by unsaturation or by an Q-halogen substituent that is capable of attack
by a nucleophilic group such as a sulfhydryl, When comparison of diuretic
and natriuretic activity is made on the basis of the dose size for given
response in dogs, the activated-vinylphenoxyacetic acids (Figure 7,
type 1) proved to be most active, for example, the diacetylvinyl-dichloro-
phenoxyacetic acid (compound 3, Figure 5).
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X | |l
() c=c- -OCH5CORH (2) — C—C- -0CHoCOoH
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This summary of our results brings us to the question: What is the
evidence that the diuretic activity of these mercury-free structures is
related to the reaction with a sulfhydryl system or related nucleophilic
system? The evidence is mostly circumstantial and must be drawn largely
from the extensive studies with ethacrynic acid.

Figure 7

(1) As already noted, maximum diuretic activity is observed only
with those structures that are capable of reaction with sulfhydryl,

(2) Ethacrynic acid decreases the protein bound sulfhydryl of the
kidney in a manner similar to the mercurials,

(3) Ethacrynic acid reduces the binding of the mercury by kidney
tissue,

(4) Ethacrynic acid is excreted in the urine, in large part, as the
cysteine adduct in a manner similar to the excretion of mercurials

as the cysteine conjugates.

(5) Only those sulfhydryl (or other nucleophilic) adducts of
ethacrynic acid are diuretic if they also show in vitro a ready
exchange with another sulfhydryl reagent.

From his studies with ethacrynic acld, Cafruny concludes that etha-
crynic acid does react with protein-bound sulfhydryl of renal cells. He
further states '""that the data indicate that ethacrynic acid occupies the
same ''receptors' and may share the same mechanism of action as the mer-
curials'" and that ethacrynic acid "probably blocks reabsorption of sodium
in the same way as mercurials and in most respects is the ''non-mercurial
mercurial' diuretic it was designed to be",

As can be seen from the data in the figures, there is a lack of quan-
titative correlation between the bilological activity and the chemical
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reactivity as exhibited toward sulfhydryl compounds in vitro. In view of
the complex animal system for assaying biological activity and the simple
in vitro system for measuring chemical reactivity, this lack of correla-
‘tion is not unexpected. A better correlation may be expected if the
chemical system measured the displaceability of onme sulfhydryl by another,
one reagent chosen to represent the sulfhydryl encountered in transport
to the kidney and the other the sulfhydryl that is in the receptor tissue
(Figure 8). Preliminary data support this view. For example, in the
cysteine adduct of ethacrynic acid, which itself is a highly active
diuretic, the cysteine can be displaced by reaction at pH 7.4 with
mercaptoacetic acid, thus giving the more stable adduct of mercaptoacetic
acid that is inactive as a diuretic.

0 0
CHp=C-C— ———> CHp-CH-C— —W CHg~CH-C —
b il I
CzHs SR CoHs SP CgHs
Figure 8

This approach to the design of structures that mimic the diuretic
activity of the mercurials has led to the extremely potent compounds that
lack certain of the disadvantages of the mercury-containing drugs and may
share, in part, a common mechanism of action. However, other desirable
attributes of the mercurials have not been reproduced. Ethacrynic acid,
the only compound that has had extensive study both in animals and in man,
causes potassium loss and uric acid retention and perhaps some distur-
bance of glucose metabolism although this latter effect appears to be
minimal compared to that observed with many diuretics of the sulfonamide
class,

To this point in the discussion, biological activity has referred to
the response following a standard intravenous or oral dose. For compari-
son within the series, this is adequate. However, these compounds exhibit
a quantitatively different dose response from that of the thiazides. The
response to ethacrynic acid is less than for hydrochlorothiazide at the
low doses but, at higher doses, the ethacrynic acid response exceeds that
obtainable with any dose of chlorothiazide or of any of its relatives.

The ethacrynic acid congeners all exhibit a similar dose response curve,
showing the higher maximums than the thiazides, and differing within the
series only by the position on the dose scale,

During the course of our work that is described here, a novel sulfon-
amide diuretic, furosemide, was developed in Germany. This compound
(t-chloro-N-(2-furylmethyl)-5-sulfamoylanthranilic acid), a sulfonamide
that has appreciable carbonic anhydrase inhibitory activity and shows no
reaction toward sulfhydryl compounds, exhibits a dose response that is
unique among all known sulfonamide diuretics. The response is similar
to that of ethacrynic acid with similar high maximum of natriuresis,
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However, it, too, causes potassium loss, uric acid retention and an alter=-
ation in glucose metabolism, How two compounds, ethacrynic acid and
furosemide, of such diverse structures elicit similar biological responses
lacks, so far, a chemical interpretation.

The sulfonamide diuretics all trace their origin to the observatiom
that the inhibition of carbonic anhydrase in the kidney, first by
sulfanilamide and, later, by the much more potent acetazolamide, leads to
excretion of sodium but very little chloride, and large amounts of
potassium and bicarbonate, From this beginning have arisen many sulfon-
amide diuretics of widely different structures that cause more chloride,
less bicarbonate and less potassium excretion than the first carbonic
anhydrase inhibitors. As this electrolyte excretion pattern improved
with structural modifications, the inhibitory activity toward carbonic
anhydrase, as measured in vitro, generally decreased markedly. Our inves-
tigation of aromatic-disulfonamides and the related thiazides illustrates
this trend, A marked improvement in the electrolyte excretion pattern
was noted with 5-chloro-2,4-disulfamoylaniline (CDSA)(Figure 9). Activity

) @:Nﬂa
HoNOoS SOoNHp

Chlorodisulfamoylaniline (CDSA)

RCHO
RCOoH N\ or
Y RCOR!
\\\

Cl N c g R

~Nr—R

T -

HoNOoS 50z HoNOoS OE/NH
Thiazides Hydrothiazides
Figure 9

was further improved by cyclization to the thiazides and hydrothiazides.
These are saluretic agents causing excretion of approximately equivalent
amounts of sodium and chloride, little or no bicarbonate and substan-
tially less potassium than the earlier sulfonamides. These sulfonamides
all exhibited, in vitro, considerably weaker inhibition of carbonic
anhydrase than acetazolamide; CDSA has approximately 1/60, chlorothia-
zide 1/40 and the hydrothiazides1/200 - 1/600 the activity of acetazol-
amide., Thus, the hydrothiazides possess enzyme inhibitory activity that
is only equal to, or even less than, sulfanilamide, Modification of the
substituent in the 3-position of the hydrothiazide structure has produced
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the greatest increase in diuretic activity. As measured in terms of the
amount of compound that is required for a given response, the hydrothia-
zides range up to 2000 times more active than chlorothiazide. Within the
hydrothiazide series, this increased diuretic activity is achieved with-
out a marked change in the relative in vitro enzyme inhibition. These
low enzyme inhibitory activities, together with the marked improvement

in the electrolyte excretion pattern and the increased potency of the
thiazides, generally, raise the question of the relevance of enzyme
inhibition to the saluretic activity and to the potassium loss, Never-
theless, the inhibitory activity, although low, is real and all of the
compounds contain the unsubstituted-sulfamoyl group (or a group metabo-
lizable to such a group) that has been repeatedly shown to be responsible
for enzyme inhibition, Furthermore, over the years, reports have
appeared dealing with the action of the sulfonamide (including the
thiazide) diuretics on many enzyme systems, but carbonic anhydrase re=-
mains the most sensitive to inhibition by these compounds.

In searching for a ratiomalization of these structural influences
and for a chemical basis for the design of compounds to surmount the de=-
ficiencies, particularly potassium loss, a number of chemical and physical
parameters has been considered. Two, lipid solubility and chemical
stability, have yielded provocative results (Table I). In the hydrothia-
zide series, the substituents in the 3-position that so greatly increase
diuretic activity also markedly increase lipid solubility. One may con-
sider that this property relates to the absorption and/or transport of
the compound to the site of action, Chemical stability measurements in
aqueous buffered solutions in the pH range 4-8 at 37° indicate that these
structural changes also lead to increased chemical instability and to
hydrolysis to the CDSA from which the compound was originally prepared by
cyclization (Figure 9), Pertinent to these considerations are two pro-
perties of CDSA, It is less active as a diuretic than chlorothiazide in
the dog, possibly only 1/2 as active, but, in man and in rats, it is
2-3 times as active, Also, as a carbonic anhydrase inhibitor in vitro,
it is more active than the hydrothiazides and approximates the activity
of chlorothiazide,

However, the chemical stability of two highly active compounds of
this series presents exceptions., Polythiazide and methyclothiazide
(compounds 4 and 5, Table I) having methyl substituents on the nitrogen
in the 2-position exhibited little or no cleavage in vitro to the corres-
ponding CDSA derivative, But, for one of these compounds, polythiazide,
a major excretion product in the urine is reported to be the cleaved
product, the methyl-CDSA derivative. For the other hydrothiazides, no
reliable quantitative data are available on the nature of the form excre-
ted in the urine although detectable cleavage is reported, These results
suggest the intervention of in vivo processes and that metabolic cleavage
of the benzothiadiazine ring m may occur, The incubation of representative
hydrothiazides with liver or kidney homogenates in vitro, however, did
not show increased cleavage over that observed in the buffer chemical
system,
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Whether the increased tendency of these more highly active agents in
the hydrothiazide series to revert to the corresponding CDSA in chemical
or biological systems has any significance for an intexpretation of the
mechanism of the natriuretic or kaluretic action or of the common
natriuretic celling response requires more study. In any event, such con-
siderations can apply only to the hydrothiazides and not to the thiazides,
which are relatively more stable, or to many other types of sulfonamide
diuretics that cannot yield a CDSA-like product.

In connection with the uric acid retaining property of diuretics, it
is significant to note that several of the thiazides and also ethacrynic
acid, when administered intravenously, first elicit a uricosuric response
of brief duration followed by uric acid retention, However, after oral
administration, only the retention is observed. This two-phase response
is presumably related to the blood concentration of the drugs presented
to the kidney. It will be recalled that certain uricosuric drugs that
are not natriuretic, particularly probenecid and salicylic acid, at low
levels, show a uric acid retention while higher levels produce uric acid
excretion, Further, certain compounds, particularly of the pyrazolidine=
dione series, have some actions that are the opposite of the diuretics.
An example is sulfinpyrazone which causes an increase in uric acid excre-
tion but can also decrease sodium excretion, Whether there is a clue
here for the design of better diuretics has not been determined,

In seeking compounds that might have no or minimal kaluretic effect,
we were forced to return to a more empirical approach., A lead was sought
by screening procedures, and one was turned up in (6-bromopyrazinoyl)-
guanidine, a compound available to us through previous work in our

e el o,

Amiloride Triamterene
laboratories concerned with syntheses in the folic acid series. The
introduction of an amino (or substituted-amino) group in the 5-position
markedly improved the sodium and chloride excretion activity without
effecting potassium excretion. (5-Amino-6-chloropyrazinoyl)guanidine
(amiloride) was among the most promising in animals and in man. This
compound increases sodium and chloride excretion with no concomitant
increase in potassium output, Its saluretic activity 1is, however, less
than for other diuretics, But when co-administered with the kaluretic
diuretics, such as acetazolamide, the thiazides or ethacrynic acid,
there is an enhanced natriuresis with conservation of potassium.

-NH

During the course of these studies, reports from other laboratories
indicated similar properties for pteridine derivatives., Triamterene,
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2,4, 7-triamino-6-phenylpteridine, has become a successful drug. Both
amiloride and triamterene are potassium-sparing diuretics that exhibit
only moderate saluretic activity., Both will reverse the sodium retention
and potassium excretion action of aldosterone, but they are not aldo-
sterone antagonists since they are active in the absence of the hormone.

Although the pyrazinoylguanidines and the pteridine diuretics were
developed simultaneously and independently, the related nature of their
structures and their similar biological actions has raised the question
of whether the pteridines are, in fact, '"ring closed" versions of the
pyrazinoylguanidines or the pyrazinoylguanidines are '"ring opened" ver-
sions of the pteridines, While this question cannot be answered unequiv-
ocally, a consideration of some of the chemical and biological charac-
teristics and the influence of the effects of structural changes in the
two series indicates that this resemblance may be more apparent than real.

Among the useful diuretics, the unique characteristic of amiloride
and related pyrazinoylguanidines is the strong basic property. Other
diuretics are acids or weak bases. Amiloride has a pK, of approximately
8.7. This strong basic character is attributed to the guanidine struc-
ture, Triamterene is a weak base with a pK, of 6.2.

In both series, an "activating" group in the 6-position is essential
for a useful order of activity. In the pteridines, either chlorine or
phenyl substitution produces high activity. However, only chlorine is
effective in the pyrazinoylguanidines while the phenyl derivative is
essentially inactive., Replacement of the L-amino of the triamterene
structure with hydroxyl destroys activity while the carbonyl oxygen of
the corresponding position (&) in the "opened" analog in the pyrazinoyl-
guanidine series is required, and its replacement by an imino group
greatly reduces activity. These and other structural comparisons suggest
that each series is distinctly different. Because of technical diffi-
culties, studies dealing with the biological interaction when amiloride
and triamterene are administered together have not yielded clear-cut,
useful data related to these structural questioms.

While these two classes of diuretics have effectively overcome the
kaluretic problem, and perhaps the disturbance of uric acid and glucose
metabolism, it has been accomplished at the price of a greatly decreased
saluretic activity, the activity that is the basis of diuretic agents.

Appreciation and acknowledgment - I deeply appreciate the honor of
being the recipient of the Third Medicinal Chemistry Award and offer my
thanks to the Medicinal Chemistry Division, Also, I want to acknowledge
my indebtedness to my many other associates, chemists, biologists and
cliniclans, who, over the past thirty years, have made my efforts possi-
ble. I do not pretend to have drawn exclusively from my own resources,
The number of these associates is too long to list here; I trust that
they each recognize their contributions to our joint efforts and accept
my thanks and appreciation.
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Chapter 1, Antipsychotic and Anti-anxiety Agents
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Introduction - Several new antipsychotic or anti-anxiety drugs
were marketed in Europe during the last year, while in the
United States, only one compound (doxepin) reached the physi-
cians armamentarium, While a great effort in the molecular
modification of well-defined classes of active compounds is
still being carried out, a number of new structures have been
reported (either pharmacologically or clinically) to show pro-
mise as future drugs in the CNS area, As in previous years, a
large amount of work has been reported, trying to elucidate
the mechanism of neurotic and psychotic disorders,

Tricyclic Compounds with 6-membered rings -
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Ten medical teams reported on the effectiveness of
pericyazine (Ia) in 269 patients with major psychotic distur-
bances.l The drug was considered as a potent agent for re-
ducing agressivity and character disturbances, Although dixy-
razine, Ib, was reported as being less active than chlorpro-
mazine in its depressive action on the CNS, its antihistaminic
and antiemetic properties were much stronger. One advantage

1
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reported was its weaker effect on the blood pressure.? Another
clinical study reported that the drug was very useful in de-
pression, anxiety and irritability.

The antipsychotic efficacy and low toxicity combined with
fewer and less severe side effects than "prototype" antipsy-
chotics were reported by Bishop and co-workers? as advantages
for the use of clomacran (SKF 14336) (Ic). Additional clinical
trials have been carried out on Ic in order to determine the
effectiveness of the drug in psychoses.s’6 Clopenthixol (Id),
a xanthene analogue of perphenazine, was shown in several
studies to be an effective antipsychotic,’:8 Metabolic studies
were carried out in rats and man,”? and unlike the phenothia-
zines, no phenolic metabolites were detected. Clopenthixol is
excreted as the glucuronide together with three other meta-
bolites, One of these is the sulfoxide while the other two
involve loss of —CH2CH OH from clopenthixol and its sulfoxide.
Mesoridizine (Ie) was first reESrted as a metabolite of thior-
idazine, A double blind study shows efficacy in schizo=~
phrenic patients equal to chlorpromazine but at 1/2 the dose
levels, This compound was also rated better than chlorgfo—
mazine in studies on children with behavioral problems.
Mesoridizine was approved for marketing in the U.S., (February,
1970).

The observation that mono-hydroxy derivatives of chlor-
promazine are further hydroxylated in in vitro systems 1e§2to
the preparation of two new derivatives of chlorpromazine,

The 7,8-dimethoxy and 7,8-dimethylmethylenedioxy compounds
were prepared and underwent extensive pharmacological evalu-
ation. Both_were less active than chlorpromazine in mice and
rat studies,l?

Tricyclic Compounds with a Seven membered ring -

Doxepin (IIa) was marketed this year as a mixture of cis
and trans isomers (acid catalyzed equilibration in the final
step of the synthesis gave a cis to trans ratio of approxi-
mately 15:85).l3 This drug was compared with amitriptyline
and found to be clinically similar in its properties, Side
effects were due to its anticholinergic properties, Several
clinical studies with doxepin showed that the drug was a good
antidepressant, One report stated that there was noticeable
sedation™~ while others claimed only mild side effects.

14
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d) X = §0,: Y (CH2)2N(CH3)2; Z = H; R=CO

Metabolic studies13 were carried out in rats and dogs and
the major metabolic pathway appeared to be that of phenolic
hydroxylation and N-dealkylation. Glucuronide and N-oxide for
mation was also observed, The related compound, pinoxepine
(p-5227), IIb, was reported to have a greaf;r antipsychotic
effect than perphenazine in human studies.
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The preparation of compounds of types IIc and IId were
reported by Protiva and co-workers,18 These compounds had
little or no CNS activity. Dibenzothiepin derivatives, IIIa,
b, were equal to perphenazine in mice and rat studies.19

2

Additional neuropharmacological studies on the potent,
related oxilapine (dibenzoxazepine), compound IVa have been
reported, A series of articles on the animal and human
metabolism of the related clotiapine (IVb) appeared this
year.21'23

The synthesis of so-called "bridged" amitriptyline ana-
logues (e.g., V) was reported.24 Animal studies showed no
antidepressant properties but some of the compounds did ex-
hibit CNS depressant activity. A two year clinical study of
IB 503, compound VI, as a mild tranquilizer reportedly gave
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very good results in about 80% of patients.25
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Pyrrolidine derivatives of butyrophenones have been syn-
thesized and evaluated pharmacologically, 6 Compound VII was
reported to have three times the activity of haloperidol in
mice, Hypotensive effects in dogs were also noted. By
studying the distribution of haloperidol (VIIa), trifluperidcl
(VIIIb), moperone (VIIIc) and clofluperol (VIIId) in the
brain, blood and liver of the rat, an attempt was msge to cor-
relate neuroleptic activity with drug brain levels, A simi-
lar study, examining protein binding and the lipophilic nature
of drugs in thsacarbamate and benzodiazepine groups has also
been reported, Omission of the 4-phenylpiperidyl moiety in
VIII combined with the formation of a carbamate este§9was re=-
ported to decrease activity in cats (<haloperidol). Re~
placement of the keto group by other functions also led to
compoggds with central depressant-tranquilizer properties in
mice, studies3! in rats carried out on the long acting and
potent neuroleptic drug, pimozide IXa, have shown that the
major metabolic pathway is oxidative N-dealkylation,

The new neuroleptic (which also demonstrates that the
keto group is not essential for activity) fluspirilene (IXb)
has been shown to be an extremely potent and long acting drug
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k8,

in the clinic.3? Metabolic studies again indicate that the
major pathway is oxidative N-dealkylation,

Carbamates - A series of 2-substituted 1,3-propanediol dicar-
bamates were prepared and the pharmacology of these compounds
together with structure-activity relationships were dis-
cussed,

A study of the kinetics of distribution and metabolism
of meprobamate, carisoprodol and tybamate was made using
mice.3> The author was able to correlate higher brain levels
of the drugs with increased lipid solubility (see also re-
ference 28),

Benzodiazepines -~ Chlorazepate (X) is now marketed in France
as a trangquilizer with a benzodiazepine profile. The syn-
thesis of this and related compounds together with a discus-
sion of pharmacologic activity in animals has been reported.
The study of the metabolism of prazepam (XI) in dogs showgg
the typical products of dealkylation and 3-hydroxylation,
Medazepam (XII) recently introduced on the market in Europe
was the subject of numerous clinical and pharmacological ar-
ticles, The metabolism and pharmokinetics of this drug were
also extensively investigated. The synthesis of oxazola-
zepam (XIII) was reported 9 as was the acute and chronic
toxicity data in animals,

The synthesis of othez txges of benzodiazepine deri-
. 1- .
vatives was also reported. In some cases, pharmacological
results were given.43’45

Temazepam (XIV) was reported4go have marked and prolonged
anticonvulsant effects in rabbits and also to be of value in
the treatment of iz;omniac patients with neurosis or endo-
genous depression, Nitrazepam (XVa) was reported as a use-
ful agent in the treatment of children with resistant myclonic
seizures, The utility of clonazepam (XVb) 3§ an anticon-
vulsant agent was the subject of a symposium,
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A mixture of closely related natural substances, isolated
from the roots of species of Valerina and Kentranthus, was
shown to have tranquilizing properties in cats and mice,

The major constituent (80%) is didrovaldratrum (XVI), Clini-~
cally, this mixture has shown propgfties of a minor tran-
quilizer without sedative effects, It has no antipsychotic
activity., Trioxazine (XVII) previously reported as a mild
tranquilizer was shown to be effective in the treatment of
nervous disorders in children,

Additional studies on phenacon (XVIII) indicate that be-
sides its anti-epileptic properties, this compound possesges
the characteristic properties of the minor tranquilizers,
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Additional studies on oxypertine (XIX) indicate that the
major advantage of this compound is its mood elevating and
stimulant properties in schizophrenics where apathy is a major
problem, 4 In a double blind study with chlorpromazine oxy-
pertine was judged to be of value in the treatment of chronic
schizophrenia.5 In two clinical studies, molindone (XX) was
shown to be equal to trifluoperazine as an antipsychotic but
antidggrgssant properties were not noted at the dosage
used.™ ™’

Sulpiride, XXI, has been introduced in Europe and has
been reported §g be a clinically important new classSSf neu-

roleptic agent™ with strong anti-emetic pg8perties. In
mice no anticonvulsant activity was noted,

0L, OO0 =
C.H

675
SN

XXIII
Hy

XXIT

A new psychosedative HS-2314 (XXII) was compared with and
differentiated frgT the benzodiazepines and phenothiazeines in
cats and rabbits. A series of N,N-substituted l-arylcyclo-
hexylamines were prepgied and screened for their psychopharma-
cological properties. The thienyl derivative, XXIII, was
the most active in terms of sedative, taming and ataxia pro-

pertie
CF3 2
~N
CH,-N N
3 L—S—(CH ) -] H CFy o
2’2 4 675 N 3
XXIV CF
xxv 3
7\
(C4H.,) ,CHCONH ,

\ /

A substituted oxazolidinone (XXIV) which had the pharma-
cological spectrum of a major tranguilizer was reported in a
clinical sggdy to worsen psychosis and no beneficial effect
was noted, The unusual, fluorinated aminoimidazoline (XXV)
has been reported to have the pharmacological properties of
a minor tranquilizer.64
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Six amides derived from dipropylacetic acid (e.g. XXVI)
were reported to have tranquilizing properties in mice and are
scheduled for extensive pharmacological evaluation, 3 '

H H
Getls - 0 o .0
cr13ocoiconn2 3 @’\j
-CH_CONH
25 UTIT Br” Chg”cH, 2 2
XXVII XXIX XXX
Methyl ethylphenylmalonamate (Xégﬂ) was reported to have a
meprobamate like profile in animals, A series of 2,3-ben-
zoxazines re%gted to XXVIII were prepared and studied pharma-
cologically. All compounds exhibited a less pronounced CNS

depressant effect than did the earlier reported compound,
XXVIII.

The 3,l-benzoxazine (XXIX) was repggted as the most actiwe
of a series of CNS depressants in mice. These benzoxa-
zinoneggdid not show the antidepressant properties of F,I., 6654
(XXx) .

Qe OO Cla o=
? XXXT . XXXTII

The activity of a benzothiadiazine (XXXI) was 5 ported as

comparable to chlorpromazine in animal experiments, Initial
clinical trials indicated promise thaf_the imidazoline XXXII
might be a worthwhile antidepressant, A review on the

therapeutic use of lithium carbonate in the treatment of mania,
excite@gnt, epilepsy and premenstral tension has been given by
Noyes, This compound has just been approved for intro-
duction on the U.S, market (April, 1970).

Pharmacological Investigations - Pitts and McClure73 reported
that patients with anxiety neurosis show increased levels of
lactate in the blood when under conditions of physiological
stress or physical exercise, Infusion of lactate in suscept-
ible patients in a double blind study initiated anxiety sym-
ptoms, A proposal that over-production of adrenalin by these
patients is the cause for increase of lactate was supported
by reports that the P-blocker, propranolol, can reduce or
eliminate anxiety symptoms. Grosz and Farmer’4 in a critical
evaluation of Pitts and McClure's work, feel that these auttors
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have not experimentally demonstrated their hypothesis,

In a series of three articles, Schildkraut75 gives an
excellent review of diagnoses, the use of and the neuropsy-
chopharmacology of various types of drugs and biogenic amine
metabolism in patients with affective disorders. Loew and
Taeschler’® examined profiles of pharmacological activity as
a means to predict the therapeutic effects of psychotropic
drugs.

p-Chlorophenylalanine (P-CPA) is a selective serotonin
depletor reported to_deplete brain serotonin by about 90%.
Robichaud and Sledge77 try to correlate the role of serotonin
in the brain and its role in mental disease. In animal avoi-
dance tests, they demonstrated an effect qualitatively similar
to those reported for anti-anxiety agents such as meprobamate,
chlordiazepoxide and reserpine. The effects were demonstrable
30 minutes after oral administration and lasted as long as 6
days, P-CPA works by inhibition of tryptophan hydroxylase.
The compound also is an inhibitor of phegylalanine hydroxylase
in vitro and in vivo, Watts and Martin demonstrated a
serious defect in the acquisition of learning in the swimming
maze by injecting P-CPA in young rats for approximately 30
days., Toxicity was evidenced in terms of cataracts, eczema
and loss of brain and body weight,

A75ecent World Health Organization report, summarized in
Nature establishes a strong case for linking much mental
disease with malnutrition, particularly during early life,
While mania and depression are related to the metabolism of
the cerebral monoamines and to changes in water balance and
sodium ion concentration, no specific biochemical correlation
has yet been demonstrated for the schizophrenic's visions and
voices, The report suggests that the only rational approach
for the biochemist in the study of schizophrenia is drug in-
duced psychosis, Large single doses of LSD have been shown
to effect metabolic changes (increase in serotonin and decrease
in norepinephrine).
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Chapter 2, Antidepressives and Stimulants

John Krapcho
Squibb Institute for Medical Research, New Brunswick, N,J,

I, ANTIDEPRESSIVES

New Data and Structures - Considerable biological and clinical
data have been reported on two structural modifications of
amitriptyline (1), Doxepin (2, SinequanR) is a mixture of cis
and trans isomers that exhibits a biological profile similar
to that of amitriptyline, except that doxepin is more sedative
a property desirable in the treatment of agitated, depressed
patients, The initial clinical comparisons have shown doxepin
to compare favorably with amitriptyline and the standard ami-
triptyline-perphenazine combination,l=3 Doxepin was placed on
the U.S. market in 1969, Noxiptilin (3, AgedalR) is one of
the most active of a series of 51 oximinoethers, The chemical,
biological (similar to amitriptyline) and clinical aspects of
this drug were described in a series of papers.4 Noxiptilin is
an effective antidepressive agent now marketed in Germany,

In a clinical comparison, melitracen (4) was found to be
less toxic and faster acting than imipramine,5 Further clini-
cal studies on two compounds related to imipramine (5) have
been reported, In a double-blind study, chlorimipramine (6,
Anafranil®) and ketimipramine (7) produced a similar antide-
pressive effect.® The infusion of 6 produced an effect as
early as the second day. The authors suggest a greater use of
antidepressive drugs that can be administered intravenously,’

H
0 S@S!
¢ Y X
Y- (CH,) ,-N(CH;) , (i) 3-N (CH3)
1 X=CH,CH4 ¥Y=CH 5 X=H Y=Hy
2 X=CH20 Y=CH 6 X=Cl y=H»
4 Xx=C (CH3) 2 Y=CH
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A double-blind study comparing dibenzapin (8, NoverilR) with
imipramine showed no significant difference in effects.8 A
detailed pharmacological report on iprindole (9) has been pub-
lished, Although it shared some of the biological properties
of imipramine, iprindole was considerably less active in re-
versing reserpine-induced ptosis and hypothermia in mice and
did not inhibit uptake of norepinephrine by rat heart or brain
tissue,? 1In a clinical study, iprindole caused improvement in
75% of patients and caused fewer atropine-like side effects
than did other antidepressives,l0 It failed to block REM
sleep.11

In a preliminary evaluation, the indolinone UK-3540 (10),
which has a profile of activity similar to that of the tricyc-
lics but lacks antihistaminic and _anticholinergic effects, ex-
hibited antidepressive activity. 2 However, two side effects
may seriously limit its use - scrotal discomfort and difficulty
in initiating urination,l3 1In a double-blind study, cyproli-
dol (1ll) was found to be less effective than imipramine in the
treatment of endogenous depression.14 In experimental animals,
the substituted imidazoline DH-524 (12) showed some of the
same effects as imipramine, Results of the initial clinical
study of this compound were sufficiently favorable to merit
a double-blind study.15 The benzothiazepine Ro 5-8254 (13),
which showed imipramine-like activity in pharmacological tests
and catecholamine studies in animals, did not show antidepres-
sive properties in a clinical trial,l6 Results of the initial
human test of NC-0687 (14), a potent anticholinergic agent,
were sufficiently promising to warrant further study., It is
necessary to maintain the daily dosage of this drug below 30 mg
to avoid side effects,l?7 A preliminary report on the potent
serotonin inhibitor and antihistaminic agent BC-~105 (15), an
analog of cyproheptadine, indicated that further studies of
this drug in depressed patients were warranted.l8 1In the
first clinical experience with the benzimidazolinone AW 14 2446
(16), about 2/3 of the patients showed a positive antidepres-
sive effect with remarkably few side effects, 19

Butriptyline (17), a compound having structural features
common to several psychotropic agents, was evaluated in 10
test procedures and showed a psychopharmacological profile
similar to that of imipramine, The finding that butriptyline
was more potent than imipramine in potentiating both ethyl al-
cohol~ and hexobarbital-induced narcosis in mice may indicate
that the compound possesses some sedative effects.20 The
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imidazoline Sch 12650 (18) prevents tetrabenazine-induced
ptosis, reverses reserpine-induced hypothermia in mice and does
not antagonize acetylcholine or norepinephrine,21 A detailed
pharmacological profile of the benzoxazinone FI 6654 (19) has
been reported, The compound prevented the effects of reser-
pine in mice, rats, cats and monkeys, but did not antagonize
tremorine- or oxotremorine-induced tremors in mice,22,23
Studies on the peripheral pharmacology of fenazoxine (20) indi-~
cate that it inhibits the neuronal uptake of norepinephrine

and tyramine,24 Of a series of 16 substituted as-triazines,

21 was more active than imipramine in reversing reserpine-
induced ptosis in mice, It also potentiated toxicity of am-
phetamine and prolonged hexobarbital sleeping time in mice, 23
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The biochemical and histochemical data for Lu 5-003 (22) and

nine of its analogs show that these compounds have a selective
action on the membrane pump mechanism of the central and peri-
pheral catecholamine neurons and have little or no anticholin-
ergic activity.2® The synthesis and biological activity of 23,
a "bridged" amitriptyline, and of several related structures

have been reported, These tetracyclic structures did not show

significant activity in reversing reserpine-induced hypother-
mia in mice,?27
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A controlled trial in unselected depressed patients showed
that the combination of amitriptyline (25 mg) and perphenazine
(2 mg) was more effective than imipramine (25 mg) .28 A double-
blind study in acutely depressed patients, comparing a combina-
tion of amitriptyline (25 mg) and fluphenazine (0.5 mg) with
amitriptyline (25 mg), showed that the combination was better
in relieving the symptoms associated with depression,29
Lithium carbonate was found to be highly effective in the
treatment of mania but was less effective in the treatment of
depression,30 The lithium salts and the tricyclic antidepres-
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sives have opposite effects on the monoamine-concentrating
mechanisms of both rat brain and human platelets,3l The num-
erous references to new inhibitors of monoamine oxidase has
not been included in this presentation, since most biologists
consider drugs that inhibit enzymes to be of limited useful-
ness in the treatment of depression, The recent discovery
that MAO exists in at least four molecular forms in different
areas of the rat and the human brains suggests the possibility
of a selective inhibitor of MAO, 32,33

Testing Procedures - The difficulties in devising a reliable
test, or a series of tests, that can predict antidepressive
activity become apparent from an examination of the extensive
effort thus exerted, The ability of a compound to suppress
the behavioral effects of yohimbine in the dog has been pro-
posed as an indication of its potential clinical effectiveness
as an antidepressive agent 34,35 a study of 15 centrally
acting drugs in four models of experimental depression in
rodents showed that no drug or class of drugs is capable of
blocking all four types of aggression at levels that are not
neurotoxic,36 Seven drugs were evaluated quantitatively for
their antidepressive and tranguilizing activities using antag-
onism of reserpine-induced emesis and apomorphine-induced
pecking in pigeons as test procedures, It is suggested that
the results of these two tests form a simple and reliable com-
bination for evaluating potential antidepressives.37 A corre-
lation is reported between the molecular features of tricyclic
antidepressives and their inhibition of the uptake of norepine-
phrine by strips of rabbit aorta,38 The effects of the tri-
cyclics on the uptake and metabolism of intracisternally admin-
istered norepinephrine in the rat brain have been studied,39
The degree of inhibition of uptake of serotonin by human plate-
lets in vitro caused by 35 compounds related to imipramine was
in general accord with clinical reports,40 Results of a study
of the effects of the tricyclic antidepressives on the deple-
tion of intraneuronal stores of brain serotonin and catechol-
amines caused by a,4-~dimethyl-m-tyramine in rodents suggests
that blockage of serotonin re-uptake is involved in their mood
elevating action whereas blockage of norepinephrine re-uptake
is responsible for promoting drive in the depressed patients.4
Studies in the rat indicate that the tricyclics cause a chol-
inergic response in the brain,42 whereas data from a study in
pigeons do not support a cholinergic mechanism.43 In a study
of 19 antihistaminic agents in rodents, no correlation was
found between antihistaminic and antidepressive activities,44
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Clinical Reviews - A series of three articles dealing with the
classification of depression, neuropharmacological test proce-
dures, and the limitations of present drugs used in the treat-
ment of depression has been published,45 The historical as-
pects of, and the biological basis for, the treatment of mood
disorders is the subject of three reports,46-48 mTyo other
publications review the current status of the clinical use of
psychotherapeutic drugs,49,50 Extensive studies on the anti-
depressives and other pharmacological agents indicate that
sleep and dream mechanisms are linked closely to serotonin and
catecholamines,3l Evidence supporting a simple clinical class-
ification of anxiety and depressive states has been reported,
Also added to the literature is a tabulation of the interactions
of the antidepressives with other drugs,53 the observation of
such side effects of antidepressives as iatrogenic epilepsy54
and jaundice,55 and of the increasing frequency of attempts of
suicide by ingesting these agents,

II, CENTRAL STIMULANTS

The greatest effort in this area involved the further
study of magnesium pemoline (24, CylertR) and related structures.
An extensive evaluation of the stimulant and analeptic proper-
ties of 24 showed it to be an active stimulant in mice, dogs,
cats, and monkeys and an antagonist of the sedative effects of
various tranquilizers.57 All 19 analogs of pemoline in which
the carbon atom to which the phenyl group is attached is part
of a spirane system, were considerably less active than pemo-
line in increasing spontaneous activity in mice,58 Mice
receiving daily oral doses of 10 mg/kg of pemoline for 5 days
showed an improvement in learning of the avoidance response,
but did not show a clear-cut effect on retention of this res-
ponse, Four analogs of pemoline were less effective in this
study.59 Self-aggressiveness induced by pemoline was observed
in mice and rats about 8 hours after oral administration of the
drug.6° Three additional clinical studies on 24 were reported,
Unhospitalized volunteers given 25-50 mg of 24, 100-200 mg of
caffeine, or 15 mg of methylphenidate (25) all showed similar
anti-fatigue effects, 6l Mentally handicapped workers given
50 mg of 24 daily did not increase their work output or the
number of hours worked.62 A group of inmates at a neuropsy-
chiatric hospital receiving 10-20 mg of 24 daily showed a 17-
18% improvement of memory,©3

Phentermine (26), an analog of amphetamine, was found to
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have the same spectrum of pharmacologic actions as dl-ampheta-
mine, The latter was more active in reversing reserpine-in-
duced ptosis in mice whereas both drugs caused a similar in-
crease in blood pressure in the dog.64 oOral administration of
26 or d-amphetamine to rats for 5 days effected marked eleva-
tions of blood pressure throughout the entire experiment,65

Methylphenidate and imipramine were more selective than
atropine in antagonizing acetylcholine in four test procedures
in the cat,6® The partition coefficients and pKy values for
amphetamine and related drugs have been reported.67 The abso-
lute configuration of pipradcl (27) was determined 68 and the
effects of its optical isomers and of several other stimulants
on endogenous catecholamines in mice has been studied.®9 The
administration of 5 mg of pipradol to geriatric patients
appeared to produce some beneficial effects,70
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SUMMARY

The wide variety of test procedures used in evaluating
antidepressive agents makes it difficult to assess the poten-
tial of a candidate compound, There appears *o be an adequate
number of standardized test procedures to enable one to reason-
ably predict that a drug will produce an antidepressive effect
in man similar to the slcw-acting tricyclics; however, these
test methods may not be suf€icient in the search for the desired
rapid-acting antidepressives,
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Chapter 3, Hallucinogens

Raj K. Razdan, Arthur D. Little, Inc., Cambridge, Mass. 02140

During 1969, the main progress in the field of hallucinogens has been
in the chemistry of marihuana and ergot alkaloids, understanding of the bio-
synthesis of mescaline, evaluation of new psychotherapeutic agents, and in
understanding their mechanism of action. Reviews have appeared on the
available methods for studying the effects of hallucinogens,1 the possible
modes of action of psychotomimetics2s3 and notably on hallucinogens of plant
origin® (see Annual Reports, 1968, p. 19).

Chemistry - The understanding of the chemistry of cannabinoids has gathered
momentum. A new component, cannabidivarin’ (1, R = C3H7) was isolated from
hashish., It is the first example of a natural cannabinoid with a n-propyl
side chain in the aromatic ring. In addition to the usual Al-tetrahydro-
cannabinolic acid, now referred to as "A!-THC acid A", an isomeric, new
tetrahydrocannabinolic acid® 2 ("Al-THC acid B") has been isolated from some
hashish samples. A general method utilizing methylmagnesium carbonate has
been developed for the synthesis of cannabinoid acids and has been used_for
the synthesis of Al-THC acid A, cannabidiolic and cannabigerolic acids.’” A
novel cannabinoid8 (3) containing a cyclic peroxide has been isolated from
the pyridine catalyzed reaction between citral and olivetol. It was also
established that in the above reaction, other resorcinols can be substituted
for olivetol to give various tetracyclic ethers of type (5) which lead to
iso-THCs (6). Two mechanisms have been proposed for this reaction.? First
example for the interconversion of A'-3,4-cis-THC (4) to Al'6)-3 4—trans-THC
(13) has been reported and it was further shown that 4, 5, and 6 are inter-
convertible.l0 On the basis of this equilibrium and other results, the
authors have proposed an interpretation of acid-catalyzed transformations

in cannabinoids.
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Details for the synthesis of A'- and Al(s)—T?C§ (13) from p-menthadienol
have been published.l Tritiated Al- and Al1(6/_THCs and !“C labelled a6
THC were synthesized by two different methods.12,13 Numerous detection
methods for marihuana constituents,“vls,l6 including smoke condensate, 17
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have been reported.

Alkaloids of ergotoxine group i.e. ergocristine (7a, R' = CH,CgHs),
o-ergocryptine {7a, R' = CH2CH(CH3)2], B-ergocryptine [7a, R' = CH(CHj3)*CHyCH;)
9] and ergocornine [7a, R' = CH(CH3),] were
synthesized.1 The absolute configu-
rations at C-2' and C-12' in the peptide
ring were identical to ergotamine (7b,

R' = CHSCGHS) alkaloids. Glycols,
tweensld and surfactants and particularly
7 a, R = CH(CH3), dimethylsulfoxide20 help in the pro-

b, R = CHj3 duction of ergot alkaloids by fermen-—

tation (e. paspoli) but are not involved

21 in the biosynthetic process. In the
latter, oxygenases  are involved. l4c-labelled-D-lysergyl-L-alanine was 22
incorporated in ergometrine but not in lysergic acid oa-hydroxyethylamide.
Clavicipitic acid, a naturally occurring metabolite, was isolated from ergot
cultures.23 A review of biosynthetic mechanisms in ergoline alkaloid syn-
thesis and their occurrence has appeared.24 Ergolene derivatives continue
to be prepared. Antiserotoninic activity23,20 was found in 8 [R; = Me, R, =
CH,NC,Hg*Bz and R} = H, Ry = CH,CON(CHs),]. New compounds which have uterine
contracting properties are lysergaldehydes (9,10-dihydro derivative of 8,
R} = H or alkyl, R, = CHO) and their reaction products with phenylhydrazine,
hydroxylamine, semicarbazide, etc.2’7 A reagent for the epimerization of
simpler amides of D-lysergic acld at C-8 was described.28 A novel route for
the synthesis of 2,3~dihydrolysergates from 5-bromoisatin was developed.29

7I

Based on incorporation studies of labelled compounds, a biosynthetic
route from tyrosine to mescaline was suggested.30 These authors also pro-
posed that the step, determining whether the common precursor 9 will be

2
. - CH,0
10 3 H
\ HO 2
H
|
N 9
g M

transformed into mescaline or tetrahydroisoquinocline alkaloids, is a methyl-
ation of 9 on the meta- or para-hydroxy group respectively. The former has
been confirmed31l:32 but the latter is inconsistent with the findings of
other workers.33 vVarious Krebs cycle conjugates of mescaline were isolated
and identified from peyote.3A A novel compound 10 was isolated from the
photolysis products of N-chloroacetyl mescaline. The nine-membered ring
formed from C(1)-C(9) is in boat conformation3? as shown by X-ray analysis.

A new synthetic approach, which was used for the synthesis of epi-ibog-
amine 11b, was extended to the synthesis of ibogamine (11a).36 A different
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total synthesis of 11b was also reported.37 A new compound iboxygaine

6
fig :jf 5 E |
il a, Ry = H, Rz Colg —
b, R, = CHy, R = H

hydroxyindolenimine38 has been isclated from Peschiera Lundii. Two new 8-
carboline alkaloids™  were found in some South American tryptamine containing
hallucinogenic plants. This is interesting since B-carbolins, known MAO
inhibitors, may thus be potentiating the hallucinogenic effects of trypt-
amines. Caffeine was isolated from Banisteriopsis inebrians“0 and a simi-
lar speculation is made that it might enhance hallucinogenic effects of
harmine or harmaline. Psilocine was synthes%zed by the oxidation of N,N-
dimethyltryptamine with Fenton-Cier reagent. Psilocybin was groduced by
fermentation.42 A new psychoactive indole 12 was synthesized.4 In mice

it shows only slight overt changes at 20 mg/kg s.c., but on the basis of
tests in squirrel monkeys trained to discriminate between discs of different
sizes, 12 was found to be twice as active as mescaline but much less active
than the ogen chain analog N,N-dimethyl-5-methoxytryptamine. Stereoisomeric
muscarines44 were identified for the first time. A synthesis of Kavain®3
has appeared.

Biology - More reliable data on al- and a'(6)_THCs and other comstituents of
marihuana are forthcom1n§ as synthetlc material becomes available., 1In an

anesthetized dog, both Al- and Al ) -THCs potentiate epinephrine and nor-
epinephrine in all parameters.46 The suggestion has been made that this
may account for the euphoric effects in man. Neurochemical studies in the
mouse4’ reinforce the suggestion that brain amines are involved in some way
which is quite different from any other psychotropic drug. Administration
of AL-THC showed an increase of concentration of 5-HTP in whole brain, de-
crease of NE after low doses and an increase after high doses. The duration
of effect on body temperature and spontaneous activity correlated generally
with the changes in brain amines. Similarly LSD, psilocybine and JB-329
were shown to reduce the NE content of the rat hypothalamus at doses which
produced the behavioral changes. 48 The cataleptoid reac%i?n in rats and

the behavioral changzs in monkeys elicited by Al~= and Al'6)_THCs 1s reversed
with (*) amphetamine®” (0.5 mg/kg). Analgesic action of THCs in mice (see
Annual Report 1968, p. 31) was not confirmed in terms of activity (only
marginal) in the tail flick and hot plate tests. Fate and distribution
studies with tritiated A!-THC showed that in the rat it is eliminated very
slowly and approx1matelg 80% is excreted in metabolized form via feces and
the remainder in urine. A~ and Al (6 -THCs, o-methyl and o,a-dimethyl
derivatives of A!(®)~THC (13, CsHj replaced by CH(CH3)CyHq and C(CHj3),CyHg)
showed the appearance of the spike and waves and flattening of the EEG of
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rabbits in a neuropharmacological investigation.52 On the other hand,
cannabidiol (1, R = CgH;;) showed only the flattening of EEG. It was sug-
gested that this difference may be the EEG counterpart of the psychodysleptic
action of THCs in man. Contrary to earlier belief, cannabidiol was found to
cause severe motor deficit and ataxia when administered i,v. at 10 mg/kg in
the rabbit.22 Similarly cannabichromene46 caused passiveness and losgs of
neuromuscular coordination in mice at 15-30 mg/kg (s.c.). A report53a has
appeared which indicates that the teratogenicity of marihuana extract in
animals is relatively low compared to other psychotomimetic agents. The
effect of cannabis on chromosomes has been reported.?3b Two independent
reports34,53 indicate that the mutagenic action of LSD has a threshold dose-
response in Drosophila melangaster. 6 Injection of LSD was more efficient

in inducing lethal mutations than its ingestion. From a study of the action
of LSD on rabbits pretreated with DL-a-methyl-p-tyrosine,57 it appears that
the excitation of CNS and sympathomimetic actions of LSD are mediated by NE,
whereas hypothermic action functions through a nonadrenergic mechanism. It
was also demonstrated that the release of tritiated NE and 5-HT from electri-
cally stimulated nerve endings in rat brain slices38 was diminished. The
suggestion was made that the mechanism.of actlon of hallucinogens may be to
inhibit the release of NE from the neuron, hence allowing its catabolism by
MAO,”%9 LSD was also shown to have an inhibitory effect on the spontaneous
activity of neuronal units in the mid brain raphe nuclei of rats. This
cannot be merely explained in terms of some non-specific stimulant action.

In vitro studies of LSD with purified calf thymus DNASL showed that it might
cause changes in the conformation of DNA and thus make it more susceptible to
enzymatic attack and breakage. Glycolysis was observed to be significantly
increased in the rat brain, in a study of the effect of LSD on carbohydrate
metabolism, 62

A new class of antifertility agents was found in D-6-methyl-8-cyano-
methylergoleneb3 (14; "6605~-VUFB"). Conception can be suppressed in rats
by a single dose (10 mg/kg). The corresponding chloromethyl derivative
(14, CHoCN replaced by -CH,Cl) was also active,® Ergotoxine and ergosine
showed similar activity.

H. _CH,CN OCH,4
‘. 2 CH3 CH3
-CHq CH=CH H,
R
CH,
H 14 15 Kavain 1l6 a) R = CH3 (DOM)

b) R = CZHS(DOET)

Structure activity relationship in terms of spasmolytic activity of
Kavain (15) and other active constituents of P. methysticum66 was reported.
They all inhibited or abolished contractions of isolated guinea pig ileum
induced by acetylcholine, histamine, 5-HT or nicotine and were halt as active
as papavarine sulfate. Reduction of the styryl double bond in Kavain reduced
whereas unsaturation in the pyrone ring and substitution by methylenedioxy>
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methoxy group in the benzene ring enhanced the spasmolytic activity.

In a study of the comparative effects of psychotomimetics on behavior
in animals, the dog was considered to be the best species for use in psycho~
pharmacological studies.®7 A method for the evaluation of hallucinogens,
based on the performance of rats trained to swim through a Lashley-III
underwater maze was described.b8 The response was found to be a function
of dose and the rank order of potency of the compounds tested was similar to
that in man., Similarly the effect of hallucinogens on the learned response
of the squirrel monkey69 was found to be debilitating and dose dependent.
Another approach was to study the effect on a visual discrimination task in
pigeons.70 With LSD (300-750 ng/kg) and marihuana (20-30 mg/kg), the number
of color errors were significantly increased. A novel method for the evalu-
ation of hallucinogens and new drugs has been proposed.7l It is based on a
theory of association of EEG change and behavior as the scalp-recorded EEG
in man provides a sensitive quantifiable index of central nervous changes
associlated with drug use. A method was developed which permitted monkeys to
self administer drug solutioms at will through i.v. catheters.’? From a
study of various CNS drugs, the authors concluded that psychological depen-
dence appears to be the primary motive for drug abuse.

Reviews on anticholinergic hallucinogens73 have appeared. The relation
between clinical trials and the result of EEG techniques in animals was
described,’4 Acetylcholine was found to complex molecularly with noradreno-
chrome.’ This was suggested as a factor responsible for the hallucinogenic
activity of the aminochromes.

Clinical - A comprehensive review of pharmacology of LSD in man has appeared.76
A clinical comparison between LSD and Al-THC was carried out in former
opiate addicts.’7 The i.m. injection of LSD 0.5-1.5 ug/kg increased body
temperature and blood pressure, lowered the threshold for knee Jerk and
dilated the pupils. In contrast, smoking of 75 and 325 ug/kg of Al-THC pro-
duced none of these effects except a more marked tachycardia. Patients
tolerant to LSD were not cross tolerant to THC, indicating the two drugs to
be quite different. In an interesting paper, the problem of LSD and genetic
damage is discussed.’8 The authors warn against facile interpretation of
differences in the experimental data between a given small number of non-
users and users of LSD. Moreover, their own data showed that not only LSD,
but even more commonly used chemicals like aspirin and caffeine induced
chromosome breakages in cultured Hela cells as_well as human leukocytes.

LSD and cannabis as possible teratogens in man’? and the effect of marihuana
on speech were discussed.80 A study indicated that under the influence of
marihuana as opposed to alcohol there 1s no impairment in simulated driving
performance. 1" " since hallucinogens are generally associated with alter-
ations in time and visual space perceptions, studies were reported on the
effect of Psilocybin on visual perception, particularly the changes in
brightness preference. 2 In another report changes in spatial distortion
threshold were determined.83

The effect of the potent amphetamine analog DOM (STP; 16a) in 18 humans
(2-14 mg) showed that the clinical syndrome resembled LSD, mescaline-type
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drugs but produced unexpected sedation despite concomitant evidence of pe-
ripheral sympathetic stimulation. The plasma free fatty acids were increased
with little effect on catecholamine excretion. Performance of psychometric
tests was impaired. Chlorpromazine treatment attenuated the effects of DOM
and the subjects rapidly developed tolerance to the drug. 84 In animal studies
DOM was shown to affect the activation of the EEG response in the rabbit83
and to accumulate in specific areas of the cat brain. & DOET (16b) (1.5 mg)
was also tested in a double blind study in 10 subjects. It showed euphoria,
and enhanced self-awareness in the absence of perceptual distortion or
psychotomimetic changes., Its use as an adjunct to psychotherapy was sug-
gested.87

An article on catnip has appeared.88 Other articles of interest include
the medicolegal considerations regarding hallucinogens,89 correlations with
reference to steroids and moods in schizophrenics and subjects treated with
hallucinogens90 and the clinical use of psychotherapeutic agents.91
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Chapter 4. Analgesic Agents

J.F. Cavalla, John Wyeth & Brother, Taplow, Maidenhead, Berkshire, U.K.

From the clinical standpoint the introduction of pentazocine as a non-
addictive oral analgesic provided the major landmark in the year under re=-
view. Scientifically, the demonstration (see below) that optical reso-
lution of active analgesics can separate analgesic activity and narcotic
antagonism will probably rank as the year's major advance,

Apart from the revisw in this volume,1 last year saw the publication
of a book® on the medical basis of drug dependeance as well as a comprehen-
sive account? of codeine-level analgesics.

I Strong Analgesics A. Morphine-like compounds - In a masterly chemical
exercise, Japanese workers® have shown that the isomer of morphine where
the B/C rings are unnaturally trans fused possessed no analgesic activity
but is more toxic than morphine; a finding which, by analogy with the re=~
lated benzomorphans, was unexpected. Substituted benzoate esters?
(phenolic OH) and the N-amino derivative® of morphine show little advantage
over morphine itself. N-(1-Cyclohexenylmethyl)normorphine is claimedba to
be an antagonist-analgesic. Dihydro-~
naloxone (1) shows? only one-tenth the
activity of naloxone as an antagonist but
has analgesic activity (writhing test)
one-fifth that of morphine. Levallorphan
has been foundd to possess morphine-
level activity in the clinic; its gen-
erally assumed usefulness in coprescrip-
tion with meperidine has been proved

false.?
HO
CHZN(CH3)2
CH
CH . ,3
7CH - “CH,,CH=C
L CH3 : 2 Ner
507 R Ci 3
(3) %)

Experimental work continued on the potent thebaine analgesics but
without the emergence of any clear clinical candidate. Etorphine (M99;
2, R=CH,; R':CHECHZCH ) induces tolerance in mice after a single dosel0
while iés rapid absorgtion following oral administration in man?! has been
evidenced, The previously claimed2 separation of analgesic and respir-

atory depressive effects in M218 (2, R=CH,,CH=CH,,; R':CHchZCHB) has been
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refuted.13 Much outstanding chemistry in the series has been reported'|l+
and details givenl5 of the physical dependence liabilities of several of
the compounds submitted to the National Institutes of Health. An attempt
to isolate the essential analgesic component of these structures in the
simple compounds (3) failed when they were found14¢ to be inactive.

B. Benzomorphans - Clinical trials of the d & 1 isomers of pentazocine (}4)
have shownl6 that both analgesic activity and side effects reside in the
levo-isomer, Other trials, double-blind in many patients, confirm17,18
the activity of the compound at about one-third that of morphine, while
measurements of respiratory depression in treated patients suggest?9,20
this to be less than morphine at equianalgesic doses. The oral absorption
has been determined2! and metabolic breakdown found22 to occur predomin-
antly at the terminal methyl groups of the side chain. Reports of addic-
tion to the énjected form of pentazocine have been published23,24a25 in-
cluding one?® to the oral form.

The many attempts to produce other potent benzomorphan-like structures
are best exemplified by the comprehensive work27 of Japanese chemists where
the nine ring systems (5 - 9, n=1 and 2) were synthesised. The need fora
nitrogen substituent in conventicnal benzomorphans (10) has been shown28

%-R 2’n %ﬁHZ)n
(7)

N
(5 (6)
R
%Hz)n %-jg}l2)n %
N -R!
R
(8) (9) (10)

not to be critical: in (10, R=OH) activity is found when R! is either H or
CHz. This is one of the few cases where a secondary amine proved a good
analgesic though slightly more toxic than the tertiary base. The latter
(10, R=OH; R'=CH3) though not possessing the usual 5 and 9 methyl groups
showed supra-codeine level analgesia in mice and did not support morphine
dependence in the Rhesus monkey. The presence of activity in the absence
of these quaternary carbon atoms led the same school29 to prepare the homo-
logous B-norbenzomorphans (11, R=H and CH3) which possessed codeine-level
activity. Tne N-carboxamide (12) possessing one quaternary carbon, showed
one-half the activity of morphine in the hot plate and Haffner tail pinch
test but, surprisingly, was inactive in the rat tail flick; no addictive
liability or repiratory depression was noted in monkeys.30 In a
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double blind clinical trial30 it was superior to codeine. The intro-
duction of ring methyl or phenyl groups into pentazocine-like structures

R
CHBO HO
N-R

- -CONH

- 2
C6H5
(1) (12) (13)
(13, R=CH3; R'=H and R=H; R'=C6H5) gave31 only weakly active compounds.

Ce Meperidine-related Compounds - Much interest remains in compounds based
on simple aza-alkane ring systems as potential analgetics. The bemidone
analogue (14) has been shown!? to have both analgesic and morphine-antagon-
ist properties. The cis and trans forms of 3-methylmeperidine (15) were
both active,32 the cig ten times more potent than the trans. Several
fentanyl analogues (16) showed good analgesia3> but none with separation of
analgesic and side effects.

HO
CO.C.H
C6H5 00202H5 ] | 27275
N-C H
C0,CH Eﬁ\c% 6°5
V
N CH N
| 3 R
CH2-<] (14) (15) (16)
HO T6H5 ('26H5
Ncoc Hy Q0C0C iy
) o
CHchZCH3
N N Y
CH
éH CH20HZCOC6H5 3
3 (1 (18) (19)

Tne pyrrolidine, profadol, (17) had one-quarter the activity of mor-
phine in clinical trial.3%  TIts capacity to precipitate the morphine
abstinence syndrome was demonstrated along with its failure to substitute
for morphine in dependent subjects. Chronic parenteral administration to
post-addicts, however, led to an abstinence syndrome of its own on with-
drawal. A detailed account of the compound has appeared.3 Tae amido-
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pyrrolidine (18) was three times as active as morphine3?7 whereas the ester
(19) equated only with propoxyphene.38

The ring-fused piperidines (20, R=acyloxy and CO C H.; n=1 and 2),
prepared to evaluate the importance of steric factors ang dealkylation
mechanisms in meperidine-like compounds, proved to have less activity than
the simple piperidines.39

C6H R ll?
N
CH, CH x 1 CH
L—(CHZ)n 33
(20) 21) (22)

D. Miscellaneous - Several diverse structures, some quite unrelated to
previously recognised analgetics, have been reported this year to possess
activit The methopholine analogues (21, X=0,8,80 and SO,) are supra=-
codeine b but suppress morphine abst1nence15 the benzquinolines (22,
R.—.CH20H=CH2 and cyclopropylmethyl) are claimed T to be analgesic narcotic

(CHz),
NH
C CH3

CHZC:IZN(CH
(23) (24) (25)
R
| H CH3
" C{'_"CN(CH 302 PhCO(IJCH N(CH.)
|
N
€0,0,H, 0202H5 | & 22
8 CgHg CH
(26) (27) (28)

antagonists; the relate& aminotetralin (23) is supracodeine,42 the indo-
lone (24) morphine level™® while the carboline, ICI 49, 425, (25) resembles
meperidine in level of activity but is poorly absorbed. 4" The 1,5-diaza-
naphthalenes (26, R=H and CH,) were active orally in man at 0.3 - 1.5 g.
daily and potentiated the ac%ion of morphine., 5 Two simple compounds, (27)
and (28), have evidenced meperidine-level potency. The first of these
(27, tilidine) demands a trans relationship between the basic and ester
groupings for optimum activity, while reduction of the double bond renders
it inactive.46 The propiophenone (28), a rediscovered compound, showed one
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half the activity of morphine in the Haffner test 47
IT Weak Analgesics - For complete coverage of this area Chapter 20on anti-
inflammatory drugs should be consulted.

A. Salicylates - Evidence has been given48'49 that aspirin increases
bleeding time and decreases blood platelet aggregation, probably by virtue
of the acetoxy group. On the other hand, in oxidative phosphorylative un-
coupling in mitochondria, the action is due to the salicylic acid moietys

B. Miscellaneous - The nephrotoxicity of phenacetin has been highlighted by
a communicationd! instancing 14 patients with chronic renal disease after
taking large quantities of the drug.

Novel compounds which have been reported include the aniline (29),52
the azabicyclooctane (30),53 the cycloheptimidazole (31)54 and the phenyl-
acetic acid (32),55 all of which are claimed to show advantages over
aspirin., The pyrrole (33) was supracodeine in rats but slightly less

OCHZCHEOCH3 COH
OCH

NHcoc:H3 CH206H5

(29) (30) (31)

CH_CO 2H ﬂ
N CH(OH)CHzN(s.C4H9)2 CHEN(CHB)z
CH

c1 2 cl °
OCH,CH=CH, H3
(32) (33 (34)

56

active than codeine in a clinical trial; the simple dioxolane (34) proved

one-half as active as codeine in rats.57

JI1I Conformation of Strong Analgesics - An investigation of the apparently
anomalous difference in conformation between the active stereoisomers of
methadone and methadol has been made,58 resulting in the design of an
"ijeal” receptor to accommodate both forms. The absolute configuration
of metazocine (35) has been deduced®® by the use of ORD techniques. Of

HO

N H

--CH3

. NCH,
H- Y
(35) o4 2% & (36)
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particular interest is the finding of May and his colleagues60 that, in the
benzomorphans (best example 36), potent analgesic activity along with
antagonistic activity resides in the levo forms. Although the dextro
forms are much weaker analgesics it is these that have the capacity to sub-
stitute for morphine in dependent animals. The physical dependence pro-
perties of the racemates of these compounds were low or absent, which sug-
gested mutual antagonism between the constituent optical isomers.

IV Pharmacology - The complex nature of the pain response in mice and the
measuremengqof its suppression by drugs is examined in an experimental
comparison®’' of four standard methods widely used for the evaluation of
analgetics., Support for the use of aconitine as a writhing agent,62 and
a further endorsement of acetic acidb3 for the same purpose, has been 6
received. Using rigidly standardised mice, it has been possible to show
the diurnal variation in their susceptibility to morphine: maximum at mid-
night and minimum at 3 p.m. A valuable method by which the addictive
liability of potential analgetics in mice can be assessed has appeared;65
the withdrawal syndrome in these animals, obtained by surgically removing
a previously implanted morphine pellet, is manifested by anuncontrollable
jumping syndrome precipitated by morphine antagonists and suppressed by
morphinomimetics (codeine was active at 25 mg/Kg s.c.).

The mechanism of pain conductance continues to excite attention. Both
adrenergic and cholinergic mechanisms are postulated following the
:f'indingg6 of analgetic activity with oxytremorine, epinephrine and nore-
pinephrine after intracerebral administration. No absolute correlation
could be found between acetylcholine brain levels in mice following treat=-
ment with narcotics and narcotic antagonists or between such levels and rat
tail flick datab? although such a correlation was strongly indicated by the
finding that inactive "analgetics" such as nalorphine (but not naloxone)
showed good activity when given concomitantly with physostigmine.68 The
norepinephrine hypothesis was supported by the finding that cocaine (an ad-
renergic stimulator) was able to potentiate morphine analgesia while reser-
pine (a norephinephrine depletor) weakened it.69 The administration of
either iproniazid or tranylcypromine potentiates7o the acute toxicity of
strong analgesics.

V Clinical - Beecher71 has given further support to the ischemic arm pain
method for assessing new compounds in healthy volunteers. The same method
has been used72 to show that exposure to pain augments the development of
tolerance to the analgetic effects of morphine in man, Both cutaneous
electrical stimulation and cold pressor effects have been used?3 to dist-
inguish aspirin from placebo.
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Chapter 5. Anorexigenic Agents

Frank P, Palopoli, The National Drug Company, Philadelphia, Pa.

Introduction - No major advances were reported in the field of anorexi-
genic agents during the two year period 1968-1969, Obesity and weight
control continues to be a problem of great concern. An international
symposium on amphetamines has been held! and a general review on obesity
and its control has been published.2 It has been estimated that at
least 30% of the present adult population of the United States may be
considered obese.3

Existing anorectic drugs are far from being ideal, However, their
therapeutic use in the overall management of obesity continues to be
recommended.® Certain non-sympathomimetic drugs such as digitalis,
cardiac glycosides, thyroid hormone and diuretics are not recommended in
the treatment of simple obesity.? Formulations of digitalis and thyroid
extracts have been heavily criticized® in the published literature and
are now banned by the Food and Drug Administration.’

Pharmacology and Biochemistry - Electrophysiologic studies in cats8 and
rabbitsY suggest that the appetite-inhibiting action of fenfluramine

(Ia) like that of d-amphetamine, is due to the stimulation of the
ventromedial nucleus of the hypothalamus. However, unlike d-amphetamine,
fenfluramine also depresses the cortex but does not produce global
hyperactivity.

A comparative study of d-amphetamine, chlorphentermine (II) and
fenfluramine in aurothioglucose obese mice suggests that these compounds
elicit their anorectic activity via the lateral hypothalamic center,!
This study supports earlier reports that amphetamine increases the
eating threshold elicited by stimulation of the lateral hypothalamus.]‘
However, crystalline amphetamine implanted into the lateral hypothalamus
did not affect food intake.!2 Bilateral and unilateral injections of
solutions of amphetamine into the lateral hypothalamic area of rats
depress their food intake.13

Recent studies, attempting to elicit the mechanism of actions of
anorexigenics, involve the role of fats. Controversial views exist in
regard to free fatty acid (FFA) mobilization by various anorexigenic
agents, A rise in plasma FFA is reported for amphetamine,]“ hen-
metrazine (I1I),15 and fenfluramine.!® Other investigators,!/ however,
comparing d-amphetamine, phenmetrazine and RO4-5282 (IVb) have found
that large doses depress the appetite but do not have significant effects
on plasma FFA levels, in their obese patients.

Clinical studies!8 utilizing 1-14¢ 1abeled palmitic acid complexed
to human albumin, gave no evidence of lipid mobilization in the obese
subjects at rest or during work,
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The relationship of corticosteroids to obesity has been investi=
gated. Some obese patients have been known to have elevated cortico-
steroid levels.19 A significant increase in plasma corticosteroid
levels has been found in healthy young males after ingestion of
d-amphetamine or intravenous administration of methamphetamine (IVa).20
The latter compound was also associated with an increase in immuno-
reactive corticotropin level. It was suggested that these effects may
represent a direct action of these drugs on hypothalamic or mid=-brain
receptors.

Serum insulin studies2! have led to the conclusion that an
abnormal insulin secretion or utilization may precede obesity, In
another study,22 the high blood levels of insulin-like activity found
in obese subjects are reduced to normal 1imits when the subjects
approached their ideal weight.

The effect of a B-blocking agent, propranolol, on some activities
of amphetamine in mice has been studied;23 more support is given to the
hypothesis that amphetamine anorexia is independent of other effects
induced by the drug.

Phenalkylamine Derivatives - The bulk of the published work on anorexi-
genic agents continues to be directed to derivatives of amphetamine.
Fenfluramine (Ia) continues to evoke considerable interest. Pharmaco-
logic studies on the depletion of cardiac2* and brain25,;26 norepine-
phrine stores as well as other catecholamines have been reported, A
stimulant component of fenfluramine and a new benzyloxy derivative 5-992
(Ib) has been demonstrated2/ under conditions providing an increased
availability of catecholamines produced by dopa in monoamine oxidase
inhibitor pretreated mice. It (Ia) has been found to be at least 8 times
as potent as d-amphetamine on acetylcholine induced muscle contractions28
suggesting that it does not act on adrenoceptive receptors and thus

must be exerting its action through a different part of the muscle-cell
membrane or within the wall itself, In a limited clinical study,
fenfluramine was found to increase forearm blood flow and muscle glucose
uptake. It was concluded that the drug mimics the metabolic pattern of
lean subjects who have greater muscle glucose uptake than fat persons.2

CH3
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Clinically (Ia) has been claimed to be thg most sultable anorectic drug
for patients who need to lose weight.zg’3 However, it is contraindi-
cated for depressed obese patients.29 The absolute configuration of
(+) -fenfluramine has been established as being identical to that of

(+) ~amphetamine,3! The major metabolites of fenfluramine in man are
m-trifluoromethylhippuric acid, (66-93%), demethylated fenfluramine and
the unchanged drug.32

The distribution and metabolic fate of '4-C labeled chlorphen-
termine (Ila) has been studied in mice and rats.33 The drug is not
stored in the adipose tissue; most of the drug is excreted in the urine
in 24 hours. Rats excreted 70-90% as the unchanged drug, presumably
due to blockage of both p-hydroxylation and deamination of the metabolic
pathways. However, female mice excreted only about 25% of unchanged
drug and 60% of an unidentified acidic conjugate, Clinical studies with
chlorphentermine have been reported in teen-agers,3%4 young adults35 and
postpartal patients.36 In young adults chlorphentermine significantly
decreased ''critical flicker frequency' suggesting a depressant effect
on the CNS,37 Several new derivatives of chlorphentermine have been
reported to produce anorexia. A thiocarbamate derivative (IIb) related
to cloferex has been found to be 20 times less toxic but 2 to 3 times
less active than chlorphentermine.38 The p-fluoro derivative (IIc)
produces anorexia but only at doses producing CNS stimulation.39 A
keto derivative (IId) of chlorphentermine Is reported to be a useful
anorexient free of undesirable side-effects,

0__CgH =
[ I 6%5 @—CHziH-NHR B
CH
H3 a 3
N~ CH
4 3 b (CH2)3C1

(V) {CH,) »CN
(111) ¢ 22

Voranil, SU=10568 (V) an ortho chlorosubstituted analogue was reported
to be as effective an anorexigen as its structural analogue chlorphen-
termine. bl A clinical trial of (V) at daily doses of 50 mg, revealed

effects similar to those obtained with chlorphentermine.
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Of a series of 35 o= and a,B-alkyl substituted phenethylamines being
investigated for CNS effects, two compounds, B-1268 (VIa) and B-1279
(VIb) were reported to be comparable to chlorphentermine in reducing
food and bouillon consumption in rats, 3 dl-p=Chloro-N- (cycliopropyl-
methyl) -a-methylphenethylamine A-31960 (VII) has been compared to
methamphetamine and diethylpropion (VIII) in man. It was found to
have comparable activity in respect to appetite suppression and CNS
stimulation®# to methamphetamine and diethylpropion.

The pharmacology of RO4-5282 (IVb) has been published. In the
cat, its appetite suppression has been shown to be due to a direct
effect on the ventrolateral nucleus of the hypothalamus.“5

Human metabolism of l-'uc-diethylpropion has been described.46
Twenty-one metabolites have been identified. The major metabolite,
hippuric acid, represented about 27% of the radioactivity excreted in
the urine between 8 and 12 hours after ingestion of the drug.

0
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Cl-@—CHZCHNHCHZ—q @—C-fHN(Csz)z
|
CH3 CH3

(VII) (VIII)

An N-cyancethyl derivative (IVc) of amphetamine has been examined
clinlcally and reported to be effective in reducing appetite. It has
no cardiovascular effects, caused little central stimulation and did
not cause insomnia.#7 A series of azetidine derivatives has been
described, and one of these (IX) was reported to have about one-third
the activity of methamphetamine.48

CH3
CH3
CF3_©_CH2-CH—-NQ< CH3 CHZCH—O
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1-(2,4-Dimethylphenyl)-2-pyrrolidinobutane (X) is reported to resemble
phenmetrazine in its profile in rats and mice but is relatively less
toxic.49

A study of the metabolism of furfenorex (XI), in the rat, dis-
closes that about 10-20% of the drug could be accounted, The principal
urinary metabolites identified by VPC were amphetamine and N-methyl
amphetamine as well as lesser amounts of their para-hydroxylated
derivatives.50
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A new indole derivative, U=-22394 (XII) has shown anorexigenic activity
in mice comparable to that of d-amphetamine. Other exhibited activity
includes, hypothermia, blocking conditioned avoidance reflex, antago-
nizing aggressive behavior and displaying tryptamine-like activity, in
mice.?l No antipsychotic activity was noted in a clinical study with
psychotics.52 However, the patients did lose weight, suggesting a
possible anorexigenic effect,

e,
\ ) \H2
CH3

(XII) (XII1)

Conflicting evidence has been reported on the roles of anorexigens
in pulmonary hypertension.53,54 It has been suggested that aminorex
(XIII) may be implicated in the development of puimonary hypertension
in dogs®5,56 and in humans.57-61 On the other hand, 4,000 patients
receiving aminorex showed no such side effect.62 In a series of studies
that included treatment of obese patients with chronic chest diseases,
with fenfluramine, no evidence of pulmonary hypertension was found,?
Therefore, to date no definite correlation can be made between appetite
suppressants and the development of pulmonary hypertension.

Non-Phenethyiamine Derivatives - The search continues for anorectic
compounds not structurally related to phenethylamines, An isoindole
derivative, 5-hydroxy-5-p-chlorophenyl-2,3~dihydro-5H-imidazo[2,1-a]-
isoindole, h42-548 (XIV) has been reported to have moderate anorexic
effects in monkeys at doses below those producing significant CNS
stimulation.63 1In obese male patients 42-548 was found to be an
effecgive anorexigenic agent with no significant effects on sleep or
mood , 64

OH

N |
Nl_] Cetls

(XIV) (xv)
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Pondex (XV) is an oxazolidine derivative, reportedly being used
clinically in Hungary, found to be comparable to phenmetrazine in
reducing weight of obese women on a restricted diet.65

3- (2'-Fluorophenyl)-3H-benzo-1,2,3-triazin-4-one (XVI) is reported
to be twice as effective as chlorphentermine in suppressing appetite in
rats. No toxic effects were noted,

A polysubstituted pyrrole (XVII) has been reported to have weak
anorexigenic activity in dogs,

N§’N F CH3 COCH3
h : ': N:' CH
CH 3
3 H
(XvI) (xv1I)

1- (4'-Cyanophenoxy) - 2-n-propylaminopropane (XVIII) has been com-
pared to phendimetrazine in dogs and found to effectively reduce food
consumption at one-seventh the dose that produces CNS effects.68

2- (N-Tetradecyl-N-ethylamino)-2-methyl-1,3-propane-diol hydro-
chloride (XIX) significantly inhibited the growth rate of rats. Activity
was due to the inhibition of jntestinal absorption as well as to
irritating effects on the esophagus.®9

CH3
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CH3 Ciytizg
(XVIII) (XIX)

Miscellaneous ~ Several reports have appeared on a substance which may
be isolated from the urine of rats, man and other animals. This Fat-
Mobilizing Substance (FMS) (FMS IAS has been compared with adrenaline
and amphetamine in rats. The urinary anorexigen, FMS 1A, had a pro-
longed anorexigenic effect which was still evident after 48 hours.70
Properties of this substance continue to be investigated.7! 1In a
limited clinical trial, evidence was obtained that FMS injected every
other day produced significant weight loss, without toxic effects./2

Certain bile acids, deoxycholic and chenodeoxycholic acid, have
been shown to decrease the desire for food in grossly obese patients.73
The proponents for the use of human chorionic gonadotrophin as a use-
ful adjunct in the treatment of obesity/*s75 have been criticized.76
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Clinical studies have been reported on the effects of hypogly-
cemic biguanides on weight reduction.77-79 Recent studies suggest that
tolerance develops within 16-32 weeks after Metformin therapy./7

Studies on the pharmacokinetics of known anorexigens have been
reported80 in an attempt to further understand their activity, from
a physical scientist's point of view., Physiclogists and pharmacolo-
gists are contributing to this general subject by developing simpler
and more rapid methods for the screening of these agents.®!-
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SECTION II - Pharmacodynamic Agents

Editor: Barry M. Bloom, Pfizer Inc., Groton, Connecticut

Chapter 6,

Antihypertensive Drugs

Franklin M. Robinson

Merck Sharp & Dohme Research Laboratories, West Point, Pa,

Most of the new compounds reported to show hypotensive or antihyper-
tensive activity have received only preliminary study and none is clearly

outstanding as a new lead.

Preliminary clinical reports on two compounds previously studied in
animals indicate that each may represent a mechanistically new approach
to the treatment of hypertension.

An excellent review of the chemical work on antihypertensives from

1962-1968 appeared.t

New Clinical Studies:

CHy N-CN

| I
CH5CHoC-NH-C-NH

|

CHa

I

Guancydine (I) - Preliminary clinical stud-
ies® using oral doses of 250-750 mg. showed
good reduction in blood pressure and a
marked fall in peripheral resistance. Car~
diac output increased, No tolerance or sig-
nificant inhibition of sympathetic reflexes
was observed. Reserpine prevented an in-
crease in heart rate and diuretics potenti-
ated the blood pressure fall.3® Guancydine

had previously been shown to inhibit angiotensin responses in normal (but
not nephrectomized)animals.? A possibly unique mode of action is indi-

cated.
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PDP (II) - A clinical study of this direct
vasodilator (15-80 mg., p.o.) in combination
with propranolol to reduce reflex increases
in heart rate was reported.® No orthostatic
side effects were seen, and propranolol poten-
tiated the hypotensive effect of PDP., Some
electrolyte retention was seen.

Guanadrel (U 28288D, CL1388R) (III) - Pre-
liminary clinical reports® using daily oral
doses up to 400 mg. indicated good blood
pressure response. Chlorthalidone potenti-
ated the effect. Side effects were minimal,
It appears to be similar in action to guan-
ethidine,
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Continuing Clinical Studies

Many studies of mechanisms of action and comparisons of clinically
active compounds (particularly clonidine, guanethidine, debrisoquin, and
methyldopa) were reported., No firm conclusions in addition to those re-
ported last year can be drawn.

B=-Blocking Agents - The value of propranolol in treatment of hyper-
tension remains unclear, Mechanism studies have not indicated an action
other than B-blockade,”>8

A clinical trial of alprenelol (1-(o-allylphenoxy)-3-isopropylamino-
2-propanol) showed blood pressure reductions comparable to propranolol,
However, alprenelol does not reduce peripheral resistance (as does propran-
olol) because of 3 peympathomimetic component of action.®

Prostaglandins - The hypotensive action of prostaglandins continues to be
of interest as a possible basis for the development of a new type of anti-
hypertensive agent. Arterial infusion of PGEz; (~~10-8 M.) reduced the
amount of norepinephrine released by nerve stimulation. Such inhibition
was suggested as a possible mechanism for its hypotensive effect,10

A proposal was made that the ability of the lungs to inactivate
PGA; as well as to form angiotensin I may represent a mechanism of pul-
monary control of blood pressure,ll

New Compounds

o,@m L.
&, Cﬁe‘O\"\

Iv o~ CHo

LL-1418 (IV) reduced both arterial pressure and peripheral resist-
ance in conscious rats, dogs and rabbits.l2 The main activity was said
to be CNS sedation and depression of sympathetic tone.

Trivastal, E-495, (V) is primarily a vasodilator causing selective
increase in femoral blood flow while decreasing splanchnic flow. It

caused a reduction in blood pressure, heart rate and respiration which
was inhibited by vagotomy.l3

CH30 OCH3

0
™\ I\ I
CHZ0- -CHo- NH —N N-C-NHCH5
\_/ \__/

VI OCHa VII
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Compound VI (USVP-DLT7) was orally active in reducing blood pressure
of neurogenic hypertensive dogs. The effect appeared to be a combination
of vasodilation and reduction in cardiac output.l+4

0f a series of 28 piperazines exemplified by VII, and corresponding
thiourea derivatives, 11 showed hypotensive activity in rats.15

o)

0=C-CHoX

IX X= Cl or Ng

Compound VIII was the most active of a series of pyrazoles in re-
ducing blood pressure in animals.’® The epinephrine response was reversed
but that of norepinephrine was not affected. There was no ganglionic
blockade.

The dihydrobenzothiazines (IX) and their 1,1 dioxides reduced the
blood pressure of cats without inhibition of the carotid occlusion re-
sponse,17

0
\ HO
O e D ™
,/'\\\ —/ \L_-// //L\\
N CHg HOCH > N CH5CH5CH 5COCHoCH
H
X X1

The quinazolone X produced a long lasting fall in rat and dog blood
pressure at i.v. doses as low as 0.1 mg./kg. In a series of related com-
pounds hypotensive activity correlated in general with in vitro antiadren-
ergic potency.'®

Prosopine (XI), isolated from African mimosa, showed hypotensive and
vasodilatory activity, but produced marked gastric irritation in humans,t®

CH,-N
N
’ N-CH5CHz-0- @'—/Y \__/
Q ° Lo/l\/
CH30
DCHy  XII XIII

Compound XII was the most active of a series of methoxyphenoxy-
pyrrolidines which reduced blood pressure in anesthetized cats by inhibi-
tion of sympathetic tone.Z°
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The hypotensive effect of XIII in cats appeared to be due to a pB-
sympatholytic action,2!

?Hs
CH30 CH-CH NH 5
\lO/ | HO CH5C-COOCoH
OCHg ﬂ |
\\\N NH>
XIV H XV

The amine XIV reduced blood pressure in anesthetized cats. It was
not a direct vasodilator and responses to norepinephrine and ganglion
stimulation were increased.®2 A central inhibition of sympathetic tone
is indicated,

The hypotensive action of XV in hypertensive rats was almost com-
pletely blocked by the decarboxylase inhibitor Ro 4-4602. A possible
central action was indicated, but a '"false transmitter' mechanism could
not be ruled out.23

CHS(CH2)4\\T:ji:1\\ [::::[; CH30
N COOH /kcu 2NHCH5CH -0 Q

XVI XVII CH40
In a series of 5-n-alkylpicolinic acids, in vitro B-hydroxylase in-
hibiting activity was maximum with the n-pentyl analog (XVI). This analog
was also the most potent in reducing blood pressure in anesthetized rab-
bits, but with longer chain analogs the two activities did not correlate??

Activities in a series related to the adrenolytic compound XVII
were found to show considerable structural specificity.25 XVII is being
studied as a hypotensive agent.

c1
/ ﬁH )
1
O \-CH=N-NH-C-NHOH ((CHS)EN-Q-)2C=N-O-CN(—©)2
1 XVIII XIX

The hydroxamic acid XVIII lowered blood pressure and heart rate in
renal hypertensive dogs and anesthetized cats, In spinal cats it showed
only a pressor action,

Compound XIX produced a hypotensive effect in rats presumably by a
ganglioplegic action.,2” Diethylamino analogs were inactive.

The following structures have been reported to produce hypotensive
effects in animals but detailed data were not given.
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Chapter 7. Drugs for the Therapy of Pulmonary Disorders

Thaddeus P. Pruss and Domingo M., Aviado
McNeil Laboratories, Fort Washington, Pennsylvania and
University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania

Introduction - This chapter will review two groups of drugs used for the
relief of various manifestations of lung diseases, namely, the bronchodi-
lators to terminate or prevent an asthmatic attack, and the pulmonary
vasodilators for the treatment of pulmonary hypertension, It should be
noted first of all that in the treatment of respiratory diseases the approach
is symptomatic rather than etiotropic. The causes of bronchospasm and
pulmonary hypertension are difficult to control. Disease processes as
such, for example, viral infections of the respiratory system, pulmonary
emphysema and pulmonary arteriosclerosis, cannot be treated success-
fully by drugs, so that one has to resort to treatment of symptoms.

Progestational Hormones - New drugs relating to the etiology of lung dis-
ease may soon be forthcoming because of the promising leads uncovered

in the investigation of progestational agents in experimental pulmonary
emphysema, Until recently, attempts to develop a method for testing
drugs against the development of experimental emphysema have been un-
successful. In 1968, a method became available consisting of ligation of
the trachea and intratracheal injection of trypsin or phytohemagglutinin in
immature rats!. The concurrent injection of progesterone prevented the
appearance of emphysema. More recently, the oral administration of di-
methisterone or megestrol, both orally effective progestagens, prevented
the appearance of emphysemaz. The mechanism for the effect of these
steroids has not been identified, A bronchodilator effect has been excluded,
but an influence of the hormone on the reaction of pulmonary tissue to in-
jury has not been verified as the mode of action.

CHj
OH (':'O
---C=CCH
-3 ---OCOCH,
v/
O é o7
H3 H3

Dimethisterone Megestrol

Bronchodilator Drugs - Most of the bronchodilators introduced in recent
years belong to the sympathomimetic class., The pharmacology of sympath-
omimetic drugs in general, and of bronchodilators in particular, has been
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reviewed in a monogra.ph3 that is appearing concurrently with this volume,
The mode of action of sympathomimetics is essentially that of relaxation
of bronchial smooth muscles brought about by direct stimulation of adren-
ergic B-receptors.

The stimulation of adrenergic B-receptors is accomplished by three
types of sympathomimetics: the epinephrine-type, which directly stimu-
lates B-receptors.in the airways as well as o-receptors in the blood ves-
sels; the ephedrine-type, which indirectly stimulate g- and a-receptors by
releasing catecholamines; and the isoproterenol-type, which directly stim-
ulate P-receptors but not a-receptors.

The drugs comprising the B stimulant group are listed in Table 1.
Besides isoproterenol, there are eleven others, almost all of which have
additional features which render them more beneficial than isoproterenol.
Some are effective by the oral route, some have a prolonged duration of
action, and some influence the cardiovascular system to a lesser extent
than the bronchopulmonary system, The adrenergic B-receptors in the
heart and bronchial airways are equally sensitive to isoproterenol. It has
been possible to stimulate the bronchial receptors to a greater degreethan
the cardiac receptors, However, it has not been possible to develop a sym-
pathomimetic drug that stimulates the heart more strongly than the bron-
chial and vascular smooth muscles, The development of drugs that act
selectively on the pulmonary blood vessels is discussed in the following
sections.

Biogenic substances which could be involved in the etiology of pulmonary
hypertension - Before discussing pulmonary vasodilators, it seems desir-
able to consider some of the more recent data relating to biogenic sub-
stances which can induce pulmonary vasoconstriction. This information
will be helpful in understanding the complexities of attempting to elucidate
the mechanism of pulmonary hypertension, Pulmonary hypertension is a
serious clinical problem and it can occur without apparent organic cause,
as is the case in primary pulmonary hypertension, or secondary to organic
changes, as is the case in pulmonary hypertension associated with pulmon-
ary emphysema, bronchial asthma, myocardial septal defects or cor pul-
monale, The search for pulmonary vasodilators is complicated by the lack
of mechanistic knowledge about pulmonary hypertension and the lack of
adequate test methodology. Most procedures currently employed require

a great deal of experimental surgery on the anesthetized animal, Anes-
thesia itself may increase arteriovenous shunting, further complicating.
the situation. Most importantly, it must be remembered that the pulmon-
ary vasculature possesses a great amount of passive distensibility, There-
fore, in the resting or the anesthetized animal, a pulmonary vasodilator
may have little or no effect on the pulmonary arterial pressure, It




TABLE 1

Bronchodilators That Stimulate Adrenergic E Receptors
Drug Name Chemical Structure Bronchodilator
(Year Introduced) R R), Dosage

e
Ry Rp Ry Rg Subcu-
oral inhaled +taneous
R Ry Ro R3 Ry Rg mg. mg.
Isoproterenol (1940) 3-0H L-oH -0H -H -H -CH(CH3 ) 1% 0.25
Etafedrine (1930) -H -H -OH  -CHy -CHy  =CgHs 50
p-Hydroxyephedrine (1939) -H L_oH -0H -CH3 -H -CHg 50
Methoxyphenamine (1940) -H 2-0CH3 -H -CH3 -H -CHg 50-100
Ethylnorepinephrine (1944) 3-OH 4_0OH -OH -CgHg -H -H 1-2
Isocetharine (1950) 3-0H L-OH -OH  -CgHg -H -CH(CH3)p 1% 2
Protokylol (1954) 3-0H L-oH -0H -H -H -GHCHg 2-4 1%
CHp
0
QW

Clorprenaline (1956) 2-Cl -H -0 -H -H -CH(CH3)2 20
Dioxethedrine (1960) 3-0H L-OH  -OH -CHj -H -Collg 20
Metaproterenol (1961) 3-0H 5-OH -0H -H -H -CH(CH3)2 10-20 %
Soterenol (1964 )* 3-NHSOoCH3  4-OH -OH -H -H -CH(CH3)2
Salbutamol (1968)%* 3-CHo0H L_oH -CH -H | -C(CHz)3 19

¥Clinical dose not yet determined™.
*%Clinical dose not yet determinedd.
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appears necessary, a priori, to utilize a method in which the pulmonary
arterioles are constricted.

Several biogenic substances have been implicated as mediators in the
induction of pulmonary vasoconstriction. Since the pulmonary vasculature
is innervated by the sympathetic nervous systemé, it would appear that
catecholamines released by the nerve endings are involved in neurogenic
vasgoconstriction, However, there does seem to be a difference in the re-
sponse of the pulmonary vasculature to endogenously released norepine-
phrine as compared with the response to that administered exogenously,
It has recently been determined that stimulation of the sympathetic ner-
vous system in the anesthetized dog causes stiffening of the large pulmon-
ary arteries, which favorably affects the distribution of blood within the
lungs., Exogenously administered norepinephrine seemed to act mainly on
the pulmonary arterioles, leading to an increase in pulmonary vascular
resistance?, The exogenous injection of epinephrine has also been shown
to produce pulmonary vasoconstriction8, It is felt that activation of the
sympathetic nervous system occurs reflexly as a result of hypoxic and
acidotic stimulation of the carotid and aortic chemoreceptors?”’ 10 Although
hypoxia can induce pulmonary vasoconstriction by reflex mechanisms,
there is a great deal of evidence indicating that systemic hypoxia cancause
pulmonary vasoconstriction directly or by the release of a non-catechol-
amine mediatorll> 12:13, 14, Alveolar hypoxia also produces pulmonar
vasoconstriction, probably by the release of a mediator substancel5: 16,

Serotonin has been found to exert an intense vasoconstrictor effect on
the pulmonary circulation8: 17, 18, Although the pulmonary vasoconstrictor
effect of serotonin can be demonstrated easily by pharmacological methods,
its physiological and pathophysiological roles have not been unequivocally
demonstrated. In fact, the infusion of serotonin (1. 85 - 5, 5 mcg/kg/min)
into the pulmonary artery of seven human subjects produced a definite rise
in pulmonary artery pressure in only one instancel?, Most of the serotonin
found in whole blood is stored in platelets. This would imply that, in the
process of platelet aggregation to form a thrombus, serotonin would be
available for releaseél, Pulmonary vasoconstriction does occur as a
result of pulmonary thrombosis. A further indication that serotonin could
be implicated in the thrombosis-induced pulmonary vasoconstriction is the
finding that 82 per cent of serotonin can be released from platelets by
thrombin in five minutes“*",

Other endogenously formed pulmonary vasoconstrictors have been
implicated in the development of pulmonary hypertension. Histamine has
been extensively studied with results indicating that it may play a role in
the genesis of hypoxia-induced pulmonary hypertensionzz' 23, Angiotensin
has been found to produce a pulmonary vasoconstrictor effect in the
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isolated rat lung preparation?4, Prostaglandin Fza has been shown to be
the predominant prostaglandin in the lung25. It is worthwhile to note that
this compound exerts an intense constrictor effect on the pulmonary
arteries and veins26, Prostaglandin F2a can be readily synthesized by
the guinea-pig lung from arachidonic acid27.

Pulmonary Vasodilators - It appears that relatively little effort is being
devoted to the search for pulmonary vasodilators, perhaps because of the
reasons discussed above, There is certainly no lack of therapeutic need.
During the past year, however, no new compounds have been introduced
solely for the use of dilating the pulmonary vasculature.

A comprehensive evaluation of dru§s affecting the pulmonary circu-
lation was undertaken a few years ago In the two volumes published at
that time, much space was devoted to compounds then used for their pul-
monary vasodilator ability, such as isoproterenol and aminophylline,
Although no new compounds have found their way into the physicians' ar-
mamentarium as pulmonary vasodilators since that time, several com-
pounds have received a good deal of investigative attention for that parti-
cular therapeutic effect, One compound is a quinazoline, MJ-1988 (III),
bearing the generic name of quazodine. This compound was found to pos~
sess the triad of effects which are considered desirable in treating cor
pulmonale, i. e., cardiac stimulation, pulmonary vasodilatation and bron-
chodilatation29, Moreover, quazodine was found to be of particular inter-
est because it was well absorbed from the gastrointestinal tract and be-~
cause the cardiac stimulant and bronchodilator properties could not be
antagonized by agents known to block adrenergic E—receptors:”o.

CH CH
CH O
CH O
(I11) (IV)
6,7 -d1methoxy-4— 4-[5-amino-3=(4=-pyridyl)-1-pyrazolyl/ -
ethylquinazoline l-methylpiperidine (Ciba 31531-Ba)

Another compound which has received much attention recently is Ciba
31531-Ba. This product (IV) was reported to have a vasodilator effect
on the pulmonary circulation in the open chest, right heart-bypass cat
with fixed cardiac output. It was suggested that the compound caused pul-
monary vasodilatation by exerting a direct effect on the vasculature3l.
Moreover, Ciba 31531-Ba was found to reduce experimental pulmonary
arterial hy ertension in dogs when administered intravenously in doses of
1-2 mg/kg . In the same article it was reported that, when a dose of 400
mg q.1i, d. was administered orally to 16 patients with chronic cor
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pulmonale, (IV) produced a reduction in the incidence of dyspnea and cyan-
osis and an increase in O3 saturation and physical capacity. Recently (IV)
was studied in seven patients with pulmonary hypertension33. The com-
pound was reported to decrease the total pulmonary resistance and the
pulmonary arterial pressure, and to increase minute volume, It appeared
that most patients developed a reduction in arterial pCO, and an increase
in pH.

A more recent compound, fenspir-
O . . ey s
" ide (V), possesseés a multiplicity of
H_-CH_ —N :
2 2 NH pharmacology, most of which appear
desirable in the treatment of pulmon-
(V) ary disease34» 35, Besides a broncho-
dilator effect, a weak anti-inflamma-
tory effect, an inhibitory effect on sensitivity reactions, and an g-adren-
ergic blocking effect, the compound was reported to decrease the pulmon-
ary artery pressure in the anesthetized dog. This decrease in pulmonary
artery pressure may be due to a non-specific vasodilatory activity. Pre-
liminary clinical trials indicate that the compound is effective in the treat-
ment of asthma36. Clinical studies evaluating the effect of (V) in pulmon-
ary hypertension have not been reported,

The nonapeptide, bradykinin, has been reported to induce pulmonary
vasodilatation in the foetal lamb37, It was suggested that bradykinin might
be responsible for the reactive hyperemia which ensues after ischemia in
unventilated foetal lungs, The vasoactive polypeptide, substance P, re-
duced the pulmonary arterial pressure of anesthetized dogs, as measured
by pulmonary artery catheterization38., The effect was transient in nature
and thought to be the result of direct action on the pulmonary vasculature.

In summary, it appears that only compounds exhibiting a generalized
vasodilator or adrenergic B-stimulating effect are being evaluated for
their ability to produce pulmonary vasodilatation. This approach may lead
to the detection of agents which are efficacious but the over-all systemic
activity can be predicted to lead to undesirable side effects. It seems that
the time has come for us to elevate our goals and strive for compounds
with greater selectivity for pulmonary structures, It is teleologically im-
portant that we strive for the ideal in our search for a pulmonary vasodi-
lator, i, e., a specific agent existing solely for the pulmonary vasculature
with little or no effect on the systemic vasculature,
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Chapter 8, Antianginal Drugs

W. M, McLamore, Pfizer Inc,, Groton, Connecticut

Until a very few years ago, an annual report with this title could
be considered overly optimisticj no drug other than the short-acting ni-
trates (or nitrites) had yet been shown clearly to be of value in the
treatment of angina pectoris -- and nitrates are more than a hundred years
old., The formidable difficulties that the clinical investigator of anti-
anginal drugs must face have recently been authoritatively summarized by
a Panel on Cardiovascular Drugs of the National Research Council.l The
consequences of this situation for drug research are all too clear; until
a particular kind of pharmacological or biochemical action can be corre-
lated with proven clinical efficacy, there is little rational basis for
seeking new agents.2 It appears, moreover, that even the one clinically
validated lead may have been misleading. The nitrates are undoubtedly
coronary vasodilators, and the search for more potent and longer acting
coronary vasodilators has until recently been the prevailing theme of
drug research in this area. More potent vasodilators have indeed been
found, but they have been generally disappointing clinically; and it now
seems that coronary vasodilation is not likely to be the major basis, or
at least not the sole basis, for the usefulness of nitrates in angina.

This gloomy picture has brightened considerably, however, with the
advent of the "B-blocker" drugs —- those agents that block the action of
catecholamines at the adrenergic B-receptors. Work on the antianginal
effects of these agents has accelerated greatly in the two years since
the last report, and they will be a major theme of the present report.

Reviews - A number of general reviews on angina therapy have appeared in
the past two years.3=8 Non-drug approaches will not be discussed here,
but a few key references might be cited.3,9-12 4 particularly useful re-
view on the metabolism of the heart in health and disease has appeared.l3
More specialized reviews will be cited later.

Nitrates - Glyceryl trinitrate and the other short-acting nitrates (or
nitrites), commonly used sublingually to terminate the acute attack, are
still the only drugs of unquestioned value in angina. Evidence in regard
to the longer—acting preparations, used orally for prophylaxis, is con-
flictin%, but the general consensus seems to be that they are of limited
value.l In the only study1S that came close to meeting the stringent
criteria of the NRC Panel,1 the long-acting nitrates tried were without
benefit. Evidence is conflicting also for the utility of various sus-
tained release or aerosol formulations of organic nitrates, and tolerance
may develop,16-18

The mode of action of the nitrates is still not completely clear;
recent work on this important question has been reviewed.2;14,19 The
coronary vasodilation seen in animals and normal man is transient,19 and
may be quickly followed by reduced coromary blood flow (CBF).20 There
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are several compelling reasons for believing that this cannot be the major
basis for the antianginal effect. Myocardial hypoxia (ischemia), accepted
as the cause of the anginal attack, is the most powerful stimulus known
for vasodilation,? and the inadequate response that leads to angina is
believed usually to result from inability of sclerosed arteries to respond
even to such a powerful stimulus, Under these circumstances, it is not
surprising that coronary vasodilators, even those which are more potent
than the nitrates in animals or normal man, are generally ineffective in
angina patients. A much more convincing case can be made for reduction by
nitrates of the work load of the heart, and therefore its demand for oxy-
gen, by virtue of their well-known ability to decrease peripheral resis-
tance and venous return to the heart.3,14,19 1In this hypothesis, it must
be assumed that the compensatory increase in heart rate and the reduced
CBF that are often seen are not of sufficient magnitude to negate the bene-
ficial effect on heart work and oxygen demand of the lowered peripheral
resistance. There is some evidence to support a net reduction in left
ventricular work.19,21

The evidence for a beneficial effect of nitrates on collateral cir~
culation in the heart has been summarized.l4 And the interesting proposal
has been made that nitrates, by dilating mainly the large coronary
arteries, improve the blood supply to ischemic areas, while other coro-
nary vasodilators, by acting primarily on smaller vessels, could actually
divert blood from the ischemic regions.22

Coronary Vasodilators - Despite the foregoing, interest remains high, par-
ticularly in Europe, in drugs that are usually categorized as coronary
vasodilators. Although most of these were selected on the basis of coro-
nary vasodilator activity in animals, and although many have shown such an
action in normal humans, it is clear that these agents often have other
pharmacological actions that could contribute to an antianginal effect.23
Clinical efficacy has not been demonstrated unequivocally for any of these
drugs, but several have been widely used in Europe, and, based largely on
uncontrolled studies, reported to be useful in some proportion of angina
patients, Several appear to have been studied in the U.S., but only one
(dipyridamole) appears to be marketed here for antianginal use. No com-
prehensive review has been found, but several papers discuss more than one
of these drugs.24-26

Dipyridamole, one of the first modern drugs of this type, still
continues to be extensively studied, at both the clinical
and laboratory levels. Clinical efficacy has been report- [jﬁj
ed for the drug alone,27+28 or in combination with a N

R
tranquilizer (oxazepam).29,30 The consensus of medical N ﬁ/
opinion, however, seems to be that antianginal R N() \T’ “r
efficacy has not been proved.2,31,32 Recent hemo- \\N N N
dynamic studies in animals33:3%4 and man35 confirm R~
the marked increases in CBF previously reported with N
dipyridamole, and reinforce the conclusion that coro- E:;]

nary vasodilation, at least when measured as increased R = CHCH0H
CBF, is not a sufficient basis for antianginal dipyridamole
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activity. As noted above,22 the exact site of drug action in the coronary
vascular tree may be important. Fam and his collaborators have provided
additional evidence that dipyridamole acts primarily on the small resis-
tance vessels, while the nitrates dilate the large arteries.36 Adenosine
is a powerful vasodilator, and although its role in the autoregulation of
the coronary circulation37 is not entirely clear, it is often stated that
dipyridamole acts by potentiating adenosine;24 little new evidence has
been found.

Generally favorable results have been reported in recent clinical
trials of prenylamine,38,39 but caution has been urged in its use, since it
can apparently lead to fatal cardiac
CH arrest.2 The drug increases CBF in
| 3 animals, but has a number of other cardio-
@—CHCHchZ-NH-CHCHz@ vascular actions, as well as sedative
properties, and a reserpine-like effect
on catecholamine stores. It is by no
prenylamine means clear which of these are important
in accounting for its antianginal activ-
ity, but an indirect (or R-) sympathomimetic action appears to have been
ruled out.%

Lidoflazine has been the subject of a long-term clinical trial,
followed by an unusually careful, placebo-controlled study.4l The drug
was found to be significantly more effective
than placebo, and to be well tolerated.

Patients taken off drug during this 0 CH

trial deteriorated only slightly, VamY i
and it was thought that this F‘@‘CH(CHZ)T‘N\_}]"CHZC‘NH
might reflect development of

collateral coronary circulation,

as has been reported in animals. lidoflazine
Pharmacologically, this agent appears F

to be similar to dipyridamole, but longer

acting. Additional evidence has been presented that lidoflazine, like
dipyridamole, has an adenosine-sparing or potentiating action.42

CH3

Another of the newer drugs, hexabendin (hexobendin), is reported
also to have an adenosine-sparing or potentiating effect.25 Based on work
in dogs, however, it has been proposed that an essential component in its
action is induction of a primary metabolic acidosis, with secondary effects
on coronary resistance.43 As is usual in early, uncontrolled clinical
trials with drugs of this type, antianginal efficacy of varying degree
has been reported for hexabendin.44,45 Headache appeared to be the most
common side-effect.

CH30 CH, CHy OCH3
CH30 C02-(CHz)3—N—(CH2)2-N—(CH2)3—02C CH3

CH40 hexabendin OCH4
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Recent British clinical studies with iproveratril (verapamil) have
been discussed.46 Despite considerable further work, the mode of action
of this interesting agent remains an enigma.47s48 It appears to share
some of the actions of the nitrates, e.g. increased CBF and lowered per=-
ipheral resistance.#’/ Unlike that produced by the nitrates, however, the
increased CBF results from dilation of the small resistance vessels. Like
the B-blocker drugs, iproveratril decreases heart rate in animals and has
antiarrhythmic activity; but un- CN

like these drugs, it does not CH3

always reduce (and may increase) CH40 C-(CHy) 3~N-(CH,) CHj
the force of myocardial contrac- |

tions.47,48 Moreover, it does not CH30 CH OCHs
prevent exercise-induced tachycardia / \\ iproveratril

in healthy volunteers,“9 and does not CH3 CHy  (verapamil)

appear to block pulmonary B-receptors.
It has been suggested that antianginal activity results from a-adrenergic
blockade,50 or that it results from myocardial depressant activity.

Fleckenstein®! has developed the attractive hypothesis that ipro-
veratril, some of its analogs (e.g. D600, Knoll), and prenylamine inter-
fere with excitation-contraction coupling by complexing calcium ion, which
is required by the myofibrillar ATP-ase. Blockade of B-receptors would
produce a similar result, but in a different way, by preventing catechol-
amine/Ca activation of the ATP-ase. Calcium ion did indeed reverse the
depressant effects of iproveratril (and the other drugs mentioned) on iso-
lated papillary muscle of the guinea pig; but the inconsistent effects of
iproveratril on contractile force in whole animals, noted above, detract
somewhat from this otherwise interesting hypothesis.

CHjy c A few additional clinical
CH,-CH —N” 285 trials have been reported with
A PSRN carbochromen (chromonar),>2 and

HeC OQCH o oo CoHs increased CBF has been seen with
542 2 this drug in heart patients.53
carbochromen Improved collateral circulation
(chromonar) was also reported in one patient,
after six-month treatment with carbochromen.5%
Favorable results in angina were reported in I _-CaHs
several recent trials of amiodarone.53,56 The 0-CHoCHo-N
blocking activity of this drug on both Qh \\CZHS
a—- and B-adrenergic receptors, reported C I
earlier by Charlier,57 has been con- @I
firmed.>8 07 ¢ Hg amiodarone

Little of substance has been found in the recent literature on
visnadine or pyridinol carbamate. Early papers have appeared on a number
of new agents, but space restrictions preclude giving more than structures
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and key references., These include oxzfedrlne59 60 and analogs, 61 tri-
metazidine, 62 Vialibran,63 heptaminol and <'lex:ival:1ves,64 etafenon,
bengtclan,66 N 1113,67 imolamine,08 and 730 CERM.69

0
I
@— C(CHp) z-m-cncn—@ CH30 CHz—N NE

CH30 oxyfedrine (L- trimetazidine

CHy

CH4q-C-(CHy) ;~CH=-CH

0@— CH,-N  N-CH OH NH,
—/
Vialibran @ heptaminol

% @
C (CHZ) 2@ CH
o X
/C2Hs 0-(CHy) 3—N\

0-(CHyp), -N{

CoH CH
255 bencyclan 3

etafenone

v
N-(CHy) »-N:
(CH2) 2-NT_

)
i C \ /kNu CaHs
imolamine
N-1113
OCHj //\ Q _O | CO,H
e R HCHy=\y Con
CH40 C-0-CH ~CHjy H 2
“\ CH,-0-(CHy) 9CH
OCH, N CH, .
730 CERM perhexiline maleate

One new drug that appears to be of more than average interest is
perhexiline maleate.’0 Like an earlier analog, hexadiline (hexadylamine),
this agent increases both coronary and peripheral blood flow. In contrast
to the nitrates, however, doses that markedly lower blood pressure do not
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increase heart rate or reduce CBF, apparently because there is little
effect on venous return to the heart. Although perhexilene diminishes
exercise-induced tachycardia, it has no effect on resting heart rate, and
does not appear to block B-receptors;’l on the contrary it is reported to
have bronchodilator properties in man.’2 Early clinical trials suggest
that it may prove to be useful in angina.70,73

B-Blockers - It has been estimated that almost a thousand papers have
appeared on these agents, in the few years since they were introduced into
clinical practice. Fortunately, several good reviews on their use in
angina are available,’4-76 and these should be consulted for additional
references, The review by Fitzgerald’4 is a particularly lucid and order-
ly introduction to the subject. The pharmacology of these drugs has been
reviewed recently,’7 but the latest comprehensive discussions of structure-
activity relationships appear to be those of Ariens’8 and Biel and Lum.’9

Of the earliest B-blockers, dichloroisoproterenol (DCI) was consid-
ered to have too much B-sympathomimetic (B-agonist) activity for clinical
use; and pronethalol was withdrawn from clinical trial because of carcino-
genicity in rodents. Propranolol was therefore the first drug of this
class to be thoroughly studied clinically. Although it is not yet ap-
proved in the U,S. for use in angina, the consensus of medical opinion
appears to be favorable, i.e. the drug is of definite value in a signifi-
cant proportion of angina patients,.’/5,76

The rationale for use of B-blockers in angina is straightforward.
In contrast to those of other organs, the adrenergic receptors in the
heart are almost all of the B-type, including those that affect rate
(chronotropic) and force of contraction (inotropic). Angina is often pre-
cipitated by emotional and other factors that involve excessive activity
of the sympathetic nervous system and/or increased levels of circulating
catecholamines. Blockade of the B-receptors in the heart prevents the
increased contractile work and oxygen demand that result from stimulation
of chronotropic and inotropic receptors by the catecholamines. Unfortun-
ately there are other consequences of B-blockade, and other pharmacologi-
cal actions of the existing agents, which may not be appropriate to the
anginal state,

Most serious, perhaps, is the precipitation of heart failure in
patients who are dependent on sympathetic drive to maintain sufficient
cardiac output., Fitzgerald argues that this can readily be avoided by
proper digitalization of the patient, and use of diuretics.’4 Because of
the reduced cardiac output, blood pressure can fall, and this may be un-
desirable in some cases; and the reduction in resting heart rate may also
be undesirable in some patients, Stimulation of B-receptors in smooth
muscle, as in most tissues other than the heart, leads to relaxation; the
tone of vascular and pulmonary smooth muscle is therefore increased by
blockade of the B-receptors. The consequences are decreased CBF and in-
creased coronary arterio-venous oxygen difference, which may be undesir-
able in angina; and increased airways resistance, which can provoke
dyspnea or aggravate bronchial asthma. These effects are usually attrib-
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uted to a-responses unmasked by B~blockade, but the reduced CBF may result
in part from decreased oxygen demand by the heart. The reduced CBF can
apparently be countered to some extent by nitrates} and the tachycardia
sometimes seen with nitrates should in turn be suppressed by the negative
chronotropic effect of the B-blocker. Management of angina with a combi-
nation of propranolol and isosorbide dipitrate continues to be strongly
advocated by Russek,80,8l and converts are appearing.82

CHCH,NHCH (CH,)
c1 (':HCHZNHCH(CH3)2 (2 372
;::> OH

OH
Cl pronethalol

dichloroisoproterenol (DCI)

OCHoCHCHoNHCH (CH3)2 w?ﬂcnzm(iHCHZCH:i
o * mo

butidrine
propranolol
3 ?HCHZNHCH(CH3)2
3 OCHZ?HCHZNHCH(CH3)2 OH
6 OH 46
5
K8 592 (ICI 45,763): 3-CHj3 INPEA: 4-NOj
alprenolol (H 56/28): 2-CHyCH=CHj sotalol (MJ 1999): 4-NHSO,CH,
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As noted above, DCI exhibits marked B-agonist activity, i.e. it has
intrinsic sympathomimetic activity (ISA). The agents introduced more
recently are weaker agonists, and progranolol, for example, is virtually
devoid of ISA, It has been proposed8 that a certain degree of ISA might
be desirable in avoiding precipitation of heart failure or bronchospasm,
However, blockers with varying degrees of ISA, e.g. alprenolol, oxprenolol,
pronethalol, and INPEA all appear to have precipitated heart failure.

Another important action of most B-blockers is that referred to by
Fitzgerald’4 as their membrane activity. This is reflected in local
anesthetic activity, and a quinidine-like, depressant action on the heart.
Unlike that of quinidine, however, the myocardial depressant action (MDA)
of B-blockers is not reversed by acetylcholine.84 This non-specific MDA,
which is most prominent with propranolol and the more lipophilic drugs,
appears to result from membrane stabilization and reduced conduction
velocity of nerve impulses., The possibility that the membrane activity of
these drugs plays a part in some of their antiarrhythmic effects has been
reviewed85 (outside the scope of this report). An important question,
especially for future research in this area, is whether the non=-specific
MDA plays a part in the antianginal activity of these drugs.

The doses of propranolol required to elicit membrane activity are
typically about four times the B-blocking dose. Principally because of
the high doses of propranclol required in some patients for antianginal
effects, it has been suggestedB6,87 that the hemodynamic and clinical
actions of the drug are in fact due to a direct, non-adrenergic depressant
action on the heart. However, the (+) isomer of propranolol (dexpropran-
olol), which has membrane activity equal to that of the racemate but is
virtually devoid of B-blocking activity, fails to show the hemodynamic
effects of the racemic drug in dogs.88 Similar results have been reported
from human studies with dexpropranolol,89 and with the dextro isomer
of alprenolol as well.90 The wide individual variations in effective
clinical doses could be explained by variations in sympathetic activity
and catecholamine concentrations at the receptors, since the known agents
are all competitive blockers. Isoproterenol challenge experiments are not
directly relevant, and it does not yet appear possible to assess this
possibility at the clinical level. Fitzgerald/4 has suggested an alter-
native explanation for the wide variations in clinical doses of propran-
olol, based on individual differences in drug metabolism. Further clini-
cal experience with B-blockers such as INPEA, sotalol, and practolol,
which are essentially free of membrane activity, should allow a final
decision on the importance of non-specific MDA to the antianginal effects
of B-blockers. A very recent clinical pharmacology experiment with
sotalol and propranolol9l suggests that they may prove to be equally
effective in angina, and that B-blogking activity, rather than non-
specific MDA, is probably the basis for clinical activity,

The therapeutic value of the newer drugs in the structure table re-
mains to be established, and the literature is still quite limited on some
of them, Several have already been mentioned, and others are discussed in
the reviews cited; but key references can be given for a few of the newest
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agents. Prinodolol (LB 46) is reported to be a more potent B-blocker
than propranolol, with weak ISA and little membrane activity.92 Ro 3/3528
was 1/10-1/15 as potent as propranclol in blocking isoproterenol-induced
tachycardia in man.93 In vivo, AH 3474 is apparently comparable in po-
tency to propranolol, but it is much less potent on isolated tissues;9
this was attributed to its relative polarity and freedom from membrane
effects, This agent is also devoid of ISA. 1In animal studies, KL 255
appeared to be somewhat more potent than propranolol when given intraven-
ously, but not when given orally.95 In normal humans, oral absorption
also appeared to be relatively poor;96 no published clinical studies in
angina were found.

Of particular importance to future research in this area is the re-
cent emergence of B-blockers with greater tissue selectivity. Practolol
(ICI 50,172), a somewhat less potent R-blocker than propranolol, has very
little effect on bronchial receptors.97,98 1If the early clinical re-
ports99s100 of efficacy in angina are confirmed, it may prove to be the
B-blocker of choice for patients with bronchopulmonary problems. There
was also a suggestion of myocardial selectivity in the human studies with
KL 255,96 A likely explanation for the tissue selectivity of practolol
can be found in the reclassjfication of adrenergic receptors by Lands and
coworkers,101 Responses of various animal tissues to a series of sympa-
thomimetic amines revealed, for example, significant differences between
the B-receptors of heart (B-1) and smooth muscle (B-2). This sub-division
of B-receptors has been further supported by work with some new B~
sympathomimetic drugs.102

Also in accord with this classification are some interesting recent
experiments in dogs with practolol.l03 CBF was actually increased at
doses of the drug that blocked the positive chronotropic and inotropic
effects of isoproterencl, suggesting that the rate/force receptors in the
myocardium are distinctly different from the B-receptors in the coronary
vasculature. The authors attribute this to the B-sympathomimetic component
(1SA) of practolol, but selectivity for the myocardial B-receptors would
appear to be a sufficient explanation. There are already suggestions
that B-receptors may need to be further subdivided,l04 and that the B8-1
receptors of the myocardium may not be homogeneous.l02 Specifically,
there is evidence for differentiation of the rate (chronotropic) and force
(inotropic) receptors.102,105 Implications to the development of still
more selective B-blocking drugs are clear. What is not yet so clear is
whether further selectivity of this kind will be valuable in the treatment
of angina.
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Section III - Chemotherapeutic Agents

Editor: Koert Gerzon, Lilly Research Laboratories, Indianapolis, Indiana

Chapter 9: Antibiotics and Related Compounds

Koert Gerzon, Lilly Research Laboratories, Indianapolis, Indiana

General - The clinical investigation of new antimicrobial agents constitutes
a formidable challenge demanding broad knowledge of antibiotic action in
the management of the patient with infectious diseasel, General reviews
dealing with the proper selection and use of antibiotics2, the elaboration

of certain principles in their use3, and the comparative merits of newer
antibiotics4, have appeared in 1969, A treatise of antibiotic knowledge has
been published in the German languages.

Increased efforts are being directed towards control of gram-negative
organi sms®2-C¢, The announcement of therapeutic efficacy of the aminogly-
coside, gentamicin7, together with that of carbenicillin8, cephalosporins
and others2:4, have raised the hope that such control is attainable,

There is need for more effective suppression of Neisseria gonorrho-
eae infections4, particularly in areas of high incidence!” or those invol-
ving strains of reduced penicillin-sensitivityl1. New agents recommended
against this gonococcus are carbenicillinl2, doxycycline, minocyclinelz’13
and otherslZ2, Drug resistant tuberculosis in Scandinavia and elsewhere is
continuing to respond favorable to capreomycin, ethambutol, and rifampi-
cin, in combinationsl!4,

Resistance to antibiotics - Resistance to antibiotic therapy, especially
multiple-drug resistance mediated by transfer factors, remains of active
concern, There is a growing awareness that antibiotic therapy of the pa-
tient and his illness needs to be considered in the light of newer knowledge
bearing on the possible effects of such therapy on microbial ecologylS’l .

The study of soil and stool samples obtained from drug-free, 'antibi-
otic=-virgin'" communitiesl7:18 revealed the presence of E, coli strains
harboring R factors which mediate resistance to tetra.cyc_lingrv:l8 strepto-
mycinl7:18, a,l.'npicillin18 and chloramphenicollg,

In vivo transmission of R factor has been demonstrated in micel?, in
weanling pigs and in the alimentary tract of a human beingzo. Transfer of
drug resistance in vivo, however, was found to be a rare occurrence20,21;
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also, increased recipient ability for R factor was observed to be associ-
ated with "rough" cultures of reduced virulence?2, These latter important
observations20-22 have grompteda novel interpretation of the role of anti-
biotics in animal feeds?

In further biochemical studies of transmissible resistance, enzymatic
adenylation, known for streptomycin7d’ € 2426, wag shown to be a path-
way of inactivation also for the structurally related bluensomycm7 as
well as for the seemingly unrelated spectinomycin (a.ctlnospecta.cm)'7d
Another route of inactivation, enzymatic phosphorylation, known for kana-
mycm2 27, neomycin®®’4/and others has been observed for streptomy-
cin?d:24 A phosphorylase preparation capable of inactivating the above
aminoglycoside antlblotzc s, did not effectively phosphorylate components
of the gentamicin group

Mannosidostreptomycin, a biologically active analog, according to a
recent report28, is not adenylated by a kinase capable of inactivating
streptomycin, Intriguingly, adenosine, as well as the C~nucleoside formy=-
cin, is a competitive inhibitor of ATP which serves as phosphate donor in
the inactivation of kanamycin by a phosphorylase of P, aeruginosa27.

Ammogjcomdes - The recognition of the therapeutic qualities of genta-
micin, reported in depth at an International Symposium in October, 19687,
constitutes a major advance in the control of serious, life-threatening in-
fections 72 especially those due to gram-negative bacilli resistant to kana-
mycin and other aminoglycoside antibiotics f, Microbiological studies with
the clinically available form of gentamicin, a mixture of the three compo-
nents gentamicin C;, Cj, and C,, (Ia, Ib and Ic) showed that among more
than 1, 000 clinical isolates of Pseudomonas in 21 separate groups, 94%
were found to be sensitive to 10 pg/ml of the antibiotic (tube dilution met-
hod) 78, Favorable protective activity was noted also against E. coli and
the Klebsiella=Enterobacter group, against Proteus and Neisseria g gonor-
rhoeae, Serratia and other genera7f'8. Among strains of Staphylococcus
aureus, 99% were found to be sensitive to 5 ug/ml of gentamicin or less’8
but the antibiotic is not highly active against meningococci‘8,

RCHNHR' CH,OH
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It has been noted that R factor resistance does not appear to play a
major role with genta.micin7h {cf. Lack of phosphorylative inactivation of
gentamicin C complex noted above’€),

Partition chromatographic methods effectively provided the three com-
ponents Cj, Cj, and C2 for structure determination k; microbiological
and pharmacological studies revealed a near=-identity of antibacterial,
pharmacokinetic, and toxicity characteristics of the individual components7g

Studies of the comparative nephro- and ototoxicity of aminoglycoside
antibiotics generate assurance that in the effective clinical dose range of
1-3 mg/kg?® and with peak serum levels not above 12 pg/m17t, gentamicin
does possess a favorable margin of safety in man,

Utilizing mutants of S. fradiae, which do not synthesize neomycins B
or C because of a blocked deoxystreptamine pathway, novel hybrid anti-
biotics, hybrimycins A} and Ay or B} and B, were produced by feeding
the related sub-units, streptamine and epi-streptamine, respectively, to
growing cultures of these mutants29,

Anga-macrolides - Extensive progress in the study and clinical use of
rifampin (rifampicin) and other rifamycins is reflected in the more than a
hundred publications dealing with their antibacterial30=32, anti-viral (see
Chapter 11), pharmacok1net1c30 133,34 and therapeutic quaht1esl4 »35- ;
Characteristically, ansa-macrolides (ansa-mycxns[°]40). the rifamycins,
streptovaricin, and tolypomycin, are thought to exert their antibacterial
action through suppression of RNA-polymerase function,

This mechanism of inhibition, however, was observed at one hundred
times higher levels, with the structurally divergent antibiotic streptoly-
digin4l and indications for an alternate or additional mechanism have been
noted in inhibition studies of rifampin-resistant bacteria with semisynthe~
tic rifamycin SV derivatives42,

Micro-organisms highly sensitive to inhibition by rifampin, include
penicillin-sensitive as well as penicillin-resistant S. aureus D. pneu-
moniae33, gro f A streptococc133, H. 1n£1uenza.e33-, Proteus30, M. tuber-
culosis in vitro®? and,in the mouse3T:3Z Plasma levels above 2 p.g/ml
were attained in man between two and four hours after oral administration
of a 300 mg dose of rifa.mpin33. A major portion of the drug is found in
the bile33+34 in the form of 25-desacetyl rifampin”~ with evidence of
entero~hepatic circulation of this biologically active metabolite.

The growth of 50 different strains of Neisseria meningitidis in vitro
was found to be inhibited by rifampin in concentrations of 1 p.g/ml or less3?
and subsequently the antibiotic was shown to be uniquely effective in the
eradication of these meningococci from asymptomatic carriers37,
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The powerful anti-mycobacterial activit 31,32 of rifampin (III), a
leading drug™ ~ against tuberculosis in man3%:38, also manifests itself
against M. leprae growing in the mouse foot-pad39. In man, rapid effec-
tive suppression of lepromatous leprosy was observed with daily 600 mg
doses of rifampin administered for 20 weeks 9.
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Among a group of semi-synthetic derivatives, 3-piperidino- (IV), 3-
homo-=piperidino- (V), and 3-(4-isopropylpiperidino)-rifamycin SV (VI)
were active not only against rifampin-sensitive strains of S, aureus and B.
subtilis (MIC4 0, 002-0, 01 ,uf /ml)but also against rifampin-resistant
strains (MIC1 1-10 pg/rnl)4 . Rifamycin SV (VII), a precursor of rifamy-
cin B (VIII) fermentation, has been produced directly by growing cultures
of a mutant strain of Streptomyces mediterranei43, Confirmation of struc-
ture and stereochemistry of tolypomycinone was obtained through X-ray
analysis of the tri=m-bromobenzoate4%,

p-Lactam Antibiotics - A potentially predictive relationship between the
sum of molar attraction constants, indicative of the relative

degree of drug-receptor interaction, and observed in vivo antibacterial
activities appears to exist for a group of substituted a-phenoxy-6-acyla-
midopenicillanic acids?>, a-Sulfoaminobenzylpenicillin possesses in vitro
anti-pseudomonas activity of the order of carbenicillin and is effective
against P. aeruginosa infections in the urinary tract of the rat46. In clin-
ical investigations 6-D-a-azidophenylacetamidopenicillanic acid, (azido-
cillin) was found to be as effective as penicillin V in the treatment of scar-
let fever but super=-infection with H. influenzae was observed only in cases
treated with the latter antibiotic47,

a-Carboxypenicillin, carbenicillin, is valued in the treatment of Pyo~
cyaneus infections of the urinary tract48, of Pseudomonas infections4? in
cancer patients® and, in combination with gentamicin, of Pseudomonas
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pneumonia’J. On the other side, the emergence of resistant strains of
Pseudomonas aeruginosa has been noted4?

The immunochemical aspects of penicillin antibiotics have been re-
viewed in depth50’51. It has been suggested, on the basis of model reac~
tions with thiol containing compounds, that the reaction of penicillenic
acid with free SH groups of protein may be antigenically involved in peni-
cillin allergysz. A penetrating study of bacterial resistance to penicillin
and to cephalosporin antibiotics3 has been made available.

Structure-activity relationships for a group of semi=-synthetic phenyl-
glycine derivatives of 7-aminodesacetoxycephalosporanic acids, including
cephalexin, have been compared with those of the corresponding cephalo-
sporins54

Among new semi-synthetic cephalosporin antibiotics BL-P 1322 (IX)55,
compared with cephalothin, is characterized by superior activxtg in vitro
against D. pneumoniae and M. tuberculosis, while cefazolin (X) has
shown act1v1ty against chmcally isolated strains of E. coli and K. pneumo-
niae which are strongly resistant to cephalothin and ¢ cephalorldme

N—N
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Cephaloridine has been found to be of value in chronically uremic pa-
tients undergoing serial dialysis in the absence of kidney function®?, The
successful use of this antibiotic in the treatment of a small number of pa-
tients with streptococcal endocarditis has been reported58. Forty-nine of
eighty patients with acute as well as chronic urogenital infections, rapidly
improved on an oral regimen of 500 mg. doses of cephaloglycin three
times a day for fourteen days®9. In a similar study involving 245 patients
from 4 to 92 years of age, a high percentage of the acute urinary tract in-
fections responded favorably to cephaloglyc1n60. in these studles of ce-
phaloglycin, the most common complaint was diarrhea59,60

Cephalexin inhibits the in vitro growth of most gram-positive bacteria,
including penicillin~resistant, but not methicillin-resistant S, aureus
stramsél; half of E coh and one-third of Proteus clinical isolates were
among the susceptlble gram-negative cultures but isolates of P. aerugin-
©Osa and Serratia were highly resi stant®l, In the treatment of pau ents with
urinary tract? and upper respiratory 2 infections, oral cephalexin has
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been recognized as an effective, well-tolerated agent, Metabolic studies
have established that in mice and rats, cephalexin is absorbed from the
gastro-intestinal tract as the intact antibiotic3. Cephalexin is not meta-
bolized in the body and is eliminated as unaltered antibiotic, primarily

via the urine63.

Accounts of chemical syntheses in the field of p-lactam antibiotics
have appeared in book form 4, Papers dealing with the epimerization of
the a-~carbon in the p-lactam ring afford an understanding of the require-
ments®> and mechanism®6 of this conversion in both penic:’tllins67 (C-6)
(XI) and cepha.losporins68 (C-7).
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A variety of unusual transformation productsf’g’70 has been produced
from penicillins under acylating conditions. One of these, an anhydropeni=
cillin (XII)70. has now been reconverted to the parent antibiotic under
mild conditions.

Considerable effort has been devoted to the determination of the con-
figuration and conformation of the sulfoxides of B-lactam containing anti=~
biotics'1=74, These elegant studies, which shed further light on the mech-
anism of the ring expansion processes of penicillin sulfoxides (XIII), have
been facilitated by the large anisotropic effects observed in the NMR
spectra of these compounds /4’

o O
i &
T PhOCH,CNH g

I

PhOCH,CNH s _§H, \

: CH |
m 3 o= ~N A CH,R!

/ ~\
o CO,R CO,R

X1 XIV R'=H
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The metamorphosis of penicillin V sulfoxide ester (XIII) into a de-
acetoxy cgphalosporin (XIV) has been reported in detail by Morin and co-
workers'®, The introduction of the acetoxy function into the 3-methyl
group of XIV, generating a cephalosporanic acid (XV) has now been
a.ccomplished77.
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Coumermycin A is highly effective against''methicillin-resistant' strains
of S. aureus’® in vitro and may have promise 4s an agent for the treat-
ment of infections due to group A streptococci, pneumococci, and other
organisms79. A new semi-synthetic derivative of coumermycin Aj, BL=-C
43, was shown to be markedly superior to novobiocin, lincomycin, and
erythromycin in oral therapy of S. aureus infections in the mouse80,

7-Chloro-7-desoxylincomycin (clindamycin) is well suited for anti-infec~
tious treatment of infants and children81. 7-Deoxy=-7(R)- and -7(S)-thio-
lincomycin possessed slight antibacterial activitysz. Microbial transfor-
mation of clindamycin produced clindamycin sulfoxide which had one fourth
of the antibacterial activity of the parent antibiotic against S, lutea83,

Macrolide antibiotics = Structural assignments have been made for spira-
mycin°zr, in relationship to leucomycins and carbomycin, for cirramycin
A185 and the related tylosin86, and for megalomycin A87a:b, 11-O-B-D~-
rhodosaminyl-erythromycin C. Megalomycin is produced by Micronospora
megalomiceia cultures, It is somewhat less active than erythromycin.
Megalomycin when givenorally is efficiently absorbed and well tolerated
in dogs. Intricate studies88, utilizing specialized NMR 1;echniques89 in an
examination of erythronolide species, have resulted in an accurate por-
trayal of the conformation of these molecules in solution88:89, The signi-
ficance of hepatotoxic aspects of therapy with erythromgcin and related
antibiotics has been weighed with a physician's concern 0,

Peptide antibiotics have been reviewed with emphasis on topochemical as-
pectsI] and structural features92 particularly the role of dehydroamino
acid units93, The behavior of a~aminoadipyl- and glutamylcysteine in the
presence of intact and disrupted mycelium of a Cephalosporium sp. forms
the subject of a detailed analysis94 of biochemical transformations, invol-
ving penicillin N, Cephalosporin C, and others.

Phosphorus=-containing antibiotics - The surprising discovery of phosphono-
mycin by an American-Spanish team9> revealed a novel structure (XVI),
(=)=(1R, 28)-1, 2-epoxypropylphosphonic acid, which was confirmed by syn-
thesis. Its bactericidal action features a covalent attachment of phosphono-
mycin to a transferase involved in peptide synthesis of essential cell wall
precursors. The antibiotic, in spite of its highly ionic character, is ra=-
pidly absorbed from the gut and is effective in man against a variety of
infections including those of the urinary tract with E. coli and Alkalin-
genes fecalis strains as the causative organisms,

H\ I’H

d

I O — The results of further clinical
/ \o/ \ evaluation of this antibiotic are
CH3 PO3H2 awaited with considerable interest,
XVl
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Diumycin, a new antibiotic with remarkable prophylactic activity96:
and macarbomycin97, a growth promoting agent in swine, are new mem-
bers of this class,

The labile chromophore of moenomycin, also present in macarbomy-
cin97 has been identified as 2-aminocyclopentane=-1, 3-dione%8, first exam-

ple of a naturally occurring aminoreductone,

SRarsomzsin, an antibiotic known since 1962, has been shown to have the

unique structure (XVII)?9. o CH>0H
|
o H UNH-==Cnn-H
e E=c< A g
CH
k | H ,SCH,SCH,
N
H CH3 XVII

Tetracycline - Doxycycline, one of the ''longer=~acting'' analogs, given as
a single oral dose of 100 mg. gives serum levels in man equal to those
given by a single oral dose of 250 mg. of tetra.cycline]'o0 and appears in
inflamed tissue more rapidly, in greater concentration, and persists
longer than tetracyclineloo. Adequate serum levels of doxycycline have
been attained in patients with renal insufficiency101. The relative merits
of doxycycline among other tetracyclines have been assessed with refer-
ence to its margin of safety in patients with depressed renal functionl02,

A perusal of the vast field of antibiotic research elicits a reaction
recorded beforel03,
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Chapter 10. Synthetic Antibacterial Agents

Daniel Kaminsky and Maximilian von Strandtmann
Warner-Lambert Research Institute, Morris Plains, N.J.

During 1969, no novel chemical classes of antibacterial agents with
clinical effectiveness were reported. Synthetic efforts dealt mainly with
the modification of existing drugs with the development of several promis-
ing leads. A multiple-drug therapeutic regimen has been advocated for the
treatment of urinary tract infections!, chronic bronchitis? and tuberculo-
sis3s%, Wide-spread use of the multiple-drug technique may be the answer
to the problems of development of resistant strains and R-factor trans-
mission that beset the present day chemotherapeutic approach to disease.

The organization of this review is similar to that used in previous
years with the exception that compounds having only in vitro activity are
discussed with the corresponding class of closely reTated systemic agents,
such as nitrofurans, sulfonamides and antituberculous drugs. This arrange-
ment should allow for an insight into structure-activity relationships.

Quinolone Antibacterial Agents

Nalidixic acid I inhibits DNA synthesis in both infected and unin-
fected cells but has 1ittle effect upon bacteriophage DNA synthesisS and
may be useful for studies of virus specific DNA synthesis. Hemolysin pro-
duction has been implicated® in resistance by E.coli to I and the major ef-
fect of microbial degradation was found’ to be hydroxylation. A review of
the clinical use of I attested to its usefulness for the treatment of uri-
nary tract infections®. Nalidixic acid proved the most effective of 8
clinically used agents against ca. 3000 clinical isolates from urinary
tract infections®. The bacterjostatic activity of I against aerobic gram-
negative bacterial strains!? was partially reduced by nitrofurantoin and a
1:1 mixture of 1 and neomycin was synergystic against a broad spectrum of
bacteria in vitroll. A comparison of in vitro and in vivo activities

1
OOH /Q:(ﬁfow [0_)[ 00R
0oN CH=CH
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showed oxolinic acid II to be at least 10-fold more active in vitro against
enterobacteriacae than I with neither very effective against Pseudomonas
strains. Clinical trial in 54 patients indicated that oxolinic acid II
(2g/day) was associated with less emergence of resistance and had a dis-
tinct potential advantage over nalidixic acid I (4g/day)!?. Several papers
concerning the treatment of urinary tract infections with oxolinic acid Il
were presented!3s1% with results comparing favorably to those obtained with
I.

HsC

Derivatives - Styryl derivatives III of nalidixic acid were prepared and
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reported! 5,16 to exhibit potent in vitro activity against various unspeci-
fied gram-negative and gram-positive organisms. This group includes com-
pounds in which R=alkyl or substituted alkyl and R'=H, alkyl,substituted
alkyl and a variety of amide derivatives. Hydration of the vinyl group or
absence of the nitro group markedly decreased activity and aminoalkyl es-
ters were more active than alkyl esters or amides. Detailed microbiologi-
cal results are pending.

Sul fonamides

Clinical evaluation of the newer long-acting sulfonamides yielded
generally favorable results. Sulfasymazine(2-sulfanilamido-4,6-diethyl-
1,3,5-triazine) gave up to 75% cures in recurrent urinary tract infec-
tions!7. Sulfalene IV showed excellent results in pediatric practice with
conditions treated including cystitis, bronchitis, pneumonia and purulent
otitis'8. The use of IV in the treatment of urinary tract infections!?,
rheumatic disease?®, and some pharmaco-kinetic aspects were discussed?!.
Sulformethoxine V has been compared to other commercially available sulfon-
amides?2, It is distinguished by very slow elimination from plasma due
probably to a high rate of tubular reabsorbtion. Since the half-life aver-
ages 179 hr., effective therapeutic levels can be maintained by weekly
doses22,23, It has a particularily broad spectrum spanning bacteria, fungi
and plasmodia. An established drug, sulfisoxazole has proven superior to
tetracycline for the treatment of chancroid?“, a frequent venereal disease
among military personnel in Vietnam. The drug is also of value in the
treatment of subclinical renal infections during pregnancy!. Mitchell25 in
a review on sulfonamides for children, considers IV and other long-acting
sulfonamides contraindicated due to the occurrence of the Stevens-Johnson
syndrome.

CHs 0CH3
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The synergy of sulfonamides and a folate metabolism inhibitor, tri-
methoprim VI, received extensive Tlaboratory and clinical evaluation2é. The
combination of sulfamethoxazole and VI was frequently found superior to
ampicillin or the sulfonamide alone26-2%, The combination has been suc-
cessfully used in the treatment of uro-genital26,30,31  yenal26+32 and res-
piratory infections26s33, Favorable results were also obtained in cases of
typhoid fever, S. typhi carriage, fulminating Staph. infections2® and pre-
vention of infection due to drug induced bone marrow depression3“. Reports
1inking undesirable hematological effects (agranulocytosis and thrombocyto-
penia) to administration of sulfamethoxazole and VI have appeared35s3€,

In vivo studies showed IV to be inferior to sulfamethoxypyridazine in
protecting mice against S. aureus or K. pneumonia3’. Higher therapeutic
activity (in induced septicemia in mice), Tower toxicity and more rapid ab-
sorption may make salicylazosulfamethoxypyridazine VII3S more important
clinically than salicylazosulfapyridine. The latter has been effective in
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the treatment of non-specific ulcerative colitis32,40, Species difference
in the metabolism and excretion of sulfonamideshave been studied by several
groups*1743,

COOH

H4CO QNH502©N=N OOH

VII

Synthetic activity in this field involved the preparation of sul-
fanilamide derivatives of 1,4-naphthoquinones“", benzisothiazol-1,1-di-
oxide*S, 5-methylthiopyrimidines“>, 6-aminopenicillanic acid“®, adamant-
amine*7 and succinanilic acid*8. In vitro test data were reported for the
latter three groups with the adamantane derivatives being inactive. Sul-
fonamides of carbazolesulfonic acid“®, a- and B-naphthylaminosulfonic
acids®%, and p-alkoxybenzenesulfonic acids®! were prepared. A1l had some
activity in vitro, with the biguanides of the latter group active against
M. smegmatisST. The introduction of the nitrofurfurylidene group into a
suéﬁani]amide resulted in an increase (up to 62.5 fold) in in vitro activi-
ty <. _—

Theoretical Aspects - A linear relationship was observed between bacterio-

static activity and modified Hammett substituent parameters for a series of
meta and para substituted Nl-phenylsu]fani]amides53. Enzyme-substrate com-
plexes may be charge-transfer complexes formed in the living organism and

sulfonamides are believed to interfere with the utilization of PABA through
competitive enzyme inhibition. An investigation of these postulates®* dis-
closed a relationship between the charge-transfer transition energy or ion-
ization potential of sulfonamides and their in vitro bacteriostatic activi-

ty.

Nitrofuran and Related Antibacterials

Several clinical studies comparing nitrofurantoin VIII to other drugs
in the treatment of urinary tract infections, indicated VIII was more effi-
cient against E.coli infections than streptomycin or sulfamethazines® and
had a higher 2-year post-treatment cure rate against a spectrum of orga-
nisms than cgc]oserine or sulfamethazine>6. The site of action of VIII was
investigated>? with buildup found in the kidneys of rats. Although blood
levels were low, levels in kidney tissue were greater than MIC values for

1
X R= @»R
L viin Rec??
oo . 0
2 IX ReCHy O, H=CH-R XI R=

common urinary tract pathogens. Intracellular accumulation of VIII was
studied®® in rabbit renal cortical slices and the metabolism, with differ-
ent dosage forms and by different routes, was studied in dogs®?. In one
study of 81 patients with urinary tract infectionsé?, nifuradene IX was
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found equivalent to VIII. In another studyS!, a 70% cure rate was obtained
with IX on an 800mg/kg, 14 day regimen.

A comparison between the activity of nitrofuryl vinyl heterocyclics
of types X and XI and their corresponding N-oxides was undertaken®2. The
N-oxides were found considerably more active in vitro and in vivo against
S.aureus and Salmonella typhimurium in mice, with higher antibacterial se-
rum levels. Russian workers®3 have also prepared XI and found it to have
high in vitro activity against Proteus species and Pseudo. aeruginosa. It
was found that XI was inactivated by both horse and human serum while seven
clinically useful nitrofurans were not significantly affected by sera and
were effective in combating gram-negative induced septicemia in mice. A
series of 3- and 5-amino-1,2,4-oxadiazoles were investigated®“ and found to
have broad spectrum antibacterial properties. The trans tautomer XII was
reported®> to be highly active and unaffected by serum or pH variations in
the range 5-8. Cross resistance developed with nitrofuran type antibacte-
rials but not with other agents. Metabolism is rapid and complete in mice
and rats. The oral LD;, in mice is 6g/kg and the in vivo spectrum is com-
parable to furazolidone. A group of 55 3- and 5-nitrofuryl isoxazoles®®
were found to induce phage production in lysogenic bacteria, but were rel-
atively inactive in vivo.

A series of hydrazino-1,3,5-triazines XIII were found®? to have good
in vitro and moderate in vivo activity against M.tuberculosis. The most

R
H XIII  R= CH=N-NH
J@\ A 0N ; (CH=CR )n-R —yNH2 :
0N T £=C 2 XIV -} W
f NH

= 111
N=%NR R

XII
active (n=0 and R=R'=isopropylamino) had an MIC of lug/ml against an INH
resistant strain. A group of 26 related triazino compounds of type XIV
were found®® to have high activity against both gram-negative and gram-
positive organisms. Acetylation did not significantly alter potency but
when n=0, activity was markedly decreased. Nitrofuryl-1,2,4-triazoles were
compared to nitrofurantoin VIII and some found8° to be equally effective in
the treatment of experimentally induced E.coli pyelonephritis in rats. The
most active compound in a series of nitrofurfurylidene-aminohydantoins and
N-(ethoxycarbonyl) amino acid hydrazides was XV. The compounds were active
in vitro and _in vivo, with XV having an ED;, of 96mg/kg against S.typhosa,

p.o. in mice7V, s
o I
R N-—NH

- [ ]
NH=(=0 o N CH=C)n-CH =5 -
OZNQ\ CH¢N CH'CHZOH 2 ( )n P XVII X (CHz)n,N,O
XV
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XVI

In a group of methyldithiocarbazonates of type XVI, activity against both
gram-negative and gram-positive organisms was found’!. When R was other



Chap. 10 Antibacterials Kaminsky, von Strandtmann 91

than H, the activity and toxicity were markedly decreased. Nitrofuryl cin-
chon1n1c ac1d derivatives’2 were 1nvestlgated and the most active compound
had an ED in mice) of 5mg/kg, i.p. against S.aureus, but was inactive
orally. gome analogs and derivatives of furazolium XVII (X=(CH,), R=NH)
were investigated?3 with none of the compounds exhibiting the same order of
activity as furazolium. (5 NOzfuryl)v1ny1 Quinoxaline derivatives were
reported’* to have moderate in vitro activity against the usual organisms
but relatively high activity against M.tuberculosis. Nitrofurylpyrano-
benzoxazoles were active against M.tuberculosis’>, with the most active
having an MIC of 1.6ug/ml. N-Aryl and N-heterocyclically substituted
n1trofury1 nitrones had, in contrast to the non-nitrone analogs, only
slight in vitro and essentially no in vivo act1v1ty 76, The replacement of
the nitro group by the methanesulfonyl group in a var1ety of furyl am1des,
thiosemicarbazides, etc. virtually eliminated all in vitro activity?’

1-hydroxyalkyl 2- or 5-nitroimidazoles’® had both in vitro and in
vivo activity, 1nh1bit1ng anaerobic but not aerobic bacteria. Nitrothia-
zoles were investigated’® and the only in vivo active compound in a series
of 30 was XVIII, having about 50% of the activity of furazolidone against
S. aureus in mice. Niridazole XIX, the most active of 18 related compounds
was found80>81 to have from 1/3 to 2X the oral effectiveness of chlor-

N C—
I %—NH XVIII nel R
0,N sA (CH=N)n-N_ | 02N NH,

XIX n=o
CH, XX

amphen1co] against a panel of organisms. Results in calves suggested its
use in the treatment of Salmonellosis or Shigellosis. The in vitro and in
vivo activities of the thiadiazole XX, announced last year, were reported
in depth82,83, Against experimental Salmonella infections in swine it
proved more effective than furazolidone®2 and in mice and in vitro it was
equipotent with nalidixic acid I against gram-negative organisms. It was
active against gram-positive organisms (w1th I essentially inactive) but
less than that of clinically useful drugs83

Antitubercular Agents

No real breakthrough in tuberculosis chemotherapy has occurred this
year and although a number of in vivo active drugs were prepared and
studied, they were generally less effective than drugs presently in clini-
cal use.

A six year clinical study with isoniazid (INH) therapy was reported8“
and a review and evaluation of the clinical use of ethambutol against tu-
berculosis appeared8®.

The ingestion of thiocarlide XXIa by humans was found®® to give rise
to two metabolites XXIb and XXIc, Metabolite XXIb was equal to XXIa in
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activity while XXIc had only ca. 10% of the activity of the parent com-
pound. Substitution of one of the para alkoxy chains of XXIa by aryl,
styryl, heterocyclic or aryloxy groups resulted in a group of 283 com-
pounds, many with good in vitro activity8’. Some of the more active com-
pounds exhibited fair in vivo activity (p.o. in mice) but were not as good
as drugs in clinical use.” The replacement of one of the phenyl groups in
XXIa by a benzyloxy group led to a number of in vitro active compounds88.
The most active exhibited in vivo activity in mice only at or near the tox-
ic dose. A series of compounds exemplified by XXII were prepared and sev-
eral were found active at 1:106 dilution in vitro against M.tuberculosis®?.
These compounds were reported to be active in animals and man but were not
better than presently used drugs.

The major problem in tuberculosis therapy is the buildup of resis-
tance to the drug in use. Attempts at overcoming this difficulty took the
form of additives such as substituted phenothiazines and acridines to re-
tard emergence of resistance to INH20s3! or combinations of drugs such as
INH plus ethionamide, pyrazinamide, cycloserine or ethoxide?2. The bio-
physical aspects of the interaction of amino acridines with nucleic acids
were reviewed®3,

In Vitro Active Antitubercular Agents

A considerable number of papers appeared concerning the preparation
and testing of a variety of drugs active in vitro against M.tuberculosis.
These include: substituted benzylidene isonicotinic hydrazides®*».3°, 4-
aryl-1-aryloxybenzyl semicarbazones®“, (phenylthio)acetohydroxamic acids?®®,
bis-(phenylenedioxy)acetamides acethydrazides and acetohydroxamic acids®®,
hydroxyphenyl acethydrazides®6, pseudothiohydantoins®“, ethyl o-cyano
cinnamate derivatives®’, aminoalkylamino phenyleneazo-bis-sulfones38, p-
thiazolyl thiocarbanilides®®, pyridazo thiocarbanilides!00, phenyl-
hydrazides of diaryl and dialkyl glycolic acids!Vl, 2-(2-benzothiazolyl-
thio) and 2-(benzoxazolylthio) thiocacetamides!®2, 1-phenyl-3-substituted
benzothiazolyl guanidine derivativesl03>10%  3-sybstituted-7-amino-4-
hydroxycoumarins!05, and basic derivatives of ring A-nor androstanes!06,

Leprosy

The syntheses and some pharmacological properties of mono- (XXIIIb)
and diacetyldapsone (XXIIIc) were reported!®7, Investigation of repository
dapsone polymers resulted in the preparation of XXIV , which was found to
have a more intense but less prolonged effect than XXIIIb and to be safer
than dapsone XXIIIa. This was manifested by the appearance of only a Tow
order of methemoglobin, a major probiem with prolonged dapsone therapy.
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PSBA XXIV was reported!?7 to have an oral LDg, of 3g/kg in rats and ef-
fective repository action against M.tuberculosis. Similar polymers were
also found active in mice against M.leprae'“®, and completely suppressed
the disease when administered at 200mg/kg, s.c. at 8 week intervals, after
an initial 400mg/kg dose.

A group of compounds active against mycobacteria were studied against
the apparently unique phenoloxidase found in M.leprae!09. The most active
inhibitor of the enzyme was found to be diethyT dithiocarbamate with XXIIIa
having about % this activity. Since this enzyme was not found elsewhere, a
non-toxic enzyme inhibitor was considered a possible approach to a rational
chemotherapy of the disease. c1

D
iln‘ﬂ"ilka-<:)fc1

A study of clofazimine XXV against M.leprae in micell0, revealed
that it had 100 times the activity of ethionamide and was equipotent with
XXIIla when administered in the diet. Buildup in the tissues accounted for
the long post-administration effectiveness of XXV . This compound was
found to be both bacteriostatic as well as bacteriocidal and synergistic
with INH against M.leprae!ll.

Miscellaneous In Vivo Active Compounds

A group of 1-substituted imidazoles were found active against gram-
positive organisms with the most active XXVItotally inhibiting E.insidiosa
and S.hemolyticus at 0.0Tug/ml. This compound is presently undergoing
clinical evaluationl!2, A series of 228 heterocyclic compounds which are

[2> C1 OH 1 S
CH CH SNN- a
N . ¢LH 3 R N-R R-
o1 KH-0-CH
S COOCzHS 1
Looxr XXVII XXVIII XXIX

potential "isothiocyanate formers" was prepared!!3 and found to have in
vitro activity against a broad spectrum of bacteria and fungi. The most
active compound was XXVI, with examples of types XXVII and XXIX also ac-
tive. Another paper!l* dealt with 104 compounds of type XXVIII, wherein R=

alkyl or aralkyl and R'=groups with hydrophilic substituents for best
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activity. Oral administration to dogs and guinea pigs led to bactericidal
urines.

Cetophenicol, a synthetic analog of chloramphenicol having an acetyl
group in place of the nitro group, is immunologically different from chlor-
amphenicol. In infected animals, cetophenicol stimulates the proliferation
of antibody-producing spleen cells against foreign erythrocytes and bac-
teria while chloramphenicol inhibits this responsellS,!16,

Antiseptics, Topical Agents and Soap Bacteriostats

In a serialized article, Gucklhornll7 thoroughly reviewed the use of
antimicrobials in cosmetics. A review of agents used in ophthalmic prac-
tice!l® includes disinfectants and antibacterials and indications for their
use.

Simple a- and g-glycols, glycol ethers!!? and dimethyl sulfoxide
(DMS0)120 were examined as solvents for antimicrobial testing. In general,
>3% of a glycol or glycol ether and >15% of DMSO inhibited a broad spectrum
of test organism. The antimicrobial action of soap germicidal mixtures
were studied against test organisms!2! including S.aureus, E.coli and A.
niger. Hexachlorophene, 3,4,4'-trichlorocarbanilide (TCC) and 3,4',5-
triEromosa]icy]ani1ide (TBS) were equipotent against S.aureus but TBS was
most effective against E.coli and A.niger. The study of the mechanism of
action of salicylanilides!4% implicated impairment of cellular respiration.
The localization of germicides in skin was investigated!23 using TCC and
zinc or zirconium chelate salts of 2-pyridinethiol-1-oxide (pyrithiones).
Nine pyrithiones were found!2“ to be highly active against a broad spectrum
of organisms with several equal in potency to cetol {cetyldimethylbenzyl-
ammonium chloride). 1-Dichlorophenyl-3-acyl ureas were evaluated as soap
bacteriostats!25 with MIC values of 0.1-0.5ug/ml against S.aureus. A group
of substituted phenyl azo phenols were found to have ca. 100x the potency
of chloramphenicoll46, Twenty-seven azo derivatives of salicylic and a-
hydroxynaphthoic acids were tested and several found to be active against
penicillin-resistant strains of S.aureus!?7. The study of the action of
5-hexylsalicylidene-p-aminophenol on bacterial?® indicated inhibition of
RNA synthesis, suppression of respiration and aerobic glycolysis, probably
by a chelation effect. A series of 17-dihalo-8-~hydroxyquinolines was pre-
pared!2® and the most active XXXa was found to have broader bacteriostatic
activity than chloroquinaldol. Polynitro-diphenylamines with halogen or

¢ SCN
1
C R H
OH XXX Chloroquinaldol(R=CHj;) xxx1  NHp
a) R=NHCOCH3
trifluoromethy1!30 substituents had high bacteriostatic activity with MIC
values of 0.15-1.2ug/ml against gram-positive bacteria. Diarylamines XXXI
(wherein R=halo or alkoxy and X=N or C) were reported!26 to be effective

antiseptics with at least 100x the in vitro potency of chloramphenicol. A
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phenyl disulfide of type XXXII (with R=R'=CONH¢) was found to be relatively
non-toxic and had broad-spectrum activity against Micrococcus, Staphylo-
coccus and Bacillus species!3l, In the group wherein R=CN and R'=halo,

H3 CH + H3 CH3
Q:-S—Q ) Hy 4 '(CHz)m@' NiH, __\ NH-(CH») 10-N /_\
" Q XXXIV

XXXII XXXITI

nitro, amino, etc. effective bacteriostats!32 were found.

Utilizing E.coli and S.aureus, the mode of action of dequalinium ac-
etate XXXIII was investigated:®° and the compound was found to be absorbed
into the cell, precipitating cytoplasmic materials. The preparation,
pharmacology and successful clinical testing of the isomeric compound XXXIV
as a 1% topical ointment was reported!3*. Analogs of XXXIV in which the
quinaldine moiety is replaced b{ the 4-pyridyl and 9-acridinyl groups!3S or
by 5,6,7,8-tetrahydroquinaldinel36 exhibited somewhat less activity. fluo-
rinated 4-arylamino quinaldines!37 exhibited marked in vitro activity
against a wide range of gram-positive organisms.

Classes of metal organic compounds having potent in vitro activity
include triphenyl tin esters!38, substituted 1,10-phenanthroTinel39,140
and 2,2'-bipyridine!*0 metal chelates, trans-dihalotetrapyridine rhodium
sa]ts;:;, trialkyl stannanol and estersl“2 and triphenyl lead isocarboxy-
lates® ™9,

Miscellaneous In Vitro Active Compounds

The following types of compounds exhibited in vitro activity but were
either inactive in vivo or no in vivo data were supplied.

17-g-Amino androstenesl““, amine salts of long-chain carboxylic acids
containing ether linkagesl“>, amgho]ytes of type CH3(CH,) NH(CH,) COOH1“6,
a~amino-g-aroylpropionic acids!“’, disubstituted amides ot long cRain fatty
acids and decanediamides!“8, hydrazides of naturally occurring amino
acids14?, synthetic dipeptides containing cyclopentane and g-2-thienyl
groups!50, amides of N-acylcystines and cysteines!i5!, 1,4-phthalazinediyl-
dinhydrazones!S2, nitrophenyl esters of cyclophosphinic acids!®3, 1,6-
naphthyridine-N-oxides and 2-hydroxy derivatives's“, gquinone derivatives
[benzo{g)quinoxalines and naphtho(2,3-b)1,4-o0xazines]>3, amino-1,4-
naphthoquinone imines!36, o-aryl-g-amino aryl ketones!5’, Mannich bases of
3-hydroxycoumarin!S8, aminoalkyl esters benzyl dithiocarbamates!>®, di-
alkylaminoalkyl biphenyl amines and N-biphenyl piperazines!®?, disub-
stituted hydrazinoalkylamino acridines®!, amino alkanes and derivatives!®3
3-(diphenylmethoxy)-8-isopropylnortropane methanesulfonate!®3, imidazo-
thiazoles and thiazolo-pyrimidinesi®“, 2-aryl-halo substituted pyridazi-
nones!6®, diazoimidazole carboxamides and triazeno imidazoles!®®, and 3,5-
dioxopyrazolidine-4-dithiocarboxylic acid hydrazides
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Chapter 11. Antiviral Agents

Donald C. Delong
The Lilly Research Laboratories, E1i Lilly &
Company, Indianapolis, Indiana 46206

Introduction - During the period covered by this review, the
New York Acad. of Sci. 2nd Conf. on Antiviral Substances was
held. The annals of the conference will be published in 1970.
The total information presented at this meeting was so perti-
nent to those interested in antiviral agents that it would be
redundant to try to include any of the reports. A report on
the Virus Inhibition, Chemotherapy, and Interferon Session of
the lst Intern. Congr. of Virology was published during this
period.t A symposium was held on antiviral substances at the
6th Intern. Congr. of Chemotherapy in Japan. A survey of
antiviral agents for 1968 was presented.® The reader is also
referred to a series entitled, "Recent Antiviral Chemotherapy
Publications”" now included in most issues of Chemotherapy.

Stable Amines - Work continues to confirm the prophylactic
and therapeutic activity of adamantanamine (amantadine HC1:
Symmetrel) and Q-methyl-l-adamantanemethylamine (rimantadine
HC1l) in reducing the severity of influenza A2 infections in
humans. A controlled double-blind study utilizing contacts

in a family environment indicated that adamantanamine reduced
the spread of infection.® The incidence of clinical influ-
enzga as well as serological evidence of infection were re-
duced by treatment. Insomnia in one family was the only
adverse symptom noted. In another study, patients reporting
within 24 hours of the first signs of influenza were used to
study the therapeutic activity of adamantanamine and CG-methyl-
l-adamantanemethylamine.® These investigators observed an
increase in the rate of overall clinical improvement with
shorter periods of fever, and an increase in the rate of
disappearance of signs and symptoms of illness. ©No influence
on antibody levels or side-effects were observed due to drug
treatment. In another therapeutic trial, patients were
treated within theé first 48 hours of symptoms with O-methyl-1-
adamantanemethylamine or placebo under double-blind conditions.
A shorter course of influenza A2 disease was observed with

the nine treated patients. 8ince this was a prison study, it
was impossible to evaluate the ability of drug-treated indi-
viduals to return to work soconer than placebo-treated indi-
viduals. Adamantanamine was given to incapacitated old people
without significant side-effects, and although reduction of
clinical influenza was not statistically significant, the
results suggest that the drug had & prophylactic value.®
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An extensive trial involving 2,554 men in the treated groups
and 2,575 men in the control groups was made, but no influ-
enza disease occurred in this population during this study.7
No adverse side-effects were observed during the 20-day
period of drug treatment.

The animal toxicological and pharmacological properties
of adamantanamine have been described in detail.® Both cyclo-
octylamine and adamantanamine inhibited the growth of a 1969
¢clinical isolate of influenza A2 in tissue culture when the
drug was present before infection.® Rous and Esh sarcoma
virus multiplication in tissue culture 1s inhibited by a-
methyl-l-a.da.ma.nta.neme‘bhyla.mine.lo Adamantanamine and Rec.lS/
0209 in combination had synergistic anti-influenza activity
in eggs but not in mice.t

A reexamination of the mode of action of adamantanamine
indicates that with fowl plague virus in chick embryo cells,
the compound does not alter penetration but blocks uncoupling
of virus particles.t?2

The search continues for adamantanamine analogs with
more desirable properties. N-methyl-adamantane-2-spiro-3'-
pyrrolidine (I) is probably of most interest.'® This new

derivative was observed to have
a higher degree of activity and
N—CHs a higher therapeutic ratio than
adamantanamine in experimental
influenza infections in mice.
In addition, a broader spectrum
was observed including the
inhibition of & strain of rhino-
virus in tissue culture. In an
attempt to increase basicity
I l-adamantgl guanidine was syn-
thesized.** The compound is
protective in mouse influenze infections, but not more so
than adamantanamine. The compound, U4-azahomoadamantane,
afforded similar biological results.>5 A series of adamantane
heterocyclic compounds has been described.t® 4 protective
effect against Asian A2 influenze in mice was reported for
rac-endo-2-bornanamine.*?” A study of 41 analogs did not pro-
duce improved activity.

Thiosemicarbazones - No clinical experiments utilizing isatin
thiosemicarbazones in poxvirus infections were reported
during this period. The finding that isatin thiosemicarba-
zones active against poxvirus also inhibit the multiplication
of certain strains of rhinovirus led to the finding that 2-
methyl-4 [(5-methyl-5H-as-triazino- E,é-ﬂ indol-3-yl)aming -2-
butanol (II) was active on all rhinovirus strains tested in
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tissue culture; the ratio of a well-tolerated dose to minimum
inhibitory concentration was at least five.*® The compound
is orally absorbed by the mouse, and it protects chimpanzees
and gibbons infected with certain strains of rhinoviruses.l®

H
W
\N
@j J\ ?Hs
x Xy NH-(CHz)e-clz — OH
CHs CH

3
II

A series of N-acyl and N-acyloxymethyl isatin thiosemi-
carbazones was synthesized in an attempt to expand the
spectrum.2° These compounds were not inhibitors of influenza
WSN or rhinovirus strains. N-methylisatin-p-4':4'-dibutyl-
thiosemicarbazone was shown to be an inhibitor of poliovirus
RNA synthesis.®' The compound directly inhibits cell-free
polio RNA polymerase.

Isoquinolines - Two volunteer challenge studies using influ-
enza virus B/ENG/13/65 indicated that 1-(p-chlorophenoxy-
methyl)-3,4k-dihydroisoquinoline HC1 (III) given either orally
or intranasally suppressed symptoms and signs of infection.2®
The daily oral dose was 1 g/day
while the intranasal dose was

Z only 2.16 mg/day. ©No evidence
| of toxicity was seen. During a
1 A2/Hong Kong/68 epidemic 1-(p-
NN = chlorophenoxymethyl)-3,4-dihydro-

I isoquinoline was evaluated as a
prophylactic agent.®® The drug
CHzO 1l administered as nose drops ap-
peared to the authors to have no
therapeutic effect during the
first three days, but it may
ITT have prophylactically reduced
the incidence of influenza after
three days.

Tissue culture studies with 1-(p-chlorophenoxymethyl)-3,
h-dinydrociscquinolines indicated that the compound inhibits
influenza A virus only when virus and compound are mixed be-
for and during virus adsorption.24 Effectiveness was dose-
dependent; longer duration and higher temperature of incuba-
tion increased activity, but the compounds appeared to be
acting by preventing some postpenetration step. The structure
activity relationships of a series of l-phenoxymethyl-3,
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4-dihydroisoquinolines indicated severe steric limitations
when measured by ability to inhibit viral neuraminidase.23

The inhibition was noncompetitive. Modification of l-phenoxy-
methyl-3,4-dihydroisoquinoline did not lead to a great in-
crease in activity. A Hansch analysis led to the conclusion
that optimum activity had been achieved and also indicated
that there was a correlation between enzyme inhibition, the
hydrophobic constant, and the dipole moment.2®

Nucleosides - The therapeutic activity of 9-p-D-arabinofurano-
syladenine (ara-A, IV) against herpes simplex virus mouse
infections was demonstrated.2? Protected treated mice could
not be reinfected and virus could not be recovered from
treated mice 21 days postinfection. Virus from treated mice
did not appear to have developed
NHs resistance. Ara-A inhibits the
growth of cytomegalovirus in
tissue culture only when ara-A
is present during the growth
cycle.®® mThis is in contrast to
thioguanine which inhibits
growth by pretreatment of cells.?
HOCHz .0 The spectrum of ara-A was ex-

HO tended to include myxoma and
pseudorabies virus.2® Ara-A
activity against pseudorables

H virus was not altered by addition
of excessive adenosine, deoxy-

Iv adenosine, guanosine, deoxy-
guanosine, or thymididine in
tissue culture. Ara-A given

systemically therapeutically prevented keratitis and death
from encephalitis caused by herpesvirus in rabbits.®° There

Yas ng indication of cross resistance with 5-Icdcdeoxyuridine
IUDR).

8

7N\
o

Two reports described the successful systemic treatment
of herpes encephalitis patients with IUDR.2':%2 o0nly tran-
sient and mild toxic effects were observed. It was suggested
that although true genetic resistance to IUDR develops easily
with herpesvirus, resistance did not appear to be a major
factor in recurrent herpetic keratitis.®® Recurrent herpetic
keratitis is probably due to & chronic infection of the lacri-
mal gland and conjunctiva.

Nucleosides containing a carbon ribose linkage from
fermentations such as formycin, showdomycin, and pyrazomycin,
are of interest as a potential type of metabolically stabi-
lized antivirals. PFormycin inhibits the growth of a wide
spectrum of DNA and RNA viruses.®% 1In Vero cells infected
with Japanese encephalitis virus, RNA synthesis was markedly
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inhibited, protein synthesis slightly inhibited, while DNA
synthesis was not altered. Although the mechanism of the
antiviral action of formycin was not elucidated, the effec-
tive replacement of adenine nucleotides by formycin species
in a variety of biochemical reactions was established.®S
Methods of synthesis of pyrazolo[L4,3-d]pyrimidine derivatives
as a synthetic approach to-formycin B have been described.®
The in vitro and in vivo antivaccinia activity of pyrazomycin
was reported.>?

A comparison of 1l-B-D-arabinofuranosylcytosine and 1-
B-D-arabinofuranosyl-5-fluorocytosine as inhibitors of herpes
keratitis infection in rabbits and of vaccinia in tissue
culture indicated comparable activity.38 The compound,
5-ethyldeoxyuridine, was synthesized and considered nonmuta-
genic but showed antivaccinia activity in tissue culture
equivalent to IUDR.Z® It was suggested that substitution in
the 5'-position may be a general approach to separate these
biological activities. 5-Azacytidine showed an inhibitory
effect on Eastern equine encephalitis virus in chick embryo
cells.*° The lability of viral RNA synthesis in the presence
of 5-azacytidine was increased. A study of a series of
branched chain sugar nucleosides indicated that branching in
the %3'-position, i.e., 3'-C-methylcytidine, produced compounds
which were effective in suppressing vaccinia virus multipli-
cation as measured by the tail lesion assay.4l The synthesis
of novel nucleosides as potential antiviral agents was de-
scribed.*? Halogenated derivatives of tubercidin were syn-
thesized*® and S5-bromotubercidin was shown to stimulate viral
growth while simultaneously inhibiting host cell macromolecule
synthesis.44

Other Synthetic Antivirals - Clinical investigations in man
have indicated that 1-allyl-3,5-diethyl-6-chlorouracil applied
topically as a 1% solution is effective in the treatment of
all types of recurring herpetic skin and mucous diseases in-
cluding herpes genitalis and stomatitis aphthosa.45 The
compound was first found to be active in tissue culture and
then in rabbits. A study of the virostatic properties of
1-allyl-3,5-diethyl-6-chlorouracil indicated that this type

of compound exerts its action through its allylic double bond
and does not interfere with nucleic acid metabolism.*®

Two b-diethylaminoalkylamino derivatives of T7-chloro-2-
styrylquinoline protected mice against Semliki Forest virus
infections.%7 During the synthesis and study of antiviral
activity of sulfonamidopropionamidine derivatives, 3. (k-
ethyl—benzene-sulfonamido)propionamidine HCl was found to
have activity against experimental mouse influenza infections.
Four series of heterocyclic substituted ureas have been
described that are active in vivo against virus infections

48
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by injections but not orally.*® The structure-activity

relationships were evaluated in terms of the EDsgo values
obtained in Coxsackie A2l mouse infections. The l-propyl
derivative of hydroxybenzyl benzimididazole showed an indi-
cation of in vivo activity against Coxsackie A9 virus in
mice.5% (Corticosteroids increased the yield of hegatitis
virus as well as the severity of symptoms in mice.®! The
animal toxicology and human tolerance for the antiherpetic
drug, Y'-[2-nitro-1-(p-tolythio)ethyl]acetanilide have been
reported.>2

Virucidal activity was found to be a property of 2,6-
dialkoxypyranes.58 Highest specific activity was shown by
2,6-dibutoxy-3-methyl-A%-dihydropyran, but no systemic activ-
ity was measured using mouse influenzea infections. Canava-
nine inhibited growth of Semliki Forest virus in tissue
culture.>* The O-carboxyquinone and O-hydroxygquinone deriva-
tives of triphenylmethane were found to prevent viral RNA
attachment to ribosomes in a cell-free system.>% Further
studies on the structure-activity relationships of hydroxy-
benzyl benzimidazole have defined the structure requirements
for selective inhibition.S56 Nonsteroidal anti-inflammatory
agents were compared for in vitro antiviral activity and for
activity in several biochemical tests used for finding anti-
inflammatory drugs.>’ With known compound, there was a posi-
tive correlation. The compound, C-methyl-2-phenoxathiin
methanol was found to be an effective inhibitor of poliovirus;
however, rapid development of drug-dependent variants to the
drug was observed.®® The compound, Ni-isonicotinoyl-No-3-
methyl-U-chlorobenzoylhydrazine inhibited the release of
vaccinia virus in tissue culture but had no inhibitory action
on vaccinia growth in mice or rabbits.5®

Antiviral Antiblotics - Screening fermentation mixtures,
identifying known compounds, and assaying samples during the
purification of active fermentation products, are considered
to be more difficult than the examination of pure synthetic
compounds as antiviral agents. However, a review of the
development of useful antibacterials would indicate that the
increased effort is justified. While most antibiotics iso-
lated as antibacterial substances will eventually be tested
in antiviral systems, it seems valid to expect certain
cultures to produce specific antivirals which are not inhibi-
tors of other microorganisms. In a series of papers on anti-
viral and antitumor antibiotics, Takatsuki et al., have pre-
sented some correlations between antiviral antibiotics and
numerous other parameters.eo Such correlations are quite
fregquently made, but seldom reach publication.
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Rifampicin, an antibacterial antibiotic known to be a
specific inhibitor of bacterial but not of mammalian DNA-
dependent RNA synthesis, was shown to be an inhibitor of
vaccinia virus multiplication in tissue culture.®?»82 1
should be noted that the concentration of rifampicin required
to inhibit vaccinia virus multiplication (60 wg/ml) is high
in relation to the amount needed to inhibit §. aureus
(0.005 pg/ml) or E. coli (20 wg/ml). Rifampicin also inhibits
focus formation in chick fibroblasts infected with Rous sar-
coma virus.%8 Rifampicin prevents the assembly of DNA and
proteins into mature virus particles.64 These authors also
suggested that rifanmpicin does not inhibit the DNA-dependent
RNA polymerase associated with the vaccinia particle which is
already combined with template. More recent work indicates
that rifempicin when added early to the growth cycle inhibits
the formation of functional particulate RNA polymerase
a.ctivity.65 Whether this enzyme is essential to the assembly
of vaccinia virus is not known.

Antiviral antibiotics containing the epidithiapipera-
zinedione ring system (V) are receiving further attention.
Oryzeachlorin was reported as a new member of the group and
shown to have in vitro antiviral and antifungal activity.®®

Studies to examine the mode of
action of aranotin and related
metabolites indicated that viral
RNA synthesis is inhibited.®”
Studies utilizing purified enzymes
revealed that the selective

(,///A 0 activity was attributed to the

Ny inhibition of RNA-dependent RNA

3 z
| polymerase activity without in-
g hibiting DNA-dependent RNA poly-
~ merase activity. Gliotoxin was
",4”) also shown to inhibit viral RNA
v

0

synthesis.ea In contrast, however,

in studies with isolated RNA-

dependent RNA polymerase, gliotoxin
was considered a less effective inhibitor as judged by an
arbitrary comparison of respective concentrations; a more
realistic comparison of gliotoxin and aranotin might be based
on the ratio of molecules required per molecule of enzyme.

The in vitro antiviral activity and lack of in wvivo
activity against non-oncogenic viruses of mycophenolic acid
was confirmed.®® The antiviral tissue culture activity of
mycophenolic acid was attributed to antagonism of the GTP
requirement for virus multiplication.7° Mycophenolic acid
was shown to inhibit the conversion of hypoxanthine to
guanine nucleotides.”?
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Distamycin A inhibits vaccinia and herpesvirus in tis-
sue culture and exerts a marked inhibitory activity against
Shope's fibroma in rabbits.’® Distamycin inhibits the tem-
plate activity of DNA for DNA-polymersse by interacting with
the template DNA.7S Daunomycin also interacts with DNA and
inhibits DNA but not BNA viruses.’* The topical use of
daunomycin for IUDR-resistant virus was suggested.

Streptothricins were shown to inhibit influenza in eggs
and mice and the degree of activity appeared to be linearly
related to the B-lysine content.’® The activity of julimycin
was attributed to an action of stimulating a host-defense
mechanism not involving interferon.’® Paecilomycerol, a
steroidel antibiotic, was shown to have antiviral activity
without antibacterial or antifungal activity.'’

Natural Products - Calcium elenolate (VI) was isolated from
acid hydrolyzed aqueous extracts of various parts of olive
plants and shown to be virucidal for a wide variety of
viruses.’® There was loss of influenza infectivity without
a change in HA titer or neura-
+ minidase activity. The compound
did not inactivate infectious
RNA. The virucidal activity was
reversed or removed by adding
certain amino acids. Calcium
elenolate was shown to inhibit
parainfluenza 3 virus multipli-
CHa cation in an intranasal infec-
tion in hamsters when the drug
was given intranasally.’®
Although it appears that calcium
VI elenolate binds nonspecifically
to amino acids, animal safety
studies indicated that there is
some specificity for the virus and that an antiviral activity
may be obtained without toxicity to the nasal passage.

coo” 1/2 cat
|
CHa

CH300C CHO

Antivirin, a new antiviral agent produced by cultured
cells, is not degradable by groteolytic enzymes and does not
possess species specificity.®! Antivirin inhibits viral RNA
synthesis without altering cellular RNA synthesis.82 An
antiviral principle is produced by tomato plants infected
with TMV. The course of the virus disease was altered in the
producing plant and in other plants.®2® A water extract of
the leaves of the Margosa tree produced & crude mixture that
is virucidal for vaccinia virus and variola, the only viruses
tested.®* A screening program of Japanese-Chinese medicinal
plants for antiviral agents has led to the discovery of two
substances showing protective effects in experimental mouse
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infections.®5 L-asparaginase was shown to inhibit spleno-

megaly and prolong survival time in Rauscher leukemia virus-
infected mice.®8

Interferon - Interferon 1s the mediator of the host-response
mechanism studied extensively in attempts to inhibit a broad
spectrum of viruses. Emphasis is currently being directed
toward finding inducers of circulating interferon rather than
the utilization of purified exogenous interferon alone. For
a genersal review on interferon, Vilcek's recent monograph87

is suggested. The "Interferon Scientific Memoranda'" provides
a rapid communication service for scientists working in inter-
feron research.®®

The elucidation of the mode of action and composition of
two natural inducers, statolon and helenine, led to studies
of polynucleotides as interferon inducers. Double stranded-
ness 1s considered an absolute requirement for interferon
induction by nucleotide homopolymers by some workers,89 but
not by others.®® The specific activity of a wide variety of
polynuclecotides with double-stranded structure is higher than
elther single-stranded or triple-stranded structures.®? Pairs
of different polynucleotides differ widely in specific activ-
ity indicating that a stable secondary structure may be
required.92 Present data suggests that ribopolynucleotide
pairs are much more active than pairs of mixed composition
which in turn are more active than deoxyribopolynucleotide
pairs.®! Substitution of thiophosphate for phosphate in poly
rA:poly rU resulted in an increase in the efficacy of in vitro
and in vivo interferon induction and a progortional increase
in the resistance to ribonuclease action.® The finding that
double-stranded RNA isolated from a virus in & strain of P.
chrysogenum, & commercial penicillin-producing strain, was an
efficient inducer of interferon provides a potential large
supply of natural double-stranded RNA.9%

Polymers other than polynucleotides &also have been found
to induce interferon. Pyran-2-succinic anhydride, 4,5-dicar-
boxytetrahydro-6-methyl-anhydride polymers in low daily doses
protect mice infected with lethal doses of Friend or Rauscher
leukemia virus.®® A correlation between degree of protection
and interferon levels was noted. Vin¥l sulfate polymers96 and
divinyl ether-maleic acid copolymers9 induce interferon and
protect mice against lethal virus infections. Both of these
substances had activity that could not be accounted for by
interferon alone. The dependency on molecular weight of poly-
acrylic acid polymers for interferon induction indicated a
parallel dependency for toxicity.®® "Chlorite oxidized oxy-
amylose" was shown to protect mice from lethal Mengo, Sem-
liki Forest, and influenza PR8BA virus infections and to reduce
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lesions from vaccinia virus infection, probably by the induc-
tion of interferon.®® An RNA:polysaccharide complex has been
isolated from Cunninghamells blakesleeana and was found to
enhance host resistance to virus infection.t©° Only the com-
plex was active in vitro, but the complex and both its compo-
nents were active in vivo. Interferon was detected only in in
vitro studies. A mushroom extract has been described that in-
duces interferon and also protects mice from influenza infec-
tions when given parenterally.lol Desmyter102 has reported
that kanamycin, 6-amino-6-deoxy-D-glucose, and 3-amino-3-
deoxy-D-glucose produce an interferon-like inhibitor upon
administration to chickens.

As is true in the search for all antiviral agents, find-
ing active agents is not the problem, but finding an inducer
that is efficient at a level which can be used without danger
of some sort of toxicity is the problem. Hilleman*©®states
that all known inducers of interferon except double-stranded
RNA are so toxic that they cannot be considered for human
therapy. Although double-stranded RNA was congidered nontoxic,
numerous reports have indicated tox1c1ty Por example, poly
rIspoly rC is pyrogenic in rabblts,l Possesses toxicity simi-
lar to that exhibvited by endotoxini O5 and is associated with
embryotoxic effects in the rabbit.’®® The test for enbryotoxic
effect might be useful in initial studies of toxicity of new
inducers. Leonard et al. 107 after evaluating the toxicity of
poly rI:poly rC, sugar beet virus RNA, and Pseudomonas phage
RNA suggested that double-stranded RNA is intrinsically toxic
and that thymic atrophy, lymphocyte transformation, and
interferon production are linked.

The route of edministration of an interferon inducer
may be Important both for activity and toxicity.loeMost inter-
feron inducers are inactive against influenza virus infections,
unless the inducer is given intranasally. This route may be
effective against many viruses and may reduce toxicity.

Metheods - Since a large variety of cliniceally active and in-
active compounds have not been established, the optimum
methods of finding or evaluating new active compounds remain
unknown. The development of new methods based on a wide
variety of objectives is very important.

Interest and need is especially high with rhinoviruses.
There are so many strains of rhinoviruses that chemotherapy
would appear to be the method of choice for prevention or
treatment. An efficient system for plaquing most rhinovirus
strains has been developed utilizing a special line of Helsa
cells.?t 108 Because of the need of & broad-spectrum agent for
rhinoviruses, it has been suggested to screen in tissue
culture tests with mixtures of strains of rhinoviruses.>?©

Methods of infecting gibbons with rhinovirus Type 2
were described. Infected gibbons (7 of 8) shed virus for up
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to 8 days and all animals showed seroconversion.''! vVervet

monkeys were infected with equine rhinovirus but were not
susceptible to infection with human rhinovirus IB. 112 pquine
rhinovirus is probably a rhinovirus but differs in properties
from human rhinovirus. Organ cultures were shown to be better
for the isoclation of rhinoviruses while standard cell cultures
were more effective for other viruses.''® Immunodiffusion
technics were adapted for detecting and titering rhinovirus
antibody in isolations from experimental animals.t1%

A sensitive screening system was developed using non-
fatel influenza infections followed by animal titrations of
lung homogenates of treated and control animals.**5 A screen-
ing test utilizing the phonocardiograph, which measures degree
of 1nfect10n by evaluating frequency of rales, was de-
seribed.??® During the examination of a single series of
compounds for anti-influenza activity, 20 of 230 compounds
passed a lung congestion assay, and 3 of 20 passed & second
test based on number of survivors.''? A method was studied
to determine the effect of an antiviral substance on the
experimental spread of influenza.*'® The utility of measure-
ment of resistance to air flow across the turbinates and
increase in number of nasal leukocytes in influenza-infected
ferrets was validated.®® Respiratory syncytial (RS) and
Reo Type I virus were also used. The course, extension, and
transmission of RS infection of baby hamsters can be followed
by pleque assays of daily nasal washesg, 120 Rapid diagnosis
of RS and parainfluenza by electron microscopy was sug-
gested.12?

The methods used for the vaccinie virus tail lesion assay
were applied to vesicular stomatitis and herpes simplex
viruses.t22 Methods of utilizing drug and disease pooling
for screening tests were described. 128 pttempts were made to
correlate in vitro and in vivo methods for the study of virus
chemotherageutlc agents using known compounds with a known
history. The use of marmncsets in virological research
was described including studies with human infectious
hepatitis virus.12S

A method of looking for specific inhibitors for RNA-
dependent RNA polymerase was employed in the detection of a
new compound.126 A rapid plaque assaY utilizing hemadsorption
for rubella virus has been developed. Tissue culture
assays utilizing a continuous concentration gradient gave a
direct indication of tissue culture therapeutic ratio.t28
Dye uptake methods for assessing viral cytopathogenicity have
been quantitated. 129 ap in vitro technique was developed
for the detection of Marek's disease virus.

Methods of studying the in vitro and in vivo antiviral
activity of virucidal agents were described.
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Chapter 12, Antiparasitic Agents

Frans C., Goble, Smith, Miller & Patch, Inc., New Brunswick, N, J.

Introduction - The background of parasitism in today's world and the cur-
rent status of antiparasitic chemotherapy has been outlined in the first
four volumes of these reports. Information on new and potential compounds
against human and animal parasitoses will be presented in the same chap-
ter this year.

MALARIA

Preclinical screening and evaluation - Rodent malaria, chiefly Plasmo-
dium berghei in mice continues to be the most popular system for primary
screening. A few laboratories use the avian species P. gallinaceum in
chickens and the use of P. chabaudi and P. vinckei in mice has been ex-
plored. For more detailed evaluation of compounds which appear promis-
ing in the primary screens simian malaria (usually P. cynomolgi or P.
knowlesi) is employed. The progression of compounds through these types
of animal models is a rough indication of the stage of their development
toward the clinical phases of investigation,

Rodent malaria - The chemotherapy of Plasmodium berghei is the subject
of an extensive review by Aviado! who is also engaged in a series of studies
on pathologic physiology of P. bergheiz'é.

A number of compounds whose structures represent minor modifica=-
tions of the 4-(substituted amino) group of chleroquine and hydroxychloro-
quine were made and tested’*8:9, None appeared to be more promising
than the model compounds,

Six chloroquine derivatives!O with unsaturation in the diamine side
chain were found to be less toxic than chloroquine and some were more
potent, The modifications were in the form of acetylenic and cis and trans
ethylenic bonds,

CH, CONH@502©N=CH-@ CH=N-©—SOZ-©NHCOCH3

I. PSBA

RZN(CH2)3NHN=N@-SOZ@-N=N O NH(CH,),NR,
® : Q)

L.
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The sulfones have continued to be of interest as prophylactic and re-
pository drugs and numerous such compounds have been synthesized11'13.
Notable are 4', 4"'-[R-phenylenebis(methylidyneimino-p-phenylene sul-
fonyl)]bisacetanilide, known as PSBA (I), and analogs!4,

Attempts to combine the activity of the naphthylazo-sulfonamides with
that of the sulfones resulted in N', N''=/[sulfonylbis (p-phenyleneazo-1, 4-
naphthylene)/ bis(N', N'-dialkylalkylenediamines) (II) with marked activity
but which were unable to overcome DDS resistancel3, Of 24 diphenyl-sul-
fone derivatives 5 were active and 3 were curativel®6, Biguanide and ami-
nourea derivatives of diphenyl sulfide, sulfoxide and sulfone were tested
and three out of twelve were activel7,

1-Methyl-3=-nitro-1l-nitrosoguanidine (NMNQG), which is antineoplastic
in mice, and mitomycin C have an effect on the infectivity of P. berghei
when parasitized blood is incubated with the compound and subsequently
inoculated into previously uninfected micel8, The nitrosoguanidine had the
highest activity of the antineoplastic agents tested; that of mitomycin C
was low and nitromin, 6-diazo-5-oxonorleucine (6-DON), and azaserine
were inactive.

Among 64 derivatives of 2-chloro-1, 4-na.ph1:hoqu,inone19 two (III and
IV) showed high activity:

R i R
Oy, Tyl JO
IIL, Iv,

cl
c NH,
1 CH.N _
2| u NCH(CH
V. R= -H (PAM-1392) 2 NH-@-CI

VI, R= -NO (CI-679)
VII, B663

Two triaminoquinazolinezo compounds have been found active: 2, 4-di-
amino=-6-(3, 4-dichlorobenzylamino) quinazoline (V) and 2, 4-diamino=6(3, 4-
dichlorobenzyl) nitrosoaminoquinazoline (VI). The first (PAM-1392) was
several times more active than quinine, rapid, synergistic with sulfadia-
zine and effective against strains highly resistant to chloroquine, DDS,
chloroguanyl HCl or pyrimethamine but had no appreciable repository
activity in mice. The second (CI-679) was about 500-fold more potent than
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quinine, rapid, synergistic with DDS and also effective against the resis-
tant strains, having repository activity for several weeks in mice.

A phenazine compound2l known as B663 with antituberculosis activity
was found to be suppressive against both chloroquine-sensitive and resis-
tant strains, Testing of additional members of the series has been
suggested.

All of the above compounds were active against P, berghei. Against
P. vinckei in mice, cyclophosphamide and actmomycm D were more ef-
fective than chloroqumezz. P. chabaudi in mice has also been reinvesti-
gated as a system for use in » antimalarial screening with observations on
metachloridine and proguanil being new?23,

A new and interesting approach to experimental therapy of malaria
has been the use of interferon inducers, which act not on the parasite but
on the host, to stimulate the production of an endogenous inhibitor of para-
site reproduction. Three different types of interferon inducers have been
shown to be capable of affecting the course of mouse malaria: New Castle
Disease Virus (NDV), statolon, and the complex of polyriboinosinic and
polyribocytidylic acids know as rl: :rC24, These three materials have in
common ribonucleic acid, the rl:rC copolymer consisting of a double-
stranded chain of ribonucleotides, the active component of statolon con-
taining a double-stranded RNA of presumably viral origin, and NDV con-
taining a single stranded RNA which usually replicates poorly in mice and
it is not known whether a double-stranded replicative intermediate of NDV -
RNA is formed. Interferon studies have stirred the imagination of micro-
biologists and immunologists and the possibility that a variety of polymeric
substances other than those already demonstrated to be active may have
similar properties presents a chemical and biochemical challenge.

Avian malaria - Bird malaria was long used as a primary screening sys-
tem before the introduction of rodent malaria to chemotherapeutic investi-
gation in 1949, Now it is used comparatively rarely as a screen and is
more likely to be found in specialized studies such as those on the effects
of chloroquine on the morphology of the erythrocytic stages of P. gallina-
ceum?25 or on the effects of selected drugs on the oocysts or sporozmtes

of P, gallinaceum in mo squ1toes26

Simian malaria - Monkeys with Plasmodium cynomolgi or P. knowlesi are
often used in the preclinical evaluation of potential antimalarials as well
as being employed in the elucidation of various aspects of action of com-=-
pounds which are already in clinical use. Examples of compounds which
have reached the simian phase of preclinical evaluation are the chlorinated
lincomycin derivatives27:28 and the triaminoquinazolines20

Although lincomycin itself is essentially inactive as an antimalarial 1'-
demethyl-7(S)-chloroanalogs have good antimalarial activity, several being
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comparable to chloroquine and DDS in P. berghei infections. Three of
these were tested against P, cynomolgi in rhesus monkeys and found to be
active although they were slow in clearing parasites from the blood requir-
ing 3 to 6 days after the 5 day treatment period. In view of their activity
against strains of P, berghei resistant to chloroquine, pyrimethamine,
primaquine quinine and DDS their trial in clinical malaria has been
suggested.

The quinazoline PAM-1392 (V), when given appropriately, cured in-
fections in rhesus monkeys with P. cynomolgi or P. knowlesi. The quina-
zoline CI-679 (VI) was highly potent and curative in P. cynomolgi infections
and when given parenterally was prophylactic for several months 0,

Examples of the use of simianmalariain retrospective studies of anti-
malarials in clinical use are the investigations on the action of chloroquine
on P, knowlesi2?:30 and those on trimethorprim alone3! against P. cyno-
molg1 or in combination with sulfalene against P. knowlesi3Z,

Human malaria - The reports of individual studies using well-known com-
pounds are numerous. There are some interesting reviews

Drug resistance in malaria - Although this problem lurks in the back-
ground of all chemotherapeutic investi fatmns it is a field of specialization
which continues to be studied in detail and reviewed by experts”~’

OTHER HUMAN PROTOZOAL INFECTIONS

Amebiasis - Studies on the synthesis of emetine and its relatives47:48 con-
tinue and evidence is presented suggesting that the activity and toxicity of
racemic 2-dehydroemetine are attributable principally to the levo enanti-
omer, while the dextro form is relatively inactive. In vitro and in amebic
liver abscess of the hamster no difference in activity could be detected
between natural levo emetine, racemic 2-dehydroemetine and levo-2-de-
hydroemetine49. Against rat caecal infections natural levo emetine and
levo 2-dehydroemetine had similar activities, about twice that of racemic
2-dehydroemetine. The more active compounds were also about twice as
toxic.

Certain nitro derivatives of arylsydnones50 have high in vitro activity
against E, histolytica, equivalent to that of entobex.

?Hs CH CHOHCH OCH3

O_N~" S~NH [ yNo,
2 | 2
I | 1\[T \]\l;

VIII, CL 75,805 IX. RO7-0582
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The compound CL 75, 805 (VIII) is reported to have activity against
both intestinal amebiasis in rats and hepatic amebiasis in hamsters, more
potent than the other amebicides in general, except for emetine®l. From
a series of 2-nitroimidazoles, non-specifically noted last year, one (IX)
has been selected for extensive evaluation’?

Certain amino-acridines, benz [¢] acridines and benzo [B7/[1, 5/ naph-
thyr1d1ne553, which were also antimalarial, were active against E. histo-
lytica in vitro and in rats. In a series of thirty four 2-amino-5 nitrothia=-
zoles>4 good in vitro activity against E. histolytica was found in 5 but it
was somewhat less than that in emetine and paromomyecin.

Current therapeutic practice in amebiasis has been reviewed?5,

Balantidiasis - The activity of metronidazole>® in vitro against Balantidium
coli of both human and porcine origin suggests its possible usefulness in
this disease. Oxytetracycline is currently used clinically57

Leishmaniasis -~ During studies on experimental amyloidosis it was noted
that gold sodium thiomalate influenced the course of leishmaniasis in the
hamster and a detailed study®8 showed that it completely supressed growth
of L, donovani in 13 of 15 hamsters and that it had in vitro activity equiva-
lent to that of Amphotericin B,

Trichomoniasis = Although no clinical
reports on new antitrichomonal com-
pounds have been noted, a number of
nitrofurans and nitroimidazoles have
been under study experimentally.

XI. There is a large series of 3- or 5+(5-

HNI/O\ SQ 18,506 nitro-2-furyl)-5-or-3-methylisoxa-

fo) zoles59 (X) as well as XI (SQ 18,506)

CH—CH NO2 and its relatiyes®0-62, 3 thiadiazole3

' (XII) and XIII€’4' 6

CH In a series of thirty four 2-amino
[ 3 XIL. -5-nitrothiazoles54 good in vitro anti-
') (NN 8. _NH trichomonal activity was found in 12
2 || | ] Y 2 but in vivo against T. vaginalis in
N NN mice none was more tlfgn%‘l_as po-
tent as metronidazole,

CH,CH_SO_.C_H XIII,
| 2 2 727275 Trypanosomiasis - Although there are
O.N :Ij H no reports of clinical trials of new
2 | Ec 3 preparations for trypanosomiasis
there are a few compounds in the ex-

perimental stage. Compound XII
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effected cures in mice in acute Trypanosoma equiperdum infections and
subacute T. cruzi infections by both oral and parenteral routes®?, The

activity of certain nitrofurans related to nitrofurantion against T. congo-
lese, T. cruzi, T. gambiese, and T. rhodesiense is not unexpected®®.

ANIMAL PROTOZOAL INFECTIONS

Aegyptianellosis - There has been no satisfactory treatment until recent-
ly®7 for infections with the blood parasite of chickens, Aegyptianella pul-
lorum, which has been shown to be sensitive to tetracycline, chlortetra-

cycline, doxocycline, and oxytetracycline given either prophylactically or
therapeutically per c£70.

Coccidiosis - This field of poultry disease, caused by a number of species
of the genus Eimeria has continued to be highly competitive and the recur-
rent emergence of resistant strains has inspired new synthesis and mix-
tures of compounds. Representatives of three different types are the tri-
fluoromethylbenza.nilides71, ethyl 6, 7-bis (cyclopropylmethoxy)-4-hydro-
xy-3-quinolinecarboxylate’2, and a mixture of N'-(2, 6~-dimethoxy-4-py-
rimidinyl) sulfanilamide and 2, 4-diamino-5-(4, 5-dimethoxy-2-methyl-
benzyl pyrimidine73’74. The first group has been tested against E. tenella
only but the two latter types have shown broad activity against a number
of other species as well: E. acervulina, brunetti, maxima and necatrix.

Studies on the acridines have shown that acriflavine can mediate a re-
version to sensitivity in an amprolium resistant strain?5:76 but that quin-
acrine does not prevent development of resistance to glycarbylamide’ ",

Histomoniasis - In a series of substituted benzoic acid (5-nitrofurfuryli-
dene hydrazide s78 one showed outstanding activity against Histomonas
meleagridis in turkeys and chickens: 3, 5-dinitrosalicylic acid (5-nitro-
furfurylidene) hydrazide.

In a series of 1, 2-disubstituted 5-nitroimidazoles’? the most potent
was l-methyl-2-isopropyl-5 nitroimidazole which was 4 to 8 times more
effective than others in the series and twice as active as dimetridazole in
turkeys. Compound XIII is also reported to be active in histomoniasis in
chickensf4:65

Trichomoniasis - Although none of the new antitrichomonal compounds re-
ported from screenin% against either T. vaginalis or T. foetus in experi-
mental animals54:59-86 hag yet reached trial in large—é.nimals, dimetri=
dazole, previously used orally against Trichomonus foetus in bulls has
been shown to be effective on single intravenous administration which ef-
fects great saving in time and material80. Intestinal trichomoniasis in
horses, which has been reported more frequently recently, is said to be
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effectively controlled by the use of iodochlorhydroxyquin in the drinking
water81l

HUMAN HELMINTH INFECTIONS

Reviews, conferences, symposia - There are some general reviews82,83
of current therapy as well as a discussion of some biochemical effects of
anthelminthic drug584. Individual drugs considered at specific meetings
were niridazole83 and thiabendazole8

Schistosomiasis - Mouse infections with Schistosoma mansoni or S, japo-
nicum continue to be used in primary screening with interesting compounds
being subsequently evaluated in hamsters, and monkeys usually being the
final preclinical experimental animal.

In a series of compounds of structure Il three were active against S.
mansoni in micel5,

The effect of hydroxylation on activity of xanthenones and 4-methyl-3-
chloroanilines was studied with S. mansoni in both mice and hamsters and
was found to enhance schistosomicidal activity one- to six-fold in the
mouse and two- to 33-fold in the hamster87

A new series of 2-aminomethyltetrahydroquinoline derivatives83 had
activity against S, mansoni in mice. Metabolic studies showed that several
species of animals hydroxylated the 6-methyl group. One of these metabo-
lites, 6-hydroxymethyl-2 isopropylaminomethyl-7=-nitro-1, 2, 3, 4-tetrahy-
droquinoline has been shown to be very active against S. mansoni in ver-
vet monkeys (Cercopithecus aethiops), especially by parenteral adminis-
tration, and the series is being investigated further,

A new nitrofuran, (XI) (SQ 18,506) was active in mice against both S.
mansoni and S. jaeonicum89

Tapeworm - The disappearance of Hymenolepis nana eggs from the feces
of a child during a 7 days treatment with emetine HCl suggests an exten-
sion of the spectrum of this established compoundgo. Some 9-aminoacri-
dines and a related benz [¢/ acridine had activity against H nana in mice
equivalent or superior to that of qu1nacr1ne53 Three out of 10 ary arylsyd-
nones, which were also quite active against E. histolytica in vitro, had
activity against H. nana in mice, a little inferior to that of qu1nacr1ne50

Angiostrongylosis - Levo-tetramisole has been shown to effect reductions
in numbers of migrating larvae of Angiostrongylus cantonensis in rats?!
but neither it nor thiabendazole, the only other drug shown to be active in
this infection, is reported to have been tested in man,
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Ascariasis - Levo~tetramisole has also been shown to be more potent than
the racemic form in Ascaris lumbricoides infections’“,

Capillariasis - Thiabendazole has been reported as the drug of choice for
infections with Capillaria philippinensis, the epidemic intestinal form
which causes enteropathy and malabsorption93. Capillaria hepatica, the
liver parasite of rats and numerous other mammals and occasionally man,
is said to be susceptible to methyridine94.

Enterobiasis - Activity against pinworms in mice has been reported for
certain series of compounds which have not reached clinical trial. Some
derivatives of 9-aminoacridine and related benz [¢/ acridine and benzo
[b] [1,5] naphthyridine®3 had activity against Syphacia obvelata as As-
piculuris tetraptera in mice. Three of 10 arylsydnones?Y had a.ctivit?r-
against S. obvelata, somewhat lower than that of piperazine.

Filariasis - Animal models, notably Litomosoides carinii and Brugia pa-
hangi in cotton rats and Dipetalonema witei in gerbils, continue in use for
screening of possible antifilarial agents, and certain nitrofurans®8 related
to nitrofurantoin have been found to have some activity in these infections,
A tissue culture system in which microfilariae of the human parasite
Wuchereria bancrofti can be maintained in an actively motile state from
24 to 48 hours has recently been devised and it is hoped this may provide
a useful method for the study of drugs which act against larval stage95.

Hookworm -~ Although no new compounds have been reported in the clinic,
a series of imidoylureas has been synthesized and tested against the dog
hoockworms Ancylostoma caninum and Uncinaria stenocephala. The most
active was 1-(p-chlorophenyl)-3-pentanimidoylurea, which was well toler-
ated and is being examined further?6. Of passing interest may be the effect
of ingested garlic on the larvae of Necator americanus in the feces97. The
levo isomer of tetramisole has been found to be more active than the race-

mic compound in hookworm infections of man92,

Trichinosis - Although some studies fail to show that thiabendazole has
any definite effect on the course of Trichinella spiralis infections in man?8
it is considered by some to be the drug of choice in this disease where the
therapeutic agents should be active against the larvae??, In mice parben-
dazole, methyl-5(6)-butyl-2-benzimidazolecarbamate, effects great reduc-
tions in the number of larvae in the tissues when given in the diet for 7
days, 1 to 12 weeks after infectionloo‘

ANIMAL HELMINTH INFECTIONS

Review - A 20 page article covers activity against nematodes, tapeworms

and flukes of various compounds mentioned in previous reportleI.
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Fascioliasis - Comparative studies on the more frequently used prepara-
tions have been madel02-104 314 the importance of age and size of infec-
tion has been emphasizedlos. Emetine is reported to be effective against
the immature forms of Fasciola hepatica in the liver tissue in both rats
and sheep106. Synergism has been demonstrated between hexachlorophane
and 4-cyano-2-iodo-6-nitrophenol in sheepl97,

A new agent reported to have activity in both sheep and cattle and
against immature as well as adult flukes is 4, 4', 6, 6'-tetrabromo-2, 2'-bi-
phenyldiol mono (dihydrogen phosphate)los. Another is 3, 5-diiodo-3'-
chloro-4'-(p- chlorophenoxg)-sa.licylanilide which is also active against
immature flukes in sheep! 2,110,

Nematodes - Notable evaluations have been made of the efficacy of parben-
dazole (SKF 29044), methyl 5(6}-butyl-Z-benzimidazolecarbamate, in
cattle“l’llz, goats113, sheep 14 214 swine ., Levo-tetramisole has
been similarly studied in cattlel 16=119 and sheeplzo, and both of the
above have been compared with thiabendazole in sheeplZI. New compounds
with activity against gastrointestinal nematodes in sheep are aminopenta-
dienylideneammonium salts in which the N atoms are part of a piperidine
of pyrrolidine ringl22 and 3, 5-diiodo-3'-chloro-4'-(p-chlorophenoxy)-
salicylanilidel23 which has outstanding activity against Haemonchus
contortus,
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Chapter 13. Antifungal Agents

F. E. Pansy, Wm. L. Parker and N, S. Semenuk
Sguibb Institute for Medical Research, New Brunswick, N.J.

The appearance in debilitated patients of opportunistic
fungal infections after therapy with antibiotics and corti-
costeroids or other immunosuppressive agents continues to be
emphasized.l‘3 Since these medicaments are vital in pro-
cedures such as the transplantation of organs, antifungal
agents become more important for prophylactic or therapeutic
use.? All indications are that they will continue to increase
in importance.

Clnical Experience - More than 10 years' experience has shown
amphotericin B to be the most effective drug against many of
the deep mycoses.s’6 A number of excellent reviews have ex-
amined treatment schedules with a view to minimizing toxic re-
actions. In cryptococcosis, the mere finding of Cryptococcus
neoformans in clinical specimens does not justify the use of
amphotericin B. In the pulmonary form of cryptococcosis, use
of amphotericin B is apparently not indicated after unilateral
resection of the lung, but the drug should be administered for
diffuse bilateral disease or for extension of a localized
lesion.’ 1In cryptococcal meningitis, daily intrathecal ad-
ministration of 0.3 mg of amphotericin B as a l-hour infusion
gave optimal cerebrospinal fluid levels with minimal toxic
symptoms.SJ9

Amphotericin B appears to be the most effective drug in
rapidly advancing blastomycosis.lO A review study of 93
patients with blastomycosis showed a significantly greater re-
lapse rate among patients who received less than a total of
1.5 g of amphotericin B, or 20 mg/kg of body weight per day.

A review of the treatment of pulmonary histoplasmosis sug-
gests that a dosage of 50 mg/day, three times per week, for a
total dose of 2-3 g over a 3 to 4-month period is the best
therapy for the progressive cavitary form of the disease.
After resection of the lung, a course of 2 g will prevent re-
currence.ll It has been suggested that prolonged administra-
tion of the drug at sub-optimal levels is an effective methogd
for treating both histoplasmosis and paracoccidioidomycosis.

A review of the therapy cof systemic Candida albicans
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infections emphasized that by judicious administration of
amphotericin B with careful monitoring of the patient, toxic
side effects can be so minimized that the drug may be ad-
ministered safely even to infants and to patients with high
levels of blood—urea—nitrogen.13

Amphotericin B continues to be effective and necessary in
pulmonary sporotrichosis, a condition perhaps more common than
previously recognized.14 Iodides, apparently effective in the
cutaneous form of the disease, are not effective in the pul-
monary form. 13 Amphotericin B has been reported to be ef-
fective in several rare disease forms, such as blastomycosis
of the bone, where intramedullarg and intravenous administra-
tion effected an apparent cure;l maduromycosis caused by
Monosporium apiospermum, where infusion into the lesion pro-
duced a transitory improvement;17 orbital histomplasmosis
caused by Histoplasma duboisii, where the lung was employed
pre- and post-surgically;!® and histoplasmal endocarditis.

Of special interest was the successful treatment of allergic
bronchopulmonary aspergillosis by aerosol nebulization of
amphotericin B plus sodium iodide. 20

Concomitant prophylactic administration of amphotericin B
with tetracycline antibiotics continues to be studied.
Several reports enthusiastically defend the combination as
preventing candidal overgrowth, or even eliminating the
organism, 21,22 whereas angther report casts doubt on the
utility of the procedure. ‘

Hamycin was reported to be more active in vitro against
77 strains of C. neoformans than was amphotericin B.24 How-
ever, when three strains were tested in mice, amphotericin B
was more effective, 23

Candicidin, in the form of an ointment or vaginal sup-
positories, gave rapid symptomatic relief and produced 26
negative cultures in 23 of 24 cases of Candida vaginitis.

The oral toxicity of levorin A, a recently reported
heptaene macrolide, was studied in laboratory animals. A dose
of 30 mg/kg per day appeared to be safe. 2’ A soluble sodium
salt was employed with considerable success as an aerosol for
inhalation therapy of patients with Candida infection of the
lungs and bronchi.
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Neoheptaene, another recently reported heptaene macrolide,
when administered intraperitoneally was active in experimental
murine histoplasmosis, blastomycosis, and cryptococcosis, but
not in coccidicidomycosis. The dosage required approached or
overlapped the toxic range.

Nystatin was effective in single cases of pulmonary
candidosis and pulmonarX aspergillosis when administered by
aerosol inhalation.30:3 An interesting finding was the de-
tection of measurable blood levels in the latter case.

Pimaricin in ointment form was effective in cutaneous
Candida infections, although relapse was common in patients
with paronychia. Vaginal suppositories appeared effective in
Candida vulvo—vaginitis.32 A 5% pimaricin suspension con-
taining potassium iodide gave good results in experimental
keratomycosis in rabbits, with both C. albicans and Aspergillus
fumigatus as the infecting organisms.33

Griseofulvin continues to be a mainstay in the oral
treatment of fungal skin diseases. Oral administration of
griseofulvin has reduced hospitalization time for American
troops in Vietnam, where dermatophytoses caused by Tricho-
phyton mentagrophytes are predominant. The arduous conditions
of trogical campaigning make topical medicaments almost use-
less.3 Several reports on toxic side effects have appeared.
When griseofulvin was administered to pregnant rats at 50 to
500 mg/kg, there was a teratogenic effect on the fetuses
proportional to the dose. It was suggested that griseofulvin
not be given to pregnant women. 5 Griseofulvin, administered
orally to a young girl, produced hypertrophy of the mammary
glands and bleeding from the genitalia.36

Pyrrolnitrin was investigated in mice for its activity
against systemic mycotic infections.37 fThe drug was ad-
ministered subcutaneously in multiple doses. Some activity
was observed in candidosis and cryptococcosis, but not in
blastomycosis and histoplasmosis. Three new bromo analogs
of pyrrolnitrin were detected in fermentations of Pseudomonas
pyrrolnitrica when the medium was supplemented with NHyBr.
They were less active than pyrrolnitrin in vitro. 38

Saramycetin (X5079C; Ro2-7758) has long been in such
short supply as to prevent adequate clinical trials. An
additional supply has now been produced39 by a much more



132 Sect. III - Chemotherapeutic Agents Gerzon, Ed.
economical method.40 A study of the comparative effectiveness
of saramycetin and amphotericin B in the treatment of cavitary
pulmonary histoplasmosis is now underway.4l

The in vitro activity of mycophenolic acid against C.
albicansg, C. neoformans and several Trichophyton sp. was
measured. The antibiotic had some effect on experimental in-
fections with T. asteroides, but failed to cure them, in-
dicating a fungistatic rather than fungicidal action.

Chlorodantoin [6-(1l-ethylamyl) -3-trichloromethylthio-
hydantoin] in the form of a 1% cream has shown considerable
activity in Candida vaginitis.43

5-Fluorocytosine was active in prolonging the life of
mice infected with C. albicans when administered intraperiton-
eally in single doses of 87.5 to 200 mg/kg. On the basis of
differential in vitro sensitivities, it was suggested that
deamination of the drug to 5-fluorouracil does not occur.44
A single patient with cryptococcal meningitis responded to
treatment with 100-200 mg/kg daily.45

Several reviews of the treatment of blastomycosis discuss
the relative efficacies of 2-hydroxystilbamidine isothionate
{(2-HI) and amphotericin B in a large number of cases. 0,

In general, it appears that amphotericin B, because of its
toxic side effects, should be reserved for use in rapidly ad-
vancing disease, especially if the central nervous system is
involved, or for treating cases that have not responded to
2-HI. 2-HI should be used in cases of slowly progressive
disease or those having only skin lesions.

Fentichlor (2, 2'-dihydroxy-~5,5'~dichlorodiphenyl sulfide),
a German drug little known in the U.S., caused clinical im-
provement in a case of maduromycosis due to M. apiospermum
when infused locally at a concentration of 1%._ _It is sug-
gested as safe for use in selected infections.

New Antifungal Agents - The structure of LL-Z12710 a terpen-
oid metabolite from an Acrostalagmus species, has been
determined to be 1. It possesses 12 vivo activity against
rin infections i i ; 7 A structurall lated

gworm infections in guinea pigs. structurally relate
antibiotic, siccanin, has been reported to be effective
topically against T. mentagrophytes infections in guinea
pigs. 8 1ts structure, 2, has been determined by x-ray
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crystallography. 49

A fungal metabolite, chlorflaveonin, with highly specific in
vitro activity against a few species of fungi, has structure
3, and is reported to be the first fully characterized flavone

fungal metabolite and the first naturally occurring chlorinated
flavone. ™’

OH 0
OMe

MeO 0

OMe
3 HO
- Ccl
The structures of three chlorinated fungitoxic fungal metabo-
lites, 4,5, and 6, have been determined by a combination of

x-ray and spectral studies. Cryptosporiopsin53 was shown to
be identical to 4.

o] 0
Cl--- 1 Cl---
MeOOC --- MeOOC--- A
HO 4 HO 5

An antibiotic, LL-BH8722, structurally related to elaio-
mycin, has been shown®? to be 7. Structure 8 has been as-
signed for versicolin.®5 A derivative, 9, of alkannin that is
active against C. albicans and C. neoformans in vitro was
isolated from the roots of Arnebia nobilis.>®
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Several other new antibiotics showing in vitro antifungal
activity have been isolated and partially characterized
chemically: oryzachlorin (C,ygH; 08N28 Cl), active against
yeasts;37 gonidodomin (C43H58011} isolated from a marine
dinoflagellate and inhibiting Cryptococcus and Trichophyton,
among others 58 subsporins A,B, and C (peptide);>9 hondamycin
(C47H78013) aabomXC1n A (C39_40Hg5-67011N) ;61 brassi-
cicolin A (CZOH31°9) and gougeroxymycin.

Several new synthetic antifungal agents have been re-
ported. One of the most promising is diphenyl(4-chloro-
phenyl)-l-imidazolylmethane, 10, (BAY b 5097), an orally

o]
&

=

active substance that has in vitro activity against a range of
organisms encompassing dermatophytes, chromomycetes, Asper-
gillus, Nocardla, Madurella, Candida, and dimorphic

fungi. 64,65, 7,68 Administered orally, the drug protected
mice against candldOSlS, histoplasmosis, and aspergillosis.
Absorption by various routes, as well as blood levels and
urinary excretion, was explored in several animal species.
Absorption of the drug was rapid after oral administration but
poor after subcutaneous or intraperitoneal administration.
Serum levels and concentrations of metabolites in blood and
urine were determined in man. At levels attainable in vivo,
the drug was fungistatic. Topical application was effective
in experimental T. mentagrophytes and T. guinckeanum in-
fections in mice and guinea pigs. Excellent results were
obtained in humans with aspergillosis and candidal septicemia,
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endocarditis, pneumonia, and pyelonephritis.

The preparation and antimycotic properties of a large
number of derivatives of l-phenethylimidazole were reported.69
Several compounds with structure 1l had excellent in vitro
activities against dermatophytes, C. albicans, and gram-
positive bacteria. The most promising candidates are under-
going clinical evaluation.

R

{ A\ - _ - 1 and
Ar' (CH O-C—CH~-N N (especially R= H, n= an
(CH)n ] 2 Ar and Ar' halogenated)

Ar

u

Homofarnesoyl hydroxamic acid, 12, has been reported70 to
be very potent topically against dermatophytes. Several
tetrahydro-1,3,5-thiadiazine-2-thiones, 13, were synthesized
and found to have antimycotic, antibacterial, and anthelmin-
thic ?Eoggrties. Strong in vitro antimycotic activity was
found’ for some 2-phenylpyridazone derivatives, 14.

== == NHOH S H,SCN ?
S
Cl,SR /
N-Ar}H, NO
0\ X X SOCH4 / 2
12 13 14

Activities against several fungi were measured_ for 3-amino-
thiazoline-2-thiones and 4H—l,3,4-thiadiazines74 and for some
N-substituted amides and amine salts of sorbic acid.’? In
vitro activity against a broad spectrum of microorganisms,
including C. albicans, was found for l78-amino-3,5-andro-
stadiene and 17f-amino-5-androstene.’® Significant in vitro
activity against A. niger and C. albicans was found for f-
phenethyldithiocarbamates.77 N-(a-Naphthyl) iodoacetamide,

in a 1-2% ointment, gave a cure rate of 50% in experimental
dermatophytosis and candidosis in guinea pigs.78 Pyran
copolymer (divinyl ether-maleic anhydride polyanion), an
interferon inducer, protected mice against cryptococcosis.
This substance has no in vitro antifungal activity, but induces
a healthy carrier state; viable C. neoformans is found in the
lung and brain at necropsy.79
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Structural Work and Chemical Studies - The structure of asco-
chlorin, 15, has been determined by x-ray studies on the
p-bromobenzenesulfonate.80

OH(SO,Ar)

CHO 15 o

The detailed account of the structural determination of
stendomycin has been published.81 The structure and an ab-
stract of the work were given in the 1968 Annual Reports. A
partial structure for saramycetin has been proposed. 2 Mild
acid hydrolysis produces a fragment with about half the
molecular weight of the parent molecule and the amino acid
sequence: glycyl-threonyl-saramycetic acid I-yl-cysteinyl-
saramycetic acid II-yl-aspartyl-proline. A modified structurg
16, for the aglycone of nystatin has been proposed.83 Mass
spectral studies84 on oligomycins, rutamycin, and their

OH OH

acetates have shown that their molecular weight is about 800.
The heptaenic macrolide, perimycin, gave N-methyl-p-amino-
acetophenone after treatment with base, and the sugar, methyl
perosaminide, after acid hydrolysis.85 The levorin A complex
of heptaenic aromatic macrolides has been resolved into four
components by countercurrent distribution,86:87 and the
activities of the components against C. albicans and fila-
mentous fungi and the toxicities for mice were determined.

The hexaene antibiotic, hexamycin, was characterized spectro-
scopically. It has a molecular weight of ca. 800. The in
vitro activity against a number of fungi was determined.

Total syntheses of the dilactone antibiotics, antimyecin A, 17,
and avenaciolide, 18, have been reported.go’é Recent studies
indicate that avenaciolide inhibits lipolysis in adipose cells
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and abolishes the stimulation of glucose oxidation caused by
insulin and proteolytic enzymes.9 Identical structursz, 19,
have been determined for nigericin93 and polyetherin A by
x-ray crystallography, and the identity of these with X-464
has been established by spectroscopic methods. 25

MeO

COOH

Mode-of-Action Studies - An excellent review of the mode of
action of the polyene antifungal antibiotics has been pre-
sented. The interactions of polyene macrolides with mem-
branes has been the subject of several studies. Amphotericin
B increases permeability for small molecules in membranes
containing cholesterol and phospholipid. 7 In erythrocytes,
the increased efflux of potassium is offset by an increase in
the membrane cation pump rate, which provides an explanation
for the failure of amphotericin B to shorten the lifespan of
erythrocytes in vitro.?8 The effect of sterols ig membrane-
polyene antibiotic interactions has been explored in Pythium
sp. PRL 2142. This organism lacks the ability to synthesize
membrane sterol, but can incorporate exogenous sterol into
protoplasmic membrane. Amphotericin B, nystatin, candidin,
and candicidin have no effect on mycelia grown in the absence
of sterol, but cause increased leakage, particularly of carbo-
hydrate and protein components, from mycelia grown in the
presence of sterol. Filipin and pimaricin mimic the effect of
insulin in lowering levels of cyclic 3',5'-adenosine mono-
phosphate (cyclic AMP) in fat cells by facilitating the leak-
age of cyclic AMP from them. 00 7This effect is counteracted
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by cholesterol. Amphotericin B reduced the ability of plasma
membranes in the toad bladder to maintain intracellular ionic
gradients, ultimately resulting in structural and functional
disintegration. Detailed studies on morphologic changes in
the cells were made.101 Several experimental variables in

the toad bladder-amphotericin B interaction were explored.

In a review of the mechanism of action of aldosterone,
stimulation by amphotericin B of Na' transport in toad bladder
was discussed briefly in relation to similar stimulation by
aldosterone. 103

Amphotericin B-treated endospores of Coccidioides
immitis, a biphasic pathogenic fungus, showed no capacity for
endogenous oxidation. 4 Cysteine reversed the effect of
amphotericin B and restored normal endogenous respiration.
However, the endospores were not capable of producing the
tissue form, spherules, but allowed mycelial growth, the non-
tissue form. It was suggested that this effect may be due to
a reduced capacity of the cells to catabolize glucose.

Interesting findings have been reported on the effect of
orally administered polyenes on sterol and steroid metabolism
in animals. Candicidin, amphotericin B, and filipin, ad-
ministered to dogs for 21 days at 5 to 20 mg/kg, reduced the
size of the prostate and lowered serum cholesterol levels.
Nystatin was less effective. Since very little polyene is
absorbed from the gut, it is believed that the polyenes
complex in the gut with dietary sterol and with sterol in the
enterohepatic circulation. These complexes are then elimin-
ated in the feces, thus pulling sterol and other lipids out
of the body. The effect of polyene macrolides on prostatic
size may be a consequence of the lowered level of androgen
precursor, cholesterol.los’106 In feeding studies in chicks,
candicidin, perimycin, aureofungin, hamycin, filipin and
amphotericin B caused a reduction in Elasma cholesterol and,
usually, an increase in fecal sterol. 07

In another study, amphotericin B, given orally to dogs
at 200 mg/day, resulted in decreased prostatic function. The
effect could be prevented or reversed by administration of
testosterone. Injection of human chorionic.gonadotropin also
caused partial reversal, possibly indicating involvement of
the hypothalamic-pituitary complex. Circulating testosterone
was reduced to an extremely low level in the dosed dogs. There
was also a delayed degeneration of the seminiferous epithelial
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component of the testes, resulting in cessation of spermato-
genesis. The changes were reversible after withdrawal of the
drug.108

The mode of action of pyrrolnitrin was investigated,
using protoplasts of Bacillus megaterium, KM strain, 109
Pyrrolnitrin caused bursting of the protoplasts, but this
effect could be neutralized stoichiometrically with certain
phospholipids, e.g. phosphatidylethanoclamine, indicating
that pyrrolnitrin causes damage by combining with phospho-
lipids in the cell membrane. Contrasting results were ob~
tained in another study using Saccharomyces cerevisiae
(whole cells, cell-free extracts, and mitochondria) and beef
heart mitochondria.ll® It was concluded that the primary site
in these systems was the terminal electron transport system
between succinate or reduced nicotinamide adenine dinucleo-
tide and coenzyme Q. No damage to cell membranes was observed.
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Chapter 14. Antineoplastic Agents

John A. Montgomery, Southern Research Institute, Birmingham, Ala.

Treatments - Recent reviews on the management of human acute leuke-
mias emphasize the importance of drug combinations, treatment sched-
ules, and total cell eradication.!™ Failure of the digestive tract epi-
thelium rather than of the bone marrow could be the limiting factor in
intensive chemotherapy that appears so promising.? The fact that im-
munosuppression by antilymphocytic serum released noncycling tumor
cells in mice® is of great interest, since solid tumors, which contain
noncycling cells, are generally unresponsive to therapy, particularly
with antimetabolites.

Agents. Folic Acid Antagonists - Studies on the transport energetics6
of methotrexate (Mtx) and the effect of 5-formyltetrahydrofolate on its
uptake by L1210 mouse leukemia cells” have been reported. The Mtx-
resistant P1534 murine leukemia cells accumulated Mtx 13 times more
slowly than the sensitive LL1210 cells. In contrast, uptake of 4-amino-
4—deoxy-Nm-methylpteroic acid (I), which appears to be taken up by a
different process, proceeded at similar rates in both cell lines.
Studies in mouse liver supernatant® and in L-cells in culture!® indicate
that Mti{l may have important sites of action—such as thymidylate syn-
thetase™ —in addition to its inhibition of folate and dihydrofolate reduc-
tase. But stimulation of thymidylate synthetase activity by Mtx in leu-
kocytes of patients with acute granulocytic leukemia,'? which may be due
to stimulation of synthesis of the enzyme,13 has been observed. Killing
of L-cells in culture by Mitx results from the inhibition of thymidylic
acid synthesis, while concurrent inhibition of purine synthesis tends to
prevent cell killing. Also cells whose proliferation was inhibited prior
to exposure to Mtx were resistant to the drug.“ In keeping with these
results is the observation that Mtx killed cells 6-7 times faster in the
proliferating than in the resting state.”® Ina study of the effectiveness
of various dosage schedules of Mtx in advanced breast carcinoma 38 of
96 patients responded to therapy.'®
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One (1I) of a number of 2, 4-diaminoquinazolines that inhibit dihy-
drofolic reductase!” has a particularly high therapeutic index against
1.1210 leukemia in mice and is a candidate for clinical trials.'® Because
of difficulties encountered with the transport of active-site-directed
irreversible inhibitors {such as III) of dihydrofolic reductase, the em-
phasis in this study has been shifted to the development of compounds
that retain their specificity, but that are better able to passively diffuse
into cells.!®»2°

Purines - The in vitro capacity for 6-mercaptopurine (MP) anabolism,
by hypoxanthine phosphoribosyltransferase,?! can be a useful predictive
measure of drug responsiveness in man,?? 6-(Methylthio)purine ribo-
nucleoside (MeMPR) is also converted to its nucleotide (MeMPRP),
which accumulates in human erythrocytes.?® Conversion of MP to its
nucleotide is enhanced by prior doses of MP? or by coadministration of
MeMPR.® This enhancement of MP anabolism is thought to be the basis
of the synergistic action of the combination of MP and MeMPR .
MeMPRP is the most potent known inhibitor of PRPP amidotransferase
from adenocarcinoma 755 cells,?® and complete reversal of the growth
inhibitory effects of MeMPR at low but not high levels by hypoxanthine
and 5-aminoimidazole-4-carboxamide (AIC) support the view that the
amidotransferase is the most sensitive site of inhibition by this analog?®
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B-2'-Deoxythioguanosine (IV) is phosphorylated by extracts from solid
tumors and from normal bone marrows, whereas a-2'-deoxythioguano-
sine is phosphorylated only by the extracts from certain neoplasms.

The DNA polymerase of several tumors incorporated nucleotides of both
the - and -anomers.?® The synergistic effects against leukemia L1210
observed with the combination of 1-8-p-arabinofuranosylcytosine (ara-C)
and thioguanine (TG) appear to be due in part to the subadditive toxicity
of the combination,? which may result from a decrease in incorporation
of TG into DNA caused by inhibition of the DNA polymerase of normal
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mouse tissues by ara-C. However, TG ribonucleotide has been found to
be a poor substrate for but a potent inhibitor of ATP-GMP ghospho—
transferase, which could explain the cytolytic action of TG. ° A high re-
mission rate in adult acute leukemia with the ara-C—TG combination has
been observed.™ N-Allyladenosine (V) appears to inhibit bacterial and
mammalian cells by entirely different mechanisms.”? Four other N-sub-
stituted adenosines are moderately active against leukemia L1210.%
Hemolysis at low doses of N-hydroxyadenosine (VI) precluded a satis-
factory clinical antileukemic trial of this agent.34 Investigations of bio-
logic activity of T-deazainosine (VII) indicate that this analog must be
converted to tubercidin anabolites (VIII) to exert its effects. 5,3 1n
tumor bearing mice formyein (IX) is extensively deaminated to the ino-
sine analog (X), but there is also a significant conversion to formycin
5'-triphosphate (x1),*" which may be the active form of this compound.
The metabolism and cytotoxicity of 8-azainosine (XII), a nucleoside
active against leukemia 1,1210 and adenocarcinoma 755 in mice, has
been studied in a number of cell lines deficient in purine anabolizing
enzymes.® A review of the metabolism and mechanisms of action of
purine analogs® and a book dealing with the biochemistry of purine and
pyrimidine analogs?® have appeared.

Pyrimidines - 5-Fluorouracil (FU) can be converted to 5-fluorouridylic
acid (FURP) by sequential enzymic addition of ribose and phosphate or
via a pyrimidine 5'-phosphoribosyltransferase.41 It appears that a de-
terminant of cell responsiveness to FU is the production of 2'-deoxy-5~
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fluorouridylic acid (XIII) and that this nucleotide is formed primarily
from FURP produced by the pyrimidine 5'-phosphoribosyltran gerase
pathway,? perhaps because of intracellular compartmentation. Trans-
fer RNA isolated from E. coli B grown in the presence of FU contains a
mixture of normal and FU-containing transfer RNA's having 70-84% of
the uracil residues replaced'“"‘ls and reduced levels of minor pyrimidine
nucleosides.** The relationship, if any, between the incorporation of
5-fluorouracil into tRNA and rRNA®*"*® and its cytotoxicity and anti-
cancer activity is not known. A ten-year study of the use of FU in dis-
seminated breast cancer shows that increased survival time can be cor-
related with responsiveness to the drug.** FU significantly augments
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radiation therapy in patients with locally inoperable gastromtostma]
adenocarcinoma’® and advanced cancer of the head and neck.’

Acute leukemia blast cells vary widely in their ability to phos-
phorylate ara-C, which might explain the variability in the response of
acute leukemias to the drug. 52 Acquired resistance to ara-C in L1210
1eukem1a the frequency of which can be reduced by quinacrine hydro-
chloride,”® has been attributed to a change in the affinity of the mutant
DNA polymerase for ara-C tr1phosphate (X1v).** Ara-C*®+*®and 1-B-p-ara-
binofuranosyl-5-fluorocytosine XV) kill only cells in the S-phase of
the mitotic cycle when exposed, both in vitro and in vivo. Cytotoxic ef-
fects of ara-~C in the mouse are primzﬁ‘ﬂy on the proliferating zone of
the intestinal crypts, and inhibition of DNA synthesis must be sustained
for several hours in order to induce irreversible damage in sensitive
S-phase cells. 56,57 A number of studies on the route of administra-
tion,?®:% dose, and schedule® % of ara-C in humans have been carried
out in an attempt to optimize the anticancer effects of this drug. The
effects of a single dose of 1-(5-O-adamantoyl-B-p-arabinofuranosyl)-
cytosine (XVI), a "depot'" form of ara-C,against leukemia L1210 are
simila;l; to those obtained with ara-C administered every 3 hr. for
24 hr.

Other Antimetabolites - Guanazole (XVII) inhibits DNA synthesis in
1.1210 cells in vivo, probably due to its inhibition of ribonucleoside di-
phosphate re-c-luctase,“ the enzyme that, under delicate allosteric con-
trol and in conjunction with thioredoxin, reduces uridine, cytidine,
adenosine, and guanosine diphosphates to the corresponding 2'-deoxy-
ribonucleoside diphosphates. % The activity against leukemia 1.1210 of
this compound, hydroxyurea (HU) and a number of thiosemicarbazones
(XVIII), all of which inhibit nucleotide reductase, shows the same
schedule dependency that is exhibited by ara-C,% which inhibits DNA
polymerase as well as the reductase, because of the S-phase specificity
of these compounds.®” Inhibition by HU of ribonucleotide reductase may
result from the chelation of ferrous ions, although this could not be
demonstrated directly.®® Metabolism of HU® may be necessary before
the chelation of ferrous ions is possible. Five of fourteen patients with
metastatic renal cell carcinoma, which is usually resistant to chemo-
therapeutic agents, showed objective responses to HU lasting two to
five months."®
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Crystalline L-asparaginase (Aase) from E. coli B has been pre-
pared and evaluated in experimental animals.”™ The clearance or dis-
appearance rate of injected Aase in mice infected with lactate dehydro-
genase-elevating (LLDH) virus is reduced by a factor of 5 to 10 as com-
pared with normal mice, and all tested mouse léukemias responsive to
Aase therapy were found to carry the LDH virus.”® Antibodies produced
by pretreatment of animals with Aase reduced the effectiveness of this
enzyme against leukemia L5178Y in mice.”™ Synergism has been ob-
served in animals with Aase and glutamine antagomsts7 *"" possibly due
to the L-glutaminase activity of Aase,”® since glutamine is required for
asparagine synthetase. The production of L-asparagine synthetase cor-
relates with resistance to Aase in murine and human tumors.” Arginase
has also been found to be cytotoxic to mouse tumor cells in culture. 8
Several clinical trials™ % show that Aase is most effective in acute lym-
phatic leukemia and acute myelogenous leukemia, 8 Aase toxicity, par-
t1cu1ar1y CNS toxicity, may be a more serious problem than initially
thought

Inhibitors of RNA Synthesis - A detailed study of the binding of actino-
mycin D (ACT) to DNA indicated that the specificity for guanine among
the common bases results from electronic interactions in the r-complex
formed in an intercalated structure,® but the presence of guanine in DNA
is not a sufficient requisite for the binding of ACT.” The uptake of tri-
tiated daunomycin (DYN) by cells in culture was rapid and dependent only
on drug concentration in the medium, and a quantitative relationship be-
tween uptake and the inhibition of uridine incorporation exists.}’” DYN
appears to interfere with the cell cycle during the G2 period, thus delay-
ing the onset of mitosis in cells that have already synthesized DNA. 88
DYN is an effective agent in acute childhood leukemia, but the optimal

cyelic- cyclic-
peptide peptide
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treatment schedule is not yet known.®® Adriamycin (XIX) appears to have
a better therapeutic index than DYN in experimental animal systems.
Although mithramycin (MYN) inhibited protein and DNA syntheses in cells
in culture, these inhibitions were not dose related suggesting that the
primary site of action was on RNA synthesis,91 presumably because of
complex formation of the antibiotic with DNA. MYN is effective against
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testicular cancer,92,93 but its administration has been accompanied by
marked hemorrhagic diathesis.®® The biologic activity of chromomycin
A; and a series of analogs parallels their capacity to bind to DNA.%

Chemically Reactive Compounds - If the alkylation of DNA by nitrogen
mustard (HN2) is carried out at 0, cross-linking is greatly reduced and
labile intermediates accumulate. These results raise questions con-
cerning an earlier proposal involving transalkylation from triester
phosphates to purine ring nitrogens.*® Selected single doses of HN2 or
cyclophosphamide (CYM) caused a transient inhibition of growth of a
plasmacytoma in hamsters, but it is not known whether the resumption
of growth is a result of DNA repair or a result of killing only cells most
sensitive to the agent.®” Possible mechanisms of resistance to alkylat-
ing agents include decreased membrane permeability to the drug,?®:*
increased concentration of protective agents such as thiols,'%%1% and in-
creased DNA repair. Compounds known to inhibit the repair mechanism
increase the sensitivity of an alkylating-agent-resistant plasmacytoma
to HN2 and CYM.'”? The most interesting of a number of new nitrogen
mustard derivatives'®™'® ig a series of steroid esters of g-[N, N-bis(2-
chloroethyl)amino] phenylacetic acid (XX~XXIV), some of which are ex-
cellent inhibitors of a hormone-dependent DMBA-induced mammary
adenocarcinoma.l®® The CYM activating enzyme has been identified as
the mixed function oxidase system of liver microsomes responsible for
the metabolism of drugs, steroids, and carcinogens,'” and a proxi-
mate, biologically active metabolite of CYM has, at last, been isolated
and identified as 4-oxo-CYM.!*® 4-Oxo0-CYM may be of practical im-
portance because of the relatively slow rate that humans metabolize CYM
to it.® Generally favorable reports on the clinical use of CYM
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alone!® ¥ ond in combination with radiation,!5~117 and of HN2!18 and

melphalan'® have appeared. An aziridine, 2,4-dinitro-5-(1-aziridinyl)-
benzamide (XXV), is one of the most active compounds ever tested
against the Walker rat carcinoma 256.!2° A number of favorable clinical
reports on mitomycin C (XXVI1)!21~!23 and porfiromycin (XXVII)1#1%
have appeared.

The mechanism of action of the nitrosoureas is not known, but
they differ from the "classical" biological alkylating agents in a number
of ways. 1-Methyl-1-nitrosourea (XXVIII) reacts with DNA by methyla-
tion but also by carbamoylation,'?® although these reactions have not as
yet been correlated with the anticancer effect of this compound. Con-
trary to popular opinion, N-methyl-N-nitroso compounds do not methyl-
ate DNA via diazomethane.'? Comparative studies of the effects of 1, 3-
bis(2-chloroethyl)-1-nitrosourea (BCNU) and HN2 on the progression of
cells through the cell cycle show that the biologic effects of these com-
pounds differ in a number of respects.'?®'?* Of a series of nitrosoureas
highly effective against leukemia 1.1210 [including BCNU and 1-(2-chloro-
ethyl)-3-cyclohexyl-1-nitrosourea (CCNU)] only 1-(2-chloroethyl)-3-
(trans-4-methyleyclohexyl)-1-nitrosourea (XXIX) cured mice with estab-
lished Lewis lung tumors, a generally unresponsive animal neoplasm.!3°
Studies on the toxicity of CCNU indicate that it induces qualitatively the
same effects as BCNU and other nitrosoureas.!®:3 Clinical results
with BCNU indicate a definite role for this drug in the treatment of
Hodgkin's disease, lymphosarcoma, and reticulum cell sarcoma,'?®? and
it is the most effective agent now available for the treatment of human

brain tumors.!*
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Patients given 5-(3, 3-dimethyl-1-triazeno)imidazole-4-carbox-
amide (DIC) excrete large amounts of AIC!®:3 and DIC is N-demethylat-
ed by rat liver microsome to formate and AIC.!® These facts coupled
with the previous observations that 5-(3-methyl-1-triazeno)imidazole-4-
carboxamide (MIC) decomposes to AIC in aqueous media and shows the
same order of activity against leukemia L1210 as DIC,'¥ indicate that
N-demethylation of DIC to MIC could be essential to its activity. DIC is
an effective agent for the treatment of metastatic melanoma and certain
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other human tumors.1¥8,139 The synthesis and biological activity of the
5-triazenoimidazoles have been reviewed,' and the papers presented at
the New York Academy of Sciences' syrnposmm on the '""Biological Effect
of the Alkylating Agents'' have been pubhshed

Miscellaneous Agents - Studies with sarcoma 180 cells indicate that in-
corporation of acetate into phospholipids is the most sensitive of a num-
ber of sites of action of vinleurosine.*? This inhibition could be the
basis'®? of the cytotoxicity or the neur‘otoxicityms’144 of the vinca alka-~
loids. Vincristine is briefly effective in Hodgkin's disease and reticu-
lum cell sarcoma (RCS), but not in carcinomas and nonlymphomatous
sarcomas.'™® ™ Procarbazine (MIH), the active metabolite of which
appears to be an azo derivative,!¥ is also effective against Hodgkin's
disease'®® and RCS'''® and somewhat effective against bronchogenic
carcinoma.'®® Some clinical activity has been observed with 1, 1-di-
phenyl-2-propynyl cyclohexanecarbamate (XXX),1591% 1-acetyl-2-pico-
linoylhydrazine (XXXI),'®*? and 1, 2-bis(3, 5-dioxopiperazin-1-yl)pro-
pane (XXXII).'5® The activity against experimental animal neoplasms of
many types of structures-—the bleomycins, 154 chloroprornazme 155 2 new
podophyllotoxm glucos1de ® p-glucosamine, 157 pr-2- mercapto—3-hy-
droxypropanol,’®® camptothecin sodium,® mitomalcin,'®® and a number
of plant pr‘oducts161 has been reported. The mechanisms of action of se-
lected tumor-inhibitory drugs and some new developments in cancer
chemotherapy have been reviewed.'6?

Immunosuppressive Agents - The immunosuppressive activity of a
variety of structural types including purine nucleosides,'®3716% p1C,'%®
BIC)® compounds that complex with DNA,'68:16° benz1m1dazoleureas,
cinanserin,!™ mycophenolic acid,!” alanosine,'”® L-asparaginase,'™
concanavalin A,l'75 ovaulicin,176 chloroamphenicol :=1nalogs,177 and methyl-
cellulose'™ has been reported. AdOCA (XVI), presumably because of
its "'depot' action, is much superior to ara-C as an immunosuppressive
agent.'™ Immunosuppression and carcinogenesis have been related %%
An excellent review of the role of antimetabolites in immunosuppression
and transplantation has a.ppear'ed.mz
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Chapter 15, Mechanism of Action of Antibiotics

David Vazquez, Instituto de Biologia Celular
Veldzquez 144, Madrid-6, Spain

Introduction - A chapter on:the mechanisms of action of antibiotics has
been included for the first time in these Annual Reports. Thus, references
to a number of relevant works on the subject will be included although
some of them have appeared in the literature before 1969,

Antibacterial antibiotics can be broadly classified according to their
specific site and mode of action as inhibitors of (1) respiration and (or)
oxidative phosphorylation, (2) cell-wall mucopeptide synthesis, (3) cell
membrane function, (4) nucleic acid synthesis, (5) protein synthesis, and
(6) miscellaneous antibiotics,

Antibiotics of group (1) are equally toxic to all living organisms and
consequently cannot be used clinically. Since the cell-wall mucopeptide is
only present in bacteria and blue-green algae, antibiotics of group (2) are
widely used clinically because of their low toxicity to higher organisms.
Most antibiotics of group (3) are equally toxic to bacteria and higher organ=~
isms, Thus only a few (the polymyxins and tyrocidines) have some limited
use clinically in infections by Gram negative bacteria, Despite their tox-
icity to man the polyene antibiotics (also included in group (3)) are used
medically as antifungal agents. Most antibiotics of group (4) by interacting
with DNA, block the growth of viruses, bacteria, higher organisms and
tumor cells and are used as antitumor agents (mitomycins, porfiromycins,
carzinophilin, phleomycin, streptonigrin, actinomycins, olivomycin and
the antracycline antibiotics). The rifamycins, streptovaricin and strepto-
lydigin (also included in group (4)) interact directly with bacterial RNA
polymerase but not with the mammalian enzyme thus being very useful
clinically, Rifampicin (a derivative of a rifamycin) is specially important
as an antitubercular, anti-viral and anti~trachomal drug. Protein synthe-
sis inhibitors acting on bacterial ribosomes (ribosomes of the 70 S type)
(tetracyclines, chloramphenicol, streptomycin, neomycin, kanamycin,
gentamycin, viomycin, lincomycin, the macrolides and the streptogramins)
are used clinically as antibacterial agents. Protein synthesis inhibitors
acting on ribosomes of higher cells (ribosomes of the 80 S type) (cyclohexi-
mide, tenuazonic acid, sparsomycin, gougerotin, puromycin and amicetin)
have been tentatively used as antitumor agents. Among the antibiotics of
group (6) novobiocin is clinically used as an antibacterial agent and grise-
ofulvin as an antifungal compound. Antibiotics blocking biosynthesis of
nucleic acid precursors because of their potential toxicity are mainly used
as antitumor agents and occasionally as antiviral agents.
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Reviews - Relevant reviews have appeared in the last few years on the sub-
ject dealing specifically with the mechanism of action of different antimi-
crobial drugs and antibioticsl’ 2, inhibitors of the bacterial ribosome3,
inhibitors of protein and nucleic acid synthesi s% and inhibitors as tools in
cell researchd,

Inhibitors of respiration and (or) oxidative phosphorylation - The oligomy-
cins, rutamycin and aurovertin are known to inhibit phosphorylation at the
step of the transfer of inorganic phosphate from a phosphorylated interme-
diate to ADP%2: D, However aurovertin, unlike the oligomycins does not
inhibit ATPase induced by an uncoupling a.gent;-la’b and, in fact, inhibits
oligomycin stimulated phosphorylation82, Studies on the effect of oligomy-
cin on EDTA particles from mitochondria are consistent with those ob-
tained previously in intact mitochondria8b,

Antimycin A and usnic acid inhibit respiration at a site in the terminal
electron transport system between cytochromes b and C19,IO' The binding
of antimycin A to cytochrome cj, at a molar ratio 1/1, causes complete
inhibition of Complex III of the respiratory chain! . However, the inhibi-
tion by antimycin A can be reversed by gramicidin, Also the activity of
antimycin A treated Complex IIl can be restored by extraction of the anti-
biotic bound to that complex with diethyl etherl3,

The antibiotic gramicidin A, an uncoupler of phosphorylation in bac-
teria and in mammalian mitochondrial4, reverses the effect of oligomy-
cinl2, The antibiotic piericidin A is known to inhibit the NADH to cyto-
chrome segment of the respiratory chainl® The structure of piericidin A
resembles that of coenzyme Q and so it has been suggested that the anti-
biotic acts at a site in which coenzyme Q is involved. Piericidin A loses
considerable activity if the side chain is replaced by a carboxyl group or
if the ring hydroxyl is acetylatedlé.

Inhibitors of cell wall mucopeptide synthesis - The antibiotic O-carbamyl-
D-serine is a competitive inhibitor of alanine racemase, whereas D-cyclo~-
serine inhibits both D-alanyl-D-alanine synthetase and alanine racemase,
both enzymes being required for synthesis of the peptide moiety of the
mucopeptidel?.

Recent work utilizing ultraviolet absorption techniques has shown that
vancomycin and ristocetin bind in cell-free systems to mucopeptide pre-
cursors in equimolar proportion and that the D-alanyl-D-alanine moiety
of the peptide is required for the binding reactionl8, Penicillin, consi-
dered an analogue of acyl-D-alanyl-D-ala.ninel9a'b, also modifies the
absorption spectrum of va.ncomycinls. Studies on binding of 1251_vanco-
mycin in intact bacteria have confirmed the results on binding to cell-walls
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in cell-free systems and have also shown that initially the antibiotic binds
mainly to the cell-wall fraction but that lengthening theincubation time
causes an increase in membrane binding. The specific peptide moiety of
the mucopeptide competes with cell walls for Va.ncomycinzo. Vancomycin
and ristocetin inhibit the D-alanine ca,rboxypeptida.seZl’?-2 by binding to the
terminal -D-alanyl-D-alanine moiety of the mucopeptide. The antibiotics
might also inhibit the transpeptidase reaction, although this has not been
demonstrated due to experimental difficulties20,

Penicillins and cephalosporins are known to inhibit the two final steps
in mucopeptide synthesis catalysed by transpeptidase and carboxypepti-
dasel9a:b, Using purified preparations of the enzymes, it was shown that
penicillin is an extremely effective competitor of the natural substrate of
carboxypeptidaseZI. It binds very firmly to the particular enzyme, which
contains transpeptidase, inactivating it2,

Bacitracin, a cyclic peptide, has been shown to block mucopeptide
synthesis by inhibiting the dephosphorylation of a lipid pyrophosphate inter-
mediate to lipid phosphate, It prevents the lipid carrier from further par-
ticipating in the reaction cycle of peptidoglycan synthesis causing accumu-
lation of the lipid pyrophosphate23a,b, The antibiotics enduramycin24a (a
basic polypeptide), moenomycin24b and prasinomycin24c (two phosphorus
containing antibiotics) are also inhibitors of mucopeptide synthesis. How-
ever, the specific reaction inhibited by these three antibiotics is still not
well known,

The chemical structure of penicillin-amido-B-lactam hydrolases from
different bacteria has been studied by amino-acid sequence determinations,
A genetic relationship among different bacterial genera was unveiled292,

The compound 3, 6-bis(dimethylaminomethyl) catechol is a powerful
catalyst of penicillin hydrolysis. Many of the characteristics of its cata-
lytic activity resemble those observed with a number of hydrolytic en-
zymes (pH optimum, presence of an intermediate, structural specificity
necessary for optimum activity, basicity of the amine, susceptibility of
the B-lactam to nucleophilic attack and role of the penicillin side chain in
the interaction with the catalyst). The results obtained explain satisfacto-
rily the high resistance level of cephalosporins to penicillinase25b,

Studies on the chemical aspects of penicillin allergy have shown that
the penicilloyl determinant in penicillin allergy can be formed by the re-
action of benzylpenicillenic acid with free functional groups in proteins.
Benzylpenicillenic acid can react with SH groups of protein to form thio-
esters similar to its reaction with amino groups to form amides26a, Pro-
ducts obtained in aminolysis and enzymic hydrolysis of cephalosporins
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have been analyzed by chemical methods and proton-magnetic-resonance-
techniques. Some of the identified products are postulated as determinant
in cephalosporin a.llergyzeb'c. An excellent review on the chemical aspects
of penicillin allergy has appeared recently26d.

Inhibitors affecting the cell membrane - In this group a number of basic
polypeptide antibiotics including polymyxin B, colistin A, circulin A, the
tyrocidines and gramicidin S are included, These are surface active agents
which disorganize the cell membrane altering a number of its functions27a,b

Several research groups have concentrated their efforts in the study
of the mode of action of the antibiotics known generically as ionophores
(so named because of their ability to carry ions across natural and artifi-
cial lipid barrier systems through formation of complexes). The mode of
action of these antibiotics has been reviewed recentlyzsa'd. The three sub=-
classes comprising the ionophorous antibiotics are the valinomycin group,
the nigericin group and the alamethicin group. The valinomycin group in-
cludes the antibiotics valinomycin, enniantins A and B, the macrotetrolide
actins (nonactin, monactin, dinactin and trinactin) and gramicidins A, B
and C; these antibiotics do not have ionizable groups and tend to establish
an electrochemical equilibrium across the membrane282-d, The nigericin
group, nigericin and monensin, have a single ionizable carboxyl and estab-
lish an exchange diffusion equilibrium across a lipid barrier between the
various cationic species, which can be complexed, and protons which can
be transported by the carboxyl groupZSa"d. The third group includes ala-
methicin which has also a dissociable carboxyl group; in the case of ala~
methicin the complex formation center is maintained cyclic by covalent
bonds and the complexes formed are not dependent on the szga’b. X-ray
analysis of the crystalline nonactin-K* complex has shown that the K-ionis
surrounded by eight oxygen atoms. The whole complex resembles a ball
with a lipophilic exterior30, In the enniantin B-K' complex, the K-ion is
surrounded by six carbonyl oxygen atoms in octahedral coordination and
the complex can be described as a disc with a lipophilic exterior3!l, The
complex valinomycin-K?' appears to be built along the lines of enniantin
B-K*, Kt having coordination with six carbonyl oxygen atoms32, The sil-
ver salts of the nigericin group have also a very similar structure33, The
effect of the ionophorous antibiotics has also been investigated in bacterial
chromatophores and it was found that antibiotics of the valinomycin group
increase the rate and magnitude of the light-induced external pH rise,
whereas antibiotics of the nigericin group decrease the light-induced ex-
ternal pH rise34,

Other antibiotics, known to interfere with membrane function, are the
polyene antibiotics which include nystatin, amphotericin A, filipin, can-
didin and others. However, these antibiotics are active only on membranes
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containing sterols, such as the membranes of higher cells. Since bacterial
cell membranes do not have sterols the polyene antibiotics are not active
against bacteria35,

Inhibitors of nucleic acid synthesis - The mode of action of antibiotics in-
cluded in this group has been repeatedly reviewed recently?’ba'd. Some of
these reviews deal mainly with antibiotics which inhibit preferentially DNA
synthesis by binding to the DNA (mitomycins, porfiromycins, carzinophilin,
phleomycin and streptonigrin) and those which inhibit preferentially RNA
synthesis, by binding to the DNA. The latter group includes the antracy-
cline antibiotics (ruticulomycin A, nogalamycin, cinerubin A and B, dauno-
mycin and isoquinocycline), echinomycin, olivomycin, mithramycin, act-
inomycins and chromomycin A33 2=C, One review is mainly concerned
with the rifamycins which bind to the bacterial RNA-polymerase specifi-
cally, inhibiting the synthesis of RNA without affecting the synthesis of
DNA36d,

Studies on binding of actinomycin to DNA led to a new model proposing
that the actinomycin chromophore is intercalated into the DNA adjacent to
a GC base-pair37. Studies on the activity of the chromomycins have shown
that the dissociation rates of their complexes with DNA increase in the or-
der of the decreasing size of the sugar side chaing38, Phleomycin has been
shown to compete with Hgt? for binding to the carbonyl group in 2 position
of thymidine392:D, The structure of the antibiotic granaticin has recently
been elucidated40, It was shown that this antibiotic and also streptonigrin
preferentially inhibit RNA synthesis, although they also block the synthesis
of DNA36C, The effect of echinomycin and olivomycin on RNA synthesis in
Ehrlich ascites tumour cells has been studied recently. It was found that
these antibiotics preferentially inhibit the synthesis of ribosomal RNA%l2,
Binding of chromomycin to DNA and its inhibitory effect on DNA and RNA
have been studied. It was found that one molecule of the antibiotic is bound
per four nucleotide base pair s41b, Kanchanomycin inhibits DNA and RNA
polymerases by binding to DNA. Studies on binding of the antibiotic to DNA,
RNA and polynucleotides have shown that Mgtt is required for the
binding4lc, d,

A number of papers have appeared in the last few years on the mode
of action of rifamycins, streptovaricin and streptolydigin, Several workers
found that in cell-free systems the rifamycins selectively block bacterial
RNA polymerase without affecting RNA polymerase from higher organ-
isms42,43,44a~c, A similar selectivity occurs in the case of the antibiotics
streptovaricin45 and streptolydigin‘“’a’b. These antibiotics, like the rifa-
mycins, do not act on the template but directly on the RNA polymerase,
This was demonstrated by the existence of bacterial mutants having RNA
polymerase resistant to the rifamycins and streptovaricin‘”'52
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Furthermore, in the case of rifampicin (=rifampin, a synthetic rifamycin
derivative) the resistance was localized in the B-subunit of the RNA-poly=-
merase33, Binding of rifamycin to RNA-polymerase from bacterial sensi-
tive strains has been found under varied experimental conditions, while
the antibiotic does not bind to the enzyme from resistant strains®%, Rifa-
mycin does not prevent the interaction of RNA-polymerase with template
DNA®3, The antibiotic blocks the addition of the first ribonucleotide at the
initiation of synthesis of an RNA chain by RNA-polymerase, but it cannot
inhibit the synthesis of an RNA chain once it has been started30> 57, On
the other hand, streptolydigin appears to inhibit elongation of RNA syn-
thesis46ab, RNA-polymerase from rat liver mitochondria has also been
shown to be sensitive to rifamycin58. The RNA-polymerase from blue-
green algae was found to be sensitive to rifamycin, but to a lesser extent
than the bacterial enzyme5%92:b,

It was found that the macrocyclic ring of rifamycin was responsible
for the complex formation of the antibiotic with E. coli RNA polymerase
and for the inhibitory effect of the antibiotic on the enzyme. Changes in
other parts of the molecule have little effect on the direct action on E, coli
RNA polymerase but may affect its permeability cha.racteristicséoa, Some
derivatives of rifamycin, prepared by substitution with cyclic secondary
amines, displayed activity against rifampicin resistant mutants of Staphyl-
ococcus aureus®0b,

Rifampicin is also an inhibitor of the synthesis of a number of phages
and viruses, It has been demonstrated that the RNA polymerase, which
transcribes phage B 22 following infection of Bacillus subtilis, retains the
rifampicin sensitivity of the host cell enzyme®!a, Rifampicin also inhibits
the formation of infectious vaccinia virus and viral particlesélb, Whereas
virion formation is completely inhibited neither the synthesis of RNA and
protein nor the activity of in vitro RNA polymerase associated to the virion
is affected®lb, Rifampicin inhibits the multiplication of poxvirus in vitro
and in vivo, The side chain of this antibiotic derivative appears to be es-
sential for the anti-viral effect and anti-trachomal activity found in
monkeysf’za’b.

Inhibitors of protein synthesis - Antibiotics acting on the smaller ribosome
subunit - Quite a number of antibiotics, including the tetracyclines, strep-
tomycin, neomycin, kanamycin, paramomycin, gentamycin, hygromycinB,
viomycin, edeine and spectinomycin, are known to block bacterial protein
synthesis by acting on the 30 S subunit of the ribosome3:

A recently described animoglycosidic antibiotic, kasugamycin, is
known to inhibit amino acid incorporation in a ribosomal system64. By ob-
taining 23 S ribonucleoprotein cores from kanamycin E. coli sensitive and
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resistant strains it was possible to localize the site of action of this anti-
biotic on the 23 S core of the 30 S ribosome subunit®5,

Inhibition by tetracycline of F-methionyl-tRNA binding to ribosomes
was considered a proof that initiation by F-met-tRNA takes place through
binding to the ""A' ribosomal site”~. Studies on tetracycline binding to
ribosomes have convinced the author that the interaction is possible with
RNA, noncovalent and perhaps lacks physiological significance67a. Obser-
vations on the effect of varied tetracycline antibiotics on binding of amino-
acyl-tRNA to ribosomes and on aminoacid incorporation have provided
evidence that inhibition by all tetracycline antibiotics stems from their
effect on aminoacyl-tRNA binding to ribosomes®7b,

For several years it was thought that aminoglycoside antibiotics block
protein synthesis by causing a misreading of mRNA at the ribosome level,
Investigations carried out in the last two years have clearly shown that the
misreading effect of streptomycin and probably of other aminoglycoside
antibiotics, on protein synthesis is artifactually obtained by using homo-
polynucleotides as mRNA in cell-free systems 8,71,72, Misreading is not
the main target "in vivo' or 'in vitro' using natural mRNA. However,
there is not complete agreement on the specific reaction inhibited by the
antibiotic, One group of workers concluded that streptomycin modifies the
association between 30 S and 50 S particles to yield aberrant initiation
complexesbs. To support their conclusion, they have presented data show-
ing that inhibition of protein synthesis occurs to a greater extent with exo-
genous mRNA than with endogenous mRNA®? and also that accumulation of
monosomes occurs in bacteria treated with streptomycin7o. Other workers
have concluded that streptomycin acts by distorting the recognition site,
thus causing impairment of the effective binding to the A site of both amino-~
acyl-tRNA and peptidyl-tRNA; polypeptide chain extension is inhibited and
the peptidyl-tRNA blocked at the P-site’1:72, Genetic evidence has also
shown clearly that the streptomycin locus and the ribosomal ambiguity
locus?3:74are not the same.

Preparation of 16S RNA from streptomycin sensitive and resistant
strains of E. coli and reconstitution of hybrid 30 S particles from the sep-
arated proteins made possible the localization of the effect of streptomycin
in the protein fraction, either by studying amino acid inc:o:rpora,tion7 or
by binding of the radioactive streptomycin76’77. Complete reconstitution
of 30 S particles has been achieved by sequential addition to 16 S RNA of
the separated proteins. Hence, it has been established that the protein
controlled by the streptomycin locus is one of the separated proteins,
known as the P 10 protein74'78.

Likewise, reconstitution of 30 S subunits from 16 S RNA and 30 S
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ribosomal proteins has made it possible to pin-point the 30 S ribosomal
protein altered in spectinomycin resistance92:0,

Resistance to and dependence on streptomycin occur in a single gene
and mutations to streptomycin dependence and its revertant are closely
linked80:81,

Co-resistance to neomycin and kanamycin takes place by mutations
affecting the same gene (nek locus), which appears to specify a component
of the 30 S ribosome subunit82, Spectinomycin gene and streptomycin gene
are two other loci that also affect the 30 S ribosome subunit83:84, Ample
experimental evidence has shown that the nek, spectinomycin and strepto-
mycin genes specify three different ribosomal protein583’85. When a mu-~
tation to neomycin resistance (nek locus) is introduced into cells resistant
to spectinomycin, some of the double mutant strains are sensitive to spec-
tinomycin, and the masking effect of neomycin mutations on the spectino=
mycin mutation was found to be exerted at the level of the ribosomes89,
Transduction studies with a 50 S subunit assembly defective mutant showed
that the locus affected is closely linked to the spectinomycin locus872,
Contrary to other 30 S ribosomal mutations kasugamycin resistance is lo-
cated in E., coli in a cluster near the leucine region8 b, rather distant
from that of streptomycin region,

Pactamycin interferes with the formation and stability of the initiating
complex consisting of N-acetyl-phenylalanyl«-tRNA, ribosome and poly U,
possibly altering its structure88a, This effect is localized at the 30 S ribo-
some subunit and it was also observed in the course of a study of the bind-
ing of Ac-phe-tRNA to the 30 S ribosome subunit88P,

Antibiotics acting on the larger ribosome subunit = The effects of specific
inhibitors of peptide bond formation by either 70 S ribosomes (amicetin,
sparsomycin, gougerotin and antibiotics of the chloramphenicol, macrolide,
streptogramin A and lincomycin groups) or by 80 S ribosomes (amicetin,
sparsomycin, gougerotin and anisomycin) have been reviewed recent1y63.

Antibiotics known to act on the 50 S ribosome subunit include amicetin,
sparsomycin, gougerotin and those of the chloramphenicol, macrolide,
streptogramin A, streptogramin B and lincomycin groups 3,

Studies on the effect of a number of antibiotics on chloramphenicol
binding to ribosomes, and on reconstitution of protein synthetic activity by
hybrid ribosomes from sensitive and resistant subunits, were carried out
to confirm that the site of action of amicetin, sparsomycin, blasticidin S
and streptogramin B is on the 50 S ribosome subunit89a. Confirmation of
the inhibitory effect of two antibiotics of the streptogramin family on
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protein synthesis has been reported recent1y89b. The effects of a number
of antibiotics on binding of Ac-phe-tRNA and formation of Ac-phe-puro-
mycin has been confirmed89¢:d, Antibiotics acting on 70 S ribosomeshave
been studied as to their effect on polylysyl-tRNA and Ac-phe~tRNA non=-
enzymic binding to ribosomes and on peptide bond formation using as a
donor in the "P' site either polylysyl-tRNA or Ac-phe-tRNA. The results
differed considerably depending on the substrate used for the experi-
ments 02, Enzymic binding of phenylalanyl=tRNA to ribosomes was enhan-
ced in the presence of gougerotin, blasticidin S and puromycingob,

Sparsomycin markedly stimulates and stabilizes the binding of N~-ace-
tyl-phenylalanyl-tRNA to ribosomes?12, In a more resolved system, it
was shown that the antibiotic induces the formation of an inert complex be-
tween the 50 S ribosome subunit and the CCA-peptidyl moiety of the pep-
tidyl donor substrate. This effect of sparsomycin is blocked by a number
of inhibitors of peptidyl transferase including chloramphenicol, carbomy-
cin, spiramycin III, streptogramin A and lincomycin_91b, Gougerotin and
amicetin have an effect rather similar to that of sparsomycin 3 Direct
studies on binding of aminoacyl-oligonucleotide have shown that chloram-
phenicol, sparsomycin, amicetin, gougerotin, celesticetin, carbomycin,
streptogramin A, lincomycin and spiramycin III inhibit the interaction of
that substrate with the "A'' site of the 50 S ribosome subunit?2=94, On the
other hand, the antibiotics streptogramin A, spiramycin IiI, carbomycin
and lincomycin inhibit the binding of CACCA-Leu~Ac to the "P'" site of the
50 S ribosome subunit®3:95, whereas anisomycin blocks its binding to the
"P' site of 60 § ribosome subunits®3,

Binding studies have confirmed the specificity of erythromycin inter=-
action with the 50 S ribosome subunit, the requirement of monovalent ions
and the lack of binding by 42 S nucleoprotein cores derived from the 50 S
particles%a’b. Lincomycin inhibition of peptide bond formation has beén
confirmed whereas it was concluded that erythromycin inhibits transloca-
tion by acting on the 50 S subunit whereas streptomycin inhibits this step
by acting on the 30 S subunit96¢,

Peptidyl transferase activity in 80 S ribosomes has been localized at
the 60 S ribosome subunit and found to be specifically inhibited by aniso-
mycin, amicetin, gougerotin and sparsomycin97a” b

Previous reports that, in eukaryotic cells chloramphenicol specifi-
cally inhibits protein synthesis by mitochondrial ribosomes, whereas cy-
cloheximide blocks protein synthesis by cytoplasmic ribosomes were
confirmed by a number of groups98a-c,

The effect of several antibiotics acting at the ribosome level has been
studied on bacterial polyribosome metabolism by a number of workers.
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It was found that some antibiotics block polyribosome formation, whereas
others block protein synthesis but allow polyribosome formation?%9a-d,

Other inhibitors of protein synthesis - The initial finding that fusidic acid
inhibits protein synthesis by specifica.llg blocking the step of translocation
at the level of the bacterial ribosomel90 was also confirmed using ribo-
somes of the 80 S ty'pewla"b. It has been found recently that the antibiotic
does not inhibit formation of the ribosome-G factor-GDP complexwlc. On
the other hand, cycloheximide and streptovitacin A were found to inhibit
specifically protein synthesis only by 80 S ribosomes. The antibiotics
block the translocation step by inactivating the enzyme involved in itl01d,e

The antibiotics enomycin and phenomycin have been found to inhibit
protein synthesis by specific interaction with ribosomes of the 80 S type
but not of the 70 S typeloza’b. On the other hand, bottromycin and bernin-
amycin are only active with the 70 S ribosomesl002/b, and actinobolin
with bothl103c,

Miscellaneous antibiotics - Griseofulvin, the sideromycins and novobiocin
known to affect varied processes in bacteria , can be included in this
groupz. Also to be included are a number of antibiotics such as hadacidin,
psicofuranine, tubercidin, toyocamycin, sangivamycin, azasering, diazo-
oxo=norleucine (DON), cordycepin and mycophenolic acid known to block
biosynthesis of some nucleic acid precursors?,

It has been reported recently that mycophenolic acid inhibits DNA syn-
thesis by fibroblasts. This is due to an effect of the antibiotic on an early
stage of the biosynthesis of purine nucleotides blocking the enzyme IMP-
NAD oxidoreductasel04, Toyocamycin and tubercidin were found to cause
accumulation in mammalian cells of the 45 S RNA precursor of the 28 S
and 18 S ribosomal RNA105, The antibiotic sangivamycin was shown to be
phosphorylated by enzyme extracts from mouse liver. Sangivamycin tri-
phosphate was shown to be a substrate for ribonucleotide reductase but
not for deaminationl06,
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Section |V - Metabolic Diseases and Endocrine Function

Editor: I. J. Pachter, Bristol Laboratories, Syracuse, New York

Chapter 16. Prostaglandins and Related Compounds

Jehan F. Bagli, Ayerst Research Laboratories, Montreal, Canada

"In Atlanta, volunteers are inhaling a hormone-like substance to
clear up Nasal congestion. In Stockholm it is being tested against male
sterility. |In Uganda, it is injected fo induce labor. And in Michigan,
researchers are feverishly exploring its possibilities as a "morning after"
contraceptive."

Medical World News, February 7, 1969

The above statements vividly describe some of the areas in which
clinicians are attempting to put prostaglandins (PG) to therapeutic use.
Since the publication of the last r'epor'rI in this series, many reviews
have appeared of which the one by E. W. Horton is particularly worthy of
mention. The article? explicitly brings out the biochemical and pharmaco-
logical profiles of prostaglandins and points out possible lines for
future investigation. Nasal decongestion, lowering blood pressure, freat-
ing gastric ulcers, treating infertile semen, inducing labor and freating
thrombosis are some of the promising therapeutic areas that are being in-
vestTigated for prostaglandins. Necessary prerequisites for such studies
are adequate supplies. This has greatly motivated research on the chem-
istry of prostaglandins.

Because the biology, but not the chemistry, of these substances has
been well covered in the recent reviews, the present report will be limi-
ted t0 discussion of extensive recent chemical advances.

The report will be divided info two sections (a) Syntheses of
natural prostaglandins and (b) Syntheses of unnatural prostancic acids and
related analogs. Since PGEs can be transformed to PGFs and PGAs, any syn-
thesis of PGE also gpnsfiTuTes, in principal, a synthesis of the corres-
ponding PGF and PGA™.

(a) Syntheses of natural prostaglandins - The syntheses of PGE; and PGE,
in their racemic and that of PGE| in its optically actiye form constitute
notable achievements by E. J. Corey and his associates.” Their synthetic
sequences are particularly characterized by mild and specific reaction
conditions. The first two syntheses of PGE| from this group basically
involved an intramolecular aldol condensation to generate the desired
cyclopentano!l, followed by transformation3C of an amino group at C-9 to
a ketone function.

* For details of nomenclature see ref. 2.
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The substrate 4 required for cyclization was obtained 32 trom the
Diels-Alder adduct 3 (derivable from 1 and 2) in five steps involving i)
reduction ii) formylation iii) thioketal --» ketal exchange iv) osmylation
and v) cleavage of vic-glycol.

In another sequence3b 3~nitro propana! dimethyl acetal 8 was con-
densed in Michael manner with 9-cyano-2-nonenal 9 fo yield aldehyde 10,
which was transformed in two steps to a desired substrate Il for inframol-

ecular ring closure.

The cyclization of 4 yielded the alcohol 5 in 45% yield as its ace-

tate with some epimeric alcohol 6.

NS
| — (CH2)6CN
*

enone 7.

(]

I~

J

& 5 steps

NHCHO

- (CHy)CN
CgHy |

(2SS

|

l,5 diazabicyclo
l [4,3,0]-5-nonene

HCHO

5 X=H,
6 X=OH,

.- (CH)gCN

5H| |

02 (CHp)(CN
)l
CH
OCH; i 2
0
NO,,
(CH,) CN
HzCO HcHo 10
(CH2 )6CN
CeH
e 57
/ Q__P
1L R=NO,
12 R=NHCHO
H
ACH5),CN
H
H
0
13

This was tfransformed in three steps to
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5  X=H, Y=0H 13
6  X=OH, Y=H ‘\\\iNiTeps ‘{////’
NHCHO
AAAN
)
OAc 0 A

The enone 7 was also obtained in an alternative sequence as follows:
Cyclization of dioxolane 12 in acetone-p-toluensuiphonic acid led to a
mixture of four possible sterecisomeric alcohols 13, from which enone 7

could be isolated after acetylation. The ratio of the pairs of C-il epi-
mers formed in cyclization was found To be dependent on the conditions
employed. Thus, cyclizaﬁon3d of 11 with stannic chloride in acetone gave

predominantly the desired C-11& alcohols.

Og8-Unsaturated ketone 7 was transformed via i) reduction ii) deace-
tylation iii) THP ether iv) hydrolysis (CN--> COOH and NHCHO--»NH,) to
yield the amino acid l4. Dehydrobromination of the N-bromo derivative
tollowed by hydrolysis at pH2 generated the PGE| 15.

A more recent stereoselective approach3C by The Harvard group led to
the synthesis of PGE, and PGFyq.

2) Diels=Alder
ZC:::::> © Na® 3) KOH-DMSO
4) m-C|-PBA
5) NaOH/0°
6) K13/0-5°
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16
\T}‘Ace+ylafion

2) Tributyl+tin hydride

3) BBr./CHCIl>

4) Collins oxidation

5) Wittig \

! G “H . %
OH 1
PGan OAc 17

The penta substituted cyclopentane |6 was synthesized by a six step
stereoselective sequence starting with cyclopentadienyl sodium. Lactone
16 was transformed in five steps to &,B-unsaturated ketone 17. This was
converted in five more steps to PGF,,. A sequence was developed whereby
C-1l and C~15 alcohols can be protected as THP ethers, and the C-9 ketone
generated by oxidation leading to PGE,.

Resolution of intermediate acid 17b obtained from hydrolysis of l7a
was achieved with (+)-ephedrine in 67% yield. The synthesis described

CHs —— COOH
OCH
E—— 3
OH
s 1 7b

Z
Z,
%

above was carried through with opTicalIYgacTive acid to complete prepara-
tion of optically active PGF,, and PGE)

Another group engaged actively in the chemisiry of prosfaglandins,
has been able to resolve® some of the discrepancies reported earlier’.
Four isomeric diols lg.b were isolated in pure form by hydroxylation of

{CHp)-COOCH %(CH2)6—COOCH3
! |

: H-CH-CcH
o CH=CH-CgH | | odi {1CsHyy
H OH ——— d|-PGE

18 cis and frans

L els 12
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oletins |8 with osmium ftetroxide. Bismesylation followed by solvolysis led
to the isolation of dI-PGE| methyl ester in 4-8% yield. In contrast to
the exo series, the same sequence of reacticns, when applied fo gndo

H=CH-CgH
CH300CGHy )¢ 5T
H
0 ————>  dI-PCE,
20

olefin gg,4d produced PGE| in 17-18% yield. An independent syn?hesis4a of
PGFI was also carried out as follows: The olefin 21 was epoxidized with
m—ch?groperbenzoic acid. Acid treatment of the resulting epoxide led to
isolation of PGF,, methy! ester 22 in 2.5% yield.

OH
:(CHZ )6COOCHs : O
CH=CH-CgH >
HO- . HCsHir 1y meci-pea

2) HCOOH/R.T. g

or (@) 1 Pl

21 CF 3CO0H/40 Lo H

3) Na,CO, 2

The same general approach was utilized To synthesize ac PGE, and
PGF e

H=CH-C3H | /_\(CH2)3—COOR
0 0 i
5 —_— dl —PGE2
23

24

Ketone 23 was converted in eight conventional steps tTo diol 24. This diol,
upon bismesylation followed by solvolysis, ted to dI-PGE, in about 15%

yield.

A recent arTiclel6 from the Upjohn group has described various pre-
parative scale fransformations of natural prostaglandins. Particularly
noteworthy among them is the formation of 15-epi compounds on treatment of
natural 15-(S) products with formic acid-sodium formate at room tempera-
Ture.

Another synthetic approach to PGEI was reported by the Ciba group|6.
This utilizes as its starting point the cyclopentenone 25, obtained in
eight steps from readily available starting materials. Compound 25 is con~
verted in twelve steps to PGE|. Use of trisilyl ether and oxime protect-
ing groups for C-1| hydroxyl and C-9 ketone respectively, are noteworthy.
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r\T/OR
0
OOR I“\/”\¢”\¢/COOR
—_—
8 sTeps 4 steps dl-PGE[
CHO

COOR '

©

It should be noted that both the Harvard group and the Upjohn group
in the course of their synthetic work have described the epimeric and iso-
meric prostaglandins. Thus, racemic |l-epi, i5-epi, and {i,15-diepipros-
taglandins were isolated by the former group, whereas racemic 8-iso, and
I5-epi prostaglandins were reported by the latter group.

(b) Syntheses of unnatural prostancic acids and related analogs - A s¥ -
thetic approach to dihydro PGEI has appeared in the patent literature 7,
The stereochemistry of the substituents was not defined. The patent ela-
borates a series of reactions, starting with acyclic chemicals, to arrive
at substituted levulinic aldehyde 26. This was then cyclized and trans-
formed as shown 1o a substituted cyclopentanone having the correct sub-
stituents of [3,l4~-dihydro PGEI.

|
R Q
R
0 CHO —_— —_— —_—
t | |
26 R R g R

A synthesis of dl-15-dehydroprostaglandin E| was reported by Miyano§
The starting acid 25a was obtained from condensation of 3-ketoundecan-|,
I I-dioic acid and styryl giyoxal with concomitant decarboxylation. Intra-
molecular ring closure followed by oxidative fragmentation of the styryl

0
COOH /W\/COOH
1) base
~ —_— >
oH 0 o 2) oxidation %
3) Zn/AcOH OH 0
252 4) Wittig 26a

double bond, zinc-acetic acid reduction and a Wittig reaction with 2-oxo-
hepty | tripheny| phosphorane yielded compound 26a in 12-15% yield (from
25a) as a mixture of C-1| epimeric alcohols. The same author also re-
ported the synThesis6 of 15-dehydro PGB;. The main feature of this syn-
thesis is the use of the bicyclo [2,2,|ﬂ—hepT—5-ene system as a protecting
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group for a double bond. Acid 28 was transformed by a conventional route
to diketone 29. Condensation of dimethyl 3-ketoundecandioate 27 with dike-
tone 29 led to compound 30. This underwent inframolecular condensation

cH3ooc\/ﬁ\/\/\/\v/cooc|-|3

27 0 00CH
CHs0

—_— ]
-———-——a- 0
3 steps
29 sTeps
OCH3
7
31

followed by pyrolytic removal of cyclopentadiene in a reverse Diels-Alder
reaction to generate |5-dehydro PGB| 32. The dienone 3| was a by-product
in the synthesis of |5-dehydro PGE, 26a. However, a total synthesis of

diketone 3| has also been reporTed.7__?hree di fferent groups reported the
synthesis of PGB (PGE -278). JAll of these used the diketone 33 as their
starting substrate. One group synthesized diketone 33 by cyclization of

<§:L;\,,\¢»\¢COOR COOE+

23 oH 34

0
T ANANANALCOR
COOR
35
36 RO R
- J %

monoester acid 34 in prgsence of aluminum chloride and propicnyl chloride.
The other fwo groups 10 fo1 lowed an established sequence, namely the con-
densation of 9-oxodecancic acid (or ester) 35, with oxalic acid ester (R=
CHz or CoHg), followed by treatment with acid to yield triketone 36. This
was converted under reductive conditions to diketone 33. Ketone 33 was
transformed via i) enol-ether, ii) reaction of vinylogous ester with
appropriate alkynyl| Grignard and iii) acid hydrolysis to produce the keto
alcohol 37. This was converted by reduction (triple bond to double bond)
to PGB| 38. The Unilever group" reported a synthesis of PGB, starting

¥

I
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COOR OOH
—_—
/5
A3
\¥/“\/”\¢/ OH
27 OH 38

with unsaturated ketone 39 reporTed earlier by the Ayerst group12 and

following a sequence essential ly similar to that described by Hardegger
and coworkers.

COO0H

—_— PGB,

32 38

A novel approach to prostanoic acid was reported from Ayerst Labora-
fories. Irradiation of unsafturated keto ester 39a and |-chloro-3-oxooct-
I-ene 40 led to the formation of bicyclic diketone 41. Treatment of the
photoadduct with zinc and acetic acid led to the formation of methyl 9,15-
dioxoprostanoate 42. This was transformed under varying reductive condi-
tions o compounds 43 - 47, ali of which showed prostaglandin-like activi-

ties in different pharmacological tests.
COOoCH
&@51 3
Y

l c
SNANANLOCH
0
Q
H
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Fried!4 and coworkers reported the synthesis of some 7-oxa analogs
of prostancic acid and their cyclohexane analogs. Some of these compounds
were found to be prostaglandin antagonists. Compounds 48 and 49 have also
been shown 4P o produce smooth muscle responses.

H H
P O L0 P O COOH
= z
e e
OH on OH
48 49

The Uni lever groupI5 has reported the biological conversion of [9-and 21-
carbon fatty acids with 3 and 4 double bonds to produce @-nor-PGE, 50 and
-PGEy 51; and @-homo PGE| 52 and -PGE, 33 respectively. The rates of for-
mation are slow, however, relative to the 20 carbon acids. The nor- and
homo-prostaglandins did exhibit prostaglandin-like activity.

0 ,\/\/\/COOH
(CHz)n-CH3
LD
OH
50 n=3
52 n-

Finally, a biochemical synthetic procedurel8 for C-18 and C-19 oxy-
genated prostaglandins has also been reported. Starting with 5,8,11,14~
eicosatetraenoic acid and exposing it to Qphiobolus graminis yields 8¢~
and [9e-hydroxy derivatives. These were cyclized to the corresponding
prostaglandins by bull seminal vesicle microsomes.

In conclusion, natural prostaglandins have been synthesized, which
in principle provides unambiguous proof of their structure. Biological
activities of various isomers and epimers have been reported. Knowledge
of structural requirements for activity has also been augmented by synthe-
sis and evaluation of some synthetic analogs. The question as towhether
chemical ly derived prostaglandins and reiated compounds offer advantages

over naturally produced materials is yet to be answered.
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Chapter 17. Atherosclerosis

J. F., Douglas, Wallace Laboratories,
Division of Carter-Wallace, Inc., Cranbury, New Jersey

Introduction - Atherosclerosis 1s a complex and multifaceted
condition wnich may be a collection of pathological states
with overlapping similarities of arterial abnormalities.
Although atherosclerosis occurs throughout the world, its
greatest frequency is found among the "advanced" or affluent
nations where, at the present time, atherosclerotic cardio-
vascular disease is the most common cause of death. These
mortality statistics underscore the urgency for control of a
disease whose pathogenesis is still only dimly understood,

Numerous disciplines have been brought to bear on the
intricacies of atherosclerosis and its sequelae. While etio~-
logical, epidemiological, prophylactic and therapeutic studies
have frequently received attention, increasing emphasis is
being placed on multidiscipline investigations and research at
the molecular level. The recent avallability of more sophis-
ticated techniques has materially complemented the efforts
currently devoted to lipid metabolism and lipoprotein
chemistry.

A number of reviews dealing with atherosclerosis were
published in 196973, but the comprehensive book by Schlettler
and Boyd* entitled "Atherosclerosis'" should be a required
reference for those in the field., The Second International
Symposium on Atherosclerosis, held in Chicago in November,
1969, was noteworthy for the broad and varied approaches dis-
cussed. The publication of the proceedings should also be a
handy reference in the field.

Etiology - The low incidence of atherosclerosis in individuals
in the less technologically developed areas compared to the
high incidence of this condition in residents of the techno-
logically advanced countries suggests that culture and custom
are related to prevalence of the dlsease, The importance of
these differences in everyday living habits has been outlined
in the studies of people who migrate from low incident areas
to high incident areas. After the migrating group assimilates
the new culture and adapts to the new environment, its inci-
dence of atherosclerosis increases and becomes indistinguish-
able from other individuals in its acquired culture. Thus, it
is not surprising that numerous factors have been identified
as environmental risks. They include stress, smoking, lack of
exercise, hypertension, serum lipld levels and most impor-
tantly diet. Other conditions predisposing to atherosclerosis
that are less well identified as environmentally connected
include genetic makeup, endocrine aberration, immunological
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and autonomic factors, blood flow, blood coagulation and
obesity.

While much has been learned concerning predisposing
conditions, it is quite possible that elimination or severe
reduction of atherosclerosis awaits more fundamental findings
as to the mechanism of atheromata formation in situ. Plaque
pathogenesis must occur &t the molecular level in the vessel
wall and very little is known regarding this phenomenon.
There are, however, two prevalent concepts on the genesis of
atheromatous plagues, the filtration theory and the thrombo-
genic theory. They involve different mechanisms and are not
easily reconcilable, The filtration theory presumes that
plasma constituents enter directly into the arterial wall by a
process of diffusion from the lumenal surface of the vessel.
Injury to the endothelium and/or intima or a high level of
lipoprotein encourages plaque formation., In the other major
theory, mural thrombl adhere to the lumenal surface and be-
come incorporated into the wall by an overgrowth of endo-
thelium. The type of plaque formed is dependent upon the
ratio of the adhering materials, platelets and fibrin.

Lipid removal may be a critical factor® in plaque
formation and the location of lecithin-cholesterol trans-
acylase in the arterial wall® could play an important role
since cholesterol is rapidly exchanged’ with the blood while
cholesterol ester is not. Kuo®’® in an editorial cites the
evidence for the theory that a disturbance in carbohydrate
metabolism can be responsible for atherosclerosis and should
be included as one of the primary risk factors in coronary
heart disease., 1In this regard, Clements and coworkers®® have
shown the presence in aorta of aldose reductase, an enzyme
which they feel provides a mechanism for the alteration of
arterial metabolism by hyperglycemia. Another approach to
molecular interactions was described by Levy and Day*! who
concluded from their results that the low density lipoproteins
are uniquely polycationic at the surface and that these ions
react with the internal arterial macromolecular polyanions.

As techniques become more sophisticated, more attention
is being directed toward the lipoproteins. Stein and Stein?®
concluded from their own and other studies that lipoprotein
release is regulated by the rate of fatty acid synthesis and
esterification. Lees has reported that protein portions of
the lipoproteins may be critical in atherogenesis®® while
Slack and Mills'* indicate that in familial hyperbetalipo-
proteinemia an abnormal lipoprotein is present. Several
authors have reported that serum globulins may play & role in
hyperlipemia in individual patients either by their absencel®
or by complexing with a lipoprotein®®. Platelets and thrombus
formation which undoubtedly play a role in atheromata
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formation were discussed and summarized at the International
Symposium on Atherosclerosis?~21,

Two envirommental factors receiving attention during
1969 were the degree of hardness of water and hypoxia. A
number of publications have supported the theory that the lack
of oxygen can cause atheromata formation. Kjeldsen and co=-
workers could reverse rabbit atheromata by subjecting the
animals to 28% oxygen®® or could form atheromata by exposing
the rabbits to carbon monoxide®®., They found a correlation of
the levels of carboxyhemoglobin in smokers with a diagnosis of
arteriosclerotic vascular disease®*, Garbarsch et al.25:2¢
also found increased pathological arterial changes in rabbits
induced by hypoxia, While a number of studies have supported
the concept that cations, particularly those found in hard
water, are beneficial in atherosclerosis®7?28, Filo et al,2®
found that zinc therapy enhanced atheromata formationm,
Schroeder®® on the other hand found that chromium protected
glucose~fed rats from developing hypercholesteremia,.

In a preliminary report, Stamler and coworkers®?
described their findings that high resting heart rate is an
important risk factor for coronary mortality. Their con-
clusion was reached in a study which involved 1329 male
employees of a Chlcago utility company over a ten-year period.

Exercise was reported to increase cholesterol degra-
dation, as measured by respiratory excreticn of **C0s, in
healthy male gatients receiving 26-2%C cholesterol®2,

Nestel et al.®® concluded from their study of cholesterol
distribution and turnover in humans that inadequate excretion
of the sterol could be of importance in the development of
hypercholesteremia, while Kotte®* found differences in bile
acid excretion in patients having either primary hypercholes-
teremia or combined hypercholesteremia and hypertriglycer-
idemia, The latter group excreted almost four times the bile
acid of the former patients.

Stress or psycho=-social factors have often been
described as conducive to atherosclerosis disease. This
approach to the causation of mgocardial injury is discussed in
a provocative article by Roab3°, It is also interesting to
note that Friedman and coworkers®® were able to induce hyper-
cholesteremia in the rat neurogenically by an electrolytic
lesion in the brain.

The role of cholesterol absorption, synthesis and turn-
over in disease states and under therapeutic conditions has
been given new stlmulation by the publications of Grundy and
Ahrens®7238, These authors described their isotope kinetic
and sterol balance technique which enables them to measure the
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effects of various therapeutic regimens on these cholesterol
parameters,

Therapy - The treatment of atherosclerosis, although somewhat
empirical, has advanced steadily over the past few years aided
materially by the developments of (1) phenotyping of hyper-
lipoproteinemia, (2) accumulation of reliable information on
various dietary regimens and (3) the availability of hypo-
lipemic drugs. Thus, Levy and coworkers®® have been able to
report that the treatment of familial hypercholesteremia has
shifted from a frustrating to an eminently treatable problem.

Diet is one of the most important factors in the pro-
phylaxis of atherosclerosis, After the disease has mani-
fested itself, diet control is usually a mandatory part of the
therapeutic regimen. Generally, diets are directed toward the
reduction of obesity and replacement of meat and saturated fat
products with foods containing unsaturated fats and non-meat
high protein substances*C,

Connor et al.*!, utilizing the sterol balance technique,
found that corn oil not only had a hypocholesteremic effect
but also induced excretion of cholesterol from the tissues,
This effect was not observed with the more saturated fat,
cocoa butter. Spritz and Meshkel®*® postulate a physical
mechanism for the 1lipid lowering effect of unsaturated
dietary fat. They suggest that the unsaturated fatty acilds
occupy a greater area than the saturated fatty acids and thus
alter the spatial configurations of the lipids into which they
are incorporated. As a result, fewer lipid molecules can be
accommcdated by the apoprotein moiety of the low density
lipoprotein,

Chemotherapy of atherosclerosis (not including adjuvant
treatment such as anticoagulants and hypotensives) is
achleving an increasingly substantial role in the treatment of
the disease, Drug use has centered on compounds or sub=-
stances that will lower specific serum lipids, notably choles-
terol and/or triglycerides. In addition to those already
available commercially (dextrothyroxine, clofibrate, P-~sitos-
terol, estrogens, nicotinic acid, cholestyramine, ete.), a
number of new and old compounds were extolled during 1969 for
their antiatherogenic properties. A plethora of literature on
clofibrate (CPIB), 2-(p-chlorophenoxy)-2-methylpropionic acid
ethyl ester, includes several reports citing its activity in
Type-II hyperlipoproteinemia®®2%* although others have found
it to be less potent in this area*®, CPIB was found to
demonstrate activity to Types III, IV and V hyperlipo-
proteinemia*®, Of greater significance perhaps than the serum
1lipid reduction is the report by Albert and Stansell*’ who
found that, in addition to its hypocholesteremic effect,
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clofibrate regressed skin xanthomas, relieved vertigo in
patients with cerebrovascular ischemia and increased exercise
tolerance in a group with peripheral atherosclerosis., In
patients with primary biliary cirrhosis, however, clofibrate
elevated serum cholesterol and increased the severitg of
xanthonas*®, Kohatnur et al.*® and Zakim and Herman®° found
that the hypolipidemic effect of CPIB is dependent upon the
nature and type of diet. TFurther exploration of postulated
mechanisms of action of clofibrate are found in the reports of
Cenedella et al.®' and Ruegamer and coworkers®2, The former
workers found that CPIB lowered plasma and reduced free fatty
acids (FFA) and hence reduced FFA availability while the
latter experimenters observed that CPIB caused a displacement
of thyroxine from the plasma into the liver. McKerron and his
collaborators®®, however, reported that clofibrate did not
have significant effects on thyroxine.

Preliminary evidence reported by several groups®%s55
have indicated that administration of clofibrate induces a
depletion of body sterol by increasing sterol excretion with-
out affecting or lowering the rate of cholesterol biosyn-
thesls. Verification of these findings and application of the
techniques employed to other hypolipidemic agents should
provide some of the more interesting results during 1970C.

Activity of a number of clofibrate analogues was
described for use in the treatment of atherosclerosis. Best
and Duncan®®, Hartmann and Forster®”, Berkowitz®%®, and
Mancini et al,®®s8° reported studies in man of Su-13437, 2=
methyl-2-/p-(1,2,3,4~tetrahydro-1-naphthyl)-phenoxy/-propionic
acld. The most extensive study was that of Hartmann and
Forster®” who found that in 88 patients Su~13437 was effective
in reducing the serum triglyceride and cholesterol levels of
Types III, IV and V hyperlipidemia while the Type II patients
responded to & lesser degree. They concluded, as did the
other authors®®~58, that Su-~13437 was more potent than
clofibrate, particularly with Type II individuals and that
like CPIB it possesses greater hypotriglyceridemic than hypo~
cholesteremic activity. In preliminary findings, BerkowitzS5®
reported that SaH 42-348, l-methyl-4-piperidyl bis(p-chloro-
phenoxy)acetate was effective in reducing serum triglyceride
and serum cholesterol, Timms et al.®® who worked with rats
also found that this clofibrate analogue was a more active
hypolipidemic agent than the parent compound.

A summary of the clinical studies carried out with
dextrothyroxine (D-T4) was prepared by Bechtol and Warner®2,
They analyzed data obtained from 6066 patients and concluded
that this drug is effective in lowering elevated serum choles-
terol in both hypothyroid and euthyroid patients although the
effect is somewhat greater in the hypothyroid individual.
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Cohen®® in an eight-year appraisal of clinical use of dextro-
thyroxine concluded that D-T4 is an effective agent in
lowering blood cholestercl. He cautioned, however, against
its use in patients with coronary heart disease. A compara-
tive study with clofibrate, dextrothyroxine and niacin
indicated that all three compounds lowered serum cholesterol®®

Limitation of cholesterol absorption either by removal of
bile acids or by competitive inhibition continued to be in-
vestigated. Cholestyramine was found to consistently reduce
the LDL cholestercl with a possible offsetting of this action
by a slight rise in the VLDL cholesterol®s, Over-all,
cholestyramine had a definite hypocholesteremic action. A new
copolymer of tetraethylenepentamine and epichlorohydrin,
U~-26597A, may be somewhat more effective than cholestyramine®S
The mechanism for the decreased cholesterol absorption
following neomycin administration was reported to be due to
the drug’s abillty to increase bile acid secretion as well as
its known alteration of intestinal flora®?, The inhibition of
cholesterol esterification was suggested as the mechanism for
the cholesterol absorption reduction induced by cholestane-
38,50,68 triol®8,

A new compound, N-y-phenylpropyl-N-benzyloxy acetamide
(W-1372), was described in several publications by Berger and
coworkers®®:7°, These authors found that W-1372 lowered
blood cholesterol, phospholipids and triglycerides in two
species of monkeys on a normal diet but not in similarly
treated rats and rabbits. The drug was effective in rats on
hypercholesteremic diet and perhaps more importantly reduced
the extent of fatty deposits in the aorta of squirrel monkeys
and rabbits. The latter observation was confirmed in
Kritchevsky’s laboratory7l. The mechanism of action of
W=1372 is probably different from that of clofibrate since
these drugs produce different effects in various experimental
regimens’®, _DH-581, /T,41-(isopropylidenedithio)bis(2,6-di~t~
butylphenol)/was reported by Drake et al.”® to be effective in
lowering serum cholesterol and phospholipid in a limited
number of subjects. The effect of this compound on tri-
glyceride levels awalts more substantial data for evaluation
although Barnhart et al.”® found it an effective hypotri-
glyceridemic agent in rats.

Pyridinolcarbamate, a compound known for some time, was
found by Atsumi’* to dissolve cholesterol deposits in
arterial walls and also to promote regeneration of damaged
arteries. It would be interesting to get more details and
confirmation of this preliminary report. Wu et al.”®
presented evidence that pyridinolcarbamate was effective in
preventing aortic fatty streak involvement in rabbits
maintained on a high cholesterol diet but did not alter the
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serum cholesterol level of these animals. A ferrocene deriv-
ative, N-(ferrocenylmethyl)piperidine, wag reported to be a
hypocholesteremic com ound which altered the metabolism of

= dehydrocholesterol Further evidence of the effectiveness
of DL-N-(a—methylbenzyl)llnoleamlde as an antlatherosclerotlc
agent was presented by Nakatani and coworkers”’~7°, Since the
D isomer was found to be more potent than the DL mixture, 1t
would be of interest to see this purified isomer tested in
systems other than the rat and rabbit.

Additional substances of interest which were cited in
the literature for their effect in atherosclerosis or related
conditions include P~-benzal butyric acid®®, 2-/p-(2-diethyl-
aminoethoxy)phenyl/benzimidazole and its naphthyl analogue®?®,
1,2-a-oxido-}4,6-androstadiene~3,17~-dione®2, 2 2"'[T1-methyl-
44~ dlphenglbutylldene) bls(p-ghenyleneoxyz7b1str1methylam1ne
(SQ 10591) Le chlorphenlramlne , chlorcyclizine®®, 2-ethyl-n-
caproic acid®®, glutamic acid®’, nicotonic acid and 3-methyl-
pyrazole-5-carboxylic acid®®, 2(R),3(R)-dihydroxy-4-(9- adenyl}
butyric ac1d designated either lentinacin or lenty51ne
dextran 40°, chondroitin sulfate®®, and tomato pectin®3
Compound series studied include 5-substituted tetrazoles and
derivatives of 2-(p-chlorophenoxy)- -methylprogionlc acid and
2-(p~-chlorophenylthio)-2-methylpropionic acid®

S4

In evaluating therapeutic approaches, one should not
overlook the effort that is beln§ expended on the surgical
approaches such as ileal bypass®® and vasodilation of the
small arteries®’ New techniques which show promise for early
diagnosis and evaluatlon of therapeutic procedure are the
adaptation of ultrasound®®,°° and bioelectric impedancel®® to
arterial flow measurement.

Long-term Studies - Any therapeutic approach cannot be con-
gidered successful if it only lowers serum 1lipids. It must
prevent further deposition in the tissues and hopefully also
reduce existing atheromata. The final criterion of any treat-
ment is its effect on the incidence of clinical vascular
damage and useful life span. It has long been recognized that
the efficacy of medical approaches to atherosclerosis can best
be evaluated in long=-term studies.

There are in progress two significant dietary trials for
the primary prevention of atherosclerosis. They are the Anti-
Coronary Club in New York and the Mental Hospital Study in
Helsinki, In a summary report of the first study, Christakis
and Rinzler*® report that their dietary regimen evaluated over
periods as long as five years was effective in lowering serum
cholesterol levels, obesity and hypertension. Most impor-
tantly, however, the dietary group achieved a significantly
lower incidence of morbidity from coronary heart disease than
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the comparable control group. Similar findings were noted by

Turpeinen in a brief report on the Helsinki study*©.

Two systematic studies of a number of drugs with appro-
priate double blind designs are underway in 53 cooperating
centers in the United States and Great Britain, The Veterans
Administration multicenter drug lipid cardiology trial is
evaluating estrogens, aluminum nicotinate and dextrothyroxine
while the British study is studying clofibratel®2-10%4 =~ These
studies which include various dosage levels and drug com-
binations are aimed at evaluating the long-term effects of
drug administration on morbidity in patients with a prior
history of clinical heart disease, Altogether some 10,000
men, ages 30~-60, will be participating over a five=-year period.

Several authors'®S:1°€ hayve commented that a long-term
prevention of athrosclerosis could be practical if initiated
at a pediatric age, since at that time, although fatty streaks
are present, plaques have not formed and could be prevented by
appropriate dietary and other measures,

A report of the Framingham study now in its 1lith year
and soon to be limited by government funding cutbacks, dis-
cusses the findings re%arding serum lipid fractions and
coronary heart diseasel®” The authors, Kanmnel, Costelli and
MeNamara, conclude that blood lipid content is related to
atheromatous depositlon, but many other factors also exert a
marked influence on the disease, The study was unable to
answer the question as to whether the hyperlipidemia was
caused by genetic inability to handle a lipid diet or was due
to prolonéed overloading of normal metabolic functions,
Collens*®®,19° proposes that man is anthropologically a herbi-
vore and hence cannot manage a lipid-rich carnivorous diet.
He ciltes as evidence the practical disappearance of coronary
thrombosis in countries deprived of meat products during war
time, epidemiological studies comparing vegetarian to non-
vegetarian diets and relative anatomical features of herbi-
vores and carnivores,

Critics of this theory would undoubtedly cite the in-
formation gathered about the Masai of Africa who subsist on a
diet rich in animal fat and yet have low serum lipid levels
and little atherosclerotic disease, Recent findings*?!©,
however, suggest that the Masai may have basic genetic traits
different from Caucasians with regard to serum proteins and
lipoproteins,

Comment - Over-all steady, although somewhat slow, progress
was made in the field of atherosclerosis during 1969. The
future looks brighter than in previous years as prior re=
search and study is beginning to yield dividends. Still
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needed is a suitable laboratory model resembling the disease
state and there is room for considerable development in the
understanding of atheromata pathogenesis. The most encour-~
aging development is the significant gains that have been
made toward therapeutic alleviation of the necrological end
result of atherosclerosis.
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Chapter 18. Steroids and Biologically Related Compounds
T, L. Popper and A, S. Watnick, Schering Corp., Bloomfield, N.J.

I. REPRODUCTION

A. Female Contraceptives ~ During the latter part of this year, congressional
investigators publicized the potential dangers in using oral contraceptives.
This, however, did not shed any light on providing a safe and reliable method
to control the burgeoning world population. Experts in this field realize
that the ideal contraceptive has not been found but feel the benefits from
using available drugs far outweigh the risks. To the individual, oral
contraceptives provide a reliable and easy means to family planning, while
to society restricting population growth leads to less strain on natural
resources and less pollution of the environment.

The search goes on for new and equally effective contraceptive which
have fewer side effects than those presently being used.

Human Testing - Among estrogen-progestin combinations, a combination of
quinestrol (l7a-ethynyl estradiol 3-cyclopentyl ether) and quingestanol (1)
was clinically effective given orally, once-a-month.,! Quinestrol is stored
in the body fat and released slowly throughout the cycle causing infertility,
A once-a-month oral contraceptive may be well suited for underdeveloped
countries where medical supervision is limited., Norgestrel (17a~ethynyl-18-
methyl-19-nortestosterone), in combination with gthynyl estradiol showed good
contraceptive efficacy given 21 days in a cycle. The lower daily doses of
progestin (0.5 mg) and of estrogen (0.05 mg{}may decrease untoward reactions
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H CHy °
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without affecting efficacy., Compound 2 (7 mg/day) and mestranol (0.075mg/day),
was used in a sequential tablet with good results.” Trials with new regimens
of existing drugss’6 and methods for choosing oral contraceptives’ have also
been published.

Further attempts at developing continuous, low-dose, progestational
contraceptives were reported. Medroxyprogesterone acetate® and norethisterone
-enanthate? were found to be released slowly enough and in sufficient concen-
tration to be effective when injected every three months. Other means for
delivering constant low doses of progestin are being developed. Megestrol
acetatelVs11 yas found to provide suitable contraceptive action when implanted
subcutaneously in silastic capsules. Daily, continuous oral administration
of 0.5 mg of elither megestrol acetatel? or chlormadinone acetate (CAP)13'1
prevented pregnancy. Norgestrel, 0.05 mg and norethisterome acetate, 0.3 mg
were also effective when administered daily.

The mechanism of action of contraceptive drugs was the subject of an
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excellent review.l® It is clear that in man ovulation inhibition b{
estrogen~progestin combinations is not necessary for contraception. 6
Inhibiting implantation through a drug-induced altered endometrium is
another possible means of Ereventing pregnancy. In fact, if contraceptives
do inhibit luteal functionl?>18,19 then the latter mechanism may be more
important than ovulation inhibition since the indirect criteria for
determining ovulation are luteal dependent, It also appears urinary
excretion of LH and pregnanediol may not be reliable indicators of
ovulation.<0

There is good evidence that continuous lgw dose progestin therapy does
not prevent pregnancy by blocking ovulation13’ 4,16 although norethisterone
enanthate is claimed to do so. Changes in spinnbarkeit of the cervical
mucus which prevents sperm penetration have also been claimed to play a role
in preventing pregnancy. 2 Megestrol acetate, at an ineffective contra-
ceptive dose of 0.25 mg/day, however, still caused cervical mucus changes
which have been considered hostile to sperm. The endometrial effects of
low dose progestins, like the progestin—-estrogen combinations, therefore,
could account for the infertile state.

Biological side effects of progestins and estrogens, not directly
related to contraception, continued to be reported. Thrombophlebitis has
occurred less frequently with combined preparations containing 0.05 mg of
estrogen than with those containing 0.075 or 0.1 mg. 1 High doses of estrogen
used for sgppressing lactation were also implicated in thromboembolic
episodes.2 Subjects with a history of toxemia or pre-existing remal disease
were susceptible to the hypertensive effects of the combination contraceptives.
Women using norethynodrel-mestranol combination had abnormal levels of glucose
after 24 months of therapy but returned to normal after an additional 12
months of use.24 Diabetic patients with endometrial carcinoma receiving
medroxyprogesterone acetate required higher doses of insulin. 2> ‘The
diabetogenic effect of contracepti¥gs was not demonstrated in an insulin
B-chain induced hyperglycemic rat. Increased iron, and iron binding
capacity was found with combined contraceptiyezgherapy especially if the
progestin was a l7a-acetoxy-20-ketosteroid.”’? Oral contraceptives also
increased serum levels of copper and ceruloplaamin.2 On the other hand,
evidence was presented showing long term use of norethynodrel and mestranol
caused no framk toxicity,30 while in a short-term study, patients on placebo
had similar "side-effects' to those found in women on contraceptive therapy.
Quinestrol, in a toxicological study in dogs, produced no pathological changes.,

In women, single doses of mestranol or quinestrol were excreted
primarily as ethynyl estradiol. The rate of excretion was constant for
mestranol. It was biphasic for quinestrol; fast initially followed by a
slower rate.

23

32

Animal Testing - In rats, the contraceptive effects of AY-11483 (3) were
potentiated by three progestins, AY—114§2 (4), CAP, and medrogestone
(6,17a~dimethyl~6~dehydroprogesterone). Use of 3 alone or in combination
with 4 was more effective in preventing ovulation and implantation than was
ethynyl estradiol alone or in combination with CAP or medrogestone. Only
if therapy was started early in the cycle was ovulation inhibited; if
started later, implantation was prevented. The pyrazole 5 given to rats
orally after ovulation also prevented implantation.3? Deladroxone (6) caused
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sterility in female mice.36 It is not clear, however, whether loss of
libido or inhibition of ovulation is the main contraceptive effect.
Dehydroepiandrosterone (DHA) was shown to inter;upt pregnancy in rats by
causing expulsion of the eggs from the uterus. Evidence was presented
to show that the ovary converts DHA to an estrogen.

A number of mono and dibasic ether derivatives of trans-2-methyl-
stilbene, trans-a,o'-dimethylstilbene, a-methylbibenzyl and a,o'-dimethyl=~
bibenzyl were tested in mice for estrogenic, anti-estrogenic (intravaginal
or s.c. injection) and post-ovulatory contraceptive (s.c. injection)
activities.38 Most compounds had anti-estrogenic but no anti-fertility
activity when applied intravaginally. Compounds 7 a~-f had both estrogenic
and anti-fertility activities. Only 7a had a greater anti-fertility effect
than estrogenic potency. 1-Nitro-2 (4-ethylphenyl)-l,2-diphenylethylene
demonstrated 100% contraceptive effect at doses with low estrogenic action.39

fHs Cls ¢ R)=H, Rz=(CH2)2-ﬁ:]
R 1(»@—03— cn—@—oraz
d R;=H, Ry=(CHj,),-X )
Ta Rjp=H, Ry=(CHjy),NEt, e R;=CH3, Rp=(CHj)yNMe,
b R;=H, Ry=(CHz)sNMe, f R;=Ry=(CH,),NEt,+HC1

Compound 8a Zss an effective contraceptive in rats at doses as low as
0.01 mg/day. The free phenol 8b augmented the uterotrophic response of
estradiol, while its ethers, although estrogenic at contraceptive doses,
antagonized the uterotrophic response of estradiol.

Rl Et-;n-j H-CN Et-C = C-CN
(sc 3402) (sc-3296)

8a Rls(cnz)zﬁ:] » Ra=CgHg; cis
b R;=H, Ry=Cs5Hg; trans
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The above results indicate that estrogenic, anti-estrogenic and
contraceptive activities can be produced by the same molecule, but a 1l:1:1
relationship in each activity is not apparent.

The mode of contraceptive action of these drugs can be due to actions
on the ovary, fallopian tubes, uterus or blastocysts. Erythro-a-ethyl-a'-
methyl-4,4'~dihydroxybibenzyl is an active 2ntifertility agent when
administered to mice prior to implantation, 1 1n mice, this compound has
high estrogenic activity if administered in divided doses, but low activity
if injected as a single dose. The drug causes the ova to be locked in the
fallopian tubes, indicating that izi tubal contraceptive action is more
important than its uterine effect. In rats, 9 and 10 are estrogenic but
accelerate the rate of tubal tramsport of ova. Prevention of uterine
maturation, however, has not been ruled out as the prime contraceptive effect.

Implantation could be inhibited by preventing progesterone priming of
of the uterus by affecting luteal steroidogenesis. 5-Bromo-2-thienyl ethyl
ketone thiosemicarbazone decreased 2varian progesterone concentration and
thereby inhibited decidualization.% gompounds lla~d were found to
concentrate in luteal tissue in mice.% These compounds were also shown
to prevent pregnancy and to prevent the histochemical demonstration of
A5-3—hydroxysteroid dehydrogenase, one of the required enzymes for converting
pregnenolone to progesterone. In rats, however, lla did not seriously inhibit
adrenal steroidogenesis.4 The mode of action °§ these agents appeared most
likely related to their estrogenic activity.46’4 Both ergocornine and D-
6-methyl-8-cyanomethylergoline were effective in preventing implantation.48’49
Ergocornine was claimed to block the hypophysial support of luteal function.48

0(CHj ) 2Ry
a Ry=H, Rp=H (F6060)
SO
b R1=AC, Ro=H (F6066)
Rﬁ)—@f ¢ R;=H, R2=CH3(F6201$)
R2

d R;=Ac, MeO 1
11 ?%Z§§§> 12a R;=(CHjy);, Rp= N I
b Rj;=CH;, Ry= NEt,

U-11100A (12a), was found in vitro to prevent normal embryo develop-
ment.30 This is not considered the prime contraceptive effect because in vivo
antizygotic concentrations of drug are not attained in the fallopian tube.
This agent has the two additional contraceptive actions of increasing tubal
transport of ova and decreasing uterine development. A related compound
U-11555A (12b), appears to block implantation by inhibiting an estrogen-
dependent function in the blastocyst.51 ORF-4563 (2-methyl-3-ethyl-4-
phenyl—A4—cyclohexenecarboxylic acid sodium salt) is a potent antizygotic
drug in rabbits.?2 The rate at which the drug is metabolized is an
important factor in determining the dose required to prevent pregnancy.

Since in mice and rats estrogens are required for implantation and can
also be contraceptives, it is difficult to pinpoint by what contraceptive
mechanism weak estrogens work, i.e,, by blocking the estrogen trigger for
implantation or by acting as estrogens. Estrogens cause uterine growth
through a two step mechanism. The hormone associates spontaneously with
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an extranuclear protein forming an 8s complex and is then transported to

the nucleus. Diethylstilbestrol,ethynyl estradiol and estrone acetate
showed greater affinity in vitro for isolated rabbit uterine receptor than
estradiol.’® Alteration in the D-ring by 16-hydroxylation enhances binding
while substitution at the C, position inhibits binding. Somewhat different
affinities were found with mouse uterine receptors where estrone and estriol
had one tenth the affinity of estradiol.”

Estradiol can also effect uterine growth through a proposed labilization
of the lysosomal membragg §9d subsequent release of biogenic amines increasing
cyclic 3',5' AMP(CAMP).?"» CAMP, in addition to affecting uterine develop-
ment, also prevents pregnancy in mice. 8

The relationships among the 88 receptor, release of biogenic amines,
and estrogen-triggered implantation in rodents must still be clarified.

This information could help determine whether the drugs described above
prevent pregnancy by a truly anti-estrogenic action.””?

B. Ovulation Induction - Anti-estrogenic activity, in addition to causing
infertility, has also been claimed to be a means for inducing ovulation.

It is postulated that the anti-estrogenic property of clomiphene blocks the
feedback action of estrogen on the hypothalamic-pituitary axis, thus
bringing about a release of gonadotropin which leads to ovulation. Clomiphene
reverses the watery characteristic of the cervical mucus which is an anti-
estrogenic action in man. 2 The estrogenic characteristics of clomiphene,
however, cannot be ruled out as the ovulatory stiﬂylus because F6066 (11b),
which like clomiphene is anti-estrogenic in rats induces ovulation in
women without any change in the cervical mucus.63 Induction of ovulation
in anovulatory, pseudopregnant rats by clomiphene, F6066, and stilbestrol,
is addit;io9al evidence that estrogenic activity may account for this
response.4 Further evaluation of data demonstrating the anti-estrogenic
activity of clomiphene on the hypothalamic-pituitary axis must await
clarification of the results showing these centers do not preferentially
concentrate estrogen as does the uterus. 4

C. Male Contraceptives ~ In rats, cyproterone acetate (13) 10 mg/day for
48 days had no effect on sexual behavior and ejaculations, but mated females
did not become pregnant.6 Creation of hostile environment for the storage
of sperm or alteration in the seminal fluid due to the anti-androgenic
action of 13 are possible causes of sterility. Another anti-androgen,
SKF 7690 (43a), caused sterility in mice after 35 days of treatment with a
daily dose of 12.5 mg. Spermatogenesis was not effected but decreased
libido and reduction in reproductive capacity have not been ruled out.
3-Chloro-1,2-propanediol §U-5897) caused reversible sterility in rats,
guinea pigs and monkeys.6 U-5897 may produce a local ischemia resulting
in epithelial desquamation blocking the caput epididymis. In cases where
the germinal epithelium does degenerate, the cause is pressure from fluid
accumulation in the testis. In rats there is some evidence that U-5897
caused a metabolic disturbance within the spermatozoa.

D. Estrus Synchronization - Megestrol acetate (12 mg/kg/day for 7 days)
synchronized ovulation in 50% of the treated rats. Both medroxy-
progesterone acetate and chlorpromazine were also able to delay ovulation
in rats, presumably by a similar mechanism to that of megestrol acetate.
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CAP, melengestrol acetate, and megestrol acetate were shown to
synchronize heat in cattle. There was, however, a high incidence of
anovulatory heats indicating that the first post-treatment period would
be associated with low fertility.71

Estradiol, in ewes, initially induced ovulation and then maintained
the corpus_luteum but inhibited subsequent ovulations with continued
treatment.’? 1In heifers, estradiol caused luteal regression.73

II. PROGESTATIONAL AGENTS
The 4-chlorosteroid 14 apnd several related compounds showed high oral
progestational activity. The 4-amino-derivatives 15 (R=l-pyrrolidino,
etc,) were also reported to be orally activeL75 The 1l6-methylene compounds
16 (R=Cl1,CH3) and the chemical precursor a1s430_ trienes were highly active
CHs f-;Hs (|!H3

c=0

in the Clauberg test (1.m.3.76 The 13-ethyl-98,10a~-steroids 1777, 1878
and the 3-deoxysteroid 197° had considerable oral progestational activity.
The 10-~azasteroid 20 was less active than norethisterone but equal to
progesterone as ancanti-LH compound., CHj

*CHy-CH=CH,

18

Cl

The potent progestin, Sch 12600 (21) or progesterone maintained
pregnancy in rats castrated after implantation. Estrone permitted
pregnancy maintenance with doses of 21 (0.25 mgékg) or progesterone
(2 mg/kg) which by themselves were ineffective. 1

-
=0 H
so OAcC .s oC=CH
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19 20
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In rats, progesterone at an optimal ratio to estrogen can facilitate
the release of LH and induce ovulation. 2 A new retroprogesterone
derivative, RO-4-8345, was also foggd to trigger ovulation in several
cases of Stein-Leventhal Syndrome.

Norethisterone, l7c-hydroxyprogesterone, medroxyprogesterone acetate
and ethynodiol diacetate caused tumor gigggssion in 13 of 27 patients with
advanced carcinoma of the endometrium. A six year study established
that Enovid did not initiate or accelerate precancerous growth and may
have had an opposite effect.

Dimethisterone, megestrol acetate and progssterone prevented the
appearance of experimental pulmonary emphysema. The mechanism for the
antiemphysematous action is not known but the bronchomotor effect was
ruled out as a principal action.

Progesterone was reported to be an immunosuppressant causing other-
wise resistent monkeys to become susceptible to viral tumors.8 Pregnancy
or treatment with progesteggne (2 mg) and estrone (0.5ug) maintained skin
implanted in a rat uterus. Evidence was presented which suggests that
the maintenance of the implant is not an immunosuppressant action of
progesterone and estrone. LEstradiol benzoate was shown to be the critical
factor in the maintenance of a skin autograft to the rat uterus.

Estradiol pretreatment was shown to protect mice against total body
.’l.l':t‘::\dian::i.on.91’92 Estrone and estriol were less effective, while estradiol
valerate was ineffective.

ITII. ESTROGENS
The synthesis of a group of 9a~hydroxy-1ll8-nitro estrogens was reported.
In castrated rats, 22 had 3 times the potency of ethynyl estradiol in
producing vaginal cornification. The l7a-isoxazolyl steroid 23 had about
one-third the eazrogenic activity of mestranol in the Allen-Doisy assay
(p.o. or s.c.). The estrogenic potencies of a series of 3-alkoxyestra-l,
3,5(10)-trien-~17B-0ls were found to be less than that of estradiol because

OAc OHFKCGHS H
0 |
MeO HO HO

of decreased affinity for the receptor.95 Compared to the parent ether,
introduction of a hydroxyl group at the end of the alkyl chain increases
potency, indicating that this hydroxyl group is important for binding at
receptor site. The synthesis of (*) B-homoestradiol (24) was rsgorted and
it had about 2-3% the estrogenic activity of estradiol in vivo. A series
of 3-deoxy-l6-haloestrones 25 (R=Cl,Br,1) exhibited increased lipodiatic/
estrogenic ratios compared to that of 3-deoxyestrone.

F6066 (11b), was found ineffective in the treatment of prostatic
cancer,.98 Diethylstilbestrol, however, was beneficial for the treatment
of the subjective symptoms and therefore the drug of choice in advanced
stages of tumor metastases.

93
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Stilbestrol and hexestrol caused atrophy of external endometriosis.??
Estradiol, estrone, and progestagens used in birth control pills were thought
to be contraindicated because they may stimulate growth of uterine leiomyomas
in cases of endometriosis.

Estrogen was congidered useful for replacement therapy in post-
menopausal women.loo’l 1 It was also shown that with increasing age the
livers of post-menopausal women continue to metabolize estrogen in a normal
way.102 Stilbestrol at relatively high doses (5 mg daily) cagsed no
vascular accidents or phlebitis in more than 100,000 patients.

IV. CORTICOIDS
A detailed study of the structure-activity relationship among iTBgrtant
[17a,16a-d]-oxazolino analogs of corticoids has been published. The
?HZR ?HZOH

=0

MeOQ-*
25 26 R=0Ac 28
27T BR=H
2'~methyloxazoline ring in a large number of steroids such as 26
potentiates anti-inflammatory (cotton pellet assay) and gluconeogenic
activity and reduces mineralocorticoid activity. Compound 27 still
retains about half of the anti-inflammatory activity of 26 while being
almost devoid of mineralocorticoid activity. 1In contrast, the 3a-methoxy
compound _2 was an active mineralocorticoid without any glucocorticoid
activityj- A series of nitrate esters of steroid hormones were prepared,
and the l7-nitrate of dihydrotestosterone (29) had anti-inflammatory
activitg in the range of prednisolone as measured by the granuloma-inhibition
assay.l 5 Tomatine, a steroidal alkaloid glycoside, exhibited low anti-
inflammatory activity in carrageenan—igggced rat paw edema while its
aglycone, tomatidine, was ineffective. The anti-inflammatory, anti-
diuretic, and gastric ulcer healing properties of carbenoxolone 89dium (30),
a triterpene derivative from licorice root, has been published.1
Enhancement of the anti-inflammatory effect of corticoids by

estrogens was r:eport:ed.los’109 Addition of estrogens produced a 3-20 fold
reduction of the previously established requirement of corticosteroids for
the successful control of skin diseases in women.

fis

c=0

0,5n®
..0C0C,Hg

CHjy

31

29



200 Sect, IV - Metabolic & Endocrine Pachter, Ed.

The comparative topical anti~inflammatory potency of 31 to beta-=
methasone l7-valerate was directly related to the formulation used.l
The depot-effects of paramethasone acetate (20 mg for 2 weeks, 40 mg
for 3 weeks)111 and the successful use of preseasonal Depo-Medrol for the
treatment of grass pollen hay fever was described.11? It was observed
that CAP (30 mg/day, 10-11 days) causes a slight reduction in the adrenal
function in man. This can be explained as an expregsion of a corticoid-like
effect of the steroid on the adrenotropic center.l Similar effects with
other potent progestins were noticed earlier. The effect of adrenal steroid
therapy in_neurological diseases,ll4 and the problems related to growth were
reviewed.ll Comparison of corticoids in the corticoid glucose tolerance
test showed betamethasone, paramethasone and fluprednisolone to have a weak
effect on carbohydrate metabolism. The authors suggest that this finding
offers particular possibilities for corticoid therapy in diabetics.l
It would be interesting to learn if this concept will be validated in
further clinical studies.

Several compounds related to 32 were described as specific inhibitors
of aldosterone biosynthesis in vitro without altering deoxycorticosterone
and corticosterone levels.

V. ANDROGENS
The 2—thia—A-norsteroid 33 was found to have androgenic potency in the

order of testosterone.l This interesting finding suggests (a) that
Celis "CH3
(CsHs)zCHCHCHzNHz
32

steric effects and not electronic factors are important in connection with
Cy and/or C4 in androgens, and (b) it is possible to prepare biologically
active nor-steroids by substituting -5- for -CH=CH-, The 2-oxasteroid 34
was reported to possess very high actlvitg relative to methyltestosterone
(androgenic: 22-47 x; anabolic: 550 x).l The structure-activity
relationship among a large number of 7a-alkylthiocandrostanes showed the
pyrazole 35 to have the best separatlog 8f anabolic from androgenic

activity (ratios: 5.6 p.o., 4.8 s.c.). 20 The biological profile of

20, 3a-epithio-50-androstane-178-0l and related compounds was reviewed. 121,122
The AB-dinorsteroid 36 was devoid of androgenic or anti-androgenic

activity.123 The 13-ethyl-9,10-retrosteroid 37 had the oral anabolic
activity of methandienone.’

OH

36
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The solubilities of some steroids in water and simulated intestinal
fluid are related to increased anabolic and androgenic efficiency.l

Additional evidence was obtained that dihydrotestosterone, and not
testosterone, is the "active androgen" in the prostate where it is found
in highest concentration.129,126

OH OH
..CH3

HOC

. 0
H 38 i 39
The use of oxymetholone (38)127’128, methenolone (39)127,
dromostanolone (2a—methy1-dihydrotestosterone)127, and methyltestosterone
caused remission of aplastic amemia which in some cases was permanent
(1-5 years). The use of 38 and 39 caused less virilization than the
other androgens used.

129

VI. ANTI-ANDROGENS
The search to find androgen antagonists without the feminizing side effects
for the treatment of benign prostatic hypertrophy (BPH), androgen-dependent
acne and prostatic cancer has stimulated research in this area in the last
few years. Cyproterone acetate (13) remains the most thoroughly studied
compound in this field. Compound 13 at 50 mg/day for up to 15 months was
effective or partially effective in relieving the symptoms of BPH in 11
of 13 patients.130 The anti-androgenic activity of 13 can be attributed
to a decreased accumulation of testosterone in the rat ventral Erostate,1
possibly as a result of its binding to the "androgen receptor'. 32,133
Compound 13 also exerts a strong anti-androgenic action on the seminal
vesicles but does not effect the androgen dependegt mating behavior in
gonadectomized, sexually-experienced male rats.13 ggmpound 13 was shown
to inhibit androgen-induced erythropoiesis in mice.l

Other steroids effective in the treatment of advanced BPH were l7a-
hydroxyprogesterone caproate (6 of 9 patients, daily dose not reported)
and chlormadinone acetate (2 of 3 patients). 3

The 15-dehydrosteroid 40137 and spironolactone(41}38 were reported
to antagonize the androgen-induced weight increase in the accessory sex
organs of castrate rats. The non-steroid 42 exhibited interesting anti-
androgenic activity in rats, but the effective dose was very close to the
toxic dose.l3? pretreatment of immature rats with phenobarbital or
chlordane increased liver metabolism of exogenous androgen causing a
decreased size of the seminal vesicles.

The use of 43a (50-600 mg/day, p.o.) was temporarily effective in
the treatment of acne and idiopathic hirsutism. 1" The related 43b was
effective in reducing sebum production in the rat, but it also exhibited
weak, but definite uterotrophic activity.l42’143 The stimulating effect
of testosterone propionate (0.5 mg/day) on the rate of 2ebum secretion on
immature castrated rats was blocked by 13 (5 mg/day). 44 1n man,
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OH
CeH (CHy )oNEt, eo+ CHjy
=5-0
N
| _x : )
L2 k3a R=H,

b R=spirocyeclopropyl

application of 13 (100-200mg/day, p.o., or 1% in oiizgater emulsion,

topically) was effective for the treatment of acne. At these high

doses, however, gynecomastia and menstrual disturbances were observed.
VII. STEROIDS ACTIVE ON THE CENTRAL NERVOUS SYSTEM

The aminopregnane 44, related to funtumine, showed tranquilizing and 146

sedative properties in mice without cardiac or respiratory depression.

Pancuronium bromide (45) was clinically useful as an i.v. anaesthetic, even

— 2
e LO )
N
cuy” CHs 28r ©
i N AcO’ 4
X TR H b5

with patients suffering with liver diseases or renal insufficiency.147
The neuromuscular blocking activities gzssome bis-quaternary salts of
N,N'-dimethylconessine were described.

VIII. CARDENOLIDES, BUFADIENOLIDES
Basic esters derived from cardenolides (cf. 46) possess inotropic
activities in the anaesthetifgd dog, but are less toxic than the
corresponding cardenolides. Spironolactone (41% was found to protect
rats against otherwise fatal digitoxin poisoning.l 0

CH=CHCO, (CH;, ) yNMe,

HO
H

H
H HO HO
H 46 H 47 H 48

Oee

Resibufagenine (47), gith no l4B-hydroxy group, showed cardiotonic effects
in hypotensive dogs.1 1 The tumor inhibitory activities of the dihydro-
bufadienolides withaferin A, withacnistin,l9Z and the bufadienolide,
hellebrigenin—3,5-diacetatei53 were reported.
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IX. STEROIDS WITH ANTIBACTERIAL ACTIVITY
A number of aminosteroids related to 1l7B-amino-3,5~androstadiene
were active against Trichophyton asteroids and Penicillium
citrinum QM-1226.15% Several L-aza-20c-aminopregnanes showed
activity against gram-positive bacteria ig_vitro.lss A series
of des-A-aminoandrostane derivatives showed activity against
mycobacteria in vitro.2%6 The steroidal antibiotic, fusidic
acid and its sodium salt were both capable of penetrating in-
tact human skin at a rate similar to the glucocorticoids.15
Holotoxin, an antifungal steroid glycoside, isoclated from sea
cucumber shgwed high activity againast pathogenic fungi
in vitro.12

X. INSECT HORMONES
The rapid develosmegt in the field of insect hormones, has
been reviewed.l159,160 Ponasteride A (Ponasterone A 3B-gluco-
pyranoside )16l and Viticosterone E (identical with pterosterone)
wvere among the more interesting phytoecdysones 1solated during
the year. The stimulating effect of insect metamorphosing
steroids qn Iggtein synthesis in the mouse liver was demon-
strated.l163, It appears that the hydroxylated cholestane
or stigmastane side chain is not essential for this type of
activity, since rubrosterone (48) is also active. A structure-
activity correlation of various steroids with antisclerotiza-
tion effect on Pyrrhocoris apterus L. larvae was reported.165
The synthesis of antheridiol, a steroidal fungal sex hormone
vas described.166

162

XI. REVIEWS

Extensive reviews on control of human fertility appeared in
the Britégh Medical Bulletinl®7 and in a WHO technical
report.l Current research on sterojid contraception was
summarized.169,170,171 A review on inductiom of ovulation in
anovulatory women was published.lT72 An extensive review on
androgen-anabolic agentsl73 and androgen metabolisml? appeared
in press. The chemistry and biology of stéroidal antibioticslT>
and the microbiological degradation of steroidsl7® was reviewed.

The IUPAC-IUB revised tengative rules for nomenclature of
steroids were published.lTT7s1T
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Chapter 1¢, Peptide Hormones

John Morrow Stewart, University of Colorado Medical School, Denver
J. W. Hinman and R. M. Morrell, the Upjohn Co., Kalamazoo, Michigan

This survey will attempt to cover the significant advances in the two
years since this subject was last reviewed in this series. Progress in this
time has been rapid, and many exciting new develﬁpments have appesared,
Several general reviews have become available,l

HORMONES OF THE PITUITARY AND HYPOTHALAMUS

The hypothalamis - Abundant evidence has been accumulated that the
secretion of the neurohypophyseal hormones is under the control of substances
produced in the hypothalamus. These substances, releasing or inhibiting
factors, travel to the anterior pituitary by means of the pituitary portal
circulation, and there cause (or inhibit) the degranulation of specific
cell types ghlch contain the tropic hormones. Several general reviews have
appeared The most exciting development in this area is the establishment
of PCA-His-Pro-NH, as the structure of porcine thyrotropin releasing factor
(TRF).9-11 One molecule of this peptide will liberate 20,000 molecules of
TSH from pituitary slices. Porcine growth hormone releasing factor (GRF)
has been purified 56,000 times; this material appears to be a peptide
contalnlng 15 amino acid residues - Lys, His, Ser, Glu(5), Ala(4), Val and
Leu(2) It is similar to TRF in that it contains no free amino or carboxyl
groups. This material causes specific degranulation of the somatotrophic
cells of the anterior pituitary, as demonstrated by electron microscopy.
There is an indication that the hypothalamic releasing factors may ﬁgert
their effect on the pituitary through the mediatiom of cyclic AMP, L

The anterior pituitary - Rapid progress has been made in the chemistry
of growth hormone (GH). The proceedings of two conferences on GH have
appeared.i2,10 The amino acid sequence of human CH gFGH) has been published, 17
as well as partial sequences for porcine, equine,-+” and bovine 20 GH, The
amino acid sequences at the carboxyl ends of these molecules are very similar:

Humean: -Arg-lle-Val-Gln-Cys-Arg——-=3er-Val-Glu-Gly-Ser-Cys=Gly=Fhe
Bovine: -Arg-Val-Met-LstE&s-Arg-Arg-Phe-Gly-Glu-Ala-Ser-CyslAla-Phe

»gzzgigf and  _arg.Val-Met-Lys-Cys-Arg-Arg-Phe-Val-Glu-Ser-Ser-Cys-Ala-Phe

The questions of structure-activity and species specificity have received

much attention. Bovine GH (BGH) exists as two different species, 2l neither

of which is active in the human. These two chains differ by an amino-

terminal tetrapeptide. Iimited digestion of BGH with trypsin, chymotrypsin,

or papain?? produces fragments with HGH activity. One of these active
fraegments appears to have a molecular weight of about 5000. Interesting
chemical modifications of HGH by Li's grcmp23 have shown that the two disulfide
bridges are not necessary for GH (rat tibia) or prolactin (PL) (pigeon cropsac)
activity, while an intact tryptophan is essential for PL but not for GH
activity. The results of a large study on treatment of hypopituitary dwarfs
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with HGH have been sum:na.rized,2h and indicate that initially promising results
frequently diminish with continued treatment. Antibody formation may be a
cause of this effect. Human placental lactogen, which has recently been
renamed "human chorionic somato-mammotropin (HCS), 25 has been shown to have
anabolic effects when administered to hypopituitary dwarfs in large doses. 1>
Research on this substance was recently reviewed. 26 The C-terminal amino

acid sequence is identical to that shown above for HGH except that Met replaces
1le.

Radioimmunoassay techniques27-29 for GH have greatly increased the sensi-
tivity and speed of GH measurement; three of these methods have been compared. 30
Investigators using these methods must always bear in mind that specificity
for binding of proteins to antibodies is based on parts of hormone molecules
that may have no relationship to the presence or absence of an intact biolog-
ical activity site. This has been demonstrated strikingly for the calcitonins
(see below). Used with proper caution, however, these methods enable elegant
studies to be made, such as that in which the locus in the rat hypothalamus
(the ventromedial nucleus) responsible for GH release was located. 31 Cyclic
AN!P3}12as been implicated as & mediator in the stimulation of cell division by
GH.

The exact nature of prolactin (PL) in the human remains an open question.
In lower species, PL and GH are clearly different molecules, although their
biological and immunological properties show considerable overlap. The two
hormones from the rat can be separated readily by gel electrophoresis.33
The complete amino acid sequence of ovine PL was announced by Li's laboratory.3u
It contains 198 amino acids (vs. 188 for HGH), and sequences near the carboxyl
end are very similar. Rat PL has been highly purified, and appears to contain
193 amino acids. 35 It does not cross-react immunologically with the bovine,
ovine, and rabbit hormones. Radioimmunoassay techniques for PL have made
possible studies of serum PL levels during different reproductive states
and of the effects of hypothalamic estrogen implantationS7

Recent research on gonadotropins is summarized in the proceedings of a
conference 38 and in a reviewsY Complete structures of follicle stimulating
hormone (FSH) and lutenizing hormone (LH) are not known although work continues
on ovine 40 and bovine Y1 IH, The currenth status of radioimmunoassay techniques
for these hormones has been reviewed.l*z’ 3

Thyroid-stimulating hormone (TSH), a glycoprotein of molecular weight
about 25,000 has been purified from bovine, porcine, and human pituitaries bl
The humen and bovine hormones have a common C-terminal pentapeptide sequence,
His-Tyr-lLys-Ser-Tyr, while the porcine hormone lacks the C-terminal tyrosine.
The human hormone may be two different molecules having a common C-terminal
portion. Initial structural work on bovine TSH shows that it may be quite
similar to LH. 45 A radioimmunoassay for human TSH has been developed and
the involvement of cyclic AMP in the function of TSH has been implied?ﬂ

New syntheses of peptides related to adrenocorticotropic hormone (ACTH)
continue to appear. Among the most recerht are a synthesis of ACTH 1-23
amide “®and of several ornithine analogs. 9 Clinical studies on several of
the short chain peptides have been published, 50-52 55 vell as new procedures
for preparation of ACTH antisera.’3s2 A need for calcium has been shown in
the ACTH stimulation of adrenal cortical adenyl cyclase. 25 Syntheses of g -MSH 56
and monkey MSH °7have appeared.

The posterior pituitary - A massive review of the neurohypophyseal hormones
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has a.ppea.red.58 This field continues to be active, with new syntheses of
analogs appearing readily. The laboratories of du Vigneaud>9 and Rudinger60
remain very active., Solid phase peptide systhesis has been used very
successfully for a large number of syntheses in this area.59,61-64 The
unusual acetone derivatives of oxytocin and vasopressin have been synthe-
sized,65 The work of Sawyer and Manning on evolutionary %gp%gts of the
posterior pituitary hormones is particularly interesting.®<»s Snake©7 and
salmon68 posterior pituitary peptides have been characterized. NMR confor-
mational studies,69 new active analogs without disulfide bridges,’0>71 and
L.substituted analogs with high oxytocic but no antidiuretic activity72 hav
been reported. A carbamyl derivative,73 an analog with an enlarged ring,7
and Arg® -vasopressinoic acid75 have been found to inhibit the normal

peptides. This last compound inhibits the vasopressin-stimilated adenyl
cyclase of kidney medulla, but not that of kidney cortex, which is stimulated
by parathormone., Progress in vasopressin radioimmunoassay has been reported76 i
Oxytocin and vasopressin are stable in the pulmonary circulation, 78 in contrast
to some other peptide hormones.79 £1e biosynthesis and release of vasopressin
and neurophysin have been reviewed.

HORMONES OF CALCIUM METABOLISM

Calcitonin - Remarkable progress has been made in the last two years in
the chemistry and biology of the hypoca.lcemica h%;'mo%es caleitonin (CT, thyro-
calcitonin). Several reviews have appeared.Ol~9%3133 fThe amino acid
sequence of porcine CT was announced almost simultaneocusly by several groups,
and thoge of hum bovine, and salmon CT followed soon thereafter. The
human, 85 porcine, “° and salmon T hormones have been synthesized. All the
hormones are 32-residue peptides having an amino-terminal 7-residue cystine
ring and a C-terminal proline amide. Only nine residues are identical in
all species. Six of these are in the ring, and the others are Leu?,

Gly28 ana Pro32, The structures are as follows: 50589 (residues marked in
the salmon sequence are invariant in all species).

Human:  p—oem—— VEwoa o
&aéiﬁéggiﬁﬁ&é&?ﬁﬁsagﬁééﬁéinﬁﬁgﬁéﬁ
Porcine: B & § 8 & & gﬁsw&gwﬁ#ﬁﬂmgmm&ﬂ#hwﬁos o .o
BSaRIELE2 RS ézsazaméa$¢£3ﬁ¢&§éa§
BEER ::to w5 zomusq » ) ° o
Bovine: £ ERSHEHRIALEAERAALHETETRTEEAES
- 10 20 30
sumer §5318853 8251538345000 BRERETETEES
All of the pept‘fic;es are active in humans; the salmon hormone is the most

active of all (35 x human CT activity in the rat) and has a prolonged
action. An interesting point concerns Met 8 in the human hormone. If it is
oxidized to the sulfoxide, all activity is lost. Yet it can be replaced
by valine, as in the other species, with retention of full activity.

Human CT has also been isolated as a biologically active dimer, which
consists of antiparallel chains cross-linked by two disulfide bridges. 9%
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CT 1s secreted by the C-cells of the thyroid9l and causes net movement of
calcium into bone by inhibiting bone resorption and inhibiting calecium
excretion by the kidney? Renal clearance of CT has been studied.93

This hormone will probably play an important role in the treatment of
osteoporosis and Paget's disea.se.9"" Radioimmunoassays for human 9% and
pt)rc:lne96 CT have been developed, and stu%tes on the antigenic site97 and

a comparison of biocassay and innm.moassay9 have appeared. The structural
features required for biological activity seem to be located at the ends

of the chain, while the antigenic site in the center, in the variable part
of the chain. A consequence of this is the observation that while the
different species of CT are biologlically active in humans, they do not cross-
react with human CT in immunoassays. The bovine and porcine hormones are
very similar throughout, and they do cross-react mutually. Furthermore,
while oxidation of Met® in the human CT to the sulfoxide destroys biological
activity, it does not impair antibody binding. Extreme caution must thus
be used in interpreting the results of immunoassays for CT, expecially if
mixed species hormones are involved or there has been any possibility of
amino acid modification. ‘

Work continues on parathyroid hormone (PTH), although the entire eamino
acid sequence has not as yet been completed. Data accumulated so far indicate
that the biological activity may be centered near the amino end of the 83-
amino acid chain, 99 and that with this hormone, like CT, the sites for
biolog:lg%all o%ctivity and antigenicity reside in different parts of the
chain, 779

The biological activity of both S%T lﬁd PTH eppears to be mediated by
cyclic AMP, both in kidney and bone. “-? In kidney, these hormones
affect primarily the adenyl cyclase of the cortex, while vasopressin stimu-
lates adenyl cyclase of renal medulla. Both these hormones appear to be
important in the fine regulation of blood calcium. Another very important
aspect of overall calcium balance is absorption from the gastrointestinal
tract, which is primarily regulated by vitamin D. A significant recent
development in this area is the discovery that vitamin D3 is metabolized to
25-hydroxycholecaleiferol, 102 yhich appears to be the active substance
regulating the biosynthesis of the calcium-binding protein needed for
calcium absorption, 103

HORMONES OF GLUCOSE METABOLISM

Progress in the insulin field has been rapid in these two years,
particularly in the area of the biosynthesis of the hormone. It is now well
established that insulin, which has two peptide chains (A, 21 amino acids
and B, 30 amino acids) cross-linked by two disulfide bridges, is synthesized
as a single peptide chain, proinsulin, in which the A and B chains of insulin
are connected by a "connecting peptide" (C-peptide) chain of 33 gorcine) or
30 (bovine) amino acids. Work on %z&insulin has been reviewed, 104,105 angd
the amino acid sequences of bovine and porcinel proinsulins have been
published. The amino acid composition of cod proinsulin has a]sso appeared 107
Two different proinsulins have been demonstrated in the rat, 108 ang proinsulin
has been isolated from human islet cell tumor tissue cultures.l109 The
structures of porcine and bovine proinsulins are as follows:
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Porcine: HoN-B chain-Arg-Arg-Glu-Als~Gln-Asn-Pro-Gln-Ala-Gly-
Bovine: HoN-B chain-Arg-Arg-Glu-Val«-Glu-Gly-Pro-Gln-Val-Gly-
Porcine: -Ala-Val-Glu-Leu-Gly-Gly-Gly-leu-Gly-Gly-Leu-Gln-Ala-
Bovine: -Ala-~leu-Glu-Ieu-Ala-Gly-Gly-Pro-Gly-Gly
Porcine: ~leu-Ala-Leu-Glu-Gly-Pro-Pro-Gln-Lys-Arg-A chain-COgH
Bovine: -Gly-Ala-leu-Glu-Gly-Pro-Pro-Gln-Lys-Arg-A chain-COpH

The unique feature of the proinsulin molecule is that its thermodynemically
most stable conformation is one in which the cysteine residues of the insulin
A and B chains are held so that the proper disulfide bridges may form to
establish the A-chain loop and the two A-B cross-links. Following establish-
ment of the proper disulfide bridges, the C~peptide is removed by an as

yet unidentified enzyme, and the result%gi insulin and C-peptide are secreted
from the @ =cell granules together. It is possible that this cleavage
may be mediated in vivo by the combined action of trypsin and carboxypeptidase
B, since the C-peptide as isolated from tissue lacks the C-terminal basic
residues, 10 In vitro, the action of trypsin on proinsulin yields des-Ala-
insulin (the C-terminal alanine is removed from the B chein). If conversion
to insulin is blocked, it can be demonstrated that proinsulin has less than
5% insulin activity in any assay.

Proinsulin antibodies have been prepared in several laboratories, and
have been used to show that when the disulfide bridges of proinsulin are
broken by reduction in urea solution they can be reformed in the proper
order in good yield by reoxidation. This is in contrast to insulin, where
reduction and reoxidation, unless done under very special conditions lead
to poor recovery of the correct molecule, due to randomization of the
disulfide bridges. The presence of proinsulin in serum has been demonstrated
by immunoassay techniques.112’113 This procedure is complicated by the fact
that homologous insulin, proinsulin, and C-peptide cross-react. More
accurate values for proinsulin were obtained by removal of insulin antibodies
by adsorption on insulin-Sephadex. sulin-Sepharose has also been used for
purification of insulin antibodies.ll* In contrast to these findings,
bovine proinsulin antibodies have been reported 115 not to cross-react
strongly with human or porcine proinsulin.

Amino acid sequences for several fish insulins have %Fen reported}lé’ll7
and chemical syntheses in the field continue to appear. A most
remerkable paper is thet of Cuatrecasas, 12Qh0 reported that insulin bound
chemically to Sepharose beads by the cyanogen bromide method retained full
biological activity in the isclated fat cell assay. The beads to which the
insulin was bound were as large as the fat cells, and controls showed that
the insulin did not penetrate the cells, The only tenable conclusion from
these data is that the site of action of insulin on fat cells in on the
exterior of the cell membrane. The effects of insulin and geveral other
hormones on synthetic lipid membranes have been reported.

The hyperglycemic pancreatic hormone glucagon continues to be the
subject of active research; two reviews have appeared.122’123 A total synthesis
of the porecine hormone has been published.l2 The physiological role of
glucagon is still not completely understood, particularly with respect to its
inter-actions with insulin and other hormones. Part of the confusion has
been due to the presence of a substance (enteroglucagon, or "cross-reactlng
material™) produced by the small intestine during glucose absorption 6
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This material appears to differ in molecular size from glucagon and is not
hyperglycemic, but cross-reacts with glucagon in immunoassays. Glucagon is

useful clinicgély as a diagnostic agent for pheochromocytoma;27 and
insulinoma, 12%and ghows promise as_a cardiotonic agent because of its
inotropic and chronotropic effects, 129-131 5 simplified, rapid immunoassay
for glucagon has been described.

HORMONES OF THE DIGESTIVE SYSTEM

The last two years have seen a great deal of activity in this field
which remains confusing because of the great overlap in biological activities
of many of the hormones and the difficulty of obtaining adequate supplies
of pure material for accurate chemical studies.

Recent work on gastrin, the peptide which stimulates production of
gastric acid and ganc§§atic enzymes, has been covered in two conferencesl33’l3u
and two reviews.135s1 Amino acid sequenges are known for the h s
porcine ,+37 bovine (the same as ovine), 13%canine, 39 and feline 1*Onhormones.
Syntheses for all but the feline peptide have been reported. All are 17-
residue peptides having the amino end blocked by a pyrrolidone carboxylic
acid (PCA, pyroglutamic acid) residue, and the carboxyl group blocked as
the amide. The structures of these peptides, which differ by no more than
two amino acids, are shown below: R

!
Human: PCA-Gly-Pro-Trp-Leu-Glu-Glu-Glu-Glu-Glu-Ala-Tyr-Gly—Trp-Met-Asp-Phe-NH2
Porcine: Met

Canine: Met Ale—
Feline: Leu Alg
Ovine- Val Ala—
Bovine:

The R group on the tyrosine hydroxyl can be hydrogen or sulfate. Only the
C-terminal tetrapeptide amide is needed for full biological activity.
Structure-activiﬁf,felationships in the tetrapeptide have been studied in
over 500 analogs. 3 ( A very acti;e derivative, t-butyloxycarbonyle -Ala~-
-Met-Asp-Phe-NHo (pentagastrin), has been much used in biological

gﬁdies. §ew bioagsa.ysﬂ*l ,fhz and radioinmunoassaysll*3'ﬂ5 have been
developed. The action of gastrin is inhibited by secretin, cholecystokinin
enterogastrone, angiotensin H}, and a synthetic compound, 2-phenyl-2-
(2-pyridyl)-thiocacetamide. 13

Cholecystokinin (CCK), which causes gallbladder contraction, and
pancreozymin, whichgauses pancreatic enzyme secretion, are the same
molecule. Jorpes 140nas reviewed the brililiant work he and Mutt have done
in this area. Although the total sequence of CCK, a chain of 33 amino
acids, is not yet known, the C-terminal dodecapeptide amide has been
sequenced and synthesized.l*7 The C-terminal heptapeptide amide is the
minirum structure needed for full biological activity. The C-terminal
octapeptide is eight times as active as the entire hormone .1 Removal
of the sulfate from the tyrosine reduces the activity 300 fold. gyo
peptides isolated from frog skins, caerulein and phyllocaerulein,:L 9 have
partial sequences identical to that of CCK, and show the same biological
activities. All of these peptides have the same C-terminal five amino
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acids as gastrin, and show some gastrin-like action. However, they
are potent inhibitors of the gastrin-induced secretion of acid by the
stomach,150 Structures of the peptides are compared below:

CCK: lle-Ser-Asp-Arg-Asp-Tyr(SO3H)-Met-Gly-Trp-Met-Asp-Phe-NHz
Caerulein: PCA-Gln Thr
Phyllocaerulein: PCA-G1u Thr.

The crucial structural feature for differentiation of gastrin and CCK
activity seems to be the insertion of the additional methionine or threonine
residue between the tyrosine and glycine of the gastrin chain.

Secretin, the 28-residue peptide amide which stimulates the secretion
of bicarbonate by the pancreas, has been synthesized. Its structure is
remarkable in that over half of its amino acid residues are identicel to
those of glucagon. While there is much similarity in the cardiovascular
actions of secretin and glucagoné there are clear differences in the
responses of different organs.l A radioimmunoassay has been developed.153

Enterogastrone, the intestinal hormone which inhibits gastric motility
has been the subject of much controversy. Since secretin and CCK inhibit
gastric motility,l5h some have thought that enterogastrone is merely a
reflection of some aspects of the physiological response to other hormones.
However, there are differences in some aspects of the response pattern
and secretin-free enterogastrone preparations have been reported.15 » 157

ERYTHROPOIETIN

The synthesis of erythrocytes in the bone marrow is under humoral
control. This control system reminds one of the renin-angiotensin system,
in that a substance produced in the kidney acts upon a plasms protein to
produce the active hormone. Erythropoietin (ESF) has been the subject of
a conference 158and several reviews.l59-161 The "renal erythropoietic
factor" (REF), which can be extracted from kidney light mitochondria, 162
is apparently produced in response to renal oxia. Androgens and cobalt
are also effective stimuli of ESF production. 3 Action of REF on plasms.
produces ESF, which appears to be a glycoprotein having a molecular weight
about 60,000. ESF has been highly purified, but only minute amounts of
this material have been obtained. Effects of ESF on bone marrow heme,

RNA 165and hemoglobin syntheses,l66 as well as on accumulation of iron,l67
have been published. A protein inhibitor of erythropoiesis has been
described.

ANGIOTENSIN

Although the flow of renin-angiotensin papers continues unabated,
there still remain many unanswered questions about the details of the
system and its physiological significance. A book on high blood pressure
has appeared.16 A large part of the problem with renin, the enzyme pro-
duced in kidney which acts upon the plasma globulin 'renin substrate" to
produce the decapeptide jotensin 1, has to do with suitable assay tech-
niques. Although new biological,l/C chemical,l7l and immunologicall72
assays have appeared, it is by no means evident that a real solution is at
hand. One ?roblem is the multiplicity of “"renins." Skeggs' group has
described 173 new human kidney enzyme, pseudorenin, which does not
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hydrolize humen globulin substrate in plasma but does hydrolyze hog globulin
substrate and the tetradecapeptide substrate (a peptic fragment of the
globulin substrate which contains the angiotensin sequence). Renin-like
enzymes have been described 1n other tissues, e.g., pregnant uterus and its
venous effluent.l7%:175 The renin substrate in hog plasme has been found
to exist in at least five different forms, and the substrate specificity of
renin, while it has been studied,l76 is not completely understood.

It appears from recent work that most of the enzymes which convert the
inactive angiotensin 1 to the active octa.geptide angiotensin 11 (é:omrgrting
enzymes ), are localized in lung 795177-179 and other tissue beds,l 0,181
rather than in plasma,as previously thought. The pulmonary converting
enzyme ie inhibited by "bra.dgvkinin potentiating factor,” a group of small
peptides from snake venom. 162 Immunoassays for angiotensin 1 183 and angio=
tensin 11 1% have appeared. "Substance A" has been identified as angioten-
sin 11,185 and "pepsitensin” as angiotensinyl(l)-leucine.t New evidence
on the role gg‘ angiotensin in the aldosterone-mediated regulation of plasma
sodium,l 7,51 in renovascular hypertension, in contraceptive therapy, 90
and as a possible adrenergic neuro-transmitter!9l has been published.
Removal by various tissue beds can apparently account for all the destruc-
tion of angiotensins. 192,193 Angiotensin 11 analogs ,l angiotensin 1
and the tetradecapeptide substratel’3 have been synthesized by the solid
phase method. The imidazole of the histidine in angiotensin 11 can be
replaced by a pyrazole ring with retention of activity,196 but not by a
thiazole.

THE KININS

Summeries of work in this field have appeared as two reviews 198,199
the proceedings of two symposia ,200’201 and abstracts of a third.202
Characteristics of pancreatic kallikrein 203 gnd its subcellular location 20k
have been reported., The possible presence of labile ester bonds in the
plasma globulin kininogen continues to be studied.203 Plasmin has been
shown to liberate methionyl-lysyl-bradykinin from kininogen 11, 206 and an
immunoassay for kininogen has been developed.207 Useful immunoassays for
bradykinin (BK) have been difficult to obtain, but two new procedures have
recently appeared, 208,209as well as new information on the structural
requirements for binding of BK to antibodies 210 New evidence has appeared
on the roles of kinins in hemorrhagic 211 and endotoxin 212 shock, in onary
emphysema., 134n a.naphylaxis,zl in the central nervous gystem ’215’ 1Qnd
in the reorganization of the fetal circulation at birth17 The mechanism
of the very impressive pulmonary disappearance of BK T9has been shown to be
hydrolysis of g.he peptide by multiple peptidases located in the pulmonary
ca.pillaries.al The hypothesis of Stewart and Woolley concerning the
relative importance of the amino (unimportant) and carboxyl (important)
groups of BK for biological activity has been further confirmed by the
gyntheses of desamino BK (active) and descarboxyl BK (inactive). 19 BK has
been synthesized by a "reversed solid phase” technique, 220 Hapermann's
kinin-yielding peptic peptides have been synthesized,221 as well as all of
the possible fragments of BK.222 polistes kinin > & peptide in wasp venom,
has been sequenced 200 gng synthesized. 223 This peptide is extremely active
in increasing capillary permeability and producing pain, and is completely
resistant to the pulmonary kininases. A new kinin has been obtained by the
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action of enzymes from polymorphonuclear (PMN) leucocytes on kininogens, 224
PMN kinin-forming enzymes are probably important in inflammation, and show
unusual patterns of behavior toward trasylol and other inhibitors.

Substance P (SP), a group of kinin-like peptides isolated from brain
and intestinal mucosa, shows pharmacological properties most closely related
to eledoisin and physalaemin, and may be chemically related to them. Like
them, it stimulates saliva.tion-225 this may be a true endocrine action. 226
Recent papers have described preparation of SP peptides from bovine brain
and peripheral nerve, Tas well as preliminary structural work, 228
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Chapter 20. Non-steroidal Anti-inflammatory Agents

Karl J. Doebel, Mary Lee Graeme, Norbert Gruenfeld, Louis J. Ignarro, Sam
J. Piliero,* and Jan W. F. Wasley, Geigy Pharmaceuticals, Division of Geigy
Chemical Corporation, Ardsley, New York

Introduction -~ No new non-steroidal antirheumatic drug has been marketed
in 1969. Various reviewsl™® have appeared which cover a variety of
aspects of inflammation such as the pathogenesis, etiology, and biochemi-
cal considerations. With the exception of gouty arthritis, the etiology
and pathogenesis of rheumatic and arthritic diseases remain obscure.
Studies of the possible role of infectious inductions and/or adverse im-
munological reactions continue with the hope of defining the trigger
mechanism for the chronic and self-perpetuating inflammatory processes in
man.

Pharmacological Methodology and Biochemical Considerations - The diffi-
culty in finding relevant test models for anti-rheumatic agents is well
known. The mechanism of adjuvant induced arthritis in rats has been
studied further.’»®* It has been proposed that the first stage consists of
an immunological response to mycobacterial antigen (S) followed by activa-
tion of a latent virus.? Evidence has also been presented supporting the
view that the antigen which induces adjuvant arthritis is & combination of
mycobacterial wax D and a constituent peculiar to the tissues of the rat.l®
The effect of thyroidal hormones on adjuvant induced arthritis in rats has
also been studied.!l Tt has been reported that the serum sulfhydryl/di-
gsulfide interchange reaction is impaired in arthritic rats and restored

to normal by treatment with anti-inflammatory agents.1?

Mycoplasmal injections into swine and mice produce syndromes which
approximate the symptoms seen in arthritic patients. These models are
based on the theory of microbial infection as a trigger mechanism.!3 The
non-pathogen Corynebacterium rubrum can induce adjuvant arthritis in rats.t4

Under suitable experimental conditions all major non-steroidal anti-
inflammatory drugs inhibit multiplication of different viruses in cell cul-
tures.!® The synthetic polyanionic pyran copolymer has been found to in-
duce interferon and to inhibit adjuvant-induced arthritis in rats.® These
data suggest that a virus may be implicated in the pathogenesis of adju-
vant-induced polyarthritis.

It has been suggested that the constituents of the kinin system in
synovial fluid of polyarthritic joints are mainly derived from plasma and
not from invading leucocytes.l® Rheumatoid arthritic joints show higher
protein concentrations than normal. Further, hyaluronic acid becomes more
dilute and more abundant due to an increase in the amount of synovial
fluid!7 Higher than normal levels of serotonin in the blood of arthritic
patients have been demonstrated!® Total hemolytic complement activities

*Present Address: Dept. of Histology, N. Y. U. Dentel Center, N.¥., N, Y.
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are depressed in the synovial fluids of rheumatoid arthritic patients.?®
A new in vitro method for assaying immunosuppressant potency is based on
the inhibition of spontaneous rosette-forming cells from mice.?2°

The Tourniquet Syndrome in the hind legs of the rat is a model that
is receiving some consideration.?! Evans blue-carrageenin induced pleural
effusion has been suggested as a model for the assay of non-steroidal
anti-inflammatory agents. 22

Advances in biochemistry and biochemical pharmacology have had con-
siderable impact on many aspects of inflammation and arthritis. Recent
studies cover membrane stabilization, enzyme inhibition, connective tis-
sue metabolism, novel experimental models and viruses. Lysosomal membrane
stabilization is considered an important mechanism of action of steroidal
and non-steroidal anti-inflammatory drugs. Chloroquine, hydrocortisone,
acetylsalicylic acid, phegylbutazone and niflumic acid stabilize isolated
rat liver lysosomes at 37 1in vitro, whereas gold, Imuran®, mefenamic acid
and ibufenac exert no such effect.?3 At elevated temperatures (450) anti-
inflammatory drugs show no apparent stabilizing effect on isolated rat
liver lysosomes.?% Various steroidal anti-inflammatory drugs stabilize
rabbit liver lysosomes in vitrc,23 The symptomatic relief of rheumatoid
arthritis in pregnancy is well known. Human pregnancy serum is capable
of stabilizing isolated lysosomes in vitro.2® Non-steroidal anti-inflam-
matory drugs stabilize canine?’ and rabbit?® erythrocytes against various
modes of induced hemolysis in vitro. Inhibition of gelatin-induced
erythrocyte aggregation is claimed to be a specific effect limited to
anti-inflammatory drugs.?® Mucopolysaccharide catabolism in adjuvant-
induced arthritic rats is greater than normal and the intensity of the
metabolism correlates directly with the severity of the arthritis. 39
Further, the anti-inflammatory effectiveness of steroids is shown to cor-
relate with inhibition of mucopolysaccharide catabolism. Rumalon, a
mucopolysaccharide peptide complex extracted from cartilage of calves,
inhibits the activities of hyaluronidase, collagenase and papain.3! Gold
salts inhibit a variety of lysosomal enzymes obtained from the synovial
fluids of rheumatoid arthritic patients3? in whom the activities of such
enzymes are markedly elevated.!® Lysosomal enzymes are also markedly
elevated in acute inflammations of the skin in man.33 An acid pH optimum
collagenase has been discovered in rat liver lysosomes which is inhibited
in vitro by phenylbutazone and ibufenac.3% The presence of synovial col-
lagenase is not indicative of rheumatoid arthritis.3° Various non-
steroidal anti-inflammatory agents inhibit the release of lactic dehydro-
genase and acid phosphatase from thrombin-aggregated platelets and inhibit
hypotonic/hyperthermic lysis of erythrocytes in vitro. 3%

The beneficial effects of gold therapy3®’ have led to new studies
pertaining to its possible mechanism of action. Studies on the distribu-
tion of gold salts have been carried out. The transport of gold by the
blood has been studied in rabbits and reveals an almost specific associa-
tion with serum albumin. 3® Recent studies suggest that one mechanism of
anti-inflammatory drugs involves the binding of free SH groups in vitro
and in vivo.3° Cysteine has been found to reverse the anti-inflammatory
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actions of acetylsalicylic acid, indomethacin, N-ethylmaleimide and
ethacrynic acid tested in the cotton granuloma model using rats.*® Gold
salts inhibit the in vitro activity of eathepsin, acid phosphatase and p-
glucuronidagse obtained from human synovial fluid. It has been proposed
that the enzyme inhibition by gold salts may occur through the binding of
SH groups. 4!

Elevated activity of xanthine oxidase has been reported in livers
of patients suffering from primary gout.®? These data strengthen the con-
tention that increased xanthine oxidase activity represents a primary bio-
chemical lesion in gout. Trasylol, a trypsin-kallikrein inhibitor, exerts
an anti-inflammatory effect against acute urate-induced arthritis in
rabbits.%? Filipin, a potent lysosomalmembrane labilizer both in vitro
and in vivo, is known to induce chronic degenerative joint diseases in
rabbits. Filipin, digitonin and saponin injected into the hind paws of
rats induce dose-related inflammatory responses and fevers.*%* Local
administration of annanase, a proteolytic enzyme derived from the pine-
apple, to rabbit knee joints induces an osteocarthritis-simulated degenera-
tive joint disease.?%’

New and Experimental Agents - Arylalkanoic Acids - Considerably more
clinical data’®-%? is now available for fenclozic acid (I) (Myalex®,
I.C.I. 54,450). The agent appears to have potency similar to phenyl-
butazone in acute screens and is more potent in chronic tests. The re-
lated compound (II) (Wy 21,743) is active in the anti-carrageenin and
granuloma pouch ecreens and is claimed to be non ulcerogenic.’® Activity
in the)U.V. erythema test has been reported for the acids (III)®!, (IV)%2,
and (Vv).33

,COOH R,

@j\s_/- HOOCCHchz l 0 l HOOCCH ,CH, Io |
R, v cl

11, R1=.H; R2=C6H5
III; R,=Br; R,=H

0 Ibuprofen (VI), Brufen®, is twenty times more
potent than acetylsalicylic acid in the U.V.
erythema assay.3% Unlike ibufenac, no long-
HOOCCH, N term toxicity has been reported for (VI)®® and
it is effective in man against rheumatoid
arthritis but not osteoarthritis.’® Studies
in man indicate a half-life of six hours.
The main metabolites are (VII) and (VIII),
both of which are devoid of activity.’’ 4-
Allyloxy-3-chlorophenylacetic acid (IX)
(Mervan®) and its ethanolamine salt have been reported active in the
clinic. 58
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p-(n-Butoxy)-phenylacethydroxamic acid (Droxaryl®) has been reported
to be effective in osteoarthritis and rheumatoid arthritis.3%:¢% Ppoten-
tiation of hydroxycortisone has been postulated as the mode of action.5!
The most active of a series of 6-substituted 2-naphthylacetic acids, (X)
(d-isomer), is presently in clinical trial.®? Structure activity relation-
ships, 3 detailed pharmacology,®% toxicological®’® and metabolic studies®$
for metiazinic acid (Soripal®, 16,091-RP) (XI) have been reported. In
rabbits and man hydroxylated derivatives (free and conjugated) have been
identified as metabolites but in dogs metiazinic acid S-oxide is the main
metabolite.®® (XI) has been reported to be clinically effective in
rheumatoid arthritis and to be an effective analgesic.®’

CH40
\muzcoon
wd |
CH,COOH | ‘I"{ T: Hy
| =0
CH N A
XI ? CH{O
O 1 XIII
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Indomethacin Related Agents - Structure activity relationships of tetra-
zole analogs of indomethacin have been published. The most active com-
pound in the series is intrazole (XII; BLR 743),°% which has been reported
to be clinically effective in rheumatoid arthritis.®? The methylenedioxy-
analog (XIII) of indomethacin shows a spectrum of activity similar to
oxyphenbutazone.’® Glucuronides of indomethacin are claimed to have anti-
inflammatory activity.’1»72

Fenamates and Salicylates - The synthesis’3 of radiocactive niflumic acid
(XIV) and metabolic studies in rats’4 and rabbits’’ have been reported and
2-aminonicotinic acid has been identified as a metabolite. (linical
studies with (XIV) indicate good gastric tolerance.’® It is interesting
to note that the isomer (XV) is a potent diuretic agent.’’ Structure
activity relationships in the series of N-phenylanthranilic acids have
been publighed.’8
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Flufenisal (XVI) is in clinical trial.’9,80

Miscellaneous - The main metabolite of paramidine (Bucolome®) hag been
identified as (XVII)E! Structure activity relationships in this series
have been published.®? Anti-inflammatory activity has been reported for
a series of acidic dioxo-isoquinoline-4-carboxanilides. The most potent
in pharmacological tests is (XVIII) and members of the series are in
clinical trial.®3 Triflumidate (XIX) and diflumidone sodium (XX) are
similar to phenylbutazone in acute and chronic screens and are in clinical
trial. 84
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Additional reports have appeared on pharmacological and c11n1ca1
investigations with azapropazone (XXI) (Apazone®).®> Benzpiperylon®®
(XXII) and LH~-15087 (XXIII) are reported clinically effective. Tri-
methazone (XXIV) is reported as effective as phenylbutazone clinically
and claimed to cause less gastric irritation or water retention.®8
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On the basis of ten double-blind clinical studies, benzydamine is
considered as effective as oxyphenbutazone for the treatment of inflamma-
tory edema.®® Tribenoside (Glyvenol®) is in clinical trial in the U.S. for
its anti-varicose effect; no effect has been seen on the articular index
in cases of rheumatoid arthritis.’® o,4-Dinicotinoyloxy-3-methoxy-aceto-
phenone has prolonged anti-inflammatory activity in some pharmacological
tests. P-Piperidine-propiophenones are also reported active.®! Higtidine
is reported of value clinically in the treatment of rheumatoid arthritis.®?
Prolonged treatment with penicillamine is reported effective against
rheumatoid arthritis®3 and a decline in rheumatoid factor is seen.®%
Sulfhydryl binding compounds such as N~ethylmaleimide and the diuretic
ethacrynic acid are reported to have anti-inflammatory activity.4® @Glu-
cosamine derivatives are considered effective against human osteoarthritis
on intra-or periarticular administration.®?® Orgotein, a divalent metal
chelate of a low molecular weight protein is being investigated clinical-
ly.%% Several proteinases (bromelain, kinonase A;, Aj, B;) suppress
carrageenin induced edema.’’ Livingston lysate { a human placental extract)
is reported to give significant improvement in both osteo and rheumatoid
arthritis.®® Terpenes such as B-amyrin and bisabolol (a constituent of
chamomile) are claimed to possess anti-inflammatory properties.®® The
alkaloids tomatine,!%% thalsimine, and dihydrothalsiminel®! have anti-
inflammatory activity in experimental models. The anti-inflammatory use
of the saponin escinl®? has been reviewed.°3 Some clinical efficacy is
claimed for Vitamin K; in rheumatoid arthritis.!®% Further work has been
reported on the possible anti-inflammatory activity of thiamine deriva-
tives such as thiamine tetrahydrofurfuryl digulfide hydrochloride.195
Certain sulfated polysaccharides appear to act as anti-inflammatory agents
by interference with the kininogen inflammatory system,196 5-Acetyl-
substituted indoxole and the benzofuran (XXV) are active in pharmacological
tests.197 Meprotixol (XXVI) is reported effective against rheumatoid
arthritis in a double blind clinical study.108
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Allopurinol (Zyloprim®) continues to be the recommended agent for
the treatment of gout. Long term use of allopurinol results in minimal
toxicity and no development of tolerance.1?® The action of thiopurinol
on urinary and plasma uric acid has been investigated further, 110

Immunosuppressive Agents - Cyclophosphamide holds promise for the treat-
ment of rheumatoid arthritis.!!? It is effective in reversing the course
of established experimental allergic encephalomyelitis.!®? Further
reports have shown the clinical effectiveness of azathioprin (Imuran®)

on prolonged administration for the treatment of rheumatoid arthritig t?3*5
Imuran® is also effective in patients with systemie lupus erythematosus.ll$
Tris(chloroethyl)amine, an immunosuppressant, has shown protection against
adjuvant arthritis in the rat.!l? Anti-lymphocyte serum has been studied
repeatedly and its immunosuppressive and anti-inflammatory properties are
interesting.!18,11% gpiro-oxazolidones, such as the bronchodilator
fengpiride (XXVII) are reported to possess anti-inflammatory and immuno-
suppressive properties.l20 Ureas, such as (XXVIII) are reported as potent
immunosuppressive agents.12! The cinnamanilide (XXIX) appears to be a
more specific immunosuppressive, anti-inflammatory agent than cinanserin!??®
Adamantoyl cytarabine (U 26,516) is superior to cytarabinel?? (cytosar®)
as an immunosuppressive agent.l24%

cl
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Derivatives of podophyllin have been shown to have immunosuppressive
and anti-inflammatory properties.123
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Chapter 21. Agents Affecting Thrombosis
Joseph M. Schor, Endo Laboratories, Garden City, New York

Introduction

This review is concerned with synthetic compounds that can affect
thrombosis. The problem of thrombosis is an ever-growing one because of the
increasing stress of civilization and the rising number of older people in
the population. Several therapeutic approaches have been taken and this
review will cover those synthetic compounds that can either prevent or
interfere with the formation of a thrombus or can dissolve it after it has
been formed. Because of the large number of papers published on this topic,
the review will give only the highlights of work reported in 1969. For the
purposes of this discussion, thrombolysis will be used interchangeably with
fibrinolysis.

Fibrinolysis

This approach is based on the fact that fibrin forms the frame-work or
structural support of a clot. Dissolution of the fibrin should result in
lysis of the clot with restoration of blood flow. The significance of
fibrinolysis% the potential of thrombolysis in treatment of thrombotic
coronary occlusion and fibrinolytic mechanisms3+4+5 have been reviewed.

Streptokinase (SK) a bacterial protein, capable of activating the
fibrinolytic system has been used clinically as a thrombolytic agent, but
side effects of hypersensitivity and pyrogenicity have inhibited its
development. It has been recently reported that it can cause the lysis of
arterial clots that are several months old® This finding does not accord
with the experience of many other investigators that most lytic agents
are ineffective if the clot is older than 5 days. SK has also been found
to have an anti-histamine effectz to have a beneficial effect on healing
of sutured arterial wounds in dogsa and to be able to directly activate
human plasminogen to plasmin9 {the actual lytic agent).

Human urokinase, a protein able to activate the fibrinolytic system,
has been used therapeutically, but its high cost and inadequate supply have
hampered its clinical development. It has been reported that it removes
all but trace amounts of fibrin in kidney lesions produced in experimental
glomerulonephritis and prevents the appearance of nephritic symptoms:

Other high molecular weight fibrinolytic substances are certain dextran
fractions}1 brinase, an enzyme derived from Aspergillus oryzae,“ ateroid,
a naturally occuring mucopolysaccharide complex¥3 and erythrokinase (EK)
a protein isolated from red blood cells that activates human and bovine
plasminogen in a manner similar to urokinase but which has different
physical properties].'4

Another approach to fibrinolysis has been the development of synthetic
compounds capable of inducing increased fibrinolytic activity. Such
compounds should be free of the side effects associated with protein or
polysaccharide fibrinolytic agents (pyrogenicity and anaphylaxis) and
should be much more inexpensive to produce.

Von Kaulla has systematically investigated many structural types4'15
for activity and additionally has undertaken structure-activity studies in
families that have shown activity. Among these are the phenylbutazones and
certain members of the following family of acids: anthranilic, benzoic,
indolecarboxylic, iminoproprionic, maleamic, naphthoic, phenylacetic,
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phthalamic, resorcylic, salicylic and thiophene-3-carboxylic. Among the
most active substances found were 5-(2'-chlorobenzyloxy)salicylic acid,
O-thymotic acid 1, p-iodobenzoic acid, N-(3-trifluoromethyl-6-chlorophenyl)-
anthranilic acid, and ketophenylbutazone.

COOH
H3C OH
;
N
c§3 CHy
1

However, the activity tests used were all of the in vitro type with no
results reported for in vivo systems. The same group has found that these
compounds actlé by xnhibitinq the naturally occurring plasma inhibitors of
fibrinolysis thus permitting the fibrlnolxtic activity normally present in
plasma to evince itself strongly. Hansch® has developed a physicochemical
approach to studying structure-activity relationships of the above classes
of fibrinolytics.

Anti-inflammatory compounds such as phenylbutazone, indomethacin,
mefenamic acid and flufenamic acid have been reported by Gryglewski to have
fibrinolytic actxvity. Structure-activity studies with fenamates? have
shown that two aryl rings bridged by a short chain and an electrophilic
center represented by carboxylate or enolate ions are usually required for
activity. Activity of these anti-inflammatory cempounds appears to be due to
inhibition of natural fibrinolytic inhibitors. Results in in vivo systems
have not been reported. Among the structures reported by Desnoyers® to
have lytic activity are 5-(2'-chlorobenzyloxy)salicylic acid and 2-hydroxy-
5-(2'-methylthiazol-4'~yl)benzoic acid. He found these compounds to be active
in vivo as well as in vitro.

Sclior has published?® on the in vitro fibrinolytic activity of bisobrin
(EN-1661), a bis tetrahydroisoquxnolzne 2. This compound has been found
by Moser to be active in the lysis of in vivo clots in the dog4 and Ambrus
has reported4 on the promising clinical use of bisobrin.

CHJO. :
3
CH,0 - ocH
3
(CH2)4

2

Fearnley has discussed? the rharmacological enhancement of fibrinolysis
including the lytic effect of epinephrine, nicotinic acid, ACTH and insulin.
The rebound increase of fibrinolytic activity at low blood-glucose levels
in diabetics who had received an injection of insulin suggested that
sulfonylurea compounds might also increase fibrinolytic activity. It was
found that tolbutamide and chlorpropamide induced activity as did biguanides
such as phenformin and metformin? Phenforminl? alone and in combination
with ethylestrenoll8 has been used to increase fibrinolytic activity in man.

Several years ago, parenteral nicotinic acid was found to induce an
intense but short-lived response in mani? Repeated injections led to the
rapid development of tachyphlaxis which, combined with side effects, made
the compound useless clinically. Newer derivatives and homologs of nicotinic
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acid have been made and tested in man2° including 3-pyridineacetic acid,
nicotinic acid N-oxide, betaine nicotinate, nicofuranose and xanthinol
nicotinate?l Betaine nicotinate and xanthinol nicotinate appeared to be the
best compounds in the group, but more information is needed concerning their
potency (by other analytical techniques) side effects and induction of
tolerance. Comparable in vivo investigations were carried out in animals
with similar results?2 1Included in these latter studies was nialamide,
which was able to induce lytic activity as determined by increases in plasma
plasmin. Isonicotinamide and isonicotinic acid were also found to induce
in vivo increases in the fibrinolytic level in rabbits, whereas nicotinamide,
picolinic acid and isoniazid had no effect on activityé3 long term
administration of the isonicotinamide and isonicotinic acid led to the
development of tachyphylaxis.

Streptomycin has been reported to induce a transient increase in lytic
activity but kanamycin, monomycin and neomycin consistently inhibited
fibrinolytic activity for 5-6 hours after injection?4

3-(GW-aminoalkylcarbamoyl) -4-hydroxy-1-thiocoumarin has also been
reported to have fibrinolytic as well as choleretic activity but more
experimental details must be given for proper assessment of this compound?S

A series of 4 hydroxyisophthalic acids was investigated for fibrinolytic
and anticoagulant activity by in vitro assays2® Thromboelastography showed
the most active compound to be the 4 ethoxy analog 3.

COOCH2

COOCH

i Q)
i
Oczﬂs 3

It had previouslg been reported that sodium gluconate possessed
fibrinolytic activity 7 put more recent work has shown this compound to be
ineffective in dissolving thrombi in cat arteries?8

The development of anti-fibrinolytic compounds to control hemorrhage
due to excessive fibrinolytic activity has assumed more importance because
of the increasing use of fibrinolytic therapy. A side effect of therapy
with the protein activators SK and UK is destruction of plasma fibrinogen
which causes hemorrhage. The subject of fibrinolysis inhibition has been
reviewed by Baumgarten™ and Maxwell4

€ -aminocaproic (EACA) one of the earliest anti-fibrinolytic agents
used therapeutically must be given in large doses because of its rapid
elimination and low potency. Structural requirements for activity in this
series have been reported?9 More active compounds have been prepared namely
4-(aminomethyl)benzoic acid and trans-(aminomethyl)cyclohexanecarboxylic
acid (t-AMCHA) which is 10 times more active than EACA. The activities of
these inhibitors and trasylol a protein inhibitor isolated from pancreas
have been compared in several inhibitor systems$:30.31 A new compound,
4-aminomethylbicyclo [2,2,2)-octane-l-carboxylic acid 4 has been shown to
be about 60 times more potent than Eaca30:31 o 2 weight basis.
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4
Certain (J-guanidino fatty acid esters3? and 2-thionotetrahydro-1,3,5-
thiadiazine33 are reported to have anti-fibrinolytic activity.
Pronethalol, the p-receptor blocker reduced, in humans, the release
of plasminogen activator into plasma that normally occurs following an
infusion of adrenaline34.35

N

Anticoaqulants .

Compounds with this activity have been used therapeutically to prevent
the formation of thrombi. It is a prophylactic approach, in contradistinction
to the use of fibrinolytic agents for the treatment of already formed clots.
Recent developments in the therapeutic use of anticoagulants have been
reviewed36-38 as has the blood coagulation system itself39-4l A variety of
drugs may potentiate or interfere significantly with the activity of the
coumarin and indandione anticoagulants and this has also been reviewed?2-

The major metabolites of warfarin found in rat urine after ingestion
of 4-cl4 labelled compound are 7-hydroxywarfarin, 4-hydroxywarfarin, 6-
hydroxywarfarin, 8-hydroxywarfarin and a glucuronide of 7—hydroxywarfarin?5
Several thin-layer chromatographic systems for the identification of coumarin
derivatives have been described46 as has the comparative pharmacokinetics
of bishydroxycoumarin and warfarin elimination in the rat, dog, rhesus
monkey and man?’” 2 The plasma half-life increases in the order: rat» monkey>
dog> man (tl/z at 3 mg./kg. is 37 hours). From a study of NMR and IR data
intramolecularly hydrogen bonded structures have been proposed for dicoumarols,
warfarin and dimethones and possible relationships between such hydrogen-
bonded structures and biological activity were discussed??

3,3'-(Bromobenzylidene)bis [4-hydroxycoumarin] has antivitamin K activity
but is 10-20 times less potent than 3,3'(chlorobenzylidene)bis [4-hydroxy-
coumarin]?l

A newly discovered therapeutic synergism provided by the combined use
of 5-fluorouracil (FU) and warfarin in a large series of patients with
advanced cancer of the gastrointestinal tract has tentatively been related
to selective disturbance in enerqgy generating systems within the neoplastic
cell. Analogous metabolic effects have been found in murine glioblastoma§2

Certain alpha-fluorenyl and alpha-fluorenylidene-tolyl derivatives of
heterocyclic alcohols and ketones such asot-(ec-fluoren-9-ylidene-p-tolyl)-
2-pyridine ethanol 5 possess anticoagulant activity but the milligram potency
is less than that of the more active coumarin derivatives.

44
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Polymers of ethylene maleic acid (EMA) and its divinyl ether congener
(Pyran) have anticoagulant effects in fibrinogen clotting by thrombin.
Measurements of clotting time, clot opacity, yield and structure indicate
that different effects are produced at distinctly different and broad
concentration ranges of polymer. Fibrinogen clotting is exquisitely
sensitive to EMA over a low range, about 4 times more than to heparinz

Sodium cephalothin (Kelfin) or cephaloridine in concentrations greater
than 11 mg. per ml. of blood inhibit the clotting mechanism in vitro. This
is thought to be due to inhibition of Factor V35 -

Structure—-activity relationship has been investigated in 1,3-indandione
derivatives using the rabbit as the experimental animal. Derivatives with
ethyl and tert-butyl radicals in the side chain had the highest activity§6

2-Phenylbenzo [p) thiophen-3-(2H)-one 1,1 dioxide was shown to exhibit
both anticoagulant and anti-inflammatory activity. Various analogs were
prepared and separation of the anti-inflammatory activity from the anti-
coagulant effect was achieved?7

Anti-Platelet Aggregation

One of the primary events in the formation of a thrombus is the
aggregation of platelets to form a layer or plug attached to newly exposed
collagen fibers in the connective tissue beneath the damaged endothelium.

The platelets subsequently release adenosine diphosphate (ADP) which results
in the cohesion of additional platelets thus forming the nucleus around
which fibrin is formed (by activation of the intrinsic coagulation system).
Entrapment of red and white blood cells follows and a full-blown thrombus
results.

The anti-platelet aggregation approach to therapy attempts to prevent
the formation of the platelet nidus and is thus a prophylactic type of therapy.

Platelet function38-60 platelets in myocordial infarction%l platelets
in hemostasxs?2 63 platelet adherence to collagen6 and inhibitors of
platelet aqgregat10n65'66 have been reviewed. The effect of serotonin as
an aggregator of platelets has been studied®’ Procedures have been developed for
measuring platelet production and turnover in the circulation and a physiological
classification of platelet disorders in humans has been derived?

Certain prostaglandins are among the most potent anti-platelet aggregation
compounds known. Prostaglandin E; (PGE;) inhibits ADP-induced platelet
aggregation in citrated platelet-rich rat plasma, whereas prostaglandin E,
stimulates it. Structure-activity studies with a series of prostaglandins
showed that the C=0 group at the ring and in the carboxyl group, as well as
the distance between them, are essential, as is the hydroxyl group at c-15%9
PGE; inhibited platelet aggregation in rats given infusions of the compound
at 1.8 mg./kg. per day for 30 days?o PGE; can be infused safely into man
in small doses and this was found to decrease platelet adhesiveness’l However,
the prostaglandins must be infused intravenously which makes their use as
prophylactic agents difficult.

PGE] increases the level of cyclic AMP synthesized from ATP in human
blood platelets72 73 while epinephrine causes a decrease?3 In vitro
aggregation of blood platelets by catecholamines appears to be medlated
through ot-adrenergic receptors, as evidenced by the relative effectiveness
of the catecholamines, adrenaline> noradrenaline)> isoprenaline, and the
complete inhibition of this classical ®-receptor blockers such as phentolamine.
‘The P-adrenergic blocking agent propranolol has no effect on the action of
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adrenaline?3 However, stimulation of p-receptors by agents such as
isoprenaline, in the presence of phentolamine, causes clumped platelets to
disaggregate and this effect is mediated through increased formation of
cyclic aMp!

Propranolol can inhibit in vitro ADP induced platelet aggregation but

the Sandoz compound LB-46 (6) ?sp-receptor blocking agent, had a 5 fold

greater effect on the platelets. H CH3
guz-cu-cuz—nn-{:u
Q cu,
|
6

B

It has been known for several years that dipyramidole (Persantin)
inhibits platelet aggregation. This compound and two new derivatives,
RA 233 (7) and RA 433 (8) were compared as regards their inhibitory action
on ADP and noradrenaline-induced platelet aggregation and adhesiveness
in vitro. Adhesiveness and aggregation were markedly inhibited by 7 and
8 at 5-50 pg/ml while dipyridamole at 50-100 pg/ml. showed only a weak and
irreqular effect?

N(C_H,OH) | O
(HOH C, ) ,N O ‘ O 0 O
8

7

A single dose of 100 milligrams of dipyridamole given orally was reported
to result in a significant decrease in irreversible platelet aggregation when
the bloods of patients were tested ig_vitro?7 In another clinical test,
however, dipyridamole, in a dosage of 600 mg. daily for 2 weeks, given to
17 patients in whom the normal level of platelet adhesiveness was elevated,
failed to influence this parameter of platelet function!8

Dipyridamole in combination with heparin or phenindione has been reported
to prevent not only thrombosis in vessels during acute rejection but also
the progressive narrowing of vessels characteristic of "chronic" rejection
in cadaveric renal allografts. This supports the view that the intimal
sclerosis which causes narrowing_in the vessels of renal allografts results
from deposition of mural thrombi ]2

Platelet thrombi (aggregated platelets) in mesenteric arteries of the
rat were produced by passing current through electrodes placed in the vessel
walls. Dipyridamole induced a marked shortening in the duration of complete
occlusion of the spastic vessel. Whether its effectiveness was due to its
vasodilator action or its ability to inhibit platelet aggregation is not
certain80

Non-steroidal anti-inflammatory agents have been investigated for their
effect on platelets. Some of these agents inhibit the release of LDH and
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ACPase from thrombin-aggregated platelets in vitro but there does not appear
to be a direct relationship between these effects on platelets and anti-
inflammatory action8l

In in vitro experiments benzyl alcohol and phenol showed inhibitory
effects on ADP-induced platelet aggregation and platelet adhesiveness.
Benzyl alcohol is commonly used as a preservative in solutions for parenteral
administration. In contrast, ethanol and isopropanol show no inhibitory effects82

2-Methylthiocadenosine-~5'-phosphate inhibits the ADP-induced aggregation
of human platelets in vitro. Its sotency was approximately that of AMP but
about one-eighth that of adenosine®3 2-Chloradenosine 5'-phosphate inhibited
the ADP aggregation of sheep platelets with a potency equivalent to amp84
The effect of other adenine compounds on platelets and their metabolic
interconversions have been reported¥

Derivatives of 1,3-bis-([6,7-dimethoxy-3,4-dihydroisoquinoline-(1)]~
2-arylpropane reduce platelet adhesiveness, aggregation, retraction and
liberation of biogenic amines from cells in which these compounds have
accumulated®® Derivatives of 3-alkyl-3-carbalkoxy-6,7~-dimethoxy-3,4 dihydro-
isoquinolines also have the same effect on platelets§7

Platelets treated with l-p-chlorostyryl~3-methyl-3-carbomethoxy-6,7-
dimethoxy-3,4 dihydroisoquinoline (SSDHI)} lose their ability to spread,
adhere, aggregate and retract. They cannot undergo the morphological and
biochemical changes of viscous metamorphosis produced by thrombin88

Elatericin A, a carcinostat isolated from Ecballium elaterium
(cucurbitaceae) caused spicule formation on human platelets and inhibited
spreading on glass surfaces, viscous metamorphosis and clot retraction. A
normal ADP-release is obtained upon addition of thrombin to elatericin A
treated platelets. Platelets treated with the substance up to a limiting
concentration of 30 pg/ml. regain their clot retracting activity if washed
and reincubated in normal plasma®?
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Introduction - This chapter will focus on data published in 1969 concerning
the metabolic fate of various classes of therapeutic agents. Agents af-
fecting the CNS, particularly psychoactive agents, appeared to be the most
frequently studied compounds. Investigations describing only the absorp-
tion, excretion, and distribution of drugs will not be mentioned unless
such studies were of particular significance. Structural formulas have
been provided for new compounds or for those not readily available in The
Merck Index. An attempt has been made to emphasize those biclogical and
chemical aspects that influenced the biotransformation of a molecule, as
well as those instances that resulted in the formation of pharmacologically
active metabolites.

Psychotherapeutic agents - Perazine underwent a series of metabolic trans-
formations similar to those previously reported for other phenothiazines.1
Urine recovered from schizophrenic patients dosed with perazine contained
N-oxide derivatives as the major nonhydroxylated metabolites, whereas this
was not the case for chlorpromazine.l'2 The author surmises that this
finding can be explained by the presence in perazine of three nitrogen
atoms and an N-oxide group that results in the formation of a hydrophilic
molecule that is no longer reabsorbed in the kidney tubules. Nine metabo-
lites isclated from the urine were the result of demethylation, sulfoxida-
tion, N-oxidation, 3-hydroxylation, and conjugation, or a combination of
these processes.3 One of the metabolites was identified as the piperazine-
2,5-dione derivative of perazine sulfoxide.“ During treatment with
perazine, patients exhibited a consistent increase in the demethvylated
products relative to the corresponding tertiary amines, a finding attrib-
uted to the possible induction of a liver microsomal demethylase.3

The metabolism of promazine, a compound useful in veterinary prac-
tice, was studied in horses.® Eleven percent of the dose was excreted in
the urine. The major metabolite was the glucuronide conjugate of 3-
hydroxypromazine, but at least eight other metabolites were detected.

At least 20 metabolites of imipramine, excreted in human urine, were
identified by two-dimensional TLC.® These metabolites resulted from a com-
bination of mono- or di-demethylation or dealkylation of the side chain and
hydroxylation at the 2 or 10 position with subsecuent conjugation.
Imipramine N-oxide was also detected as well as a new, unidentified conju-
gating group.
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Whole-body autoradiography of mice was employed as the technique to
study the distribution of diazepam, chlordiazepoxide, and their metabo-
lites.’ The former compound was more highly localized in body fat than
the latter; however, the rate of penetration of chlordiazepoxide into the
brain was slower than that of diazepam. The major metabolite of diazepam
was the N-demethylated compound. 1In vitro, in preparations of rat or mouse
liver microsomes, the major metabolites of diazepam were N-methyloxazepam
or N-demethyldiazepam, respectively.8 Diazepam inhibited the conversion by
mouse liver microsomes of N-methyloxazepam to oxazepam. Prazepam, the
cyclopropyl derivative of the N-methyl group of diazepam, was metabolized
by the dog in a manner similar to that for diazepam; the major urinary me-
tabolite was oxazepam glucuronide.9

Doxepin (I) was metabolized by rats and dogs via demethylation, N-ox-
idation, hydroxylation, and glucuronide formation; uncharacterized polar
metabolites were also detected in the urine of both species.10

Flupenthixol, a substituted thioxanthene, was metabolized by rats and
dogs by sulfoxidation, partial dealkylation of the piperazine-containing
side chain and 0- and N-glucuronide formation.!l Phenolic metabolites were
not detected.

H o
0 - u
® - X
N
(1)
0 H
v R= —

(1T17)

The biotransformation of pimozide (Il) was studied employing either
the 3u- or !“c-labeled compound.12 When 3H-pimozide was administered s.c,
to rats, the radiocactivity was excreted primarily in the feces as 4-bis(p-
fluorophenyl) butyric acid and bis(p-fluorophenyl)acetic acid. When Thel
pimozide was administered s.c. to rats, the main metabolite excreted in the
urine was the dealkylation product, N—4—piperidyl—2-benzimidiazolinone.12
Fluspirilene (III), a compound structurally related to pimozide, was ad-
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ministered i.m. to rats.!3 when 3H-fluspirilene was given, the same meta-
bolites cited above for 3H-pimozide were detected in the feces. When lYc-
fluspirilene was given, the major metabolite in the urine was l-phenyl-l,
3,8-triazaspiro(4,5]decan-2,4-dione; phenylurea and p-hydroxyphenylurea
were detected in the feces. -

Cardiovascular agents - The metabolism of quinidine, a naturally occurring
alkaloid with antiarrhythmic properties, was studied in man as the gluco-
nate salt.!* Metabolites isolated from urine were found to be oxygenated
on either the quinoline or quinuclidine portions of the molecule; uncharac-
terized polyoxygenated derivatives were also found. Commercially available
supplies of quinidine consistently contained 10 to 30 percent of an impu-
rity.

Glyceryl trinitrate was converted by rabbits to the mono-and 1,3-di-
nitrate derivatives, which were excreted in the urine.!® The isomeric 1,2-
glyceryl dinitrate was not detected as a metabolite of glyceryl trinitrate.
After the administration of 1l,2-glyceryl dinitrate, only glyceryl mono-
nitrate (isomeric position unknown) was detected. The metabolism of penta-
erythritol trinitrate (IV), an active metabolite of pentaerythritol tetra-
nitrate, was studied in dogs.16 The major metabolites in the urine were
pentaerythritol mononitrate and pentaerythritol; only the latter compound
was present in the feces. An oral dose of pentaerythritol was excreted un-
changed by the dog.16

Reserpine, tritiated in the 2-

iHZONoz and 6-positions of the trimethoxy-
benzoyl ring, was administered orally
HOCH y— C—CH,0NO; to human subjects.!’ The major urinary
I metabolite was 3H-trimethoxybenzoic
CHZONO2 acid, while most of the radioactivity

in the feces, the predominant route of
(1v) excretion, was unaltered reserpine.17
Chemotherapeutic agents - Isomeric -mono- and di-methoxy-6-sulphanilamido-
pyrimidines were given orally to man and animals.!® In man the 4-methoxy
compound was much better acetylated than were the 2,4- and 4,5-dimethoxy
compounds., The main metabolite of the 2,4- but not of the 2,5- or 4,5-
dimethoxy compound, was the Nz—glucuronide. Glucuronide formation of the
2,4-dimethoxy compound occurred in the rhesus monkey but not in the rabbit
and only to a small extent in the rat. In a similar study with sulpha-
somidine and sulphamethomidine, the former compound was excreted primarily
unchanged in the urine of man and animals with some acetylation occurring,
while the latter compound was primarily excreted as the Nz-glucuronide in
the urine of man and the rhesus monkey, but not in the urine of the rat or
rabbit,1?
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The metabolism of an arylazoisoxazolone and a chlorinated analogue,
drazoxolon (V), was studied in rats
1 and dogs.2° The major metabolite of
drazoxolon in both species was 2-(2-
H~N CH chloro-4-hydroxyphenylhydrazone)aceto-
3 acetic acid. The rat excreted the
sulfate ester and the O-glucuronide,
but the dog excreted only the glucu-
(V) 0 ronide conjugate. The biotransforma-
tion of the nonhalogenated compound,
3-methyl-4- (phenylhydrazono)isoxazol~
5-one, by the rat was not different from that of drazoxolon.

Hetacillin, the acetone derivative of ampicillin, was shown to be
rapidly converted to the latter compound in the plasma of man, indicating
that the clinical efficacy of hetacillin was a result of its conversion to
ampicillin.21 Griseofulvin was converted by dogs to the 6-demethylated
compound and its glucuronide.22

Insecticides - The metabolism of DDT and its dichloro derivative, DDD, was
studied in pigeons.23 DDT was converted to either 1,1-di(p-chlorophenyl)-
2,2-dichloroethylene (DDE) or DDD, while DDD was converted mainly to 1,1-
di (p-chlorophenyl) ~2-chloroethylene (DDMU) together with a trace of DDE.
The authors propose that DDE may be the causative agent responsible for the
large increase in liver weights observed in pigeons fed DDT but not in
those fed DDD. Kelthane, the hydroxy derivative of DDT, was administered
p.o. or i.p. to rats.?* DDE, 4,4'~-dichlorobenzophenone, and 4,4'-dichloro-
benzhydrol were found as metabolites in tissues and excreta.

Dihydroaldrin was detoxified by houseflies and by housefly and pig
liver microsomes primarily to a mixture of the 6-exo- and 6-endo-hydroxy
derivatives.2® Microsomes from pig liver and houseflies also convert
aldrin, by epoxide formation, to the toxic product dieldrin. Based on
studies with compounds that are known inhibitors of steroid epoxidation and
hydroxylation, evidence is presented that a common enzyme system is respon-
sible for the oxidative conversion of steroids and aldrin and dihydro-
aldrin.

Steroids - The metabolism of orally administered ethynylestradiol-6,7-3H
(EE) and its 6,7—3H-3-cyclopentyl—l-1“C ether (EECPE) was studied in pa-
tients with externalized bile ducts.?® EECPE was cleaved either to EE and
cyclopentanol derivatives {urinary oroducts) or to various conjugation
products of compounds containing an intact cyclopentyl ether linkage (uri-
nary and biliary products). In patients given EE, the unaltered compound
was the main excretory product in the glucuronide ard sulfate fractions of
urine and bile. Other more polar metabolites were also excretecd, two of
them presumed to be 6a-hydroxy EE and 6a-hydroxy EECPE.

In another study, estrone—G,7—3H—sulfate-3ss was administered i.v. to
a woman with a bile fistula.?’ of varticular interest was the presence of
the sulfo-N~acetylglucosaminide (double conjugate) of 15a-hydroxyesterone
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and 15a-hydroxyestradiol. These doubly conjugated compounds were more con-
centrated in the bile than in the urine.

Metabolism of stereoisomers - The metabolism of orally administered (+)-,
{-)~-, and (*)-N-ethylamphetamine was studied in man.28 when subjeécts ex-
creted an acidic urine, the (+)-isomer was deethylated to the metabolite,
amphetamine, more readily than was the (-)-isomer. By studying the effect
of the nature of the N-alkyl substituent, the authors concluded that N-
methyl or N-ethyl substitution produced relatively more N-dealkylation of
the (+)- but not of the (-)-isomer.

A study of the pharmacological effects of the enantiomers of hexo-
barbital in rats revealed a stereoselective disposition.29 The onset of
hexobarbital-induced sleep was more rapid with the d- than with the 1-
enantiomer. Whereas either enantiomer of hexobarbital produced about equal
sleeping times in male rats, d-hexobarbital was several times more potent
than l-hexobarbital in producing sleep in females. 1In another study, the
biotransformation of R(+)- and RS-pentobarbital was investigated in dogs
that received the compounds i.v.30 after the administration of R(+) -pento-
barbital, the major urinary metabolites were S5-ethyl-5-[3'(R)-hydroxy-1'(R)
-methylbutyl]}- and 5-ethyl-5-[3"'(S)-hydroxy-1'(R)-methylbutyl]barbituric
acid. Similar products were obtained after dogs had been given RS-pento-
barbital, one metabolite being derived from R(+)}-pentobarbital and the
other from S(-)-pentobarbital,

The metabolism of the camphor compounds (t)-norcamphor, (+)-camphor,
(=) -camphor, (+)-epicamphor, (*)-camphorguinone, (t)-camphane-2,5-dione,
and camphane, was studied in rabbits.3! No pharmacological activity was
evident after oral dosing with (*)-norcamphor, (*)-camphorquinone, or cam-
phane. Biotransformation occurred by hydroxylation of a methylene group,
reduction of an oxo group, and subsequent glucuronide conjugation. Hydrox-
ylation of (+)- and (-)=-camphor produced the 5- and 3-endo derivatives, the
former predominating. These results are consistent with the more strained
nature of the 5- versus the 3-position of camphor. Of the ketones investi-
gated, all were reduced in vivo, but only (%)-norcamphor and (*)-camphor-
quinone were reduced in vitro by alcohol dehydrogenase, suggesting that
some other enzymatic mechanism must be responsible for the reduction of the
other ketones.

The hydroxylation of trans-stilbene, trans-oa,B-diphenylethylene, was
studied in rabbits and guinea pigs after i.m. administration.3? The meta-
bolites found in the urine of both species were 4-hydroxy-, 4,4'-dihy-
droxy-, 4-hydroxy-3-methoxy-, and 3-hydroxy-4-methoxy-stilbene and their
unspecified conjugates. When rabbits were given 4-hydroxystilbene, the
4,4'-dihydroxy compound was found in the urine. The reduction product,
4,4'-dihydroxybibenzyl, was alsoc found in rabbit urine.

Metabolism of other drugs - The metabolism of niflumic acid (VI), an anti-
inflammatory agent, was studied in the rat after i.p. administration.

The parent compound was completely converted to at least five urinary meta-
bolites, one of which was identified as 2-aminonicotinic acid; about 5% of
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the dose appeared as ll‘Coz. Glucuro-
nide conjugation of the acidic moiety
of niflumic acid was also observed.

7 ¢%o0H The antihistaminic, chlorpheniramine-
3H, was given orally to rats and
H dogs.su The urinary radioactivity
that was extracted and identified con-
(vI) F3 sisted of a trace of unaltered chlor-

pheniramine and mono- and di-dealkyl-
ated products, the latter predomi-
nating. N-dealkylation was also the major metabolic pathway in man. 35

The biotransformation of the nonsteroidal, postcoital oral contracep-
tive, 2-methy1-3-ethy1—4—phenyl-A“—cyclohexene carboxylic acid (VII), was
examined in monkeys and rabbits.3® 1In both species, only a trace of un-
altered drug was found in the urine. At least eight metabolites were sep-
arated from rabbit urine, one of which, as yet unidentified, had 1.5 to 2.0
times the estrogenic potency of the parent compound. The antifertility ef-
fect, in the rat of certain p-substituted, but not of unsubstituted com-

pounds, was not blocked by prior
treatment of the animals with SKF-

525A. Thus, the authors suggest that
COOH when hydrogen alone is in the para
position, further alteration of the
C2As5 H3 molecule is necessary to achieve an
(VII) antifertility effect.

The metabolism of two diuretics was reported. One of them, a pteri-
dine compound, 4-amino-N=-{2-methoxyethyl)-7~-(2-methoxyethylamino)-2-phenyl-
6-pteridinecarboxamide (VIII), was studied, after oral dosing, in the rat,
dog, and squirrel monkey.37 All three species transformed the drug by

successive O-demethylation of both al-
iphatic ether side chains to isomeric
mono~demethylated metabolites and the

HCH>CH50CH major metabolite, a bis-demethylated
csqudﬂN | ~ 22 3 product. Mono-demethylation yielded
~ products that still retained some di-

Ha

NHCHZCHZOCH3 uretic activity. The other diuretic
amiloride hydrochloride, was given
(VIIT) orally to man.38 All of the radioac-
tivity excreted was identified as un-
altered amiloride.

Metabolites of chlorphenesin, an antiallergic agent, were identified
from rat and dog urine.3? Aafter oral dosing, in addition to unchanged
drug, four products were identified. In the order of their abundance they
were 3-p-chlorophenoxylactic acid, p-chlorophenoxyacetic acid, a conjugate
of chlorophenol, and a conjugate of chlorphenesin. Chlorpropamide, an oral
hypoglycemic, was shown to undergo metabolic transformation in man; two of
the products were identified as p-chlorobenzenesulfonylurea and p-chloro-
benzenesulfonamide."? Interestingly, two patients failed to excrete either



252 Sect, V - Topics in Biology Smith, Ed.

of the cited metabolites, reflecting, the authors believe, the rapid con-
version of these metabolites or chlorpropamide to other products.

The metabolism of pentazocine, an analgesic, was studied in rat,
mouse, and monkey liver homogenates and in the monkey ig_vivo."1 In both
cases, modifications occurred to the dimethylallyl side chain, yielding two
isomeric alcohols and one of the resulting carboxylic acids. Monkey urine
also contained unidentified conjugates and possibly unextracted metabo-
lites. In vitro, the different species produced the isomeric alcohols in
varying amounts. Man appears to metabolize pentazocine generally like the
monkey.“1 The anticonvulsant, phenurone (phenacetylurea), was converted by
rabbit:s,“2 but not by mice,“3 to 3-methoxy-4-hydroxyphenacetylurea. Other
metabolites produced by the mouse and excreted in the urine included 4-hy-
droxyphenacetylurea, phenaceturic acid, phenylacetic acid, and the glucuro-
nides of 4-hydroxyphenacetylurea and 4-hydroxyphenylacetic acid.43 The
authors propose that the formation of a dihydroxy precursor of 3-methoxy-4-
hydroxyphenacetylurea occurs poorly in the mouse, if at all.

The metabolism of a variety of hydroxy- and methoxy-substituted cin-
namic acids (derivatives of sinapic acid) was studied after oral adminis-
tration to rats.** A series of urinary metabolites was excreted, resulting
from p-dehydroxylation, demethylation, and reduction of the double bond of
the cinnamic acid side chain to give 3-hydroxy-5-methoxy-phenylpropionic
acid. Studies indicated that the 3,4,5- or 3,5-substituted cinnamic and
phenylpropionic acids were not converted to the corresponding benzoic acids
or their metabolites. Tremorine metabolism was studied in rats given the
drug i.p."‘5 Symmetric dioxotremorine was identified as a urinary metabo-
lite that had no demonstrable biological activity in rats and mice. By
contrast, oxotremorine, another metabolite of tremorine, produces tremor
and salivation in rats and mice, and a pronounced hypothermia in mice.

Thiamine propyl disulfide-3%g, a thiamine substitute (IX), was studied
in rabbits and man. The propyl mercaptan moiety of the compound was ex-
creted primarily in the urine as methylpropylsulfone and its 2- and 3-hy-

droxy derivatives. In addition, the
rabbit was found to excrete methyl-

H2
HaC A\ /£H0 sulfonylpropionic acid and inorganic
3\ CHz‘: :SSCHZCHZCH3 sulfate.
Ch3

CHZCHZOH .
The anorectic agent, 4'~-chloro-2-
(IX) ethylaminopropiophenone (X), was the
subject of another study in man.“? The
recognized metabolites were N-de-eth-
ylated (4'-chloro-2-aminopropio-

0 phenone), reduced (1-(4-chlorophenyl]-
cl O* HNHCH?_CH3 1-hydroxy-2-ethylaminopropane) and re-
H duced and N-de-ethylated (1-[4-chloro-

3 phenyl] -1-hydroxy-2-aminopropane) .

(X) The first two of these metabolites

were rapidly formed from the parent
drug and excreted in the urine. By
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having the subjects produce an acidic urine, the authors were able to mini-
mize tubular reabsorption of the amines, therebv increasing the total
amount of excretion of the parent drug and its products. In this way, uri-
nary excretion was employed as an indicator of the biological availability
of different dosage forms and regimens.

The metabolism of probenecid (p-[di-N-propylsulfamyl] benzoic acid), a
uricosuric agent, was investigated in rats with ligated renal ped:'.c].es.l‘8
After i.v. administration, 96% of the dose was excreted in eight hours in
the bile. Four major metabolites, resulting from side chain hydroxylation
followed either by glucuronide conjugation or further oxidation, were iden-
tified as p-(N-propyl,N-2-hydroxypropylsulfamoyl)benzoic acid, p-(propyl-
sulfamoyl)benzoic acid, p-{(N-propyl,N-3-hydroxypropylsulfamoyl)benzoic
acid, and p-(N-propyl,N-2-carboxyethylsulfamoyl)benzoic acid.

Other aspects of metabolism - The paralytic action and rate of biotrans-
formation in vitro of zoxazolamine was found to be altered in rats bearing
certain types of transplantable tumors."? Rats transplanted with the Walker
256 carcinosarcoma, in particular, showed highly significant increases,
relative to control animals, in the duration of paralysis and in the eleva-
tion of levels of zoxazolamine in the brain, liver, and plasma; a reduction
in the rate of zoxazolamine metabolism in vitro was also noted.

The pretreatment of rats with desipramine resulted in delayed stomach
emptying and, hence, slowed absorption of phenylbutazone, oxyphenbutazone,
hydrocortisone, and salicylate.50 On the other hand, desipramine had no
apparent effect on the absorption of orally administered amphetamine or
phenobarbital. In another study, the interactions of a variety of acutely
and chronically administered contraceptive agents and their effect on pen-
tobarbital narcosis in the rat, as well as on certain metabolic transforma-
tions in vitro, were examined,>! Medroxyprogesterone, alone or in combina-
tion with ethynylestradiol, stimulated the metabolism of p-nitroanisole,
aminopyrine, and aniline in vitro, although these effects are not as marked
as those seen with well-known inducers such as phenobarbital and pesti-
cides.

The inhibition of the dealkylation
| of a variety of drugs by (2,4-dichloro-

6~-phenylphenoxy)ethylamine (XI) and
cl OCHZCHZNH2 some of its analogues was reported.52

C

(XI)
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Chapter 23. Structured Water in Biological Systems

Donald T. Warner, The Upjohn Company, Kalamazoo, Michigan 439001

Introduction = Aside from the role of water in biological functions, the
structure and properties of water itself continue to fascinate scientists
in many research fields. A recent book by Eisenberg and Kauzmann! brings
together the work of many disciplines. Less detailed discussions are
given by Horne? and Erlander3. 1In these references, several proposed
models of water are discussed. These models are critically evaluated in
terms of the X-ray data by Narten and Levy*. No single theoretical model
for water seems to fit all of the X-ray scattering data. The problem of
water structure has been further complicated by the announcement of
"anomalous water" by Derjaguin et.al.® and the surge of activity relating
to its study®27s8, Although anomalous water has already been proposed as
a possible form of water in living cells3, a word of caution is introduced
by Franks®.

The Form and Role of Water in Biological Systems = From the above survey
of water, it is apparent that its structure requires much more study.

The role that water plays in biological structure and function, and the
form in which it exists in these systems are perhaps even more poorly
understood. One might start with the statement by Frank® to the effect
that, '"We know next to nothing of the important role that water plays in
biochemical phenomena'. The outlook is not quite that bleak, but theory
is still much more rampant than hard fact. 1In the area of proteins and
peptides, for example, an early paper by Nemethy and Scheragal®, in which
they briefly discuss a tentative relationship between the '"ice~likeness"
of water and hydrophobic bonding as a factor in protein stabilization, is
one of the most widely quoted references in the field despite its tenta-
tive nature. Berendsen'!l reiterates that little is known about water's
role in biological systems, and then makes a beginning by suggesting a
structured water model with fentagonal cages fitted to the helical chains
of fibrous proteins. Warner'? has proposed a theoretical formulation for
peptides and proteins that permits a hydrogen-bonded interaction between
water structured in an ice-like lattice and a hexagonal arrangement of
the peptide oxygens, as well as other useful stabilizing interactions.
Each of these theoretical considerations has implied a condition in which
the water was in some way and shape bound to the protein. Other specu-
lations are continuing. In a determination of the quantity of 'bound
water" in proteins, a recent study by Bull and Breesel3 suggests that at
25° C., saturation of the polar residues of solid proteins occurs at 0.92
relative humidity with 0.3 g of water per gram of protein. They obtained
similar results with ten different proteins, and these general values are
in line with those obtained by previous workers. 1In attempting to corre=-
late this quantity of '"bound water' with the number of polar groups
(minus the amides), as if the polar residues were the only ones involved,
they come up with a value of six moles of bound water per polar residue.
However, the manner in which bound water is disposed throughout a protein
molecule is still a matter for considerable dispute. Goto and Isemural®
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have indicated that, in peptides with non=-polar side chains such as di=
glycine, triglycine, and tetraglycine, the peptide bonds are also
hydrated. Such peptides, of course, do have N-terminal and C-terminal
polar groups which could account for some water binding in the Bull and
Breesel3 manner, but the important comsideration is that the hydration
number increases by one for each additional peptide bond introduced in the
series. Assarsson and EirichlS, by a study of density changes and absol-
ute viscosity measurements, indicate that the fully substituted peptide
dipole (as judged from N,N-disubstituted amide models) most likely has two
water molecules bonded to the amide carbonyl and one water weakly associ=-
ated with the nitrogen atom. With monosubstituted amides the method is
less definitive. Here the amide itself is capable of intermolecular
hydrogen bonding, which is merely replaced by amide-water bonding as
dilution proceeds. However, here, too, there is adefinite change in
viscosity at the l:l-water:;amide molar ratio as well as additional
perturbations indicating higher ratios of association. These results
suggest that the peptide linkage is a possible site of water binding in
proteins. Warnerl® in seeking support for his protein model has calcu-
lated the quantity of bound water for the tobacco mosaic virus proposed
structure, arriving at a value of about 32% when all peptide carbonyls
and hexagonal centers are occupied. However, the true nature of the
bound water association still remains to be proved.

In addition to speculations about the form of water in proteins, workers
have turned their theoretical considerations to other biological macro-
molecules. As early as 1953, Jacobson 17 showed a remarkable fitting of
the ice lattice to the Watson-Crick model of DNA. The same thing can be
shown with a polysaccharide such as hyaluronic acid (Figure 1).
Vandenheuvel !® has studied similar interactions between lipid-water layers
with molecular models.

Other studies relating to the interaction of water with smaller organic
molecules of biological importance include an infrared examination of
chlorophyll=water interactions by Ballschmeter and Katz!2. This study
implicates water in the binding of two chlorophyll molecules to each
other, with the water coordinated with the magnesium of one molecule and
hydrogen bonded to two carbonyl oxygens of the other. It should be noted
that the drawing of the chlorophyll-water interaction (in their Figure 15)
as judged by Dreiding Stereomodels involves two carbonyl oxygens which

are about 2.9 A apart, equivalent to a "first neighbor" water distance.

To bridge one water molecule between them as illustrated requires consider-
able distortion of the H-O-H angle or else a decidedly non-linear ~0-H-=--0
hydrogen bond.

The crystal and molecular structure of B=-adenosine-2'-f-uridine-5'~phos~-
phoric acid precipitated from aqueous solution 0 shows that water mole-
cules serve as a major part of the binding force between the nucleotide
molecules. In this instance hydro§en bonds do not directly link the
bases together. Webb and Bhorjee? , using infrared measurements to study
factors influencing viability and conformation, reiterate the importance
of water in maintaining an organized structure for DNA from E. coli.
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Figure 1 - Hyaluronic Acid in Water Lattice
(Warner, previously unpublished figure)
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Their work indicates the possibility of also substituting myo-inositol for
this water requirement., (A feasible explanation for this replacement is
suggested in a later section).

For those desiring more detail on the "Forms of Water in Biologic Systems"
prior to about 1965, a special volume sponsored by the New York Academy of
Sciences?? is recommended,

Nuclear Magnetic Resonance in the Study of Water Structure in Biological
Systems - Additional work has been done by Chapman and McLauchlan?3 on
the hydration structure of colla%en using N.M.R. and dielectric measure=-
ments., Questioning Berendsen's'' idea of specific water-collagen inter-
actions, they suggest that water in a confined space of molecular magni-
tude, such as between collagen strands, simply forms a hydrogen-bonded
straight chain structure, independent of specific interactions with the
channel walls, However, if the peptide carbonyls lining these spaces are
hydrophilic groups!“, it is difficult to see how this independence could
be maintained,

Other important applications of N«M.R. concern a study of the state of
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water in tissues such as muscle, brain and nerve. In line with the
earlier conclusions of Bratton, Hopkins and Weinberg?" that a fraction of
the intracellular water in muscle has a restricted rotational freedom,
additional experiments by Hazlewood, Nichols, and Chamberlain®® suggest
that this water may exist in at least two ordered states in skeletal
muscle, The restriction of motional freedom of this water is thought to
be caused by association with cellular macromolecules., The latter authors
also demonstrate that an agar gel reduces motional freedom of water, and
that the effect is reversible with heating and cooling., Independent veri-~
fication for structured water in muscle and brain appeared in a simultane-
ous publication by Cope?®. He suggests that in general "tissue water has
a significantly greater degree of crystallinity than liquid water". Here
again two fractions are implied, one of which is more highly structured
than the other., The structuring effect of agar was also verified, but
gelatin shows no structuring effects, The state of water in frog nerves
is being studied by Swift and Fritz?7, and they find accessible and in-
accessible regions to paramagnetic ions by the use of N.M.R.

Although there are no positive indications that structured water plays a
role in the mechanism of muscle contraction, a theoretical mechanism
employing the ice lattice can be devised, Such a scheme uses protein-
water interactions in two phases involving interchanging enol and keto
forms of the peptide carbonyls, and was first mentioned as a possible
contraction mechanism in an informal discussion?8, A complete elaboration
of this concept as a model for muscle contraction has been published??,
This model, which employs water in am active structural and mechanical
sense, may be relevant to the earlier observation of Goodall®® that proton
transfer could be the rate-determining step in muscle contraction. Horne
and Johnson3! have shown that variables such as pressure, temperature, and
isotope (D,0) may influence proton transfer in the aqueous environment,
and each of these variables has been shown to have an effect on muscle
contraction,

The Importance of Water Structure in Anesthesia - One of the curxent
theories of anesthesia invokes hydrate structures of the clatharate type,
building up around the anesthetic agent in the water, as the prime cause
of anesthesia. The essential parts of this theory were presented inde-
pendently by Miller32? and Pauling33, Studies to substantiate or negate
this theory are still in progress, A very concise summary of the clathar-
ate hydrate theory is presented by Miller3". Additional work to over-
come objections to this theory yielded the tentative conclusion that the
correlation of anesthetic potency with lipid solubility is slightly super-
ior to the correlation with hydrate dissociation pressure35. The clatha-
rate hydrates and deuteriohydrates of the anesthetic, cyclopropane, have
been prepared36, and these compounds are stable only at low temperature,
An attempt to study the feasibility of clatharate formation under con-
ditions that might be considered as physiological has been evaluated by X-
ray diffraction, One of the tetra-n-butylammonium halides, which seem to
readily form clatharates in water at high hydrostatic pressure37, when
examined by X-ray diffraction in concentrated aqueous solution at ordinary
pressures38 shows a radial distribution function that is in good agreement
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for the compound inserted in an ice-1 lattice and in poor agreement with
calculations based on the gas hydrate model, This may indicate that ele-
vated pressure and low temperature are required for clatharate formation.

The effect of cyclopropane anesthesia on tritiated water flux across the
gut is another attempt to study the influence of anesthesia on water
structure3d, High concentrations of cyclopropane produce tissue damage,
but no change in water flux across the rat cecum, Moderate concentrations
produce minimal tissue damage but some slowing of water flux across the
membrane was noted. It is suggested that this experiment is consistent
with the hydrate theory of anesthesia, but not necessarily a direct proof
of this mechanism of operation of the anesthetic,

The Possible Involvement of Structured Water in the Reactlon Mechanism of
Pharmacologic Agents - As " MillerS® says, there are no "unequivocal demon-
strations of the importance of water structure on the mechanism of action
of pharmacologic agents, but it would be surprising if the water played no
role at all", The problem of proving its role relates in part to our in-
ability thus far to clearly define water structure in either its liquid
state or its biological context. However, it is possible to start with
the assumption that water in biological media may exist in an ice-like
lattice or some other selected form, and then to make some comparisons
between this lattice and pharmacologic agents in a three~dimensional sense.
The work of Grant and Alburn“*? demonstrating enhanced enzyme and other
reactions in frozen aqueous systems, has called attention to the possible
role of ice as a model for biological "structured water" systems, though
not necessarily proving this possibility,

The studies to be described were made by Warner?8*“l with Dreiding Stereo-
models and employ the ice lattice as the selected form of water for the
comparisons, The cyclitol sugar, scyllo-inositol, when inserted into an
ice lattice, has the six oxygens of its equatorial hydroxyls in a nearly
identical pattern and position to 51x oxygens of the ice lattice*!, Bio-
logically, Magasanik and Chargoff 42 observed many years ago that scyllo-
inositol is not oxidized by Acetobacter suboxydans. Myo-inositol, an iso-
mer having one axial and five equatorial hydroxyls, is oxidized to a mono-
ketone, with the axial hydroxyl being specifically oxidized. 1In the sugar=-
ice lattice model study, the single axial hydroxyl of myo-inositol is the
only oxygen that does not orient itself with an oxygen position in the

ice lattice. The oxidized product, the monoketone, again has a keto
oxygen which is fairly close to an oxygen position in the ice lattice.

The close correspondence of many of the hydroxyl groups in sugars with
oxygen positions in the ice lattice probably correlates best with water
at certain temperatures (that is, an ice lattice with slightly expanded
dimensions to fit water oxygen distances at biological temperatures).

The possible ability of substances like glycerol or sugars, with covalent-
ly separated oxygens, to stabilize biological systems at low temperatures
where water distances might not "fit' has been alluded to“l!. 1In the work
of Webb already noted?! in which he found that myo~inositol could replace
the water requirement under dehydrating conditions, the close fitting
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between hydroxyl spacings in the sugar and oxygen spacings in the ice
lattice arrangement of water could be fundamental to the effectiveness of
the replacement. A rigid covalent ring system like that of the inositols,
might be quite resistant to oxygen=-oxygen distance changes over a wide
temperature range, whereas water distances could be varying continuously
and be suitable only in the biological temperature range.

Larger molecules such as steroids may also be fitted into an ice lattice
and studied with molecular models. This has been done with hydrocorti-
sone'3 and the implications of the possible interactions are discussed in
detail. Even the non-polar methyl groups may be extremely important in
influencing perturbations in the surrounding water lattice. The impli-
cation is that if a biological system is initially in a state of equili-
brium with an encompassing water lattice, then the entrance of a sub-
strate produces specific perturbations in this lattice at specific sites.
This could constitute the first step in reactivity of a substrate.

The use of molecular models to show possible water-substrate fittings for
biotin, quinones and several other structures has been published“3. Even
the conjugated double bonds in the polyunsaturated side chain of coenzyme
Q19 are compatible with the second neighbor oxygen distance in an ice
lattice™". Theoretically water should be capable of systematically inter-
acting with this ordered chain of electron donating sites.

If the water in a biological environment is indeed present in an ice-like
lattice, then the possible consequence of substituting or perhaps 'perme-
ating"™ this bound water around macromolecules with a substrate or drug
may be thought of in a general way such as the following: A peptide
carbonyl group, for example, of the macromolecule is in hydrogen-bonded
contact with surrounding water. Since water molecules have hydrogen atoms
readily available, the hydrogen bond would involve the arrangement
-NH=-C=0 ~=-~H~0-H. If a substrate or drug bearing a keto group, for exam-
ple, now moves into the general area, this keto group could not normally
furnish a hydrogen to establish a hydrogen bond with the peptide carbonyl
group. The situation might be alleviated, however, if the peptide bond
were enolized. With this change it could furnish the necessary hydrogen
for the bonding, but the net result would be a change in the protein
structure which might be thought of as "substrate-induced'. Alternately,
the bonding could perhaps in some instances be established if the keto
group were capable of enolizing by way of the hydrogen on its Q=carbon
atom to institute a 'protein-induced" substrate change. As a final con-
sideration, one might suggest that an ether oxygen would be equally capa-
ble of inducing a '"substrate-induced" protein change, but might have a
different degree of stability to a '"protein-induced" substrate change.
This very fragmentary exposition is further detailed in references 28, 41
and 43.

Many of the molecules referred to above have rigid structures with the
reactive groups attached to a stable framework, and it is relatively easy
to assign the position of reactive groups in the ice lattice. One vari-
able that has been studied here as far as the ice is concerned is to
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examine the fittings in both the hexagonal and diamond cubic form of ice.
These two forms are briefly described by Dowell and Rinfret“S., With
larger molecules like steroids which interact with more than one layer of
the ice lattice, different relationships may be noted. The study of
flexible structures such as triglycerides or open chain alkyl compounds in
an ice lattice raises some uncertainties about group placement, and it is
more difficult to achleve a unique fitting.

Direct experimental evidence that pharmacologic agents have an influence
on structured or bound water comes from the somewhat unlikely area of
studies with flour/water doughs in a paper by Tracey'®. Central nervous
system stimulants and depressives have profound effects on the physical
properties of these doughs. This paper is also a stimulating essay review
on several other facets of the implicationsof water in biology.

Many proteins and especially small cyclic peptides are potent pharmacolo=-
gic agents. Since the proteins and peptides are also flexible chains,
different theoretical chain conformations are possible and the names of
these are now practically household words. Possible relationships between
some of these protein conformations and molecular models of an ice lattice
have been explored. The spacing of peptide oxygens on an Q-helix is not
consistently compatible with the spacings in an ice lattice, and only
accidental correlations are to be expected. The spacings of peptide oxy~
gens in the pleated sheet or B-structure can come quite close to some of
the spacings in an ice lattice. Vandenheuvel“?7 has exploited this in a
model study of membrane systems. His model does not include attachment to
the complete lattice system. One theoretical protein conformation that
does attempt to make a complete point=-by-point hydrogen bonded attachment
of the ice lattice to the protein chain is the conformation first des=-
cribed by Warner“8. For easy reference this may be called the "hexagonal
conformation"”, an allusion to the hexagonal arrangement of the peptide
oxygens which quite precisely matches and in theory at least can be bonded
to a similar hexagonal network in the ice lattice. The general concept of
this theory, some of the objections to it and its possible extensions were
reported in a recent symposium“. This conformation, together with the
large number of protein sequences now available, has permitted the formu-
lation of some theoretical models for peptide and protein molecules which
can be tested experimentally and also checked against existing data. In
the case of TMV protein!®, some good correlations were achieved between
existing experimental data on the size and shape of the rod and the theore~
tically derived model. For the valinomycin model““, the theoretical con-
cept is not consistent with the X-ray diffraction studies on the valinomy-
cin-KAuCl, complex“3. 1In fairness to the theoretical model, it should be
mentioned that the model was proposed as a preferred structure for an
aqueous environment at biological temperatures, whereas the crystals
examined by X-ray were grown from solutions of the complex in equal mix~
tures of chloroform and xylene.

The proposed utility of the hexagonal concept of protein conformation in a

muscle contraction mechanism has already been noted29. With the large

body of X-ray data now becoming available on intact striated muscle®C,
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this structured water model should be amenable to rigorous evaluation.
Another paper®! describes the attempted application of the hexagonal con-
cept to proteins containing cystines and cysteines. To select one
example from that paper, scenedesmus ferredoxin protein52 has a primary
sequence of 96 amino acids with six cysteines at residues 18, 39, 44, 47,
77 and 85. When these residue positions are laid out on a hexagonal
spiral (similar to that used for TMV proteinl!6) then the six cysteines are
all found in a very compact area in one portion of the subunit. Neither
the (-helix nor the pleated sheet would produce a similar degree of clus-
tering of these rather widely separated primary sequence residues.
Whether the clustering of these =-SH groups is necessary for reactivity is
not known for certain.

Summary - It is apparent from our brief survey that large deficiencies
exist in our knowledge of water itself and its structural role in biology.
Certain theoretical approaches are interesting but the experiments to
verify or disprove the theories still need to be done. Much of the infor-
mation about the role of water tends to be hidden in brief sections of
papers whose main topic is some other problem. The writer apologizes for
many instances where such interesting information has no doubt been over=-
looked. It is hoped that enough of the recent information has been in-
cluded so that more people may be inspired to consider the role of
structured water in biologic systems and in pharmacologic function.
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Chapter 24. Structure and Biological Activity
Interrelationships in Peptides

Miklos Bodanszky and Agnes Bodanszky, Department of Chemistry
Case Western Reserve University, Cleveland, Ohio

Introduction - The isolation of urease from jack beans by Sumner in 1926
marked a turning point in the history of protein chemistry. The full sig-
nificance of the event was not immediately recognized: for the organic
chemists of those days, it was inconceivable that an enzyme could have
protein structure or a protein could possess enzymic activity. The absence
of reactive groups in proteins made it difficult to understand that they
can act as catalysts with an almost miraculous enhancement of reaction
rates and with amazing substrate specificity. Today we accept without
hesitation that all enzymes are proteins. The impact of x-ray crystallo-
graphy led to a general image of biologically active proteins: complex
structures with well-defined architecture, with a niche in myoglobin and
haemoglobin for the oxygen molecule to be carried, with clefts in enzymes
which first have to accomodate a specific substrate and then operate on it.
A remarkable early insight into this relation between architecture and
biological activity was demonstrated by du Vigneaud who in about 1950
wrote: ''Some investigators have been inclined to conclude that one or two
disulfide linkages have a special function in insulin. Our own tendency
was, and still is, to regard the architecture of the molecule as a whole
as the important factor with regard to its hypoglycemic action..."

The close relationship between biological activity and molecular
architecture of proteins is by now generally accepted. Yet, while the
existence of well defined geometry of proteins is beyond question, until
recently the general impression about peptide conformation was that of
randomness. The present review intends to demonstrate that the importance
of conformation {(architecture) of biologically active peptides gradually
emerges and receives considerable attention.

Architecture of Microbial Peptides - The cyclic character is the earliest
Tecognized general feature of peptide antibiotics.! Open chain peptide
antibiotics are rare exceptions (gramicidin A,2 bottromycin3). The best
studied example of peptide antibiotics, gramicidin S (I), was recently the

Val»Orn+Leu>D-Phe+Pro

4 ¥

Pro+D-Phe«LeucOrn«Val
I

subject of intensive studies, oriented toward the conformation of this
homodetic* cyclic peptide. The serious limitations caused by the ring
structure and by the planarity of the peptide bond still allow several
possible arrangements of the peptide backbone and the amino acid side
chains. The conformation of gramicidin S was approached through theoreti-



Chap. 24 S. A, R. in Peptides Bodanszky, Bodanszky 267

cal calculations.®:® A series of nmr studies’ !0 provided convincing evi-
dence for an antiparallel-sheet conformation.

The true biological role of microbial peptides is probably not their
inhibitory action against other organisms. Such compounds should have
some function in the cells which produce them. The function is mostly un-
known so far, yet a possible role for microbial peptides could be that of
carriers of specific ''substrates' through the lipid-rich membranes of mi-
crobial cell walls. A remarkable example is valinomycin (II), which can

D L L D
CH3\ /FH3 CHS\ /FHS CH3\ /FHS
CH CH3 ?H ?H

| |
-=NH~—CH—C0—0—CH—CO—NH—CH~—C0~—-0—CH—CO0- 3

11

accomodate a K' ion in its ring.11 In the presence of valinomycin potas-
sium ions can pass through such membranes 10,000 times faster than sodium
ions. The expression "ionofore" was conceived!? for compounds with similar
functions. The carrier role of microbial peptides can serve as explanation
for their cyclic architecture.

The conformational features of ring-structure,! hypercyclization,!3
the presence of N-methyl amino acids and other imino acids!" are not the
attributes of peptide antibiotics only. The toxic principles of Amanita
phalloides, phalloidinl!5 and amanitin!5 exhibit similar characteristics
and the more recentlg discovered and synthesized component of the same
fungus antaminid!®»17 (III), a peptide which can antagonize the toxic ef-
fects of amanitin, is also cyclic. In this particular case no D-amino

Phe>Pro+Pro+>Phe~+Phe
4 ¥
Phe<«Ala<«Pro+Pro«Val

III

acids participate in the sequence. The usual explanation that the presence
of one or more D-amino acids facilitates ring closure still could be valid.
In antamanid four proline residues might act in the same way. That proline
rich peptides cyclize more readily is shown by the formation of cyclotri-
prolinel® in good yield. It is interesting to note, however, that not less
than 7 D-amino acids occur in the peptide antibiotic stendomycin!?® (IV) for
which a preferred conformation with the hydrophobic amino acid side chains
on the outer surface of the molecule and a possible carrier role were post-
ulated. 20



268 Sect. V - Topics in Biology Smith, Ed.

L L D D D D D L
FA-Pro-NMeThr-Gly-Val-alle-Ala-A-But-aThr-Val-Val
L "B"

alle-Ser-aThr
v

D L D
CHZ\
v
B = _ alle = alloisoleucine
CHS-N_C~\~N,/CH—CH_COOH aThr = allothreonine
I A-But = dehydrobutyrine
CH3 FA = Fatty acids

(e.g. isomyristic acid)

Architecture of Peptide Hormones - The existence of a preferred conforma-
tion of cyclic peptides such as oxytocin or vasopressin can a priori be
expected. The existence or significance of a preferred conformation is
less obvious in the case of open chain peptide hormones. It is somewhat
surprising, therefore, to observe the optical rotatory dispersion (ORD)
and circular dichroism (CD) spectra?l of the gastrointestinal hormone
(porcine) secretin?2 (V). The spectra show striking similarity with those
of lysozyme, a protein with low but well established helix content. The

His -Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-~Leu-Ser-Arg-Leu-Arg-
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Asp-Ser-Ala-Arg—Leu—Gln-Arg-Leu—Leu-Gln-Gly-Leu-Val-NH2
15 16 17 18 19 20 21 22 23 24 25 26 27

v

ORD and CD spectra of secretin were interpreted as indications for a part
of the molecule being in a rigid form. A comparison of the spectra of the
hormone itself with the spectra of a series of shorter peptides correspond-
ing to partial sequences of secretin suggested that this rigidity in one
part of the chain is a consequence of intramolecular cooperative inter-
actions between distant parts of the molecule.

While the spectra of the shorter fragments from secretin do not show
complete randomness, they either represent some preferred conformation for
which no simple geometric description can be formulated, or they may cor-
respond to several conformations simultaneously present in the population
of individual molecules. Certain rigidity, however, could be present even
in small peptides. The sequence of bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-
Pro-Phe-Arg) is suggestive in this respect because this nonapeptide con-
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tains three L-proline residues, two of them neighbors. Yet the ORD and CD
spectra of bradykinin2?3 failed to reveal characteristics that would point
to helical or other well defined conformations. This observation is in
harmony with the diffusion studies of Craig?“ which also suggest consider-
able conformational freedom for bradykinin.

The conclusion that a peptide such as bradykinin consisting of nine
amino acids does not have a preferred conformation but that a well defined
geometry develops from a certain chain length on (secretin contains twenty-
seven amino acids, glucagon with fairly similar sequence and somewhat simi-
lar spectra25 twenty-nine amino acids), would be attractive but is not well
founded. Examination of the ORD and CD spectra?® of the intestinal hormone
cholecystokinin-pancreozymin (CCK),?® a single chain peptide of 33 amino
acids, gives no evidence for structural rigidity which would express itself
in spectra similar to those of helical molecules.,

The contrast between the presence of well defined conformation in
secretin and the absence of rigid geometry in bradykinin or CCK prompts
the speculation that the cooperative intramolecular interactions which de-
termine the architecture of secretin might be replaced by similar but in-
termolecular interactions in CCK (perhaps also in bradykinin), that is by
interactions between the hormone and the yet unknown receptor site. Some
support for this speculation can be found in the remarkable fact that while
with secretin practically the whole chain is needed for full biological
activity, this is not true for CCK: already relatively short C-terminal
sequences reveal the various hormonal activities of the CCK itself.27

Similarly in gastrin28-31 a short C-terminal part of the heptadeca-
peptide sequence is sufficient for activity.32:33 Some of the cooperative
interactions determining preferred conformations result in hydrophobic
bonds3* which in turn through the exclusion of water can stabilize or orga-
nize a potentially helical stretch. Sequences with hydrophobic amino acid
residues at each third or fourth position were recognized by Perutz, Ken-
drew and Watson3® in the helical regions of haemoglobin. The potential
helix in these sequences forms a real helix in which the hydrophobic amino
acids are on one side of the helical region and in contact with a non-
polar region of the molecule. This non-polar region can be quite distant
in terms of amino acid sequence, but is brought into proximity by an appro-
priate folding of the backbone. A similar interaction, perhaps intermol-
ecular, is suggested by the distribution of the amino acids with hydropho-
bic side chains in the peptide hormone calcitonin.36-3° The amino acid
sequence of the hormone changes significantly from species to species
(Fig. 1), yet the position of the non-polar residues remains unchanged
during evolution. In all the different calcitonins positions 4, 9, 12,
16, 19, 22 and 27 are occupied by leucine, phenylalanine or tyrosine resi-
dues and these three amino acids occur only in the here mentioned posi-
tions. This distribution of hydrophobic side chains gives strong support
to the thought that the '"reaction' between hormone and receptor consists
of the stabilization (formation, organization) of regions with well deter-
mined architecture.
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Salmon Cys-Ser-AsntLeuqSer-Thr-Cys-ValrLeutGly-LystLeuqSer-Gln-GlutLeus
Sheep Cys-Ser-AsnrleuqjSer-Thr-Cys-ValtLeuiSer-AlatTyriTrp-Lys-AsptLleu;

Pig
Man
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Calcitonins

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Cys-Ser-AsntLeuqSer-Thr-Cys-ValtLeutSer-AlatTyrqTrp-Arg-AsntLeud
Cys-Gly-AsnLLeu-Ser—Thr-Cys-Met-Leu Gly-Thr[Tyr4Thr-Gln-Asp|Phe

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

----.

Salmon His-LystLeutGln-ThrfTyriPro-Arg-Thr- AsnfThrley—Ser Gly-Thr-Pro-NH
Sheep  Asn-AsntTyriHis-ArgfTyriSer-Gly-Met- GlyLPhefGly Pro-Glu-Thr-Pro-NH

Pig
Man

O oo

10.
11.

12.

13.

14.

Asn-AsntPheiHis-ArgliPhe{Ser-Gly-Met- GlyuPhe+G1y -Pro-Glu-Thr-Pro-NH
Asn-Lys|Phe{His-Thr|Phe{Pro-Gln-Thr- AlarIleTGly -Val-Gly-Ala-Pro-NH

Figure 1
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Chapter 25.
Relationship between Nucleoside Conformation and Biological Activity

David C. Ward, Imperial Cancer Research Fund, London, England
Edward Reich, The Rockefeller University, New York, N.Y.10021

The aim of this review is to outline some of the effects of nucleoside
conformation on the physical and biological properties of polynucleotides
and on enzyme-substrate interactions. The following subjects are
considered briefly: (a) some properties of synthetic and antibiotic
nucleosides which help to establish the relationship between conformation
and biological activity, (2) the relationship between substrate conform-
ation and the specificity of two enzymes: pancreatic ribonuclease and
adenosine deaminase, (3) the syn-anti conformational equilibrium as one
possible determinant of polynucleotide helix stability, (4) the potential
role of minor bases, such as pseudouridine, in maintaining the tertiary
structure of tRNA and other polynucleotides,

Nucleoside and Polynucleotide Conformation -~ The conformation of
nucleosides, nucleotides, and oligo- and polynucleotides has been studied
extensively by means of X-ray diffraction and spectroscopic techniques,
including nuclear magnetic resonance, optical rotatory dispersion and
circular dichroisml-3. Such studies have shown that two major con-
formational elements can influence the three-dimensional structure of
both nucleoside monomers and polymers: these are the relative orient-
ations of the sugar and aglycones at the glycosyl bond? and the type of
pucker in the sugar ring5s 6, In the case of polymers, the series of
single bonds which form the phosphodiester linkages between adjacent
nucleotides could, in principle, permit free rotation and therefore
conformational modifications in the polynucleotide chain. However, the
structure of the phosphodiester backbone is uniform in all known poly-
nucleotides, and there is no evidence to implicate it as an important
determinant of conformational variation.

When a carbon atom of the sugar ring is displaced (by about 0.5 A)
from the mean plane formed by the remaining four atoms, the ring is
said to be puckered. Nearly all nucleosides whose structures have been
determined crystallographically possess sugar puckers that are either
C2! endo or C3' endo; that is, the respective carbons are located on the
same side of the sugar plane as C5'. The data of Haschemeyer and
Richd indicate that the relative orientation of the nucleoside components
at the glycosyl bond and therefore the conformation of the nucleoside are
not influenced significantly by these different types of sugar pucker,
Consequently, further discussion will be limited to properties associated
with changes at the glycosyl bond.
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The relative orientation of the sugar and base is defined in terms of
a torsion angle QCN, which refers to the angle formed between the plane
of the base and the C1-0 bond of the sugar, viewed along the glycosyl
bond?. Examination of molecular models of nucleosides reveals that
there are two ranges of torsional angles within which relatively stable
conformations can be assumed. Each of these ranges, defined as the syn
and anti conformation, covers somewhat more than 90°, The structure
of formycin in the syn and anti conformation is illustrated in Fig. 1.

OH OH OH OH

Formycin (anti) Formycin (syn)
Figure 1

Crystallographic analyses of nucleosides and their derivatives have
revealed that the values of QCN for the vast majority of these compounds
correspond to the anti conformation!’ 7. The exceptions observed to
date which possess the syn conformation are 3', 5'-cyclic AMPS,Z"deOXY".
guanosine9 (when it is in a crystalline complex with 5-bromo-2'-deoxy- ’
cytidine), the nucleoside antibiotic formycin™", 8-bromoguanosine and
8-bromoadenosinell. Solution measurements, based on NMR, circular
dichroism and optical rotatory dispersion are generally in agreement
with the X-ray data, (see paper of Ts'o et al? and literature cited therein}
however, studies®“ using Nuclear Overhauser NMR suggest that AMP
may also prefer the syn conformation.

In nucleosides there are a number of steric barriers which hinder
free rotation around the glycosyl bond and thus tend to "fix" a compound
in its preferred conformation”. In pyrimidine nucleosides the barriers
to rotation about the glycosyl bond are the steric interaction of the C6H
and 2-keto oxygen with a C2' proton of the sugar. In purine nucleosides
the interatomic contacts of the N3 and C8H of the base with the C2' proton
and the furanose oxygen of the sugar provide the chief impediments to
free rotation. The barriers to interconversion of the syn and anti
conformation are considerably higher for pyrimidine than for purine
nucleosides so rotational mobility is more likely in the latter compounds.
Similarly, pyrimidine nucleoside residues in polynucleotides are
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subjected to greater rotational restrictions than the purine nucleoside
residues.

The nucleoside conformation in the usual double stranded DNA or
RNA helices is restricted to anti since this conformation is indisi)ensa.ble
for ordinary base pairing in structures of the Watson-Crick type™ 13.
Indeed, recent analyses of X-ray datal' 7 show that the QCN angles of
nucleosides in natural or synthetic helical polymers are virtually
identical with those found in crystals of the free nucleosides. The indi-
vidual residues in single stranded polynucleotides might be expected to
possess considerably more rotational freedom than in comparable multi-
stranded structures. Nevertheless, the available information, based
predominantly on optical measurements, suggests that the nucleosides
in the usual single-stranded polymers also retain the anti conformation
2,14, However, studies of polynucleotides containing__c-}-rtotoxic nucleo-
side analogues have brought to light exceptional properties which tend to
attribute some biochemical and biological phenomena to conformational
abnormalities.

Conformation of Polynucleotides Containing Cytotoxic Nucleoside
Analogues - The suspected relationship between biological activity and
nucleoside conformation will be illustrated by reference to the behavior
of the following nucleoside analogues: The antibiotics formycinls, lauru-
sinl6 and tubercidin”, and the synthetic cytotoxic nucleosides 8-aza-
adenosine!8 and 8-a,zaguanosine1g1.1 Formycin (Fig. 1) is a highly cyto-
toxic analogue of adenosine?0, in which the C8 and N9 of adenosine have
been interchanged. The obvious similarity to adenosine suggests that
formycin compounds should substitute for the corresponding adenosine
nucleotides in enzymatic reactions. Indeed, with the exception of NAD
synthetase, formycin nucleotides efficiently replace the corresponding
adenosine counterparts with enzymes of intermediary metabolism, poly-
nucleotide synthesis and tRNA synthesis and function®1-24, However,
there are several unexpected characteristics of formycin nucleotides
which appear paradoxical, and all of these are related to the synthesis,
structure or function of repeating sequences of formycin residues in
polymersz.l’23For example, the efficient utilization of formycin nucleo-
tides by RNA polymerase and polynucleotide phosphorylase is dependent
on the concurrent polymerization of other nucleotides, i.e. synthesis of
the homopolymer, poly F, proceeds poorly. In contrast to poly A, poly
F fails to direct the in vitro synthesis of polylysine, yet random copoly-
mers containing a mixture of formycin and normal nucleotides efficiently
code for in vitro polypeptide synthesis and their coding properties are
indistinguishable from the corresponding polymers that contain adeno-
sine, A further anomaly of poly F concerns its abnormal susceptibility
to degradation by nucleases, Thus, poly F is readily degraded by the
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"pyrimidine-specific' enzyme pancreatic ribonuclease, but it is highly
resistant to degradation by non-specific nucleases such as micrococcal
nuclease, and the phosphodiesterases of spleen and rattlesnake venom.
The converse is true for poly A. Indeed in mixed copolymers of formy-
cin and adenosine the susceptibility to pancreatic RNase and the resist-
ance to non-specific nucleases is directly related to the formycin content
of the polymer.

The thermal denaturation profile, and the ultraviolet absorption and
fluorescence spectra show that poly F is single-stranded at neutral pH.
Consequently, the biochemical anomalies listed above reflect the prop-
erties of repeating sequences of formycin residues in the single-stranded
state. The suspicion that such sequences exist in_an abnormal conform-
ation is substantiated by a number of observations“", Because the UV
absorption maximum of formycin (295 mu) is remote from those of the
normal nucleotides, it is possible to monitor selectively the optical
transitions of formycin residues in mixed copolymers and in mixtures of
homopolymer pairs., This useful property permits the demonstration of
important differences in the ORD spectra of formycin polymers, com-
pared with those of the normal adenosine counterparts: (a)the long wave-
length Cotton bands in the ORD spectrum of single-stranded poly F are
inverted compared with those of poly A; (b) the ORD spectrum of the
double-stranded homopolymer pair poly rF.rU is qualitatively the same
as that of the comparable poly rA.rU, However, on thermal denatur-
ation of poly rF.rU the rotational band due to formycin residues under-
goes a complete inversion with a change in sign. The ORD spectrum of
formycin residues in denatured poly rF.rU thus becomes identical with
that of single-stranded poly ¥. No such changes in ORD spectra occur
on denaturation of poly rA.rU, These results demonstrate that a change
in conformation of formycin residues accompanies the transition from
double- to single- strandedness, whereas no comparable modification is
observed in adenosine residues. (c) The ORD profiles of single-stranded
copolymers containing formycin and any one of the normal nucleosides
are variable with respect to the formycin rotation and depend upon both
the nature of the adjacent base and the polymer base compositionZI' 25,
(d) The observed changes in the ORD of formycin polymers does not
result from alterations of the UV absorption spectrum of formycin resi-
dues - the latter remains constant in all polymers.

All the above facts suggest that formycin residues in polynucleotides
can exist in different conformations, the exact distribution of these
depending on the proportion of formycin residues, base sequence and
strandedness of the structure. What is the nature of the conformational
changes, ahd which portion of the formycin molecule mediates them?

The most persuasive arguments are drawn from the structure of formycin
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itself, and suggest that the conformational changes occur at the glycosyl
bond,

The major structural difference between formycin and adenosine is
at the glycosyl bond and this is of significance for several reasons.
First, the increased length of the C-C glycosyl bond in formycin com-
pared with the C-N bond in adenosine should facilitate rotation given a
suitable driving force. The observation that formycin maintains the syn
conformation in crystalslo suggests that such a driving force exists. In
addition, the C8H of adenosine, whose interaction with atoms of the fura-
nose sugar ring provides one of the major rotational barriers for purine
nucleosides®, is absent in formycin and this change further encourages
rotational freedom,

The preceding considerations, together with others drawn from the
results of model building studies and from an analysis of the substrate
specificity of pancreatic RNase (v, infra) are discussed more fully else-
where 2; all are consistent with the following formulations: in contrast
to normal nucleotides (1) formycin residues in polynucleotides are sub-
ject to conformational transitions which take place at the glycosyl bond.
(2) The formycin nucleotides are (a) anti in ordered double-stranded
structures of the Watson-Crick type; (b) syn in neutral poly F and (c)
probably a mixture of syn and anti in single stranded copolymers.

"Many of the unusual properties of formycin polymers are reproduced
by some other purine polynucleotide analogues, One such example is
laurusin, a naturally occurring deamination product of formycin, Like
formycin, laurusin nucleotides are polymerized inefficiently in the
absence of other nucleotides , and the resulting homopolymer has an
inverted ORD spectrum25; it is strongly resistant to degradation by non-
specific nucleases?5, butis rapidly attacked by pancreatic RNaseZ?,
These findings all point to the syn conformation for the individual resi-
dues in polylaurusin.

Although 8-azaguanosine and 8-azaadenosine possess the normal C-N
glycosyl bond, they are free of the steric conformational restraints pro-
duced by the C8H-sugar interactions. Due to extreme difficulties in
their enzymatic synthesiszs, the available quantities of 8-azapurine poly-
mers have been insufficient to permit detailed physical characterization.
On the basis of present data, it is clear that the incorporation of these
analogues into polynucleotide results in the expected ""abnormal' sensi-
tivity to pancreatic RNase25: 26, and aberrant low thermostabilityzs.

The findings so far are therefore entirely consistent with the expectation
that these residues can also exist in the syn conformation.
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The highly cytotoxic nucleoside antibiotic tubercidin likewise appears
to adopt an abnormal conformation in single-stranded homopolymersZ7.
However, present data are inadequate to permit a specific assignment of
the syn conformation to the individual residues in single-stranded poly-
tubercidin.

The strongest evidence that the proposed conformational abnormal-
ities actually occur in the polynucleotide analogues considered here
emerges from the stereochemical analysis of the catalytic specificity of
pancreatic RNase.

Stereochemical Analysis of the Substrate Specificity of Pancreatic RNase
- It is well established that pancreatic RNase behaves as a rigorously
pyrimidine-specific enzyme with ordinary substrates. Nevertheless
ribopolymers containing formycin, laurusin, 8-azaadenosine or 8-aza-
guanosine can be considered as ''true' substrates for pancreatic RNase
for the following reasons??: 25 their degradation is not attributable to a
contaminating enzyme since they are depolymerized at low enzyme con-
centrations like the normal substrates poly C or poly U. Furthermore,
the rate of degradation is not affected by prior heating of the enzyme
solution (800 for 10 min) to destroy potential contaminants. In addition,
the analogue polymers effectively compete with poly C and poly U for
degradation by RNase. Moreover, RNase derivatives modified at His-
119 and Lys-41 which are inactive in digesting poly U and poly C also do
not depolymerize the purine polynucleotide analogues.

Although the preceding observations would suggest that the purine
polynucleotide analogues should be viewed as orthodox substrates for
RNase, their susceptibility to the enzyme differs in one important resp-
ect from that of pyrimidine polymers. The degradation of pyrimidine
polymers by pancreatic RNase occurs by a two step process: rapid inter-
nal transphosphorylation to an intermediate nucleoside 2', 3'-monophos-
phate followed by a slow hydrolysis to the nucleoside 3'-monophosphate.
Unlike normal pyrimidine substrates, the homopolymers of the purine
analogues are converted exclusively to the corresponding 2', 3'-cyclic
phosphates which are immune to subsequent enzymatic hydrolysis. The
substrate properties of polymers such as poly F can therefore be used to
differentiate the two activities of the enzyme, i.e. transphosphorylation
and hydrolysis. We can now attempt to formulate an explanation for all
these observations by reconciling the available X-ray date concerning the
structure of ribonuclease with the stereochemistry of the substrate mole-
cules,

Crystallographic and NMR studies of pancreatic RNase have shown
that the pyrimidine nucleotide inhibitors, such as 2', (3')5-iodo UMP,
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bind to the enzyme in the anti conformation28, 29, Under these condi-
tions the N3-H, 2-keto and 4-keto groups of the pyrimidine base may
form H-bonds respectively with the hydroxyls of threonine-45 and serine-
123, and with the amide NH bond of threonine-4528, 30, Assuming that
inhibitory pyrimidine nucleotides are bound at the active site of RNase,
we can then compare pyrimidine polynucleotides and the purine analogue
polymers in terms of reasonable stereochemical homologies. At first
sight, 3'-CMP and 3'-UMP bear little resemblance to the 3'-monophos-
phates of formycin or the other purine analogue nucleosides. However,
an examination of the three dimensional structure of the nucleotides
demonstrates that, as far as the distribution of H-bonding groups is con~
cerned, they can be considered H-bonding analogues or hybrids of both
CMP and UMP22, In Fig. 2, 3'-FMP (syn) is compared with a hybrid
pyrimidine structure containing the H-bonding donor groups of both CMP
and UMP (anti). In this comparison the 3'-phosphoryl groups of the
nucleotides have been superimposed. The C7-NH, group of formycin is
close to the C4-N group of cytosine and the donor N3-H of formycin is
sterically equivalent to the N3-H of uridine. It is important to note that

Fig. 2. Stereochemical comparison of 3'-FMP (syn) (solid line) and an
H-bonding hybrid of 3'-CMP and 3' -UMP (anti) (dashed line). The tor-
sion angles about the glycosyl bonds differ by 180° in the two nucleotides.
All other torsion angles are identical and are like those in ribose nucleo-
tides of helical RNA.
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neither FMP nor any of the other purine analogue nucleotides possess a
functional group homologous with the 2-keto group of the pyrimidines. We
propose that formycin nucleotides (syn) interact with RNase through two
H-bonds, in which both the C7-NH) and the N1-H of formycin act as
donors. Using the same steric analogies laurusin (syn) can be seen to be
an H-bonding analogue of uridine (anti) where the N1-H and N7-keto of
laurusin are sterically equivalent to the N3-H and C4-keto of uridine.
Similarly 8-azaguanosine (syn) provides two H-bond acceptor sites (N7
and Cé6-keto) whereas 8-azaadenosine (syn) provides one H-bond donor
and one H-bond acceptor and it is thus an H-bonding analogue of cytidine
The importance of the conformational requirements outlined above
can be illustrated by the stepwise degradation of the alternating copoly-
mer poly r(F-U). When poly r(F-U) is exposed to RNase, it ig first
degraded to FpUp and then to 2', 3'-cyclic FMP and Up. In the two-
stranded molecule formycin has the normal anti conformation. As such
they are not acceptable substrates for RNase and the polymer is cleaved
only at the uridine residues to yield FpUp. Once they are freed from
the constraints imposed by the polymer structure, the formycin residues
in these dinucleotides can assume the syn conformation, whereupon they
are attacked by the enzyme,

The substrate specificity for binding and catalysis in the transphos-
phorylation reaction of RNase is now seen to be based on a system of
stereochemically defined H-bonding groups. At least two of the relevant
functional groups in the enzyme (the hydroxyls of serine and threonine)
can act interchangeably as H-bond donors or acceptors. The comple-
mentary H-bonding groups in the substrate can be met by pyrimidine
nucleotides in the anti conformation. The available H-bonding groups in
purine nucleotide analogues can mimic those present in the pyrimidines,
provided the purines are in the syn conformation. The fact that two H-
bonding sites suffice for transphosphorylation does not exclude the
possibility that three H-bonds may be formed normally by pyrimidine
substrates or that two of the three H-bonds are sufficient for enzymatic
activity. The observations do imply that the base-pairing region of the
enzyme possesses functional groups capable of acting interchangeably as
H-bond donors or acceptors. The threonine-45 and serine-123 hydroxyl
groups are well suited for such a function.

As noted above, none of the purine analogue nucleotides (syn) present
a structural homologue of the 2-keto group of the pyrimidine nucleotides
(a_nj:_l) There have been suggestions 1 that susceptibility to RNase was
dependent on the presence of a keto group at a position @ to the glycosyl
bond. The efficient degradation of poly F and related structures demon-
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strates that such a functional group is not required for transphosphoryl-
ation, although it cannot be excluded that a 2-keto group or its electronic
equivalent act as important determinants for the hydrolysis reaction.

Effect of Nucleoside Conformation on Polynucleotide Helix Stability - As
already noted, the complementarity observed in double-stranded struc-
tures of the Watson-Crick type requires the anti conformation in all
residues which are involved in base pairing. The tendency of a signifi-
cant proportion of H-bonded nucleotide units to adopt any conformation
other than anti will produce a destabilizing effect which, under appro-
priate conditions, can be expressed as a decrease in thermostability
(lowered Ty, ) of the helical structure. The thermal melting profiles of
polymers containing formycinZI’ 23, tubercidin27, or 8-azaguanosine
substantiate these expectations. Thus, the thermal melting of the homo-
polymer pair poly rF.rU (Tp=22°), which is associated with the anti-syn
interconversion of the formycin residues,occurs at a temperature much
lower than that of the normal counterpart poly rA. rU (T =57°) under
identical ionic conditions. Similarly, the corresponding homopolymer
pair structure containing tubercidin (poly rTu.rU; Tp=31°) is much
more thermolabile than poly rA.rU (T,=57°%); the melting of poly rTu.
rU coincides with a conformational change in the tubercidin residues
analogous to that observed for formycin polymers. The incorporation
of 8-azaguanosine into tRNA32 leads to a comparable decrease in thermo-
stability; the Ty decreases progressively with increasing substitution of
guanosine by 8-azaguanosine,

On the other hand, the tendency of formycin residues to assume
the syn conformation can be markedly influenced by the rotational free-
dom of adjacent nucleotide residues. This can be illustrated by the pro-
perties of a family of alternating copolymers of the type poly r(F-U). In
these polymers there is a perfectly alternating sequence of purine and
pyrimidine residues and a pyrimidine is located on either side of each
purine unit. Since the pyrimidine residues are restricted to the anti con-
formation, the rotational mobility of adjacent purines (e.g. formycin) is
also limited. Thus the pyrimidines serve to maintain formycin residues
in anti, and this can account for the fact that alternating copolymers of
formycin show the same thermostability as the comparable adenosine
copolymers. This is in contrast to the situation which exists in homo-
polymer pair structures, where all the formycin residues are in one
strand and can undergo a conformational change in a cooperative manner.

Of the naturally occurring nucleosides, one representative - pseu~
douridine - is conspicuous as a potential mediator of conformational tran-
sitions resembling those produced by the purine nucleoside analogues.
Like formycin and laurusin, pseudouridine is a C-glycosyl, and this can
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be expected to lower markedly the energy barrier to rotation at the
glycosyl bond. This is reflected in the fact that the alternating copoly-
mer of formycin and pseudouridine, poly r(¥-U) shows an unexpectedly
low Ty compared with other pseudouridine polymersZI. The observa-
tion that cyanoethylation of pseudouridine residues in tRNA33, 34 ig
associated with complete loss of amino acid acceptor activity and with
physical evidence of modified tertiary structure is highly suggestive of
an important role for this nucleoside in maintaining the functional archi-
tecture of tRNA.

General Considerations of Nucleoside Conformation - The interpretation
proposed above for the susceptibility of poly F to degradation by RNase
suggests that the specificity of the enzyme is dependent on its ability to
interact with substrates through a properly oriented set of stereospecific
H-bonding groups. However, there are numerous biological processes
whose course is determined by molecular interactions based on stereo-
specific H-bonding, and the binding of substrates to RNase is only one
example of this class, The annealing of single-stranded polynucleotides
to form multistranded structures depends likewise on a system of H-bonds
whose spatial distribution is restricted by the geometry of helical com-
plexes; assuming that the appropriate H-bonding functions are present,
their capacity to interact with complementary strands will be determined
by a number of factors, one of which is the conformation of the individual
nucleotide residues in the polymer. Another example of this type is the
interaction between polynucleotide templates (messenger RNA's) and
aminoacyl-tRNA, All available evidence suggests that codon-anti codon
recognition is based on complementarity of the Watson-Crick type,

Since paired structures of this kind requires the _aLti conformation, it is
not surprising that poly F, whose individual nucleotides are syn, fails

to act as a template for polypeptide synthesis. Indeed, given the com-
plementarity rules which are obeyed during replication, transcription
and translation, it would be expected that the normal nucleotides found in
polymers have been selected by nature precisely because they maintain
the anti conformation under all conditions of polynucleotide function.
That being so, some of the common nucleases which degrade ordinary
polynucleotides could well have evolved to interact primarily with poly-
nucleotides whose nucleoside components are anti. It is of interest, in
this regard, that the diesterases from spleen and snake venom, and
micrococcal nuclease, do not digest poly F, which is syn: also that the
specificity of pancreatic RNase for the natural substrates - uridine and
cytidine - is based on their normal anti conformation.

As illustrated by the crystallographic studies of Phillips et a135’ 36,

stereospecific H-bonding is an important determinant in the binding of
small molecule substrates by lysozyme. In the light of the work on
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RNase and lysozyme, it would be expected that some of the interactions
between monomeric nucleoside derivatives and enzymes of intermediary
metabolism should be based on H-bonding. It is known that the sub-
strate specificities of some of these enzymes depend on functional groups
both in the sugar and the base37, Consequently, the relative orientation
of these two rings, i.e. the nucleoside conformation at the glycosyl bond
- should influence the substrate spectrum of such enzymes., The nucleo-
side analogues considered above are conformationally abnormal when
polymerized, and the number of possible conformations is severaly
restricted by the polymer structure even in the single-stranded state.
However, as monomers these compounds, possessing virtually no bar-
rier to free rotation, can be expected readily to adopt a conformation
which will accommodate the H-bonding and steric requirements of an
enzyme. Nucleosides restricted to one type of conformation, but
retaining unmodified H-bonding groups, might be used to probe such con-
formational requirements. While the available data are insufficient to
support definitive conclusions, the studies of Robins and co-workers>?
on adenosine deaminase are quite consistent with the view that nucleoside
conformation is an important element in this substrate-enzyme inter-
action. These investigators examined a large series of 8-substituted
adenosines and observed that most of the compounds did not interact with
adenosine deaminase. Two of the compounds are slowly deaminated:
8~-amino- and 8-ketoadenosine. The 8-substituents here are small
enough to permit the syn-anti interconversion and the kinetics of this
process could well be the rate-limiting step in catalysis if the enzyme

is specific for the anti conformation., In the remaining compounds,
larger substituents presumably restrict the conformation to syn at all
times. Although this explanation is attractive, it should be emphasized
that others cannot be excluded. For example, the inductive effect of
many of the substituents might change the electronic structure of the
purine ring and adversely influence substrate properties in this way.
Nevertheless, for reasons which cannot be fully developed here, we
tentatively favor the predominant role of substrate nucleoside conform-
ation in this instance.

Present knowledge concerning the influence of nucleoside con-
formation in biological processes is too fragmentary to permit a reliable
assessment of its general importance. In view of the ubiquity and
central role of nucleotides in cellular function, the design, synthesis,
and biochemical investigation of sterically restricted nucleosides might
contribute a new set of biochemical probes. These could yield diverse
ingights of general metabolic significance.
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Chapter 26 . Physicochemical Parameters in Drug Design
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Introduction - The literature on drug design shows an increase
in the use of quantitative structure-activity relationships.
Another area of interest in drug design that is growing rap-
idly is the use of molecular orbital theory in the direct
correlation of electronic structure with biological responsel’
and in the theoretical interpretation of empirically derived
substituent constants.3** For background, the reader is
referred to a chapter by Purcell and Clayton® and an inform-
ative article by Lien on the use of substituent constants and
regression analyses in structure-activity correlation
studies.®

2

Quantitative Structure-Activity Relationships

Mathematical Model - The 1969 literature on quantitative
structure-activity relationships contains much less about the
mathematical (empirical, de novo) models than did the 1968
literature. To the authors' knowledge, no publications,
other than those by Ban and Fujita’ and Beasley and Purcell®
which were cited in this chapter last year,® utilizing a
purely mathematical, empirical correlation technique (such as
that of Free and Wilson’) have appeared this year.

Linear Free-Energy-Related Model - On the other hand, more
emphasis has been placed on the correlation of observed
biological activity with measured physicochemical parameters
of related compounds than in previous years. Hansch has
given the historical development of the use of substituent
constants and certain physicochemical parameters in quanti-
tative structure-activity studies of biochemical systems.'?®
Specifically, he has dealt with the dependence of biological
activity of drug molecules upon partitibning properties,
electronic parameters, and steric effects.?

Cammarata has presented an analysis of linear free-
energy relationships which are postulated to exist in drug-
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receptor interactions.!! By separating the free-energy change
P P g

occurring in a reaction into its electronic, desolvation, and
steric components according to Leffler and Grunwald;!? defin-
ing each component in terms of contributions made to it; and
approximating these contributions with quantum mechanical
parameters, Cammarata has arrived at a theoretical interpre-
tation of substituent constants in the context of biological
linear free-energy relationships.!!

Clayton and Purcell!* have reported a comparison of the
predictive utility of the mathematical model of Free and
Wilson® and the linear free-energy-related model of Hansch.!?
In the study of butyrylcholinesterase-inhibitory potencies of
6 members of a homologous series of l-decyl-3-carbamoylpiperi-
dines, the free-energy-related model gave better correlations
of molecular structure with biochemical activity than did the
mathematical model.!*

Parameters Employed in Structure-Activity Correlations
Hydrophobic Parameters (Partitioning Properties) - When using
partition coefficients to correlate molecular structure with
biological activity, it is desirable for the properties of
the partitioning phases to be as similar to the biological
"partitioning system'" as possible. Hansch et al. have used
octanol and water as the two partitioning phases.!® Although
this may not be the ideal reference system, the excellent
correlations between m (m = log Py - log Py; where Py is the
partition coefficient of the substituted molecule and Py is
the partition coefficient of the parent, unsubstituted mole-
cule) obtained from the octanol/water model and biological
activity indicates that relatively little improvement in
structure-activity correlations would probably be obtained by
using another partitioning system.!®

Lien has reported an example of another partitioning
system, oleyl alcohol/water, however, which gave excellent
correlations between log P and the fungitoxicity of some
imides and their N-SCCl, compounds.!® A parabolic equation
of log P accounted for 31% of the variance in the toxicities
of these compounds to spore germination of Stemphylium sarci-
naeforme and of the imide N-SCCl, compound against Erysiphe
graminis on oats. Log P also cofrelated to a high degree
parabolically with the toxicity of the imide N-SCCl. compounds
against Neurospora crgssa and linearly with the activity of
these compounds against Alternaria tenutis.'®

Penniston et al. have presented a theoretical analysis
of the penetration of drug molecules to their sites of action
based upon a model which treats the membrane or macromolecule
as a single phase of 1lipid character and ignores the nature of
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its structure.!’ In the actual biological situation a drug

molecule must interact many times with serum proteins and
cross several membranes before reaching its site of action.
Their theoretical treatment approximated this with many
phases of alternating lipid and aqueous character. The
derived model for passive permeation through biological tis-
sues justifies the parabolic equations which have been used
in an empirical sense to describe the relationship between
the bi?%ogical activity of a drug and its hydrophobic char-
acter.

Electronic Parameters - Garrett et al.!® have found that the
bacteriostatic activity of a series of meta- and para-
substituted Nq-phenylsulfanilamides on E. coli correlated
well with modified Hammett substituent constants.!® Also,
there was no significant dependence of activity upon the
relative lipophilicity of the compounds studied. The varia-
tion among the substituent groups would be expected to influ-
ence electronic parameters of the molecules since the differ-
ent substituent groups have quite different electronic struc-
tures.'® On the other hand, hydrophobic parameters such as
the m-substituent constant of Hansch!® are usually influenced
most when the variation in the substituent groups manifests
itself in changes in the length or structure of an alkyl
chain or other lipophilic moiety.

Hansch et al. have used the homolytic substituent con-
stants, ER, of Yamamoto and Otsu?’ for correlations with anti-
bacterial activity against E. coli for a series of chloram-
phenicol derivatives.?! To determine the importance of elec-
tronic effects relative to hydrophobic properties, the authors
performed regression analyses on the data of Garrett et al.?2?
Using ER derived from free-radical reactions and the hydropho-
bic parameter, m, of Hansch,!3® they obtained eq 1 and eq 2

(2.7 £ 1.9) Bg + (0.93 = 0.37) § 0.820 0.%43 (1)

log A

i}

log A (0.15 + 0.43) m + (1,29 + 0.41) 8 0.317 0.403 (2)
where A is the activity of the drug, n is the number of data
points, r is the correlation coefficient, and ¢ is the stand-
ard deviation.?! It is apparent that the electronic parameter
has a higher degree of correlation with activity than does the
hydrophobic parameter. The authors, however, mentioned that
the linear combination of the two substituent parameters gives
a much better correlation than that shown in eq 1 and eq 2 for
either parameter. These and previous results have led Hansch
et al. to hypothesize a free-radical mechanism of antibacterial
action for chloramphenicol derivatives.?!
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Another electronic parameter used in the correlation of
structure with biological activity is the empirical measure
of electron density, pKz. Brown and Kipp have resolved the
overall basicity for series of 4'-alkyl-4-dimethylaminoazoben-
zenes and prime-dimethyl-4-dimethylaminoazobenzenes (Fig. 1)
into pK,, and pK,,,, which represent the pK, of the two basic
centers, the amino and azo nitrogens, respectively.?® The
electron densities so determined were then compared with

CH,

N=N h<
R CH,

Figure 1. A prime-alkyl-4-dimethylaminoazobenzene

the relative hepatocarcinogenic activities. The results
indicated a direct relationship between hepatocarcinogenic
activity and the electron density at the amino nitrogen.??

Sasaki and Suzuki have compared partition coefficients
and bioclogical activities with the substituent constants
o: and o, of Yukawa and Tsuno2?* which are useful in the esti-

1l,. % N N . . 25

mation of m-electron charge density distributions. They
have suggested that both partition coefficient and biological
activity are essentially dependent on the molecular electronic
conditions, 25

Steric Parameters - The steric parameter, E_, of Taft!? has
been employed by Kutter and Hansch in the c8rrelation of the
molecular structure of some phenoxyethylcyclopropylamine mono-
amine oxidase inhibitors and diphenhydramine antihistamines
with their activity.?® For the types of biological activity
investigated it was found that the Taft E5 was more important
in the correlation than was either the electronic parameter
of Hammett, 0,27 or the hydrophobic parameter of Hansch.!?®
Their results led Kutter and Hansch to conclude that the
binding of substituent groups of moderate size into a macro-
molecular pouch may well be, at least over a limited range, a
continuous linear process. This would negate the all-or-none
situation which sometimes arises from the '"lock and key"
theory of enzyme-substrate interaction.?®

Several substituent constants, including the Taft Es,12
have been employed by Hamor and Lien in the study of anticon-
vulsant activities of alkyl esters of 2-sulfamoylbenzoic acid
against maximal electroshock and against strychnine-induced
convulsions.?® The steric substituent constant,E_,'? the
electronic substituent constants, o2’ and o*,!?2 and log P cal-
culated from Hansch's w values'® were examined for correlation
with biological response. For antistrychnine action, the best
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correlation was obtained with an equation incorporating E_,

log P, and o Antielectroshock action correlated best with

an equatlon 1ncorporat1ng Eg, log P, o, and o. The observa—
tion of a negative dependence on log P led Hamor and Lien?

to suggest that these esters have sites of action which differ
from those of barbiturates and other hypnotics since parabolic
dependence on log P with an optimum value of about 2 has been
reported for various hypnotics.?®

Quantum Chemical Parameters - Rogers and Cammarata have
attempted to correlate experimentally determined partition
coefficients with molecular orbital 1nd1ces by utilizing
linear multiple regression analyses. Their results indicated
that the two molecular orbital indices, charge density, Q.,
and electrophilic superdelocalizability, S,, may be related

to the partitioning process. In explanation of the high
degree of correlation between the experimental and calculated
partition coefficients, Rogers and Cammarata have suggested
that the magnitude of Qy, a result of the m-electron delo-
calization of aromatic molecules, may reflect aqueous solu-
bilization of the aromatic compound through a classical charge-
dipole interaction mechanism. S,, an index of the probability
of formation of a weak m bond between an attacking reagent and
a specific atom in the substrate during the progression of a
chemical reaction, may be an indication of the extent of for-
mation of a weak 7 bond between octanol and the substrate in
octanol/water partition studies.?

In a more lengthy treatment, Rogers and Cammarata have
suggested that o charge calculations must be incorporated
into the charge- density calculations in compounds which contain
carboxy, hydroxy, amino, or other groups which can hydrogen
bond with an aqueous solvent. Since the formation of hydro-
gen bonds is greatly influenced by the o charge on the elec-
tronegative atom, the use of m molecular orbital indices alone
in these compounds ordinarily provides poor correlations with
partition coefficients."

Hermann et al. have calculated substituent constants for
a series of substituted acetophenones based on several differ-
ent molecular parameters and have compared these constants
with the relative substrate efficiencies of the compounds
toward a rabbit kidney reductase.3®’ Substituent constants,
E., analogous to Hammett o values were calculated by the ex-
tended Hiickel theory, EHT, of Hoffmann®!' and by the complete
neglect of differential overlap, CNDO/2, treatment of Pople
and Segal32 which takes into account electron repulsions
ignored in EHT.3®° The substituent constants were obtained by
subtracting the electron density value for acetophenone from
that for ‘the derivative and multiplying by -1000. This permits
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the sign of the calculated substituent constant to have the
same significance as that of the Hammett o. An analogous sub-
stituent constant, 6, was derived to "account for the immedi-
ate environment of the reactive center of the acetophenone
derivative as seen by an approaching hydride ion," Z.e., the
hydride ion interaction energy.®® 1In addition, a substituent
constant, §E, based on energy differences between ground and
incipient transition states was derived by CNDO/2 treatment.
Correlations obtained using the derived constants were not
quite so good as the correlations obtained by using the exper-
imentally derived substituent constants of Hansch.’? It was
noted, however, that direct molecular orbital calculations of
various molecular properties allow one to examine the summa-
tion of these contributions at a specific position. On the
other hand, experimentally derived substituent constants can
only infer the summation of these contributions in terms of

the rates of the specific r i i
faearates of 4 P eaction used to measure the substi-

Thermodynamic and Qther Parameters - Ostrenga has illustrated
the use of molar attraction constants in the correlation of
molecular structure with biological activity.®® The molar
attraction constant F is regarded by Ostrenga as 'a measure
of the intermolecular attractive forces of a chemical species
relative to a second entity.'" The mathematical definition of
F is given by eq 3 where § is a solubility parameter 3* E is

§ = (EV)1/2/v = EF/V (3)

the potential energy, and V is the molar volume. Thus, by
obtaining values for § and V, one can determine F for various
compounds. By determining F for a substituted and an unsubsti-
tuted compound, one can determine the contribution of a substi-
tuent group to the molar attraction constant. By addition of
previously determined substituent contributions to F,3%,%S
Ostrenga calculated the expected biological activities of six
different classes of compounds.3®® Where statistical compari-
sons were made, it was found that F correlated with biological
activity at least as well as, and in some examples better than,

the 7 value!?® of Hansch.?®3

In another study, Turner and Battershell have considered
the relative influence of chemical reactivity, vapor pressure
and oil/water partition coefficients (obtained from R, values
on the fungicidal activity of a series of halogenated iso-
phthalonitriles.?® They obtained excellent correlations (r% =
0.96 and 0.94) between biological activity and the reactivity
of the compounds with a model thiol compound and suggested
that the mode of action involves reaction with thiol groups.?

57)

Using multiple regression analyses, Jones et al. have
correlated some physical organic parameters with the penetra-
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tion and detoxication of some substituted phenyl N-methyl-
cerbamates $%  Although correlations using field constants,
F,’and resonance parameters, R,“? were also considered cho-
linesterase (ChE) inhibition in terms of log 1/I

molar concentration of compound necessary to effect 58 1nh1-
bition) accounted for 50% of the variation in synergized LD
values for the meta-substituted compounds.?®® 1In this examp?e,
liposolubility made no significant additional contribution to
the correlation. On the other hand, with the para-substituted
compounds both ChE inhibition and lipophilicity contributed
significantly to the variation in the biological response.
There was, however, no correlation of any parameters with the
detoxication of these compounds.??

Similar studies by Fukuto e¢ al. have correlated chemical
reactivity, anti-ChE activity, and toxicity to insects of a
series of oximes of substituted acetophenones and benzalde-
hydes with the free-energy parameters,*! F,*® R,*? 7,613
and o*.1? Excellent correlation was obtained between these
electronic effects, reactivity, and anti-ChE activity (log
1/1g9) for the ring-substituted acetophenone oximes studied.

In tge example of the benzaldehyde oximes, the addition of
Hansch's 7 constant to the equatlon was necessary for corre-
lation with the anti-ChE activity.*

Using a variety of physicochemical parameters, Kakeya
et al. have performed a structure-activity study on a series
of sulfonamide carbonic anhydrase inhibitors.“? Hammett's o
constants were found to vary linearly with pKy, chemical shift
of the sulfamoyl protons, and the valence-force constant, f,,
of the S=0 bond. It was found that compounds with a large o
value, a large f,. for the S=0 bond, and a large chemical shift
for the sulfamoyf group showed a strong inhibitory activity
for carbonic anhydrase; this illustrates the importance of
electronic effects in the activity of sulfonamide derivatives.*?
Comparison of Parameters Used in Structure-Activity Studies -
Leo et al. reported a comparison of parameters currently used
in studies of structure-activity relationships.?® The activ-
ities of a variety of molecular typecs, as measured in four
different biological systems, were correlated with octanol/
water partition coefficients,!® polarizabilities,*? molar
attraction constants,®® parachors,'* adjusted parachors,"
and molecular weights. In the systems investigated the
octanol/water partition coefficient was found to correlate
best with biological activity while adjusted parachor and
molar attraction constant gave the next best correlations.’

s

Quantum Chemical Applications to Drug Design - Efforts to
characterize the dynamic properties of biological systems by
the application of molecular orbital theory have increased
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substantially this year.!»2>%5"%7 One example of this was
given in a recent symposium on physicochemical mechanisms of
carcinogenesis during which Pullman et ql. presented an account
of the present status of the application of quantum theory to
chemical carcinogenesis."®,*® They discussed the results of
research on the nature of the carcinogenic interaction, the
principal receptor, and the proximate carcinogen (Z.e., the
initial molecule or metabolite that interacts directly with

the recegtor), and the relation of carcinogenesis to muta-
genesis.*®

In an effort to determine if there is a significant
relationship between quantum mechanical parameters and thera-
peutic effectiveness, Shargless and Greenblatt have studied a
large series of acridines. They have calculated the electron
density, q, at the ring nitrogen, the energy of the highest
occupied molecular orbital, HOMO, and the energy of the lowest
empty molecular orbital, LEMO, for these compounds and have
compared these parameters with their toxicities against three
gram-positive microorganisms (Clostridium welchii, S trepto-
coccus pyogenes, and S taphylococcus aureus) and two gram-
negative microorganisms ( Baecterium coli and Proteus). These
quantum mechanical parameters were studied in terms of the
pKy values and molecular structures. Their results showed
that q, LEMO, and pK, correlated well with the toxicities of
the acridines on the three gram-positive organisms but corre-
lated poorly with their toxicities on gram-negative organisms.!
They also found that the energy of the HOMO correlated poorly,
if at all, with the therapeutic indices in all types of mole-
cules and organisms investigated. This indicates that the
toxicities of acridines should not be attributed to their
electron-donating ability. The authors also proposed a mem-
brane model that accounts for the fact that acridines are most
effective therapeutically when in their most ionized state.
Their model suggests that a positively charged molecule inter-
acts with electrons at the cell surface; this "passport of neu-
tralitX“ then allows it to cross the lipid phase of the mem-
brane.

Another example of the application of molecular orbital
theory to drug design has been given by Andrews.? Molecular
orbital calculations by the EHT and CNDO/2 methods were made
on a number of anticonvulsant drugs and related compounds.

His calculated dipole moments support the generalization that
the CNDO/2 method is superior to the EHT method in assessing
net atomic charges. These calculations indicate that the net
charge at the "biologically active center' proposed by Perkow?®
does not determine the type or degree of central nervous-system
activity of the drugs studied. They also show that hydrogen-
bonding ability, in terms of net atomic charges, is unrelated
to the type or extent of activity.?
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Application of Nuclear Magnetic Resonance to Investigations
of Drug-Receptor Interactions - The application of nuclear
magnetic resonance spectroscopy to the study of interactions
between small molecules and macromolecules has increased
appreciably in the past five years. The technique of follow-
ing the change effected in the relaxation rates of the protons
of a small molecule by binding to a macromolecule has now
been applied to the study of enzyme-substrate interactions,5!>
enzyme-inhibitor interactions,>'»%? and enzyme-coenzyme inter-
actions.®* Recently, Fischer
and Jost have directly observed
the interaction of a drug with
its receptor site in an intact
cellular system by this method.5®
By observing the differential
broadening of the peaks associ-
ated with the protons of epine-
phrine upon the addition of a
single-cell suspension of mouse
liver cells (Fig. 2), they were
able to draw conclusions about
the nature of the binding of
epinephrine to its receptor site
in the mouse liver cell. The
marked broadening of the phenyl

¢ and methylene peaks of epine-
. phrine indicates that the molecule

: 4 } was being bound both at the ring

52

éo 6;0 do and somewhere distal to the
Figure 2. NMR signal aris- methylene group on the side chain.®?®
ing from the phenyl protons The broadening of the methyl peak
of epinephrine.®® Scale: was less noticeable and was attri-
chemical shift in Hertz. buted to the group's retaining
a. Epinephrine. b. Liver considerable freedom of motion
cells with 0.01M epinephrine. even when the complex is formed
c. Liver cells with 0.005M with the receptor site.5®

epineprine.*®?
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Chapter 27. Steroids

Paul D. Klimstra, G.D. Searle & Co., Chicago.,lllinois

Introduction = The concentration of effort toward the discovery of totally new and
different steroidal structures has been decreasing during the last few years and 1969
was no exception. Interest in new total synthesis methods for generating the steroidal
skeleton has decreased; however, such a means for the introduction of heteroatoms
into the steroid nucleus has remained attractive. The steroidal system continues to
be the one of choice for studies involving new reagents or transformations resulting
in either a few new structures or in a better means for preparing some older ones.
During the year a review on the nomenclature, history, biosynthesis, synthesis and
modification of steroids cppeared.] A significant amount of effort continues,

to isolate, identify, and synthesize steroids of natural origin. In addition, some
work continues on insect hormones related to ecdysone.

|-General Reactions

A. New Methods = A number of methods for the oxidation of steroidal systems
have been reported., Ruthenium tetroxide can be substituted for ozone, chromium
oxide and potassium permanganate to cleave conjugated and cross conjugated steroiddl
ketones without further oxidation .2 Nitrosyl fluoride reacts with a C=9 (11) steroidal
olefin to give the corresponding a, 8 ~unsaturated C~12 ketone.” By the use of
molecular oxygen catalyzed with cuprous chloride, enamines, even those sterically
hindered and not photosensitive, are cleaved to provide a carbonyl function of the
steroid by loss of a carbon asg formyl group.® Alcohols are oxigized using either
diphenylketene=p~tolylimine~ or N, N=diethylaminoprop=1-yne“and dimethy|-
sulfoxide. In addition, hexamethylphosphotriamide (HMPT) and chromium trioxide
are used to oxidize quantitatively only allylic secondary alcohols.” The action of
dimethylsulfoxide on either a,p -epoxyketones or the vinylic chloro=, g=
unsaturated ketone afforded a variety of dehydrogenated products and olefins.B

The use of ruthenium chloride triphenylphosphine complex on the A] ’4-3-
keto system reduced only the C~1 double bond githout further reduction such as can
occur with the corresponding rhodium complex.” Chromium (l1) chloride reduces
enediones to dihydro compounds without reduction of the a,g-unsaturated kef?ngf.]o
The conversion of the saturated carbonyl to the equatorial hydroxyl in 1ihe 210
3-keto-system is accomplished using Raney nickel under high pressure.

A hydrocyanation process has been used to introduce bridged rings at angular
posiﬁons.]zThis involves using either trialkyl= or trihalo= aluminum and hydrogen
cyanide, ' The 10g-methyl anggg% group is introduced into the 19=norsteroidal
system by methyle{\ftion of the A )-3-kefo grouping and subsequent opening of the
cyclopropyl ring.’ ' Stereospecific alkylation can be accomplished by treating
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the tosylhydrazone of a ketone with o excess of n=-butyllithium as in the case for the
formation of 33-2-bufy|cho|esfone.] In addition, the stereospecific synthesis of
certain olefins and dienes of the types 1 and 2 is possible using organocopper (1)
reagents such as Lifalkyl),Cu. 4

g cH,
H CH,R . ,i
CH
3
1 2

The insertion of a fluorine atom is performed by electrophilically, treating an
unactivated or deactivated position such as the vinylic with CF,OF."> A selective
sulfation is effected in the order of alkyl over phenolic hydroxy? gyoups using
dicyclohexylcarbodiimide and sulfuric acid in dimethylformamide. 6 Oxiranes are
formed from carbony| groups using methylene bromide and lithium or lithium
amalgam.

Certain olefins of steroids were prepared in good yield by reducing the enol
diethylphosphates of o.~bromoketones with lithium and ammonia in t=butyl alcohol. 18
HMPT and sodium azide act uniquely on certain C=20 tosylates that might normally
give D-homo rearrangement to provide azides,

B. Skeletal Alterations = Photoirradiation of cholest=5-en=7=one gave a bridged
compound (3) where the C=4 carbon migrated to the C-6 position, 0 rradiation of
48, 19-oxidoandrost=5-en=3-one and 173 ~acetoxy=4,4=dimethy|=19-norandrost=
5-en=3-one afforded the corresponding A-nor cyclopropyl ketone 1 of the type 4
and 5, respectively. In addition, photolysis of 4,4-dimethyl-19-norandrost-5-en~
3-one in benzene afforded an A—Soroxefane while the corresponding 19-methyl
compound gave a 3,4-oxetane.2

Several additional ring=nor steroidal analogs have been prepared by chemical
means. Theseziéxclude the B-nor analogs of estrogens by a dienone-phf‘r{lolic re=~
arrangement, and some A,B-dinorsteroids in the cholestane series. Furthermore,
173 ~hydroxy=3a, 5¢-oxido~-38-methyl-A, 19-bisnorandrostane was converted via a
backbone rearrungemeag to 17-methyl-3-oxo-A, 18-bisnorandrost=13(17)=ene and its
8(14)~olefinic isomer.
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H

N 3

R 3

There have been several instances reported of either improved syntheses to obtain
ring~homo derivatives or other new systems. 2-Dehydro~3-methoxycholestane was
treated with dibromocarbene in the presencséof silver ion, followed by catalytic
reduction to give A=homocholestan=3-one.“” Solvolysis of 19-hydroxy=5a -androst=
2-en=17=one methanesulfonate in Widine gives 9(10-19)a_|:>2-cndrosfa-2,5(1 0)-
dien-17-one as the major product.“’ In addition, 3,17-dioxo-19-mesyloxy-A"-
androstene reacted with lithium chloziqe in isopropy| alcohol to form, among other
compounds, a 3, 17=dioxo~B=homo=A"’ 5_19-norandrostadiene derivative.28 The “
reaction of 18(N)=cyclo=17g=amino=5a=androstane with sodiuin hypochlorite gave
18(N)=cyclo=17§ -methoxy=17a-aza-D-homo-5a-androstane. ? Other aza-homo
analogs include some 2,%,0and 4~aza=-A=homo=5q, 10a~androstanes prepared from
dehydroepiandrosterone.”" A stereospecific D-homoannulation of 178-hydroxy=3=
methoxyestra=1,3,5(10)=triene=17a~carboxaldehyde either with SiO5, with BF3 g{
thermally gave 17ag-hydroxy-3-methoxy=D-homoestra=~1,3,5(10)=trien=-17-one.

C. Substituted Products = The introduction of an acetate group into the 7-uxi§|
position has been accomplished by treating the 7-hydrazone with lead tetracetate . 2
The stereochemistry of the addition reaction of Grignard reagents to 20-keto steroids
was shown in the synthesis of 17a, 20a~dihydroxycholesterol. In such a manner C-27
side chain compounds, including one or more hydroxyl groups, could be synthesized.

The last remainirhg uncyanylated axial position (C~14) of the androstane molecule
has been substituted® by frecﬁnenf of a 16-keto-p19+14 derivative with triethyl=-
aluminum=hydrogen cyanide. © An amino function is placed in the 10g=-position
upon treatment of the 3g=hydroxy=5a , 10a-epoxy system ‘ggh ammonia, followed by
oxidation to the 3-keto-108-aminoandrostane derivative.

A new class of 118 -nitro=9a.~hydroxyestrogens was prepared by treating 3-
acetoxy=1,3,5(10),2(11)-estratetraen=17=one with nitric acid,”> The treatment of
cholest-4=en-3-one with t-butyl isocyanide followed by boron trifluoride afforded
a class of oxetane alkyldiimines represented by 6. 7
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The formation of a pyrazole ring at the 178 ~position in the androstane molecule
(7) is accomplished by condensing pre, §8neno|one with ethyl formate or diethyl oxalate
followed by reaction with hydrazme. The 178 =hydroxy=-17a=isoxazoly! derivatives
in the estrone and androstane series were prepared by the addition of an alky!

R

N
N/

N N 7

isocyanate to the corresponding 17u~ethynyl group.39 The deamination of 12y~amino~

%, 20g-diacetoxy-11-keto=58-pregnane by nitrous acid gave either a 12=methyl!-
18=norpregnane or a C=nor=D-=homo=(12, 14~-cyclo=13,14-se 28 Jpregnane derivative,
S%-Aminoketones gave a series of 98-methy|=19-norsteroids.™ Reaction of 17z~
methylandrosta=1,4,6~trien=178-0l=3=one with mercuric acetate gave 17a=-methyl-
2-ch|oromercuriondrosta-l,4,6-frien-'|75-o|-3-one. 1

A series of tetrahydropyrano=- and furanoandrostane derivatives where the hetero
ring was fused to the D-ring ot the C=16 and C=17 positions was prepared by reduction
of the corresponding lactones or by cyclization of an appropriate substituent.

Il. Total Synthesis

A. Carbocyclic = A few new methods are available to prepare the steroidal
skeleton. For the most part, these involve variations of the previously reported
methods for the total synthesis of steroids. Racemic equilenin is prepared stereo-
specifically starting with 2=bromo-6-methoxynaphthalene and the i-butyl enol ether
of 2=methyl-1 3-cyc|opentcmed|one. Estrone was prepared from the cheap natural
product eugenol via the key intermediate m-mefhoxyc||y|benzene.44 Progress toward
the total ?nrhesw of terpenes, specifically the pentacyclic triterpene alnusenone, is
reporfed. The synthesis of B=nor, B=nor=D-homo, or normal steroids by the use ot
an electrophilic reagent on a bicyclic enamine is recorded.4® In addition, a bicyclic
intermediate can be converted into a D=homo=-88-methy|-B-norestrane.

B. Heterocyclic = A number of ring=aza steroids are conveniently prepared by
total synthesis. The 6,7-diaza steroid was prepared from a bicyclic enamine inter-
mediate with m-mefhoxyd iazonium fluoroborate which was used to mfroducisrh
od|acen1' nitrogens prior to completion of the rest of the steroidal skeleton.™ The
enamines of g-tetralone and é=-methoxy=g=tetralone were treated with a~bromoacetate
and then treated with hydrazine hydrate followed by either malonyl dichloride or
propiolactone to give 13, 14=diaza steroids. By this sequence the D=homo=diaza
steroidal system could also be prepared. 49 The 8, 13-diazaestranes were prepared by
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several methods. One of these involved the condensation of homoveratrylenamine
with either g=succinimido propionic acid chloride or 3=bromopropionyl chloride .3

Ring C-modified diaza steroids were prepared starting with the morpholinoenamine
of 3-methoxy=6-tetralone. A similar reaction sequence affords a C-ring guanidine
51 {0cA>na10- . e by o 10~
analog.”' 10=Azg-19-nortestosterone and derivatives were prepared by a 10-step

synthesis from 8. .
- OH

8 9

The 9=-aza and 9=aza~D=homosteroid ring types have been synthesized starting
with 2=(1=cyclopentenyl)ethylamine and 3=(2-oxocyclohexyl)=propionate for the
former 2=(1=cyclohexenyl)ethylamine with the propionate ester for the latter
compound.”” The preparation of B=nor=é6=thiaequilenin, which heretofore had been
unsuccessful, has been achieved starting with hydrindene, and using m-methoxythio=-
phenol, 54 A-rlng furanosteroids 9 with ring A saturated or unsafurgfed have been
prepared by total synthesis?> and by a partially synthetic method , %

[l1=-Naturally Occurring Hormones

A, Plant and Animal

1. lsolation and Identification = There continues to be a great deal of effort
expended to isolate and characterize natural products from various plant sources. The
structure of cyclopamine (from Veratrum californicum) was shown to be 11-
deoxojervine., Three new alkaloids of Paravallaris microphylla were identified as
7a~hydroxy, 78=hydroxy, and 1la~hydroxyparavallarine. T ‘Zejctter compound was
converted to aldosterone .57 Bryonolic acid, a pentacyclic triterpenoid acid from
roots of Bryonia dioica was shown to be 3g~hydroxymultiflor-8-en=-29-oic acid, 38
Four steroidal alkaloids, solacongestidine, solafloridine, and 23-0x0= and 24~
oxosolacongestidine were identified from Solanum congestiflorum.”” The structure
of jegosaponeno! (from skins %f Styrax |cgomca Q fls poison, is 38, 1&,218,22,28=-
penfahydroxyoleqn-l2-ene. From a sapogenin mixture from the bark of
Clerondendron serrgfum was obtained serratagenic acid (10), 3g~hydroxy=Al2=-oleane-
28,29~dioic acid.

New pregnane derivatives were isolated from Adonis amurensis and shown to be
fukujusone and two corresponding 12g-esters, the nicotinate and benzoate (ester A
and B, respecrively).6 The first example of a natural, and authentic 18=nor steroid
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was observed following the characterization of fukujusonorone (11) from Adonis
amurensis.

CE _OH
2

11
10 HO ==
The first naturally occurring orthoacetate was isolated from Bersama abyssinica
and called bersaldegenin=1 ,3,5-orfhoace1'afe.64 Two bufadienolides isolated from
Ch'an Su are 19-oxocinobufagin and 19-oxocinobufotalin 63 Three holothurinogenins
(12) from the sea cucumber Bohadschia koellikeri were found which correlated
structurally with lanosterol .28 From the Organ pipe cactus, Lemaireocereus thurberi,
13 was identified as a new pentacyclic triterpene.

H,C
3
Rt \G=CH
f 2
|
OH
L]
1
- 13

A 4g-methyl sterol from Calendula officinalis, the first example ofég natural 4g-methyl
isomer, was shown to be 48-methylstigmasta=7,24(28)-dien-3g-ol.

2. Synthesis - Several reports include the synthesis of natural plant hormones.
For example, pachysandrine A,B,C, and epipachygsndrine A were synthesized from
38, 48-dihydroxy~20y-dimethylamino=5=~pregnane.®” In addition, 3g-acyloxy-14g-
hydroxy=-5g-cardenolides (digitoxigenins) were prepared by partial synthesis from
15 ~hydroxycortexone .

Samanine, identified as 1ég=hydroxy=-3~aza~A~homo=5g-androstane and isolated
from the secretion of Salamandra masculosa taeniata, was prepared and the structure
confirmed.”! Furthermore, the natural alkaloids, tomatid=5-en=38-0l and solasodine
were synthesized.
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There has been a significant amount of work accomplished on the bufadienolide-
type of compounds, which occur naturally in the toad and some plants. A general
pathway was presented ;%r y'nf bufadienolide a=pyrone system starting with 3g~acetoxy=
S-pregn=17=en=21=al.”“7*" Bufalin was prepared starting with 14a~hydroxy=
cortexolone. In a similar manner, resibufog%in was ob’rainedw In addition, two
other bufadienolides, the 14a=bufadienclide /© and scillarenin// were synthesized.

3. Transformations - The photolysis of bufadienolides such as bufalin, bufolatin
and gamabufolatin formed the corresponding 20, 14g-cyclic ethers (1_:1).78

002H

T
Similar treatment of resibufogenin and l4a-artebufogenin resulted ultimately in C=21
methoxy ether derivatives.”

The alkaloid solasodine was converted in 4 steps into solcmocmpsine.80 On the
other hand, digitoxigenin was converted with Fusarium sp. into 78 hydroxy, 18,78-
dihydroxy, and 78-1la~dihydroxy digitoxigenins. In oddition, bufalin gave 78~
hydroxy bufalin and resibufogenin gave the 12u=hydroxy isomer when incubated with
Absidia orchidis .82

18-Cyanopregnenolone was converted to several representatives of the new group
of 18=homoconanines such as 18-homoconessine and 18-homolatifoline .83 Eburicoic
acid was transformed into 4,4, 14x~trimethylpregn-8-ene=-2,7,11,20, ~tetraone, a key
compound in the correlation of the lanosterol triterpenoids with the cucurbitacins.
Furthermore, the 9,10~cyclopropyl analog in the curcurbitacin series was formed.

A simple meliacin (Za=~acetoxymeliaca=14,20,22-trien=3=one) has been converted
into azadirone, a naturally occurring compound.88 Resibufogenin has been
transformed into a member of the pregnane series.

B. Chemisterilants = Much of the individual work on ecdysone and related
compounds reported earlier was reviewed during the year.”® In addition, an
improvement in the stereospecific mode of synthesis of ecdysone was described.8?
Several new phytoecdysones have been isolated and described. These include
podecdysone B_from Podocarpus elatus?0 and ponasterone A from Podocarpus
macrogh¥||u5.9] The biosynthesis of the latter compound from cholesterol was
proven.”’ In addition, ajugasterone C (a phytoecdysone) was isolated from Ajuga
japonica and its structure shown to be 2g,3g,11a, 140,20, 22-hexahydroxy-5g-cholest-
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7-en=6=one .72 Another novel C=29 hormone (sengosterone) with insect moulting
activity was isolated and its structure suggested as shown ('!_5).9

The chemical synthesis of the fungal sex hormone antheridiol was ochleved
starting with 3=tetrahydropyran=2'-yloxy-22, 23-bisnorcholest-5-en=24=a1. %4 A
convenient method for attaining this important hormone will undoubtedly greatly
stimulate work toward molecular modifications of it.
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Chapter 28. Recent Methods in Peptide Synthesis

Brian J. Johnson, Dept. of Chemistry, Tufts University,
Medford, Mass. 02155

Introduction - This review is based primarily on papers
published in 1969, and it is selective for the sake of brevity.
It is limited to purely organic synthetic methods; structure-
activity relationships are discussed in other chapters.

Books and Review Articles - A number of book and review
articles have appeared during the last year. Advances in the
chemical synthesis of geptides were reviewed by Hardyl,
Katsoyannis2 and Youngs. The description of the experimental
details for the Merrifield method of peptide synthesis has
been published by Stewart4. It is also noted that the
tentative rules® for the abbreviated nomenclature of
synthetic peptides have also been published.

Protecting Groups - A number of new protecting groups, some
of which are variations of those already in use, have been
introduced. Further work has appeared on the very
interesting aralkyloxycarbonylamino protecting groups, with
the synthesis of 2-(p-biphenylyl)isopropoxycarbonyl amino
acids and their activated esters®. The N-protecting group
was introduced by the use of 2-(p-biphenylyl)isopropylphenyl
carbonate, a reagent which is stable at 0°. The advantage of
this group is its ready removal by dilute acetic acid even in
the presence of the t-butyloxycarbonyl (BOC) group. The
useful derivatives, BOC-y-benzyl-glutamic acid and
BOC-B-benzyl-aspartic acid, have been prepared by an improved
method”?; also various S-substituted derivatives of cysteine
have been converted to their corresponding BOC compounds
using the Schnabel method. An ion exchange method for
selectively removing the BOC group, even in the presence of
the tert-butyl ester, has been reported?. Other N-protecting
groups which have received attention this year are the
tert-amyloxycarbonyll0, prepared from the corresponding
chloroformate, and p-methoxybenzyloxycarbonyl, prepared
either from its chloroformate or the 2, 4, 5-
trichlorophenylcarbonatell=12, Both groups can be deblocked
under mild conditions. The use of the p-methoxybenzyloxy-
carbonyl protecting group has been illustrated in a new
synthesis of oxytocin{?. A new S-protecting group for
cysteine, the R,R-diethoxycarbonylethyl residue has been
suggestedl4 and its use has been illustrated in a new
synthesis of glutathionel3. An improved synthesis of
N(im)-benzylhistidine has been reportedl6, without the use of
sodium in liquid ammonia. The newer method of protecting the
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imidazole ring of histidine with the dinitrophenyl group has
been utilized in the synthesis of sequences of human
hemoglobin B chainl7 using the solid phase technique for
peptide synthesis. Also, the 2,2,2-trifluoro-1-
(benzyloxycarbonylamino)ethyl group18 has been used as a
method of protecting the hydroxy functions of serine and
threonine.

A new amino acid carboxyl protecting groufé the
4- (methylthio)phenyl ester, has been developed-”. These
esters are easily prepared by the N,N'-dicyclohexyl-
carbodiimide method, and the BOC and carbobenzoxy protecting
groups can be easily removed in their presence. The
attractive feature of this protective ester is its facile
conversion, by oxidation and without racemizationzo, to the
activated 4-(methylsulfonyl)phenyl ester. This method has
been used successfully for peptideZ?l, polypeptide22 and
O-depsipeptide synthesis 3, The preparation and properties
of a number of 4-(methylthio)phenyl esters of amino acids have
been reported?4, including new oxidation conditions which
permit the method of protection and then activation to be
applicable to nearly all of the usual protecting groups and
the commonly occurring amino acids, with the exception of
those containing sulfur. The preparation and properties of
some 4-picolyl esters of amino acids have been reported «°,

These esters are cleaved by cold alkali, by catalytic
hydrogenation, by sodium in liquid ammonia and by
electrolytic reduction. A new procedure for the facilitation

of peptide synthesis is also reported in which the
carboxyl-terminal residue is incorporated as its 4=picolyl
ester; after each coupling reaction the product is separated
by extraction into an acidic phase.

Peptide Bond Formation - Most methods described for peptide
formation have been dependent upon enhancement of the
reactivity of one of the functional groups of the amino acid.
Usually the carboxyl group of the amino acid is activated
and, where possible, the activation of peptide terminal
carboxyl groups is avoided because of dangers of
racemization. Halogenated phenyl esters esgecially the
trichloro26 and pentachlorophenyl estersé7“3~, have

received continuing attention. With the latter activated
ester, ro racemization3l has been encountered using the
Anderson test. t-Butyloxgcarbonyl amino acid
pentachlorophenyl esters32 have been found to be useful for
rapid peptide synthesis33 without the isolation of the
intermediate peptides. The pentachlorophenyl activated ester
has also found great utility for the synthesis of linear
polypegtides of a known repeating seguence of amino
acids34-37 Other coupling agents have been used to form
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sequential polypeptides; these include the p-nitrophenyl
ester38-40 angd the tetraethylphosphite reagent4l. a
comparative study of the polycondensation of some tripeptides
using the various activation methods (tetraethylpyrophosphite,
bis (o-phenylene)pyrophosphite, dicyclohexylcarbodiimide and
the N-hydroxysuccinimide ester) has appeared42. There is a
distinct possibility of forming cyclic polypeptides during
the polymerization process used for\preparing a sequential
polypeptide. Thus, studies comparing the various methods
used to prepare the cyclic decapeptide antamanide are
valuable to polymer chemists. Of the various methods the
best yield of cyclic material was obtained using the
thiophenyl ester43. The fragment condensation method of
peptide synthesis has been utilized for the synthesis of
Ribonuclease A44-48; the fragments were formed through the
use of N-carboxyanhydrides, N-thiocarboxyanhydrides, and
N-hydroxysuccinimide esters, the latter being routinely
employed for incorporation of the amino-terminal acid of all
fragments and also for the introduction of asparagine,
serine, or threonine. Fragments were coupled by the azide
method, thereby overcoming difficulties due to racemization.
The fragment condensation method has also been used to
synthesize Thyrocalcetonin49-50

Solid-phase Peptide Synthesis - This technique of peptide
synthesls has received much attention. Its promise as a
rapid method for preparing large, biologically active
molecules has been fully demonstrated by the synthesis of
Ribonuclease A by Merrifield3l, oOther peptides which have
been prepared by this method are the B-chains of human and
bovine insulin32, antamanide>3 and the cyclic
dodecadepsipeptide, valinomycin54. 1In each case the BOC
amino acids were coupled to the resin-bound peptide by
dicyclohexylcarbodiimide. Modifications of the Merrifield
method are noted in the synthesis of Fibrinopeptide A55
where BOC amino acid pentachlorophenyl esters32 were used for
extending the peptide chain on the insoluble resin. In the
synthesis of some pteroyl-(y-L-glutamyl)p-L-glutamic acids56
the mixed anhydride method was used for the peptide coupling.

A problem in the solid phase method of peptide formation
is the synthesis of peptides containing deletions of some of
the amino acid residues due to incomplete reaction during the
coupling stages. & procedure devised to obviate this
difficulty involves acetylation of any uncoupled amine with
3-nitrophthalic anhydride37. By this method the desired
polypeptide can be separated from the lower 3-nitro-2-
carboxybenzoyl peptides. An interesting non-destructive
method for the determination of completeness of coupling
reactions in solid phase peptide synthesis has been
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reported58. The method uses pyridine hydrochloride, which
forms quantitatively the hydrochloride of any uncoupled
resin-bound amine without the premature removal of the BOC
group. The amount of uncoupled amine can then be estimated
using standard procedures. Unfortunately the
o-nitrophenylsulfenyl protective group is not stable to this
reagent. Removal of polypeptides from the insoluble resin
has been described, using a transesterification technique3?.
Modification of the resin support has been suggested, using
a partiallx bromoacetylated styrenedivinyl benzene
copolymeré0. Further interest in Eeptide synthesis using a
soluble polymer has been reported6 , with the conditions
necessary for its successful use.
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Chapter 29. Pharmaceutics, Biopharmaceutics
and Pharmacokinetics

George Zografi, College of Pharmacy, University of Michigan,
Ann Arbor, Michigan and K. C. Kwan, Merck Sharp & Dohme
Research Laboratories, West Point, Pennsylvania

Factors which influence the most complete delivery of
drug substances at the desired rate in the intended form and
their interrelationship with each other, with body disposition
and with observed pharmacologic response constitute areas of
interest among researchers in pharmaceutics, biopharmaceutics
and pharmacokinetics.

Pharmaceutics and Biopharmaceutics - Fundamental in vitro
studies of drug interaction with other drugs, dosage-form in-
gredients or biological materials such as proteins, are impor-
tant in evaluating drug behavior before and after administra-
tion. Guillory, et al.’ utilized thermal analytical techniques
to study complexes produced during the melting and subsequent
solidification of drug mixtures. Stoichiometric complexes of
phenobarbital were observed with quinine, theophylline, caf-
feine and atropine, but not with aspirin, phenacetln, diphenyl-
hydantoin and acetaminophen. Kakemi, et al.® compared the
tendency of 8-methoxycaffeine and a substituted pteridine to
complex in water with zwitterionic pyridinecarboxylic acids
and with unionized benzoic acid derivatives. The complexation
of caffeine and 21 benzoic acid derivatives was studied spec-
trally by measuring the competition between these derivatives
and the dye, Congo Red? A similar technique" was used for
studying the binding of 23 phenols to serum albumin. A dyna-
mic dialysis technique of studying protein-drug interactions
was developed® on the assumption that the rate of disappearance
of drug molecule from a dialysis cell was proportional to the
concentration of unbound drug. The binding of riboflavin and
FMN to human plasma proteins also was studied® Higuchi, et
al.’, reviewed the experimental methods of studying hydrogen
bonding in nonaqueous systems and discussed methods of estima-
ting stability constants a priori. Since hydrogen bonding
occurs more readily in nonpolar solvents, caffeine complexes
more in benzene and carbon tetrachloride than in isoamyl alco-
hol®; such interactions in water are enhanced through hydro-
phobic interactions. The importance of hydrophobic interac-
tions in a variety of physical chemical systems involving
drugs was discussed by Nogami®. The relative ability of nitro-
quinoline and nitropyridine oxides to form charge-transfer
complexes appears to be related to their relative carcinogeni-
city

The influence of micellar systems on reaction kinetics
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involving drugs is of interest since micelles may alter the ef-
fective concentration of reactive species due to surface
charges or to solubilization of the reactants. The presence
of polysorbate 80 and sodium lauryl sulfate micelles was found
to accelerate the photodegradation of riboflavin to a semi-
qulnone free radlcal, as well as to accelerate the rate of
semiquinone decay!!. sStudies on the hydrolysis rates of acyl-
choline derivatives below and above their critical micelle
concentration showed that specific acid catalysis was signi-
ficantly retarded when positively charged micellar surfaces
were present?? Negatively charged micelles potentlate the
ac1d-catalyzed decomposition of esters!'? and acetals!

The dissolution rate of poorly soluble drugs centinues
to be of interest because of known effects on drug absorption
rates. The presence of surfactants in dissolution test media
below their critical micelle concentration increased dissolu-
tion rates of powdered drug and commercial tablets, apparently
due to increased wettlng, whlle a commercial capsule formula-
tion was not so affected!’ Enhancing effects were also noted
when surfactants were placed into a tablet formulation'!® The
principles of wetting which tend to 1nfluence such pharmaceu-
tical situations have been reviewed! The influence of sur-
factant mlcelles on the dissolution of pure drugs also has
been considered!®!?, Rippie and Johnson?’ examined the geo-
metrical factors which influenced the dissolution of pellets.

The greater solubility of meta-stable polymorehlc crys-
tal forms continues to attract attention. Tawashi?! charac-
terized two polymorphic forms of aspirin and demonstrated in-
creased blood levels with the less stable form. The important
problem of reversion to less soluble forms durlng the dissolu-
tion process was considered in the cases of aspirin 22 p-
hydroxybenzoic ac1d and barblturateszaz“, chloramphenicol and
mefenamic acid?® and methylprednisolone?® The dissolution
of single crystals was inhibited by small amounts of the cer-
tified dye, FD&C Blue No. 1%7. The dilatometric behavior of
two chloramphenicol polymorphs also has been considered®®.
Attempts were made to increase dissclution rates by formlng
fusion mixtures with a variety of agents. Simonelli, et al.
investigated "coprecipitates" of sulfathiazole with polyv1nyl—
pyrrolidone (PVP) and demonstrated significant increases in
dissolution without nucleation. The proposed model considers
an amorphous form of sulfathiazole to be the controlling fac-
tor at those ratios of drug to 'PVP giving maximum dissolution.
Similar effects were reported for fusion mixtures of reserpine
in cholanic acids®? and PVP®! and of griseofulvin in polyethyl-
ene glycols, pentaerythritol and citric acid®?. Allen and
Kwan reported on a method to estimate the degree of crystal-
linity in indomethacin-polyethylene glycol and sulfathiazole-
urea mixtures.
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Evidence seems to be accumulating to suggest that a
drug's affinity for the intestinal wall may be an important
criterion for its transport across. Kakemi, et al. provided
evidence that adsorption to the intestinal®“*® and rectal?®
mucosa might better explain certain inconsistencies in the pH-
partition hypothesis. A new in situ preparation of the rat,
capable of providing absorption rates similar to those of man
for a variety of substances, was described by Doluisio, et al®’,
who also demonstrated a need to postulate a "membrane storage"
compartment to explain the absorptlon of some phenothiazines
and haloperidol®®. Accumulation in the intestinal wall was
also observed for scopolamine-N-butylbromide?®, while the
intestinal absorption of 2-, 3- and 4-pyridine aldoxime meth-
iodide involved a saturable process'’. Ion-pair formation was
suggested as an explanation for improved corneal absorption of
isopropamide in the presence of trichloracetate ions“!. Par-
titioning of protonated amines into semipolar solvents appears
to depend on ion-pairing“2~*%. The apparent differences in
gastrlc absorptlon of dextromethorphan salts correlated with
the anion's contribution to surface activity® Partitioning
studies with tetracyclines suggested that the zwitterion may
be the biologically absorbed specie®®

Nogami, et al."’ conceptually have separated the pro-
cesses of drug absorption into those which are associated with
the tendency to leave the agqueous environment and accumulate
at the membrane surface and those associated with mass diffu-
sion through biological membranes. Higuchi, et al. measured
the transport of various solutes into and out of oil droplets
dispersed in water and attempted to describe the process quan-
titatively. Transport from polysorbate 80 micelles in water
through polysorbate 80 films at the 01l-water interface"®"?,
and from water through gelatln films®®, was apparently af-
fected by the interface since rates were much slower than pre-
dicted from diffusion-controlled kinetics. Interfacial bar-
rier effects also appear to be operating in the partitioning
between agqueous micellar polysorbate 80 solutions and lipid
sinks constltutlng a lipid-impregnated filter or a lipid poly-
mer gel matrix?® Permeability through polyurethane micro-
capsules was 1nfluenced by the adsorption of polysorbate 20
from agueous solution®

Agents capable of promotlng absorptlon and/or permeation
were discussed in a recent review® The intestinal absorp-
tion of sulfamethoxypyrlda21ne, dlphenhydramlne, salicylic
acid, p-hydroxybenzoic acid®® and heparin®® was facilitated in
the presence of surfactants, as was the intramuscular absorp-
tion of enduracidin?® The effect of sodium taurodeoxycholate
on drug transport across biological barriers was studied®®”®?,
Mixed micellar solutions of a fatty acid, a monoglyceride and
sodium taurocholate had a greater effect on the absorption of
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cholesterol and vitamin D3 into the lymph than taurocholate
alone®!. The difference is apparently one of transport out of
rather than uptake into the intestinal mucosa. Conjugated
bile salts are essential to fatty acid esterification and ab-
sorption®?. The fatty acid portion of the molecule is pri-
marily responsible for the effect of polysorbates on membrane

permeability®*%*, cCaffeine promoted the gastric absorption
of PABA but not that of sulfathiazole®®. Models were devised
to represent the simultaneous transport of drugs and drug

complexes across biological barriers®®—é8,

Apparently successful attempts have been reported in
correlating in vitro rates of solution Wlth some measure of
the blo-avallablllty of topical steroids®?, aspirin'®, reser-
pine®?, salicylamide’® and aminorex’!. No such correlatlon
existed for l-isopropyl-1,2,3,4-tetrahydro-B-carboline’

The penetration of some ster01ds through skin samples in v1tro
is influenced by the solvent composition consisting of vola-
tile and nonvolatile oils’ As the proportion of volatile
oil is increased skin penetration increases, presumably due

to the increased thermodynamic activity of drug after solvent
evaporation. The efficiency of buccal absorptlon of a series
of amines and carboxylic acids’" and of imipramine and its
metabolites’® correlated well with their partition coeffi-
cients. Substituent effects among phenylacetlc acids on buc-
cal absorption were also reported

Pharmacokinetics - The Simulation, Analysis, and Modeling
(SAAM) computer program received extensive use in the com-
partmental analysis of drug disposition. A model was de-
veloped to adequately describe calcium absoretlon in patients
with normal and abnormal calcium metabolism’ The onset of
parathyroid hormone effect on calcium absorptlon is consider-
ably delayed suggesting the need for de novo synthesis of pro-
teins having affinity for calcium. This seems Eartlcularly
interesting in relation to the role postulated®*~3*® for muco-
sal adsorption in the absorption process. The effect of die-
tary perturbations on serum calc1um homeostasis was identified
with respect to model parameters’®. A kinetic scheme was de-
vised for the disposition of plasma free fatty acid and tri-
glycerlde, including their interconversion and irreversible
loss’®. cCarbon dioxide exchange among maternal and fetal
blood, the placenta and amniotic fluid in pregnant monkeys
was successfully modeled®’. Three-compartment models were
apparently adequate to describe the dlSpOSltlon of insulin®
bilirubin®? and human growth hormone? Rates of transport
of insulin to sites of inactivation were high among diabetics
in contrast to non-diabetics. Phenobarbital stimulated the
metabolism but did not affect the production rate (PR) of
bilirubin among infants with a form of jaundice®". Metabolic
clearance rates (MCR) of human growth hormone estimated with
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the aid of the model agreed well with those obtained by con-
stant infusion®%*#5, PR and MCR were also estimated for human
follicle-stimulating hormone among pre and post-menopausal
women®® and for cholesterol among the lean and the obese®?,

A 4-compartment model was devised for the absorption and dis-
position of PAH®® and of xylose®®, and the effects of co-ad-
ministration with other substances on the absorption para-
meters identified.

Assumptions implicit in and the utility of the concept
of volumes of distribution with respect to the two-compartment
open model have been critically examined®?. It has been sug-
gested that volume terms for nonsampleable compartments are
superfluous and confusing. There is general agreement that
volume terms should best serve as a proportionality constant
in estimating body drug contents. The term (Vd)B, originally
derived for a 3-compartment system, serves such purpose during
the B, terminal phase of drug disposition®!. The interrela-
tionshigs among volumes of distribution terms were also dis-
cussed??~%2, At comparable plasma concentrations, drug con-
tents in the fictive tissue compartment were different when
the same amount was administered as a continuous infusion or
in divided doses as a rapid injection®?. This has particular
significance if the target sites reside in the tissue compart-
ment. The influence of route of administration on metabolism
and distribution was illustrated and discussed®®®*, Chemical,
physicochemical, pharmaceutical, physiological and environmen-
tal factors affecting the pharmacokinetics of substances were
discussed in an excellent review by Ariens®®. Equations were
presented for estimating pharmacokinetic parameters from post-
infusion blood levels®®°7, Alternative methods, based on a
one-compartment model, were presented for achieving desired
body levels through adjustments in the dosage regimen®®. The
nature and extent of error in predicting long term plasma
levels by the use of the wrong model were illustrated with
computer simulated data®®.

That the magnitude and duration of pharmacologic re-
sponse must be related to the pharmacokinetics of the agent is
self-evident, although the nature of this relationship is
often not easily seen. The maximal prothrombinopenic activity
of warfarin takes place several days after the occurrence of
peak plasma levels. By postulating that warfarin action is
one of inhibiting the rate of synthesis of prothrombin activ-
ity, the time course of pharmacologic effect was shown to be
consistent with plasma warfarin concentrations'®’. The inhi-
bitory effect of lysergic acid diethylamide on mathematical
problem-solving ability correlated well with the dose remain-
ing in the more "slowly accessible" of a 3-compartment modell®
The effect of ethanol concentration on goldfish turnover times
was explained on the basis of a model combining the rate and
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receptor site occupation theories of drug action'®?, The eli-
mination rate constants from their "receptor compartment" were
estimated from the anti-diuretic, vasogressor and uterotonic
effects of neurohypophysial hormones!

The need to control urinary pH and its influence on ex-
cretion patterns was further illustrated in studies involving

amphetamine!®*, ethylamphetam1ne1°5, fencamfamine!®®, 4-
chloro-2- etthamlnoproplophenone %7 and some tricyclic anti-
depressants!®®., The physicochemical properties of ampheta-

mine-like CNS stimulants were studied in relation to their
importance in the urinary excretion kinetics of doping!?®.

The pharmacokinetic parameters of amphetamlne were reexamined
in light of a new assay in plasma and urine 110 rhe influence
of some organic acids on the renal clearance of methotrexate
was also reported!!!. Urine saturation with respect to
brushite was thought to be related to the propensity for re-
nal calculi formation!!2?. A simultaneous chemical reaction
and dlffu51on model was suggested for the renal transport of
PAH!!®., Co-administration of benzoate suppressed salicylurate
excretion, but hippurate excretion was not affected by sali-
cylates. Exogenous glycine increased hippurate excretion but
was without effect on salicylurate. Glycine attenuated the
inhibitory effect of benzoate on salicylurate excretion pre-
sumably by increasing hippurate elimination'!*., Further evi-
dence strongly suggested that the inhibitory effect of ben-
zoate was on salicylurate formation rather than on excre-
tion!
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Chapter 30, Alkaloids

Maurice Shamma, Department of Chemistry,
The Pennsylvania State University, University Park, Pa,

Indole Alkaloids = Full papers have appeared on the role of loganin, seco-
loganin, and vincoside as precursors for the indole alkaloids, and the fol-
lowing sequence is now established in Vinca rosea:

CHO
\ H
. 0-Glu
| —> H
CHy00¢ X
Geraniol Loganin Secologanin
Corynanthe
Tryptamine type
—_— —_—
0-Glu alkaloids,
NH

CH300C

Vincoside

Furthermore, suhstantial evidence has now been presented for the
transformation sequence in V, rosea: Corynanthe —>» Strychnos —> Aspido~-
sperma —> Iboga, Thus feeding labeled geissoschizine resulted in forma-
tion of labeled akuammicine and coronaridine:2,3

N

CH300C

Coronaridine

Akuammicine

Geissoschizine
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When glycine-z—c14 was fed to Cephaelis acuminata, the label was very
efficiently incorporated into the 09_19 unit of cephaeline (an isoquinoline
alkaloid); but when sodium acetate-2-Cl4 was fed, the cephaeline obtained
was of very low activity, The oxidation state of a two carbon compound
may, therefore, exert a major effect on its utilization in biosynthesis,

Work with Aspidosperma pyricollum has demonstrated that the biosyn-
thesis of apparicine from tryptophane occurs by loss of C-2 and retention
of C-3. Additionally, labeled stemmadenine was readily incorporated into
apparicine:

Stemmadenine Apparicine

The incorporation of labeled sweroside into reserpinine and quinine
has also been achieved.

Newly isolated indoles of interest are the fungal alkaloids brevia-
namide-A, deoxybrevianamide-A and brevianamide-E from Penicillum brevi-
compactum; the terpenoidal alkaloids cyclomahanimbine and mahanimbine
from Murraya koenigii (Rutaceae);8 and the Gardneria alkaloid gndnutine.9

~ | A o
N N
N~ ﬁ\g
CHy
CHg
Brevianamide-A Deoxybrevianamide-A

Brevianamide-E Cyclomahanimbine
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CH40

Mahanimbine Gardnutine 3

New syntheses of indole alkaloids that have come out in communication
form are those for homoeburnamenine,l0 geissoschizoline,11 tubotaiwinel ,
ibogamine,12 epiibogamine, isoajmaline,l4 dihydrocorynantheol,15 and
vincamine, Dihydrohunterburnine otmethochloride, l0-methoxydihydrocory-
nantheol and ochrosandwine have been synthesized from quinine, and the
absolute configuration of these indole bases has been established,

Isoquinoline and Related Alkaloids - Two new spirobenzylisoquinoline alka-
loids are sibiricine and ochrobirine.1

Sibiricine Ochrobirine
A synthesis of the spirobenzylisoquinoline system present in ochoten-
simine has been carried out starting from a quaternary diphenolic proto-

berberine salt, and this rearrangement may duplicate in part the biogenetic
process:19

CH30

CH30 ~CHg

HO OH
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A new glycosidic benzylisoquinoline base is veronamine, where the car-
bohydrate moiety is rh:a,mnose.z0 The oxoaporphine alkaloid liriodenine has
shown significant cytotoxic activity, and the first quaternary oxoapor-
phine alkaloid has been found in Papaver orientale.22 An aporphine and an
oxoaporphine oxygenated at C-4 are steporphine and imenine respectively.

CH,0 0 CH40
3 < 4 8 N
CH4O ~CHyg O ‘CH3 CHgO -
0
Rhamnose~0
Veronamine Steporphine Imenine

The positions of the substituents in ring D of such protoberberine
alkaloids as mecambriiine and orientalidine have been shown to be 10,11,12
rather than 9,10,11.2 A review summarizing the UV spectra of protober-
berines has come out,

A new book which should prove a useful reference manual entitled:
"The Chemistry of the Isoquinoline Alkaloids", authored by Prof. T, Kameta-
ni, has appeared., It 1s published by the Hirokawa Publishing Co., Tokyo,
and is a complete listing with physical constants of all isoquinoline alka-
loids, Publication was in 1968,

The total synthesis of the alkaloid cepharamine has been achieved.26
Finally, a comglete blogenetic sequence from tyrosine to mescaline can now
be defined,27,28

Cephalotaxus Alkaloids - Four alkaloids of novel structures have been isola-
ted from Cephalotaxus harringtonia var, drupacea.29 These are cephalotax-
ine, harringtonine, and the unnamed bases I and II, Harringtonine, which

is an ester of cephalotaxine, has shown significant inhibitory ectivity
against the experimental lymphoid leukemia L-1210 and P-388 in mice,

OCHy4 H OCHg

CHy

Cepharamine Cephalotaxine Harringtonine
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CH,
HO

II

Upon base hydrolysis, harringtonine yields cephalotaxine and an un-
identified acid. A single crystal x-ray study of cephalotaxine methiodide
has revealed the stereochemistry and absolute configuration,

Quinoline Alkaloids - An elegant stereoselective total synthesis of quinine
and quinidine has been reported.31s32 The unsaturated ketoamide III was
converted to N-benzoylmeroquinene as shown, Condensation of the methyl
ester of this acid with 6-methoxylepidyllithium followed by the transforma-
tions indicated furnished quinine and the diastereoisomeric quinidine,

Hy,
Schmidt Rh/A1203 N204
—_—
_
N
]
a z
N-Benzoyl-
merogquinene
CHy-Li
CH30
N
Methyl ester of N-benzoyl- N7

CH;0H, H'

\ %

meroquinene

THF
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)]
Diisobutyl
aluminum 1.Resolve
hydride, 2.HOAc,
ether
—_—— —_—>

HOAc, NaOAc,

b
Mixture of enzene

diacetates

—_—
>

CH30

0y, K-t-butoxide,
DMSO,
t-butyl alcohol HO

>~
rd

CH30,

Quinine Quinidine
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A partial synthesis of quinine and quinidine has also been reported.33

A Claisen rearrangement has been shown to occur during the biogenesis
of the bicyclic alkaloid ravenoline:

e
\ o

~N Ravenia N
spectabilis

NN g N

CHg CHg

Lycopodium Alkaloids - A full account of the Wiesner synthesis of annotinine
has now appeared,9® New alkaloids from Lycopodium species are alopecurine36
and alolycopine.3 The stereochemistry of the C-3 to C-4 bond in serrati-
nine is beta, as shown by x-ray analysis, so that the structure of this
interesting alkaloid is now completely elucidated.38

CHy
0 H
V/
&,
OH
H
£ N 4;
‘ \_/‘ 0
Alopecurine Alolycopine

Diterpene Alkaloids - A rigorous, purely chemical, structure proof for
aconitine and delphinine has appeared,v"? The delphinium alkaloid denu-
datine has been shown by x-ray analysis to be as indicated, It is thus the
first authenticated representative of the skeletal type previously postula-
ted as possible intermediates im the biogenetic transformation of the ati-
sine into the aconitine skeleton, 1,

Denudatine
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Daphniphyllum Alkaloids - A revised structure for macrodaphnine has been
presented, based on x-ray data.43 Methyl homodaphniphyllate has been iso-
lated from nature, The latter compound may be a biogenetic intermediate
between the more complex daphniphylline and yuzurimine,

CH300
AcO-CH
o
+
Ac
Macrodaphnine Methyl/ homodaphniphyllate

Steroidal Alkaloids -~ Samanine, a new alkaloid from the skin glgnd secre-
tions of the salamander has been characterized and synthesized, The
structures for solanocapsine and dihydrojervine 6,47 have been revised,
and the syntheses of pachysandrine-A, B and C have been carried out,

CHg

CHy H Samanine

Elgegcarpus Alkaloids - New compounds from this source continue to be iso-
lated,?V and the new alkaloid elacocarpidine has already been synthesized.5°

N N Elaeocarpidine
1

Pyridine Alkaloids - From Streptomyces strain FFD-101, the new unstable
base nigrifactin has been :i.solated1 It affects the blood pressure and
possesses antihistamine activity.

=
NN N N7 " CHyg Nigrifactin
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Chapter 31. Nucleosides and Nucleotides

Thomas J. Bardos, Department of Medicinal Chemistry, School of Pharmacy
State University of New York at Buffalo

Two years have passed since this series reviewed a year's (1967) progress in the
chemistry of nucleosides and nucleotides. During this time there has been no decline
in interest and activity in this field; the enormous number of organic chemical
publications parallels the intense activity of biochemists and biologists in nucleic
acid research, This review surveys chemical work published during 1968 and 1969,
with particular emphasis on synthetic aspects. The first volume of a very useful series
of selecfed synthetic procedures in nucleic acid chemistry was published during this
period.

Direct Synthesis of Nucleosides = A number of new thio2'3-, umino4-, and
branched 2~ ' 1= sugar nucleosides of adenine (including 3'-fhioadenosine3, 2'=, and
3'-C-methy|adenosmes5'6) were synthesized via condensation of a chloromercuri=6-
ccylamlnopurme with the appropriate new blocked sugar halides or 1=acetates (the
latter in the presence of TiClg). In many cases both anomers were obtained in these
condensation reactions, although a "participating" acyloxy group at C-2 of the sugar
reactant usuclly favored the trans nucleosidic product. Condensations of the chloro=
mercurlsu ine with halogenoses having "nonparticipating" isopropylidene blocking
groups appecred to proceed predominantly with retention of configuration,
leading to the conclusion that these reactions (involving heavy metal salts) are
S\, ! type, and that steric hmdrance from the 2,3-O~isopropylidine group favors trans
configuration for both the halogenose and the nucleosidic product. Anomeric mixtures
of both the (blocked) N=7 and N=9 nucleosides were obtained when the silver salt of
hypoxanthine was reacted with pure a=acetobromoglucose 15,16, while from the
reactions of anomeric 2',3',5'=tri=O=acyl=D=ribofuranesy| halides with the chloro=
mercuri derivatives of 3=benzylhypoxanthine and 9=propenylhypoxanthine only the
B=anomers of the corresponding (blocked) N~7- and N-l-ribofurcnosyl derivatives,
respectively, were isolated'’, thus showing closer adherence to the "trans rule" as
well as dependence of the slfe of alkylation on the position of the first ring=N=
substituent. In contrast, when the free base 9-propeny|hypoxanfh|ne reacted with
two differently blocked anomeric ribofuranosy| halides in dimethylacetamide, the

/B anomer ratios of the N=7 ribofuranoside derivatives obtained appeared to be
inversely related to those of the halogenose reactants 1 , indicating that the
condensation in absence of metal salts may have proceeded via an SN 2-type
displacement by the most basic ring-nitrogen. At least partial operation of this type
of mechanism may be indicated in the condensations of benzyl= and benzoyl-blocked
ribofuranosyl halides with 5,6=dimethylbenzimidazole in dioxane, leading to the
blocked & and 8 "ribazoles" '°7 19, However, condensation of 7=pivaloyloxymethyl|=
adenine with anomeric 2,5-di-O=benzoy|~3-deoxy-D=ribofuranosyl bromide in
acetonitrile led, after deblocking, only to the 3=8- nucleoside, "3-isocordycepin"2o.
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Acid=catalyzed fusion of tetra=Q=acetyl-D=ribofurancse with purine yielded,
after deblocking, the 9=~ and 7-8=nucleosides nebularine and isonebularine.*' The
corresponding 9=~ and 7-8=xy lofuranosides and rlbopyranosldes were obtained in a
similar manner<', while only the 9-g~isomer was obtained in the przpurchon of
glucopyranosylpurine“ ' and of several 6-methylpurine nucleosides 2 by the fusion
procedure. Acid=catalyzed fusion of a blocked 2-deoxysugzar T=acetate with 2=fluworo-
6-benzyloxypurine yielded the anomeric N=9-nuclecsides.“” Two additional novel
procedures were reported for the synthesis of purine nucleosides, involving acid
catalysis. Adenine was converted to the organic solvent=soluble N®=octanoy!
derivative which reacted in an aprotic solvent with blocked ribofuranesyl or ribo-
pyranosy| 1=acetate in the presence of SnCly to give, after deacylation, B:‘Ph yields of
anomerically pure adenosine and 9=g=ribopyranosyladenine, iespechvely. The
cor responding nucleosides of guanine were prepared from N“=palmitoylguanine in a
similar manner, Formation of the other anomer was not observed,24 The second pro=
cedure involves acid=catalyzed transfer of an acylated glycosy| (or phosphoglycosyl)
group, at high temperature in solution, from a pyrimidine nucleoside or nucleotide
which has been fully acylated both at the pyrimidine and sugar moiety, to an
appropriately protected heterocyclic base (6=benzamidopurine or benzimidazole).25
Although anomerization occurs and the yields are variable (10-44%), this method may
be of practical value due to its simplicity.

Several new purine nucleoside analogs were prepared by direct or total syntheses,
including (as representatives of different types) the indole nucleoside "1,3,7-
triazaadenosine"'20 carbocyclic (cyclopentyl) analogs of 2'= and 3'-deoxycu:lenasines,7
a "reversed nucleoside" in which methyl| 2-deoxyriboside is linked through its 5=
methylene group to N=9 of adenine8, and a "homonucleosi q) containing a methylene
group between the "glycosidic" carbon and N=9 of adenine.

In synthesis of pyrimidine nucleosides, the mercuripyrimidine method Blas employed

for the preparation of 6=methyl| and 5,6=dimethy! uridines an%fyhdmes
thiouridine and 2=thiocytidine (from the S=acety! f rimidines)”’, as well as fhe 1-f=
D=ribosides of 4=pyrimidinone 31 ; 2=pyrimidinonev4, and 4,6=pyrimidinedione, 3 In
the latter case, O-glycosides were first obtained ond these were converted to the
nucleosidas by HgCIz-cafalyzed rearrangement. The influence of the solvent on the
course of the coupling reactions (O=vs. N=glycoside formation, anomer ratio) was
studied with mercur fyrlmldmes , as was the effect of temperature on the ratio of
N1=, Na=, 02, O%-di-, N'|,O ~di=, and Ny, N3-d|-glycos|des obtained in coupling

reactions of the sllver salt of uracil ¥ Helferich's mercuric cyamde-mtromethane
modification was shown to represent a significant improvement of the mercuri method
as it does not require isolation of the mercuripyrimidines; permits the coupling reaction
to proceed irég homogenous reaction mixture; and provides high yields of the blocked
nucleocsides,”® This procedure gives good results even when the original mercuri pro=
cedure presents difficulties or fails altogether. Thus, the blocked nucleosides of
uracil, 5=cyano=,5=nitro=, and 5=fluorouracil were obtained in 70-88% yields,
Cytosine and 2-thiocytosine were also synthesized directly without protection of the
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amine or sulfur.

An important study 38 on the mechanism of the Hilbert=Johnson reaction
demonstrated for the first time the formation of an intermediate glycosylpyrimidinium
salt. The reaction of 2-mefhy|fh|o-4-um|no-pyr|m|d|ne with tri-O=benzoyl-D-
ribofuranosyl chloride in acetonitrile could be stopped at the quaternization step, and
the 2~methylthio group of the intermediate could be replaced by an NH,, OH, or
SH group to give, after deprotection, 2,4=diaminopyrimidine riboside, cyfosine, or
2-thiocytosine, respecﬁvely.38 Increasingly, the silyl modification of the Hilbert=
Johnson reaction appears to be th 5 mzthod of choice for the direct synth ﬁls of a
variety of pyrimidine nucleosides®” -4 and their "aza"45- and "deaza” ~analogs,
as wel|7as for the introduction of glycosy| groups into some other heterocyclic
bases .# The coupling reactions of trimethylsilyl pyrimidines with g:?lcosyl halides
usually proceed in good to excellent yields under a variety of conditionsS?, yielding
only the Nj=nucleosides exce% in the case of the silyl derivative of 6-methyluracil '
which gave the N3=nucleeside "~ =also observed to be formed by the mercuri method®),
and the products are readily desilylated and isolated. Moreover, if the reaction is
conducted in the presence of a metal salt cafalyst39or in acetonitrile solution 41, the
coupling of silylpyrimidines with blocked glycosyl halides having a 2=acyloxy group
is reported to result in exclusive or predominant formation of the “trans=nucleoside"
anomer.>” However, when the silylated 5=acetylmercaptouracil reacted with
benzoyl~, or p~chlorobenzoyl-blocked ribofuranosyl halides under fusion conditions,
the amount of g=nucleoside formed appeared to be related to the amount of the g~
anomer present in the halogenose reagent, indicating that the coupling proceeded
via a simple SN2-type displacement involving a single Walden inversion.®” While
the coupling of silylpyrimidines with 2'=deoxyglycosyl halides is usually reported to
lead to anomeric mixtures of the nucleosidic products®”7%}, a recent study indicated
that it is possible to conduct this reaction in a stereoselective manner, to yield either
the g, or the g 2'~-deoxynucleoside, by proper choice of the reaction conditions.

An interesting new procedure was employed in the synthesis of L-adenosine, L~
guanosine, L=cytidine, L=uridine, L=5=methyluridine, and L=é=azauridine, involving
the reaction of 2-O-tosy|-5-0-tr|fy| =L=arabinose (1) with a suspension of the sodium
salt of the appropriate base in DMF, to give 32=92% yields of the 5'trityl derivatives
of the corresponding L-s-rnbofuranosndes (111).99 The reaction presumably proceeds
through an epoxide intermediate (I1) resulting from the action of the base on 1,50

A synthesis ofgseudouridine @~ and g= isomers) and of 5=8=D-ribofuranosyluridine
has been reported.”! "Homouridine" and "homocytosine", having a methylene
group inserted between N1 of the pyrimidine and Cy' of the glycosyl group, were

synthesized via the ureido derivative of 1-deoxy=1-amino=2,5=anhydro-D-gllitol. 52
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Transformations and Other Reactions of Nucleosides = Several 7= 8 =D=ribofuranosy|-
purine derivatives were_synthesized by ring ’clg%ure of appropriately subggfufed
imidazole nucleosides®>’~", 2=-Azaadenosine™™ and 6=azapseudoridine™ were syn=-
thesized via ring opening and ring closure reactions from adencsine and pseudouridine,
respectively. Bromination of foyocan%cin followed by ring closure gave a tricyclic
pyrazolopyrrolopyrimidine nucleoside™’ .

A new series of NS-substituted adenosine {and 7=deazaadenosine) derivatives,
related to the "minor nucleoside” Né-isopentenyladenosine (IPA) present in tRNA
and having cytokinin activity, were synthesized via quaternization at N of adenosine
with the appropriate R=X and subsequent rearrangement of the R group to the N°=
positiono8, The N]-°N6 rearrangement and various other reactions of the isopentenyl
group of IPA were studied59'60, and a new isomer of IPA (3iPA) was synthesized®'.
Two papers deal with the rearrangement of Né-(a -aminoacyl) adenines into N=(6=
purinyl)amino acids®2

Direct N=amination of various purine nucleosides at Ny and/or N7 of the purine
moiety was accomplished by treatment with hydroxylamine=O-~sulfonic acid with
aqueous alkali; the resulting N=aminopurine nucleosides can be readily deaminated by
treatment with HN0264. Selective N=alkylation of uridine and thymidine, to give
high yields of the corresponding N3=ethy| (or methyl) derivatives, was achieved in
aqueous solution by treatment with triethyl=(or trimethyl) oxonium fluoroborate;
cytidine, adenosine, and guanosine gave no reaction with the reagenf65. Various
new 6g§nercapf066-, 2, 6-hydroxy|aminob7-, and 8-substituted (OH, SH, N3,

NH)"" purine nucleosides were synthesized by standard reactions, starting from the
corresponding halopurine nucleosides. Tri=-O-acetyl=-8=bromoguanosine, on treatment
with POCl,, was converted to the corresponding 2-amino=6, 8-dichloropurine
derivative in which the é=chloro group could be selectively displaced by various
nucleophi|e569. 8~Fluoroadenosine was synthesized via a modified application of the
Schiemann reaction on tri-g-acetyl-8-aminoadenosi§70. Replacement of the 6-
amino group of adenosine with fluorine could be achieved by reaction of its trimethyl=
ammonium salt with KF in butanol”1. Several N4-substituted derivatives of 1=B =D~
arabinofuranosylcytosine (ara=C) and 5-fluoro~ara=C were prepared from the corres=
ponding uracil arabinoside via thiation, S-methylation, and nucleophilic dis?%ace-
ment of the 4~=thiol (or methylthio) group with NHoOH, NH,, and CH4NH,™ %,
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The previously reviewed (1967) interesting transformations of 5-halo=~
arabinosyluracils into imidazoline nucleosides on heating in aqueous media have been
studied in more detail, and the products were compared with imidazoline nucleo 2es
obtained by direct synthesis” ©, Further studies revealed that also 5-ha|our|dmes
and 5-hydroxyuridines75 undergo alkali=catalyzed ring contractions on heating to
give imidazoline nucleosides. The transformations of the 5=halouridines were shown
to require participation of the 5'~hydroxy| group of the sugar moiety (which, vna
nucleophilic attack at Cg, facilitates hydrolysis at C5 of the pyrimidine ring)?%, and
thus their mechanism appears to be analogous to that of the 5-haloarabinosyluracils
(where the 2' =hydroxy!| group parficipafes)73. The 5-hydroxyuridines appear to
undergo a benzilic acid=type rearrangement and dehydration not requiring anchimeric
assistance by the sugar moiety; 1-methyl and 1, 3=dialkyl=5~hydroxyuracils also
undergo ring contractions on heating with aqueous alkali, to give the corresponding
imidazoline derivatives’2., Deuterium exchange studies support the suggestion_that
these reactions involve ine 5-keto tautomer of the 5=hydroxyuracil derivatives

Intramolecular participation of the 2' -hydroxyl group appears to enhance the
rate of the hydrolytic deamination of 1-8 -D-arabmosylcyrosme (@ra=C’%). Rate
studies of base=catalyzed deuterium exchange at C5or Cy of various uracil
nucleosides and other uracil derivatives demons'rra'red the anchimeric assistance of the
(ionized) 2' =(arabo)=-and 5'-hydroxy| groups of the glycosyl moieties in the exchange
reaction at Cg 77 and indicated that the base catalysis may involve either 1,2=or 1,4
additions of the base to the double bond sysfem78. Similar studies of the mechanism
of reaction of Nj=substituted=5-bromouracils with sulfur nucleophiles has led to a
new method for introduction of a 5=sulfur substituent into the pyrimidine ring of uracil
nucleotides via a methyl hypobromite adduct’?. An oxygen-catalyzed reaction be=
tween 4=thiouridine and sodium sulfite gave a product characterized as uridine=4-
sulfonate which was converted quantitatively at pH4 into uridine or at pH 8.5 into
cyﬁdineso. The action of NHoOH (a mutagen) on 2' ~deoxycytidine appears to in-
volve nucleophilic addition of the reagent to the double bond at C? followed by re-~
placement of the 4~amino group by a second molecule of NHZOH . The 5,6~
hypobromite adducts of uracil nucleosides on refluxing in neutral aqueous solutions
are converted to the 5,6 ~dihydroxy=5,6=dihydro derivatives82, Several papers
present extensive studies r;laﬁng to the phofolyficssl , reductive, or photoreduc-
tive89,86 gnd oxidative degradations of pyrimidine nucleosides involving the 5,6
double bond.

Syntheses of new 8 2'-O-anhydr088 and 8,5' -O-cmhydros9 nucleosides of
adenine and guanine, by cycllzahon of the appropriate 8-brom088rine nucleosides,
were reported. , Additional N=substituted=imino=bridged analogs”" and a new sulfur=
bridged analog” ' of 2, 3'=anhydrothymidine were synthesized. A novel method was
reported for the direct cyclization of 2'~deoxynucleosides to the 2,3'=anhydro
derivatives with diethyl (2-ch|oro-],1,2-fr|f&uoroefhy| cmlne92. Arablno-snd/or
lyxofuranosy| derivatives of 6=azaisocytosine”~, 6-azauracil””, isocytosine”~, and
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cytosine96 were prepared via anhydronucleoside intermediates or by direct
sulfonyloxy group displacements. Reaction of a 3' ,5'=anhydronuclecside (epoxide)
with lithium azide gave the 5' ~azide’’. A new synthesis of cytosine arabinoside by
silylation of cytidine=2',3'~cyclic phosphate was reported

Selective halogenation of nucleosides at the 5' ~position was effected with
(halomethylene) dimethylammonium halides, [(CH4),N = CHX]*X", derived from the
reaction of dimethylformamide \glth phosgene, SOC? or SOBryp, or other halo-
genating agents (POClg,PCI 5) . Other modlﬁcahons of the 5' =hydroxymethylene
group reported include oxidation of the 2',3'’ -lsoprop)ilds ne derivative with a
ketenimine and dimethy! sulfoxide to the 5' -aldehyde '**, and with KMnO4 to the
5' =carboxylic acid101, 5'=O-Sulfamoy| nucleosides (desfluoro analogs of nucleo-
cidin) were preparedloz. Reactions leading to extension of the sugar chain were
reported

Naturally Occurring Nucleosides = The previously reviewed (1967) unequivocal
structure proof and total syntheses of the pyrrolopyrimidine nucleoside anhblohcs,
toyocamycl sangi a9mycm, and tubercidin were reported in more detaill04, On
the basis of H and 17F nmr and mass spectroscopy, the revised structure of the
antitrypanosomal antibiotic nucleocidin was established as 9-(4-fluoro-5-O~
sulfamoy Ipentofuranosyl) adenine, the first fluoro=sugar derivative isolated from
natural sources 109,106,  The unsaturated branched=chain sugar nucleoside, angust=
mycin A (decoyinine)107 and an Smmo-sugar nucleoside of cytosine identical with a
product derived from gougerohn were synthesized, New "minor” constituents
isolated from tRNA include: N-(nurmyl-é-carbamoyl)threoninew9, 2-methylthio-
IPA'10, methy| 2=thiouridine-5=acetate!11, 5=-carboxymethyluridine 12 7-thio-
cytosine, and 5-methylaminomethy|=2=thiouracil

Synthesis of Nucleotides, Phosphorylation and Protection = Selective phosphorylation
of the 5' =OH of unprofected nucleosides was achieved with bis=[8,8 ,8 =trichloro-
ethyl] phosphoroch loridate! 14, The trichloroethyl groups can be removed by treat-
ment with zinc dust in pyndme or, alternatively vf‘lf? zinc-copper complex in di -
methyl formamide, to give the free 5' -phosphates Pyrophosphoryl chloride, in
various organic solvents (including m=cresol and o-chlorophenol), was also reported
to phosphorylate various nucleosides selectively at the primary OH group''2. A
more complex reagent for the selective phosphorylation of the 5' =OH consists of an
equimolar mixture of triphenylphosphine, dibenzyl hydrogen ?hosphafe and
diethylazodicarboxylai‘e] 16" The new phosphorylating agent' '/, pyridinium S=ethyl
phosphorothioate with dicyclohexylcarbodiimide (DCC), (presumbly not selective)
was used for the preparation of the nucleoside-5'S-ethyl phosphorofhloates which can
be converted to the 5' -phosphates by treatment with aqueous I% , or to the §' -
triphosphates by treatment with |3 and inorganic pyrophosphaf 0. In contrast,
sodium trimetaphosphate was reported to effect sqecnﬁc phosphorylation of the 2' -
and 3' =hydroxyls of unblocked ribonuclecsides! 18, Selective reaction of triethy!
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phosphite with the 2' (3') =hydroxy!| of unblocked nucleosides followed by oxidation
of the resulting 2' (3') -phosphite with hexachloroacetone leads directly to the 2' ,

3' =cyclic phosphates; this procedure appears to provide a convenient general me I'\%d
of synthesis for the cyclic phosphates of nucleosides having a cis=1,2 diol system .
The large number of new mononucleotides synthesized via phosphorylatlon, or by
transformation of preformed nucleotides, cannot be reviewed here, and only the
phosphate analogs, 5' -deoxynucleoside 5' -methylenezphos honates 20+ ]2], 5' -S-
phosphorofhloctesfzz, and 5' =N=phosphoramidates 12 are included in the
references. A review chapter on the chemistry of mononucleotides was published
recently

New reagents used for the introduction of selectively removable protecting
groups at either the primary or secondary sugar hydroxyls of nucleosides and nucleo-
tides include frls-(2-chloroethy|) orthoformate, (the bis-(2-chloroethy!) orthoformate
ester of the nucleoside is base=stable but hydrolyzable with 80% acetic acid at room
temperature)'“”, B,B ,8~-tribromoethy| chloroformate (the tribromoethoxycarbonate
ester of the nucleoside is acid=stable, but can be cleaved with a zinc=copper
complex)126, dihydrocinnamoy! chloride or anhf/drlde (the ester formed can be
hydrolyzed enzymatically with & =chymotrypsin)'“/, benzoylformy| chloride (the
benzoylformy| group can be selectively removed by hydrolysis with aqueous pyrldme
at room i’empen:uture)]28 2 4-d|n|frobenzenesu|feny| chloride (the ester formed is
selectively cleaved by thiophenol in pyridine) 29, and B -benzoylpropionic acid with
DCC (the B =benzoylpropiony| group can be selectively removed with dilute hydrazine
hydrate solution in pyridine or acetic acid)'“®. A new reagent used for specific
blocking of the cis=2' ,3' =diol system is feframefhyl orthocarbonate; this reagent, in
the presence of E—foluenesulfomc acid in dioxane, converts ribonucleosides into 2' ,

3' -O-dimethoxymethylidene derivatives which are base-stable but which can be
transformed with aqueous acid quantitatively into the base-labile 2' ,3' =cyclic
carbonates

For protection of primary NH2 groups in the heterocyclic moieties of cytosine,
adenine, and guanine nucleotides, the following N=blocking groups have been used
recently: dlmefhylammomerhylﬁn? (readily introduced by reaction of the nucle?hdes
with dimethylformamide acefals , and removed with either weak acid or base |9
isobutyloxycarbony! (introduced on N4 of cytosine nucleotides by reaction with
isobuty| chloroformate Fo||owed by treatment with NaOH in dioxane=-water; removed
by concentrated NH4OH) , and the benzoy| group which was found to be selec-
tively removable from the NH2 groups by treatment with 0.5 M hydrazine hydrate
in pyridine=acetic acid, w11§ouf cleavage of the commonly used OH= and
phosphate =protecting groups

As phosphate=-protecting gro 85, in addition to the B -cyanoifhyl the 8,8 ,8=
trlchloroefhyll 14 and ethy|thlo ester and aromatic amidate ! groups appear to
be the most promising. _The nucleoside B,8 ,B-irichloroethyl phosphates’ "™ and 5=
ethyl phosphorofhloafes] 19 are prepared directly from the unblocked or partially
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blocked nucleosides, respectively (see above); they are (in contrast to the B~cyano~-
ethy| phosphates) stable under the alkaline conditions used for the removal of the con-
ventional O- and N-blocking groups, and are, in turn, deprotected by the specific
procedures already mentioned. The aromatic amidate (p-qmsndate) blocking group is
introduced by treating the nucleotide with the aromatic amine in the presence of
DCC, and it is removed with isoamy! nitrite

Synthesis of Oligo- and Polynucleotides = A large number of dinucleoside phosphates,
di=, tri=, and polynucleotides was synrhesized by chemical and/or enzymatic
methods, including those containing "minor" bases of tRNA, or unnatural base
analogs. In addition, the mternucleohde phosphodiester linkage was rflaced with
the non-ionic carbonate {(diester) 134 4nd carboxymethyl (esfer-efher linkages to
give the corresponding dinucleotide analogs; a poly (3' =O=carboxymethylthmidine)
polymer (M.W. >4000) was also prepared using dicyclohexylcarbodiimide (DCC) as
condensing agent

Further extensions of the B -cyanoethy| phosphotriester method (in which a B~
cyanoethy|="protected" 3' =phosphate end group is condensed without deprotection
with the free 5' =OH of the next nucleoside unit, using mesitylenesulfonyl chloride
as condensing agent)136,137, as well as applications of the new 8, 63% trichloroethyl
phosphates (either in an essen'rlclly similar phosphotriester approach or, alterna=-
tively, as the protected 5' ~phosphate end group in deoxyribo-oligonucleotide
synthesis with DCC13%) are described. Various potential applications of the S~ethy!
phosphorothionates in deoxyribo=oligonucleotide synthesis (either as protecting groups
in condensations with DCC or, alternatively, as activated groups in the presence of
12-pyridine, undergoing phosphodiester bond formation without a condensing agent)
have been studied'*V. An attractive new method for the stepwise synthesis of
protected ribooligonucleotides with a 3' =phosphate end group, applicable to large
scale synthesis, utilized the p-anisidate group for the protection of each added
(partially blocked) nucleoside=3' -phosphate unit; the p-anisidate group is selectively
removed from the new terminal 3' -phosphate after each condensation step141. Ina
synthesis of a deoxyribo=~oligonucleotide, the unusua! phosphate=protecting group
2',3' =[2, 4~dimethoxybenzylidene] uridine was employed which could be removed by
periodate oxidation of the cis-1,2 diol present only in the uridine moiety. Inan
interesting study, appropriate protecting groups were introduced into unprotected
dinucleoside phosphates, for the purpose of making RNA~fragments usable as starting
materials for oligonucleotide synthesis

Pertinent to the overall strategy of polynucleotide synthesis, the use of preformed
oligonucleotide blocks was further investigated ' ™", and a new method termed
"fragment coupling” was introduced, which involves the condensation of suitably
protected oligonucleotides having 5' =phosphomoncester end groups, in such manner
that the chain length should be approximately doubled at each condensation step
Further studies aimed at the development of practical procﬁgrels g r the synthesis of
oligonucleotides on polymer supports have been continued , and a method for
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polymer=supported sequential analysis of polyribonucleotides has been published. 149
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Chapter 32. Antiradiation Agents

Edward R. Atkinson, Arthur D. Little, Inc., Cambridge, Mass. 02140

Introduction - This report is based on articles selected from the 800 in-
cluded in Parts 17-20 of the author's bibliography™ covering 1968 and 1969.
As in the three previous reports in this series no attempt has been made to
cover all developments in radiobiology.

The period of this report was characterized by the maintenance of the
same level of effort in the field that has been expended during most of the
past ten years. There has been an increased effort to apply the extensive
knowledge of the well-known aminothiol class to the solution of problems in
other areas of medicine and to determine the mechanisms of radiation damage
and of protection by these agents.

The WRAIR Program - In our 1967 report we summarized the extemsive program
sponsored by the Department of the Army in the Division of Medicinal Chem-
istry, Walter Reed Army Institute of Research. Unfortunately the publica-
tion of quantitative pharmacological data by WRAIR has been delayed. Data
for specific compounds may be obtained from those participants who prepared
them for evaluation by WRAIR. The data given to participants include LD_.'s
and 30-day survival data (mouse test). Human tolerance studies for some
compounds are planned.

Reviews - Two general reviews have appeared.z’3 Specialized reviews are
now avallable describing the phzrgago}ogical aspects of antiradiation drugs
(particularly the aminothiols), ’~* ’" the réle of thiol groups in deter-
mining natural radioresistanc&,8 and the réle of thiol groups in enzyme
function and radioresistance.” The Masson series has continued.l0

Drug Evaluation - The methods now used for the evaluation of antiradiation
drugs have been summarized.ll The complexities that arise in the use of
whole animals as test systems are as prevalent here as in other areas of
pharmacology. For example, the fallure of some investigators to maintain
an adequate supply of oxygen detracts from the validity of their work be-
cause of the radioprotective effect of anoxia.l2? The test system_is an im-
portant a variable as the physical quality of the radiation used.13 Earlier
assertions that the radiosensitivity of rats depended on the time of day at
which they were irradiated have now been disputed.14 The radioresistance
of hibernatiég fround squirrels, first reported over ten years ago, is now
understood. 12,16

In efforts to overcome these and other complexities drug evaluations
are being made in simpler systems, although the extrapolation of_ the results
of such work to cover protection of intact mammals is not exact.l? A good
correlation between the radioprotective potency of aminothiol drugs and
their ability to protect the erzthropoietic system of mice (as measured by

Fe uptake) has been obtained; 8 no correlation was observed when the
serotonin type of radioprotector was used. The method can be used for
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measuring protection against doses as low as 100 ri? an analogous evalua-
tion of aminothiols has been made in tissue culture.

Other evaluation technics described recently include the use of the

mouse hair follicle, 1 eggymes _iE_vitro,2 spleen colony-forming rate,23’24:
and the fish 0. latipes.

Drug Development - During the period of this report there have been many
publications of pharmacological data for the well-established antiradiation
drugs such as MEA, AET and serotonin; the indexes to Chemical Abstracts
should be consulted. Improved drug transport to, and selective absorption
by, radiation sensitive tissues was sought by preparing 47 mercaptoethyl
derivatives of drugs already known to be transported and selectivelg ab-
sorbed in vivo. None was found to give better protection than MEA, 6

A series of 144 N-substituted S-2-aminoethyl thiosulfates (Bunte salts)
was prepared.27 Many members gave good protection to mice at doses of
0.07-0.1 of the LD... A comparison of the pharmacology of a series of
Bunte salts with tRat of the related aminothiols?® showed that the Bunte
salts were less toxic to mice, but that the differences in radioprotective
potency between members of each series could not be predicted accurately.
The optimum spacing between the amino and thiosulfate groups was two carbon
atoms. Quantitative data were given for protection by 12 of the compounds.
In a parallel study29 it was observed that the potency of 2-guanidino-
ethanethiosulfuric acid was decreased when the guanidino group was alkyl-
substituted. Significant protection was obtained only when the nitrogen
and sulfur functions were separated by two carbon atoms. a-Acetamidinium
Bunte salts (RNHC(NH)CH,SSO.H), in which R was a terpenoid or adamantane
group, were prepared. 04 Whdn R=bornyl or cis-myrtanyl the compounds pro-
tected mice at 0.25-0.5_of the LD50 An extensive review of organic thio-
sulfates was published.3

In the field of phosphorothioates work continued with the purely in-
organic diammonium amidophosphorothioate.32 In mice a dose reduction factor
of about 1.08-1.15 times that of MEA was observed; the therapeutic index
was 2.9 (MEA=1.3). The dose reduction factor was not increased by the con-
current administration of serotonin. §-[2-(3-Ethylaminopropylamino)ethyl]-
dihydrogenphosphorothiocate and the related 3-methylamino compound protected
mice as effectively as the related compound having no substituent on the
terminal nitrogen atom. The latter compound protected the normal tissues
of mice significantly more than it protected malignant tissues, presum-
ably because of the poor absorption of the phosphorothioate drugs in tumors,
reported in 1967, A fate and distribution study35 of H NCH,CH SP(0) (OH)
(whose monosodium salt is "Cystaphos") showed that the compoung was rapigly
converted in vivo to MEA, which was then metabolized to taurine and sulfate.
The desirable feature of the phosphorothiocate class may be a masking of the
toxicity of MEA and an improvement of its transport.

The dose reduction factor for dimethylsulfoxide (DMSO) absorbed through
the tails of mice was found to be 1.35;°° significant protection was pro-
vided to mice against 900 r by the vapors of DMSO when present during or
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following irradiation.3/ Electron transfer from DMSO to cupric ion was ob-
served and is believed to be the process involved in the protection of
copper—containing enzymes by DMS0.3

Many newer drugs have been described during the period of this report;
only those for which significant radioprotective action was reported can
be mentioned here.

«a-Amidrazonium thiosulfates (RNHNHC(NH)CH,SSO.H).3?

«8-2-Aminoethyl S'-3-carboxypropyl dithiocarbonate (NH CHZCHZSCOSCHZCH2
CHZCOOH)

*Thiocarbamoyl disulfides ((CH.,) NC(S)SSC(CH ) and NH,C(S)SSC(CH.)

«Sodium 4—(2—acetamidoethyldit%10)butanesulf nate (CH EONHCH CH Sg(aH
SO.Na) and the related sulfonate.%42

«The dithiocarbamate ester of 9-aminoacridine.43

* [3-(2-Mercaptoethylamino)propyl]oxamide (NHZCOCONH(CHZ)a
17 closely related compounds gave little or no protection.

'7,10-Ethano—l—thia—4,7-diazaspi£o[4,5]decane, prepared by the conden-
sation of 3-quinuclidinone with MEA. 5

«Adrenochrome monoguanylhydrazone methanesulfonate ("S-adchnon"), said
to have a dose reduction factor in mice of 1.32 at about 5 mg/kg.

*Magnesium pemoline; some doses were given 2 weeks pre-irradilation. 47,48

*Phenylhydrazine hydrochloride (C H NHNH *HCl) when administered 5-8
days before irradiation; stimulation of erytﬁropoie51s and an increase in
stem cells may explain the protective effect.%

NHCH CHZSH);

Field and his associates have studied the use of stable hemimercaptals
prepared by the reaction of MEA (and other medicinally important thiols)
with trichloro- or trifluorocacetaldehyde. Those derived from MEA functioned
as reservoir forms of MEA and protected mice.?0 In a continuing study,
mercaptals, mercaptoles, orthothioformates and thiazolidines have been used.
Protection of mice by 2,2—dimethylthiazolidine,51*52 and the presumed di-
ethyl bis(2-aminoethylthio)malonate was reported.

The use of mixtures of drugs to obtain greater protection than can be
obtained by single components has continued to make progress. Malsin and
his collaborators?3s have used mixtures of well-known antiradiation drugs
(MEA, AET, cysteine, reduced glutathione, serotonin creatinine sulfate) in
mice to obtain dose reduction factors of 2 8, with decreased toxicity.
Similar results were reported by others.? ;56 Combinations including PAPP
and phosphorothioates have been used by Sov1et workers-/» who also re-
ported on fate and distribution of the drug components.58 An extensive
pharmacological study was made of the drug "Irradian" (or '"Reducdyn"), whose
active ingredients include cysteine and N-acetylhomocysteinethiolactone.

Mechanisms of Damage and Protection - Investigations have continued in all
the areas summarized in previous reports in this series, with a continuing
increase in emphasis on fundamental reactions at the molecular level; these
have been reviewed.60,61

It has been estimated that under anoxic conditions the portion of the
indirect effect of radiation in E. coli B that can be abolished by freezing,
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or by high concentrationgzof radical scavengers, contributes about half of
the total lethal damage. A correlation between the protective activity

of sulfur-containing drugs and the rate constants”-» for their reaction
with the radiolysis products of water was established. > A new "oxibase"
parameter was developed for aminothiols. € This is an expression of electron
density in the thiolate anion, equivalent to ease of oxidation. Superior
drug structures were predicted.

The radiochemistry of the drugs themselves is of interest. Thiyl rad-
icals formed by the radiolysis of cysteine, MEA, and the related disulfides
in aqueous solution can build up a steady-state concentration and "scramble"
many disulfide groups. 7 The radiolysis of aqueous mixtures of cystine and
penicillamine disulfide gave a spectrum of products very similar to that ob-
tained from the mixed disulfide of the two components. Cystine alone gave
sulfonic acids, while penicillamine difulside, which is not radioprotective,
gave none. Perhaps the ability to form sulfonic acids is characteristic of
protective disulfides.68

An earlier mechanism for protection b¥ AET involved its conversion in
vivo to MEG and GED. A recent study69 of 1"C- and 39s-labelled AET in mice
showed that neither MEG or GED was formed, but that AET was converted to
2-aminothiazoline, which may be a significant intermediate in the protective
mechanism. It has been known since 1965 that there is a close correlation
between the protective potency of certain thiazolines and that of the

structurally-related aminothiols.

The protective action of tissue anoxia has been reviewed.7o Because
protection of mammals by serotonin, PAPP, etc. has been ascribed to their
vasoconstrictive activity with consequent tissue anoxia, it was surprising
to learn that the serotonin-creatinine sulfate complex protected both
planaria7l and bean sprouts,72 where vasoconstriction cannot be a factor.

There has been a steady accumulation of evidence to support the idea
that the most important damage to a cell that leads to mitotic_failure is
a macromolecular lesion of DNA in the nucleoprotein system. 274575 Gell-
ular radiosensitivity in 120 diverse organisms ranging from viruses to
higher plants and animals_was a direct function of the chromosome volume
and nucleic acid content. In the intact cell of bacteria, protection by
thiols appears to be protection_of a functional repair mechanism rather than
prevention of DNA degradation,77 but the need for more information about
damage to DNA remains moot.

Electron spin resonance studies of irradiated DNA at 77;§ permitted
the detection of at least two distinct paramagnetic centers. Pulse radio-
lysis technics have been used to study the reaction of DNA and related
pyrimidine bases with water radiolysis products.79’80’8l The free radicals
produced in animal tissues have kinetic properties that are related to the
radiosensitivity of those tissues.82 1In a continuing study of the repair
of damaged macromolecules by destruction of free radical sites it was found
that transfer of the unpaired electron to a thiol occurred best in acid
solution, in which the thiol is undissociated.83 Transfer to disulfide
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drugs was independent of pH. When dry mixtures of nucleic acids and MEA
were irradiated at 100°K it was observed that the MEA became bound to the
phosphate portion of the nucleotide and that transfer of the unpaired elec-
tron to the sulfur atom occurred;84 the observation clearly supports omne

of the older mechanisms suggested to explain protection by aminothiol drugs.
MEA, AET and the like bind to DNA and affect it as crosslinking agents affect
polymers in general; this observation may lead to a new type of radiopro-
tective substance.85 The protection of DNA by bound amino compounds could
not be correlated with the protective potency of these compounds in vivo.
There are probably many reasons why such a correlation should fail; for
example, the fundamental damage may not be to DNA, but to the non-histone
proteins of the chromosomal sheath. A radiochemical study of lipoic acid
suggested that a single free radical can denature such disulfide-containing
proteins, '

The "biochemical shock" mechanism of protection, discussed in the 1966
Report, continue to be supported by new data.88,89

The use of radiation-induced free radical sites in tissues to initiate
the polymerization of acrylamide revealed the presence of centers of damage
in the microsomes and heavy mitochondria of rat cells.90,91

The important réle of certain metal ions in the mechanisms of damage
and protection was reviewed;”“ damaged metalloenzymes can no longer support
normal electron transport processes in cells. While many amino acids form
complexes with cupric ion, only those containing sulfur reduce it, and thus
facilitate the regeneration of the damaged enzyme system. The sensitizing
effect of oxygen was ascribed to its oxidation of cuprous ion; in this sense
the protective sulfur-~containing drugs simulate anoxia. It was reported
that protective activity in a series of aminothiol and guanidinothiol drugs
was parallel to the inhibition of catalase by these drugs. No such relation-
ship was found for the inhibition of lactate dehydrogenase, where metal
binding is unlikely. The drugs protected catalase by forming a complex
with its iron component. The complexed catalase survived immediate radiation
damage, and subsequent dissociation of the complex permitted normal decom-
position of peroxides by the enzyme. The reference cited contains a good
summary of evidence related to this mode of protection.

The protective effect of endogenous thiol groups continues to be of
interest. The basic idea is that protein-bound glutathione represents a
reservoir of protective material that can be released from the protein bond
by exchange reactions with thiol9> and other?6 drugs. Glutathione is known
to be an excellent radical scavenger but is itself not useful as a drug be-
cause of its inability to penetrate .cell walls. Administration of MEA, AET,
and other thiol drugs caused a great increase in the intracellular nonpro-
tein thiol level?’/ and the protective activity of the drugs was correlated
with this factor., At the time of maximum protection the MEA content of the
cell was not over 10% of the sulfur compounds accumulating in the cell up
to that time.?8 A xanthine oxidase inhibitor markedly increased the pro-
tective effect of cysteine presumably because it decreased the oxidation of
glutathione liberated in the cells by the cysteine.99
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The importance of endogenous thiols in the development of natural
radioresistance is shown by the close correlation between the radioresistance
of mice and the concentration of thiol in their blood-forming tissues of
spleen homogenates. The great radioresistance of M. radiodurans is attrib-
uted to an abundant and expendable thiol comgonent that protects the cell
as a whole or protects its repair systems.10 In a continuing study with
Chinese hamster cellslOl it was shown that available intracellular thiol
concentration is an important protective factor.

The case for endogenous thiols is not entirely clear-cut. The pro-
tective action for E. coli of cysteine was not correlated with an enhanced
endogenous thiol concentration, 02 and no relation was found between endog-
enous nonprotein thiols and the radiosensitivity of HeLa, Ehrlich ascites
tumor, and Chinese hamster cells.103 The latter authors cannot ascribe the
radiosensitizing effect of N-ethylmaleimide to a simple removal of endogen-
ous thiols. The protective effect of prominent thiol drugs has been attrib-
uted to their causing an increased serotonin level, which is protective.

Newer Uses for Aminothiols -~ Radioprotective aminothiols, particularly those
that have higher therapeutic indexes and those that lack the convulsant
activity shown by the simple aminothiols, have a potential application in
the protection of normal cells during the radiotherapy of cancer.105 Other
uses are to promote wound healing after surgery of irradiated animals

and for the treatment of irreversible hemorrhagic shock.107 One hears of
still other uses (some quite exotic) but desctiptions of these have not
appeared in the open literature.

In the 1967 Report a short final paragraph referred to the possible use
of prophylactic doses of antiradiation drugs to prevent ageing in cells,
organs, and entire organisms. During the past two years Comfort has contin-
ued to stress the need for an experimental attack on the mechanisms of ageing
and of methods for preventing it.10 Experiments carried out with rodents
and other short-lived animals should now be carried out in man. The life-
shortening effects of acute and chronic exposures to radiation on experimental
animals are well-known,l09,110 and are ascribed to free radical-induced ab-
normal cellular events. The earlier recommendations of Comfort and others
that common food antioxidants (such as butylated hydroxytoluene) and amino-
thiols be used in prophylactic doses are urnder study; a review of early work
is available.lll
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Chapter 33. Reactions of Interest in Medicinal Chemistry

Robert A. Wiley, Department of Medicinal Chemistry,
The University of Kansas, Lawrence, Kansas

General - The year 1969 has been marked by the appearance of
a new journal (Synthesis) covering synthetic organic methods
and by volume 2 of the Fiesers' Reagents In Organic Synthesis.
The latter contains a remarkable number of references to 1969
papers, and due to space limitation an effort has been made
to cover here only 1969 work which does not appear in the
Fieser book.

Oxidations - The properties of l-chlorobenzotriazole, capable
of effecting high-yield oxidations of alcohols to aldehydes
and ketones as well as other reactions, have been further
described.? Oxidation occurs on refluxing in CCl, for a
short time, and is believed to occur via a radical chain
mechanism.,

Branched aldehydes such as 1 are converted to ketones
in 90% yield by 0:; in the presence of Cu(OAc)., DABCO, and

2,2'-bipyridyl.?
02
———————
Cu (OAc) »

A large number of 1,4-, 1,5-, and 1l,6-diols is converted
to lactones on treatment with silver carbonate on celite in
refluxing benzene: mevalonolactone is thus prepared in 74%
yield.*

HO

1

An ingenious method for oxidation of primary amines
modelled after biological transamination reactions has been
developed.® The readily available 3,5-di-5-butyl-1,2-benzo-
quinone is used to oxidize amines R,CHNH, to ketones R,CO
in 70-90% yield, and a series of mesitylglyoxals to oxidize
amines RCH;NH, to aldehydes RCHO in 55-90% yield.

Reductions - The use of AlH; selectively to reduce the
carbonyl group in a series of A? cyclopentenones has been
described.® Selective reduction of the carbonyl group in
o,B unsaturated aldehydes is reported, using 5% Osmium on
Carbon as hydrogenation catalyst.’
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NaBHy has been reported useful for the high-yield transforma-
tion of o- or p-hydroxy or acetoxy aryl ketones to the
corresponding hydrocarbons.®’® 1If the functional groups are

NaBH, 72%

Ooac © OAc

are meta, the carbinol is produced. Steric effects have a
profound influence on the rate of reduction of methyl esters
by NaBH(OMe)3:.!® The relative rate is 1° > 2° > 3°, and
preparative selectivity is possible.

A special PA(OH). catalyst is used to reduce selectively
one carbonyl group of cyclic anhydrides.!'!

o) o]
81% 0O 100% OH
o] > >
CHgs
0

Et3;SiH in the presence of Pd has been reported to be
usable in a convenient way to effect the conversion of acyl
chlorides' to aldehydes in higher yields than are obtainable
with lithium hydrides.'?

Nitriles may be converted to secondary amines via
nitrilium salts 2.!® Depending upon the choice of oxonium
salt, a variety of alkyl groups may be introduced,

+ - + l) EtOH
RCN + Et;0 BFy > RC=NCH,CHj; > RCH,;NHC,Hg;
- 2) NaBH..
BF,
2

The isolation of ([Py:°+*DMF.RhCl, (BF4)], a highly active
chloroform-soluble catalyst which gives the same product
stereochemistry observed in heterogenous hydrogenation, has
been described.!* The stereoselective addition of H, or
D, to 1,3-butadiene systems can be induced with a tricarbonyl
chromium complex.!®
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Hydrogenolysis of alkyl halides may be performed by
using NaBH, in DMSO,!® and of aryl halides by LiAlH, in
THF, '’ A method for generating organotin hvdrides in situ for
use in hydrogenolysis reactions of alkyl halides has been
presented.

Carbocylic Ring Formation - The bicyclic borane 4 can be
easily prepared from the linear triene 3 and converted into
the alcohol 5 in 78% overall yield.!'®

R R
-~ NS A BH; 1) co
R > B >
2) H,0, B
3

3

(£

The uses of 9-borabicyclo[3,3,llnonane (9-BBN) have
been extended to synthesis of various cyclopropane??’2?!and
cyclobutane?? derivatives, of which the following is
illustrative. <T7

B \/ \/
9-BBN \ MeLi H,0,

HC=CCH,Br ———> H—CIICHZCHzBr —_— B > OH

& 708

B

O

Bis—(bromomethyl)mercur¥ converts various olefins into
cyclopropanes in high yields;*? the reactions seem less
sensitive to steric effects than the Simmons-Smith procedure.
Methyleyclopropanes have been obtained in far higher yields
than those afforded by Simmons-Smith conditions (45-96%) from
olefins and 1,l-diiodoethane in the presence of diethylzinc.??
Similarly, carbenoid (as opposed to carbene) decomposition of
aryldiazomethanes in the presence of olefins, zinc halides,
and lithium halides, yields cyclopropanes in 40-90% yield.?"
In both reactions catalyzed by zinc, the predominant product
from cis-olefins is the thermodynamically unstable syn
cyclopropane. A photochemical method of generating phenyl-
carbene from phenyltetrazole anion has been described.?5
Cyclopropanes are formed in a non-stereospecific manner when
this reagent is allowed to react with olefins.

Cyclobutanones have been prepared from vinylic cyclo-
propanols,?® and the unique ylids 6, prepared as shown, can be
converted into a wide variety of carbocyclic systems.?’
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/\x 2CH, =PPh; + B:
(c%X —  (H) PPh, > (@), )=PPh

(]

Heterocyclic Ring Formation - Aziridines can be formed in a
regio- and stereoselective manner by LAH reduction of the
B-iodoazides obtained by addition of INCO to olefins.?® The
reaction has been used to form 168,17Rf-aziridines in
steroids.?® Treatment of olefins with acetonitrile and
chlorine yields aziridines in moderate yield as shown below.

Cl Cl

CH;3;CN H,O
I —_— —_— NCCH >}NH
Cl: N=CCHj HH 3
c1 °

A new,more versatile isoquinoline synthesis has been
reported. ®!
X X

CN HC1l NC1
—>
NE ’

0 0

Dimethylsulfonium methylide reacts with o-aminoaryl
ketones to yield substituted indoles.?3?

0
R
R . + I
+ CH2S (CH3) ,—> N

NH,

As an alternative to Corey's reagent, methylene
dibromide in the presence of Li may be used to convert
aldehydes and ketones to epoxides in 35-90% yield.??
Oxetanes are formed in 80-90% yield by heating 3-bromo-1-
alkoxytributyltin compounds.?*® If olefins are treated under
"anhydrous" Prins conditions, tetrahydropyrans are obtained
in 50-80% yield.®®

HCHO R
RCH,CH=CH, -
HX o

Alkylation Reactions - Anions whose nucleophilicity is too
poor to allow alkylation reactions to occur under normal
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conditions (alcohol, strong base), can be successfully
alkylated following extraction of their tetrabutylammonium
salts into chloroform solution. For example, the acylmalonlc
ester 7 was methylated in quantitative yleld. It is also
convenlient to alkylate methyl acetoacetate in this fashion.?®

0 0
] - Mel
R-C-C (COOEt) » —_—_— R~-C~C(COOEt) »
CHC1,

Bu,N' 7 CHs

Magnesium enolate salts, prepared in hexamethylphosphoramide
using Grignard reagents, afford in many cases much higher
yields of C-alkylated products than can be obtained by con-
ventional methods, and extend the range of alkylating agents
which can be used.?

Amines may be cleanly N—alkylated via the trifluoro-
acetamide derlvatlve, ®% or using as catalyst the lithium salt
of naphthalene."

H 1) KOH, R'I
> RNHCCF; > RNHR' 70-90%

2) HZO

00 +©

RNH, + R'X > RNHR' 40-90%

RNH»

Additions to Carbonyl and Olefinic Linkages - The Reformatsky
reaction yields B-hydroxy esters readily, but these are often
difficult to hydrolyze. If a Reformatsky reagent prepared
from an o-bromo Efbutxl ester is employed, the B-hydroxy acid
is obtained directly. It is also possible to prepare
Grignard reagents from t-butyl bromoacetates, and these give
exclusively axial addltlon to the carbonyl groups of a number
of carbocyclic ketones.“? Very high o,B/8,yY specificity in
the preparation of olefinic esters via the Reformatsky
reaction may be obtained if the intermediate B-hydroxy esters
are converted to acetates and pyrolyzed."® Nitroacetic acid
will add the elements of nitromethane across aldehvde
carbonyl groups upon heating, thus allowing this reaction to
be performed without strong base."* Peracetic acid-alkyl
iodide mixtures will add the elements of acetyl hypoiodite
across simple olefins."*® Organolithium reagents do not add

1
MeCOsH [:::[:::
>
RI OAC
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to isolated olefinic linka?es, but additions to allylic
alcohols may be performed. The intermediate lithium salts
may be hydrolyzed to yield 2-alkylpropanols, or carbonated to
afford y-lactones. Some additions are greatly facilitated by
tetramethylethylenediamine, as are many other reactions of
organolithium reagents. The stereochemistry of addition of
lithium reagents to allylic alcohols has been found to be

the opposite of that observed with Grignard reagents. 47 1,4~
Dicarbonyl systems may be obtained by interaction of a,B
unsaturated ketones, organolithium reagents, and N1(C04)

O
1 _ 0 0
~N /C - RL1 “ I l “
C=2C > R-C-C-CH-C-
- ~ Ni (CO) &

The latter reagent also catalyzes the carbonylation of
vinylic bromides.*® A similar carbonylation may be performed
on aromatic olefins using a PdCl,*Et;N complex as catalyst.®

Trialkylboranes or alkyl 9-borabicyclo[3,3,1l]lnonanes,
obtained by appropriate olefin addition reactions, may be
used in Sy2 dlsglacement reactions upon a-halo esters, 31r52
a~-haloketones, ®® or a-halonitriles®" to effect alkylatlon of
these substrates in high yield. 1In many cases 2,6-di-t-
butylphenoxide, a base of very high steric requirement, is
essential.

Hydroformylation of olefins mag be conducted at low
pressure, using (PhO)3;P as catalyst.”®

Organometallic Reagents - Thallium (I) carboxylates, which are
easily prepared and purified and are stable indefinitely,
undergo the Hunsdiecker reaction in approximately three times
the yleld afforded by silver salts.®% Thallium salts are also
useful in alkylation of purines,®’ and in synthesis of aryl
iodides5® and bromides®? as well as aliphatic bromides.®

An interesting stereosgec1fic synthesis of olefinic
esters has been reported. At -78°, the cis adduct
8 is obtained in 99% yield, whereas at hlgher temperature
a mixture is obtained, of which the trans adduct 9 comprises
90%. A similar series of reactions performed on acetylenic
acids has also been described.®?® A review of reactions

Rl COOMe Rl
R,C=CCO,Me + (R,), CuLi
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possible w1th lithium diaryl- and dialkylcuprates has been
presented. ®

Allyl Grlgnard reagents may be used as nucleophlles with
good results in the presence of hexamethylphosphoramide. ®

Miscellany - The use of borate esters to protect alcohols
during synthetic manipulations is a more versatile technique
than expected. Borates are stable to anhydrous ac1d1c or
basic conditions and are rapidly hydrolyzed in water.®

Eneamines of lower aliphatic aldehydes can be pregared
in guantitative yield using tris(dimethylamino)methane.

Pyrollidone hydrotribromide [ ( ::N:lb)3-Br2HBr] is a

H

remarkably selective brominating agent, for which the order
of substrate reactivity is ketones >> olefins >> enol
acetates.®® Preparative selectivity is possible.

Triphenylphosphine dibromide is a versatile dehydrating
agent for amides. Depending on the starting material,
nitriles, carbodllmldes, isonitriles, or keteneimines may be
obtained. Silicon tetrachloride is a useful coupling agent
for amide formation, since it is converted to silica, easily
separable from other reaction products.’

A number of extensions and modlflcatlons of the
Vilsmeier reaction are reported.®9%7/71¢72s73

Selective N-dealkylation in the presence of N-aryl
linkages may be induced by pyridine hydrochloride57“ and
selective N-debenzylation by thiophenoxide anion.
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Listings are usually by generic name if available

730 CERM, 67 4-Allyloxy=-3-chlorophenylacetic
42-548, 44 acid, 227
Allopurinol, 231
A-31960, 43 Alnusenone, 299
Aabomycin A, 134 Alolycopine, 329
Acetophenones, 289 Alopecurine, 329
Acetophenone oximes, 291 Alprenolol, 50,69, 70
1=-Acetyl-2-picolinoylhydrazine, Amanitin, 267
151 Amantadine, 101
Acetylsalicylic acid, 226 Amicetin, 156,163, 164
Aconitine, 36 Amiloride, 251
Acotinine, 329 3-(@ -Aminaalkylcarbamoyl)-4-hy-
Acridines, 292 droxy-l-thiocoumarin, 239
Acriflavin, 121 17-f-Amino=-3, 5-androstadiene, 135
Actinobolin, 165 17-B-Amino-5-androstene, 135
Actinomycin(s), 156, 160 p-Aminobenzoic acid, 316
Actinomycin D, 148 € -Aminocaproic acid, 239
Actinospectacin, 76 3~Amino=3~-deoxy-D-~glucose, 110
1-(5-0-Adamantoyl-B-D-ara- 6-Amino-6-deoxy-D-glucose, 110
binofuranosyl)cytosine, 147 4-Amino-4-deoxy-N10=-methyl-
Adamantoyl cytarabine, 231 pteroic Acid, 144
l-Adamantyl guanidine, 102 4-Aminoethylbicyclo/2, 2, 2/ octane-
Adenosine, 65 l-carboxylic acid, 239
f-Adenosine-2'-f-uridine-5'- 4-Amino=N-(2-methoxyethyl)-7-~(2~
phosphoric acid, 257 methoxyethylamino)=2-phenyl-6-
Adrenocorticotropic hormone, 211 pteridinecarboxamide, 251
Adriamycin, 148 4-{Aminomethyl)benzoic acid, 239
Agar gel, 259 trans-Aminomethylcyclohexanecar=-
AH 3474, 69,71 boxylic acid, 239
Ajugasterone C, 302 3a-Aminopregnane, 202
Akuammicine, 323 Aminorex, 44,316
Alamethicin, 159, 160 3-Aminothiazoline-2-thiones, 135
Alanosine, 151 Amiodarone, 66
Aldosterone, 300 Amitriptyline, 13
Aldrin, 249 Amitriptyline-fluphenazine, 16
Alkannin, 133 Amitriptyline-perphenazine, 13, 16
4'-Alkyl-4-dimethylaminoazo- Amphetamine, 318
benzene, 288 d-Amphetamine, 40, 41
N-Allyladenosine, 146 Amphotericin A, 159
1-Allyl-3, 5-diethyl-6-chloro- Amphotericin B, 129, 130, 132, 137,138
uracil, 105 f-Amyrin, 230
1-Allyl-3, 5-dimethyl-6-chloro- 9(10->19) Abeo~androsta=-2, 5(10)-

uracil, 105 dien-17-one, 298
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Angiotensin, 216, 217
Anisomycin, 163,164
Annanase, 227
Annotinine, 329
Anomalous water, 256
Antaminid, 267
Antheridiol, 203, 303
Antimycin A, 136, 157
Antivirin, 108
Apparicine, 324
Ara-A, 104
l1-B=-D-Arabinofuranosylcytosine,
105, 145
1-B=-D-Arabinofuranosyl-5-fluoro-
cytosine, 105, 147
Aranotin, 107
Ascochlorin, 136
L-Asparaginase, 109, 148
Aspirin, 35,314, 316
Ateroid, 237
Atisine, 329
Aureofungin, 138
Aurovertin, 157
Avenaciolide, 136
AW 142446, 14
AY-11440, 193
AY-11483, 193
8-Azaadenosine, 274, 276
5-Azacytidine, 105
Azadirone, 302
8-Azaguanosine, 274, 276
4-Azahomoadamantane, 102
8-Azainosine, 146
10-Azanorethisterone, 197
10-Aza-19=-nortestosterone, 300
Azapropazone, 229
Azaserine, 165
Azathioprin, 231
Azidocillin, 78

B-663, 118
B-1268, 43
B-1279, 43

Bacitracin, 158
BAY b 5097, 134

BC-105, 14

Bencyclan, 67

Benzaldehyde oximes, 291

Benzomorphans, 32

N-Benzoylmeroquinene, 327

Benzpiperylon, 229

Benzydamine, 230

Benzyl alcohol. 243

Berninamycin, 165

Bersaldegenin-1, 3, 5-orthoacetate,
301

Betaine nicotinate, 239

Betamethasone, 200

Betamethasone 17-valerate, 200

Biotin, 261

Bisabolol, 230

Bisobrin, 238

Blasticidin S, 163

BL-C 43, 81

Bleom-y—cin, 151

BL-P 1322, 79

Bluensomycin, 76

rac-endo-2~Bornanamine, 102

Bottromycin, 165

Bradykinin, 60, 217, 268, 269

Bradykinin potentiating factor, 217

Brassicicolin A, 134

Brevianamides, 324

Brinase, 237

8-Bromoadenosine, 273

3, 3'-(Bromobenzylidene)bis/[4-hy-
droxycoumarin/, 246

8-Bromoguanosine, 273

5-Bromo-2-thienylethyl ketone thio-
semicarbazone, 195

5-Bromotubercidin, 105

Bryonolic acid, 300

Bufadienolides, 302

Bufalins, 302

Butidrine, 69

Butriptyline, 14

3B-n-Butylcholestane, 297

Caerulein, 216
Ca.ffeine, 313, 316
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Calcitonin, 212, 269, 270 N-Chloroacetylmescaline, 24
Calcium elenolate, 108 3, 3'-(Chlorobenzylidene)bis/[4-
Camphane, 250 hydroxycoumarin/, 240
Camphane-2, 5-dione, 250 5-(2'-Chlorobenzyloxy)salicylic
Camphor, 250 acid, 238
Camphorquinone, 250 Chlorodantoin, 132
Camptothecin sodium, 151 tris(Chloroethyl)amine, 231
Canavanine, 106 ETN, N-big{2-Chloroethyl)aming/ -
Candicidin, 130,137,138 phenylacetic acid, steroid
Candidin, 137,159 esters, 149
Cannabichromene, 26 4'=Chloro-2-ethylaminopropio-
Cannabidiol, 26 phenone, 252
Cannabidiolic acid, 23 1-(2-Chloroethyl)-3-cyclohexyl-1=
Cannabidivarin, 23 nitrosourea (CCNU), 150
Cannabigerolic acid, 23 1, 3-bis(2-Chloroethyl)-l=nitro-
Capreomycin, 75 sourea (BCNU), 150
O=-Carbamyl-D=~serine, 157 1-(2-Chloroethyl)-3=(trans-4-meth=-
Carbenicillin, 75,78 ylcyclohexyl)~1l-nitrosourea, 150
Carbenoxolone sodium, 199 1-(p-Chlorophenoxymethyl})-3, 4-
Carbochromen, 66 dihydroisoquinoline, 103
Carbomycin, 164 1-(p-Chlorophenyl)-3-pentanimi-
Carisoprodol, 5 doylurea, 123
Carzinophilin, 156, 160 Chlorophyll, 257
Catnip, 28 3-Chloro-1, 2-propanediol, 196
Cefazolin, 79 Chloroquine, 116, 226
Celesticetin, 164 1-p-Chlorostyryl-3-methyl-3-carbo-
Cephaeline, 324 methoxy-6, 7~dimethoxy-3, 4 dihy-
Cephalexin, 79,80 droisoquinoline, 243
Cephaloglycin, 79 Chlorphenesin, 251
Cephaloridine, 79 Chlorpheniramine, 251
Cephalosporanic acid, 80 Chlorphentermine, 40, 42
Cephalosporin C, 81 Chlorpromazine, 151,196
Cephalosporin(s), 75,79, 80, 158 Chlorpropamide, 238, 251
Cephalotaxine, 326, 327 Chlortetracycline, 121
Cephalothin, 79 Cholecystokinin, 215
Cepharamine, 326 Cholecystokinin=pancreozymin, 269
Cetophenicol, 94 Cholestane-3p, 5a, 6ptriocl, 185
Chloramphenicol, 91,156, 163, Cholestyramine, 185

164, 287 Chromomycin, 160, 161
Chlorazepate, 5 Chromomycin A3, 149
Chlordiazepoxide, 247 Chromonar, 66
Chlorflavonin, 133 Cl-679, 117
Chlorimipramine, 13 Ciba 31531-Ba, 59

Chlormadinone acetate (CAP), 192, Cinanserin, 151, 231
193,197, 200, 201 Cinerubin A, 160
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Cinerubin B, 160

Circulin A, 159

Cirramycin A1, 81

CL 75,805, 119

Clavicipitic acid, 24

Clindamycin, 81

Clofazimine, 93

Clofibrate, 183,184

Clofluperol, 4

Clomacran, 2

Clomiphene, 196

Clonazepam, 5

Clopenthixol, 2

Clorprenaline, 57

Clotiapine, 3

CMP, 278

Coenzyme Q1q» 261

Colistin, 159

Collagen, 258

Concanavalin A, 151

Cordycepin, 165

Coronaridine, 323

Coumermycin Aj, 81

Cryptosporiopsin, 133

3',5'-Cyclic AMP, 273

Cycloheximide, 156,164,165

Cyclomahanimbine, 324

18 (N)-Cyclo-17f -methoxy-17a-
aza~=D-homo-5a-androstane, 298

Cyclooctylamine, 102

Cyclophosphamide, 149, 231

D-Cycloserine, 157

Cyclotripoline, 267

Cyprolidol, 14

Cyproterone Acetate, 196, 201

Cysteine, 226

Cytarabine, 231

D600, 66

Daphniphylline, 330

Dapsone, 92 .

Daunomycin, 108, 148, 160

DDT, 249

7-Deazainosine, 146
1-Decyl-3-carbamoylpiperidine, 286

2-Dehydroemetine, 119

Dehydroepiandrosterone, 194

6=-Dehydro-16-methylene-17a=-
acetoxyprogesterone, 192

15-Dehydroprostaglandin B, 175,176

15-Dehydroprostaglandin E}, 175,176

Deladroxone, 193

Delphinine, 329

Denudatine, 329

11-Deoxojervine, 300

2'=-Deoxyguanosine, 273

2'-Deoxythioguanosine, 145

Dequalinium acetate, 95

25-Desacetylrifampin, 77

Desipramine, 253

Dexpropranolol, 70

Dextromethorphan, 315

Dextrothyroxine, 184

DH-524, 14

DH-581, 185

Diacetyldapsone, 92

Diazepam, 247

Diazo-oxo-norleucine {DON), 165

Dibenzapin, 14

2, 6-Dibutoxy-3-methyl-A3-dihydro-
pyran, 106

Dichloroisoproterencl, 68,69,70

(2, 4-Dichloro-6-phenylphenoxy)
ethylamine, 253

Didrovaldratrum, 6

Diethylpropion, 43

Diethylstilbestrol, 196, 198

Diflumidone sodium, 229

Digitoxigenins, 301

Diglycine, 257

Dihydroaldrin, 249

Dihydrocorynantheol, 325

Dihydrohunterburnine a-metho-
chloride, 325

Dihydrojervine, 330

Dihydronaloxone, 31

13, 14-Dihydroprostaglandin Ej, 175

Dihydrotestosterone, 201

Dihydrotestosterone nitrate, 199

Dihydrothalsimine, 230
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17a, 20a-Dihydroxycholesterol, 298

3, 5-Diiodo-3'-chloro-4'~-(p-chloro-
phenoxy)-salicylanilide, 124

Dimethisterone, 55,198

3, 6-bis(Dimethylaminomethyl)=
catechol, 158

5-(3, 3-Dimethyl=1l-triazeno)-imi=-
dazole-4-carboxamide (DIC), 150

Dimethridazole, 121

Dinactin, 159

a, 4-Dinicotinoyloxy=3-methoxyace=
tophenone, 230

2, 4-Dinitro~5-(l=aziridinyl)~benza-
mide, 150

3, 5-Dinitrosalicylic acid (5-nitro-
furfurylidene)hydrazide, 121

Dioxethedrine, 57

1, 2-bis(3, 5-Dioxopiperazin-1-yl)
propane, 151

Diphenhydramine, 288,315

1, 1-Diphenylpropynylcyclohexane
carbamate, 151

Dipyridamole, 64, 242

Distamycin A, 108

Diumycin, 82 ,

Divinyl ether-maleic acid copoly-
mers, 109

Dixyrazine, 1

DOET, 28

DOM (STP), 27,28

Doxepin, 1, 2,13, 247

Doxycycline, 75,82, 121

Dromostanolone, 201

Droxaryl®, 228

Drazoxolon, 249

DU 21, 445, 69

Ecdysones, 302
Echinomycin, 160
Edeine, 161
Elaeocarpidine, 330
Elatericin, 243
Emetine, 119, 120,122
Enduracidin, 315
Enduramycin, 158

Enniantin A & B, 159

Enomycin, 165

Enterogastrone, 216

Epicamphor, 250

Epiibogamine, 325

Epinephrine, 293

2, 3a-Epithio-5-androstane-17p-0l,
200

Equilenin, 299

Ergocornine, 195

Ergot Alkaloids, 24, 26

Erythro-a-ethyl-a'-methyl-4, 4'-di-
hydrocybibenzyl, 195

Erythrokinase, 237

Erythromycin, 164

Erythropoietin, 216

Escin, 230

Estradiol, 196,197

Estradiol benzoate, 198

Estriol, 196

Estrone, 196,198,299

Estrone sulfate, 249

Etafedrine, 57

Etafenone, 67

Ethacrynic acid, 230

Ethambutol, 75,91

Ethionamide, 92

Ethoxide, 92

N=-Ethylamphetamine, 250, 318

3-(4-Ethylbenzene-sulfonamido)pro-
pionamidine, 105

5-Ethyldeoxyuridine, 105

Ethylene maleic acid, 241

Ethylnorepinephrine, 57

Ethynodiol diacetate, 198

Ethynyl estradiol. 192,193, 249

Etorphine, 31

F6060,
F6066;
F6103, 195

F6204, 195

Fenazoxine, 15
Fencamfamine,
Fenclozic acid,

195
195,196,198

|

318
227
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Fenfluramine, 40,41, 42

Fenspiride, 60,231

Fentanyl, 33

Fentichlor, 132

F.1I 6654, 8,15

Filipin, 137,138,159, 226, 227

Flufenamic acid, 238

Flufenisal, 229

a-(a-Fluoren-9-ylidene-p~-tolyl) -2~
pyridine ethanol, 240

5-Fluorocytosine, 132

5= Fluorouridylic acid, 146

5-Fluorouracil, 146, 240

Flupenthixol, 247

Fluprednisolone, 200

Fluspirilene, 4, 247

FMP, 278

FMS, 45

FMS-1A, 45

Formycin, 76,104, 146, 273,274

Fukujusones, 300

Fukujusonorone, 301

Furazolium, 91

Furfenorex, 43

Fusidic acid, 165, 203

Gardnutine, 324

Gastrin, 215, 269

Geissoschizine, 323

Geissoschizoline, 325

Gelatin, 259

Gentamicins, Cj, Cy,, Ca A, 75,
76,77, 156,161

Gliotoxin, 107

Glucagon, 214,215

Glycarbylamide, 121

Glyceryl trinitrate, 63, 248

Gold salts, 226

Gold sodium thiomalate, 120

Gonadotropins, 211

Gonidodomin, 134

Gougerotin, 156,163, 164

Gougeroxymycin, 134

Gramidicin A, B, C, S, 157,159, 266

Granaticin, 160

Griseofulvin, 131, 156, 165, 249, 314

Growth hormones, 210

Growth hormone releasing factor,
210

Guanadrel, 49

Guanazole, 147

Guancydine, 49

H 13/57, 69

Hadacidin, 165

Haemoglobin, 266, 269

Haloperidol, 4,315

Hamycin, 130,138

Harringtonine, 326, 327

Helenine, 109

Hellebrigenin-3, 5-diacetate, 202

Heparin, 315

Heptaminol, 67

Hetacillin, 249

Hexabendin, 65

Hexachlorophene, 94

Hexadiline, 67

Hexamycin, 136

Hexestrol, 199

Hexobarbital, 250

5-Hexylsalicylidene-p-aminophenol,
%4

Holothurinogenins, 301

Holotoxin, 203

a-Homocholestan-3-one, 298

18-Homoconessine, 302

Homodaphniphyllate, methyl, 330

Homoeburnamenine, 325

B-Homoestradiol, 198

Homofarnesoyl hydroxamic acid, 135

18-Homolatifoline, 302

Hondamycin, 134

HS 2314, 7

Human chorionic somato-mammo-
tropin, 211

Hyaluronic acid, 258

Hybrimycin Ay, Ay, By, B, 77

Hydrocortisone, 226, 261

N-Hydroxyadenosine, 146

p-Hydroxybenzoic acid, 315
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Hydroxybenzylbenzimidazole, 106
Hydroxychloroquine, 116
bis-Hydroxycoumarin, 240
p-Hydroxyephedrine, 57
17ap~-Hydroxy=-3-methoxy~D=-homo-
estra-1, 3, 5(10)=trien-17-one,
298
6-Hydroxymethyl-2-isopropyl-
aminomethyl~7-nitro-1, 2, 3, 4~
tetrahydroquinoline, 122
2-Hydroxy=5=(2'-methylthiazol-
4'yl)benzioc acid, 238
Hydroxyparavallarines, 300
17a-Hydroxyprogesterone, 198
17a-Hydroxyprogesterone
caproate, 201
2-Hydroxystilbamidine isothionate,
132
Hydroxyurea, 147
Hygromycin B, 161

IB 503, 3

Ibogmine. 24, 325
Iboxygainehydroxyindolenimine, 25
Ibufenac, 226: 227
Ibuprofen, 227

ICI 49, 455, 34

Imenine, 326
Imipramine, 246,316
Imolamine, 67
Imuran®, 231
Indomethacin, 238
myo-Inositol, 258, 260
scyllo-Inositol, 260
INPEA, 69,70

Insulin, 213,316
Interferon, 109
Intrazole, 228
-Iodobenzoic acid, 238
Iodochlorhydroxyquin, 122
5-Jododeoxyuridine, 104
Iprindole, 14
Iproniazid, 36
Iproveratril, 66
Isoajmaline, 325

Isoetharine, 57

Isoniazid, 91

Isonicotinamide, 239

Isonicotinic acid, 239

Nj-Isonicotinoyl-Np~-3-methyl-4-
chlorobenzoylhydrazine, 106

Isophthalonitriles, 290

Isopropamide, 315

l-Isopropyl-1, 2, 3, 4~tetrahydro-f-
carboline, 316

Isoproterenol, 57,70, 71

Isoquinocycline, 160

Isosorbide dinitrate, 69

JB-329, 25
Jegosaponenol, 300
Julimycin, 108

Kallikrein, 217
Kanamycin, 76,110,156, 161, 163, 239
Kanchanomycin, 160
Kasugamycin,. 161
Kavain, 25, 26

Kelthane, 249
Ketimipramine, 13
Ketophenylbutazone, 238
KL 255, 69,71

K4 592, 69

Laurusin, 274, 276
LB-46, 242
Levallorphan, 31
Levorin A, 130,136
LH-150, 229
Lidoflazine, 65
Lincomycin, 118,156,163, 164
Liriodenine, 326
Lithium carbonate, 8,16
LL~-1418, 50
LL-BH872a, 133
LL-Z1271a, 132
Loganin, 323

LSsD, 25, 26,27,317

Lu 5-003, 16
Lysozyme, 282
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M 218, 31

Macarbomycin, 82

Macrodaphnine, 330

Macrolides, 163

ansa=Macrolides,

Mahanimbine, 324

Mannosidostreptomycin, 76

MAO, 17

Mecambridine,

Medazepam, 5

Medrogestone, 193

Medroxyprogesterone, 253

Medroxyprogesterone acetate, 192,
193,196,198

Mefenamic acid, 226, 238

Megalomycin A, 81

Megestrol, 55

Megestrol acetate, 192,193,196,
197,198

Melengestrol acetate, 197

Melitracen, 13

Meprobamate, 5

Meprotixol, 230

2-Mercapto=3-hydroxypropanol, 151

6~-Mercaptopurine, 145

Mescaline, 24, 326

Mesoridazine, 2

Mestranol, 192,193

Metaproterenol, 57

Metazocine, 35

Metformin, 46, 238

Methadol, 35

Methadone, 35

Methamphetamine, 41,43

Methenolone, 201

Methopholine, 34

Methotrexate, 144

8-Methoxycaffeine, 313

10-Methoxydihydrocorynantheol,
325

Methoxyphenamine, 57

3a-Methoxy=-4-pregnen=21-o0l-
20-one, 199

Methoxy-~6-sulphanilamidopyri=
midines; 248

77

326

N-Methyladamantane=2-spiro-3'-
pyrrolidine, 102

DL-N-{a-Methylbenzyl)linoleamide,
1F+

Methylcellulose, 151

17a-Methyl=2-chloromercuriandro-
sta-1, 4, b=trien-17B=0l-3-one, 299

D-6-Methyl-8-cyanomethylergolene,
26,195

3'=C~Methylcytidine, 105

Z-Methyl-3-ethyl—4-phenyl-A4-cyclo-
hexene carboxylic acid, 251

N-Methylisatin-B-4':4'-dibutylthio~
semicarbazone, 103

l1-Methyl-2-isopropyl=5=-nitroimi-
dazole, 121

3-Methylmeperidine, 33

2-Methyl-4-[(5-methyl-5H-as-tri-
azino-/5, 6=h/ indol-3-yl)a?n-in<y-
2-butanol, 102

l-Methyl=3=nitro-l-nitrosoguani-
dine (NMNG), 117

l-Methyl-1l=nitrosourea, 150

17-Methyl-3~0x0-A, 18-bisnoran-
drost-8(14)-ene, 297

17-Methyl-3-0x0-A, 18-bisnoran-
drost-13(17)-ene, 297

Methylphenidate, 18,19

a-Methyl-3=-phenoxathiinmethanol,
106

43-Methylstigmasta=-7, 24(28)-dien-
3p-0l, 301

Methyltestosterone, 201

6~(Methylthio)purine ribonucleoside,
145

5-(3~Methyl=1-~triazeno)imidazole-
4-carboxamide (MIC), 150

Methyridine, 123

Metiazinic acid, 228

Metronidazole, 120

Minocycline, 75

Mithramycin, 148, 160

Mitomalcin, 151

Mitomycin(s), 150,156,160

Mitomycin C, 117
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Moenomycin, 82, 158

Molindone, 7

Monactin, 159

Monensin, 159

Monomycin, 239

Moperone, 4

Morphine, 31

Mycophenolic acid, 107,132,151,
165

Myoglobin, 266

N 1113, 67

Nalidixic acid, 87

Nalorphine, 36

N-(a-Naphthyl)iodoacetamide, 135

NC-0687, 14

NDvV, 118

Neoheptaene, 131

Neomycin, 76, 87,156,161, 163,
185, 239

Neurophysin, 212

Nialamide, 239

Nicotinic acid, 238, 239

Niflumic acid, 228

Nifuradene, 89

Nigericin, 137,159

Nigrifactin, 330

Nilflumic acid, 250

Niridazole, 91,122

Nitrazepam, 5

1-Nitro-2~(4-ethylphenyl)-1, 2-
diphenylethylene, 194

Nitrofurantoin, 87,89

Nitrogen mustard, 149

4'-[2-Nitro-1-(p~tolythio)ethyl]
acetanilide, 106

Nogalamycin, 160

Nonactin, 159

Noradrenochrome, 27

Norcamphor, 250

Norethisterone, 198

Norethisterone acetate, 192

Norethisterone enanthate, 192,193

Norethynodrel, 193

Norgestrel, 192

Novobiocin, 156, 165
Noxiptilin, 13
Nystatin, 131, 136,137,138,159

Ochotensimine, 325
Ochrobirine, 325
Ochrosandwine, 325
Oligomycins, 136, 157
Olivomycin, 156, 160
ORF-4563, 195

Orgotein, 230
Orientalidine, 326
Oryzachlorin, 107,134
Ovalicin, 151
7-Oxaprostanoic acid, 178
Oxazepam, 64
Oxazolazepam, 5
Oxilapine, 3
19-Oxocinobufagin, 301
19-Oxocinobufotalin, 301
4-Oxocyclophosphamide, 149
Oxolinic acid, 87
Oxosolacongestidines, 300
Oxprenolol, 69, 70
Oxyfedrine, 67
Oxymetholone, 201
Oxypertine, 7
Oxytetracycline, 120,121
Oxytocin, 212
Oxytremorine, 36

Pachysandrines, A, B, C, 301, 330
Pactamycin, 163
Paecilomycerol. 108
PAM-1392, 117
Pancuronium bromide,
Paramethasone, 200
Paramethasone acetate, 200
Paramidine, 229
Paramomycin, 161
Parathyroid hormone, 213
Parbendazole, 124

PDP, 49

Pemoline, 18
Penicillamine, 230

202
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Penicillin(s), 157, 158

Penicillin N, 81

Penicillin V sulfoxide ester, 80

Pentaerythritol trinitrate, 248

Pentagastrin, 215

Pentazocine, 31, 32, 252

Pentobarbital, 250

Perazine, 246

Perhexiline maleate, 67

Pericyazine, 1

Perimycin, 136,138

Phalloidin, 267

Phenacetin, 35, 36

Phenacon, 6

B-Phenethyldithiocarbamates, 135

1-Phenethylimidazoles, 135

Phenformin, 238

Phenmetrazine, 40

Phenobarbital, 313,316

Phenol, 243

Phenomycin, 165

a-Phenoxy-6-acylamidopenicillanic
acid, 78

Phenoxyethylcyclopropylamine, 288

1-Phenoxymethyl-3, 4-dihydroiso-
quinoline, 103

Phenteramine, 18

Phenurone, 252

2-Phenylbenzo/h/ thiophen-3-(2H)-
one-1, 1-dioxide, 241

Phenylbutazone, 226, 238

Phenyl N-methylcarbamates, 291

2-Phenylpyridazones, 135

Nj-Phenylsulfanilamide, 287

Phleomycin, 156, 160

Phosphonomycin, 81

Piericidin A, 157

Pimaricin, 131, 137

Pimozide, 4, 247

Pinoxepine, 3

Pipradol, 19

Podecdysone B, 302

Polistes kinin, 217

Polyetherin A, 137

Polyformycin (poly F), 274, 275

Polymyxin B, 159

Poly rA:poly rU, 109

Poly rl:poly rC, 110,118

Ponasteride A, 203

Ponasterone A, 302

Pondex, 45

Porfiromycins, 150, 156, 160

Practolol, 69,70, 71

Prasinomycin, 158

Prazepam, 5,247

Prenylamine, 65, 66

Prinodolol (LB 46), 69,71

Probenecid, 253

Procarbazine (MIH), 151

Profadol, 33

Progesterone, 198

Proinsulin, 213, 214

Prolactin, 211

Promazine, 246

Pronethalol, 68,69, 70,240

Propranolol, 50, 68,69,70,71, 242

Prosopine, 51

Prostaglandins, 50,178

Prostaglandin By, 176

Prostaglandin E}, 170,172,174, 241

Prostaglandin Ep, 170,172,173, 174,
241

Prostaglandin F,,, 59,172,173

Prostanoic acid, 178

Protoberberine, 326

Protokylol, 57

PSBA, 117
Pseudorenin, 216
Psicofuranine, 165
Psilocine, 25

Psilocybin, 25, 27

Puromycin, 156

Pyran copolymer, 135

Pyran~2-succinic anhydride, 4, 5-di-
carboxytetrahydro-6~methyl-an-
hydride polymers, 109

Pyrazinamide, 92

Pyrazomycin, 104, 105
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Pyridine aldoxine methiodides, 315

Pyridinolcarbamate, 185
Pyrithiones, 94
Pyrrolnitrin, 131,139

Quazodine, 59
Quinacrine, 121
Quinestrol, 192,193
Quingestanol, 192
Quinidine, 248, 327, 328
Quinine, 324, 327, 328

RA 233, 242

RA 433, 242
Ravenoline, 329

Renin, 216

Reserpine, 248,314, 316
Reserpinine, 324
Resibufogenin, 202, 302
Riboflavin, 313,314
Ribonuclease, 277
Rifampicin, 75, 77,107, 156,161
Rifampin, 77,78
Rifamycin(s), 77,156,160, 161
Rifamycin analogs, 78
Rimantadine, 101
Ristocetin, 157,158

RO 3-3528, 69,71

RO 4-5282, 40,43

RO 4-~8345, 198,199

RO 5-8254, 14

RO 7-0582, 119,120
Rubrosterone, 203
Rumalon, 226
Rutamycin, 136,157
Ruticulomycin A, 160

5-992, 41

SaH42-348, 184

Salbutamol, 57

Salicylamide, 316

Salicylazosulfapyridine, 88

Salicylazosulfamethoxypyridazine,
88

Salicylic acid, 315

Samanine, 301, 330
Sangivamycin, 165
Saramycetin, 131,132,136
SC-3296, 194

SC-3402, 194

Scenedesmus ferredoxin, 263
Sch 12600, 197

Sch 12650, 15

Scillarenin, 302
Scopolamine-N=butylbromide, 315
Secologanin, 323

Secretin, 216, 268, 269
Sengosterone, 303
Serotonin, 241

Serratagenic acid, 300
Serratinine, 329
Showdomycin, 104
Sibiricine, 325

Siccanin, 132
Sideromycins, 165

Sinapic acid, 252

SKF 7690, 196

Sodium cephalothin, 241
Sodium gluconate, 239
Solacongestidine, 300
Solafloridine, 300
Solanocapsine, 302, 330
Solasodine, 301

Sotalol, 69,70

Soterenol, 57

Sparsomycin, 82,156,163, 164
Spectinomycin, 76,161,163, 164
Spiramycin, 81

Spiramycin III, 164
Spironolactone, 201,202

SQ 18, 506, 120

Statalon, 109,118
Stemmadenine, 324
Stendomycin, 136,267
Steporphine, 326

Stilbene, 250

Stilbestrol, 196,199
Streptamine, 77
epi-Streptamine, 77
Streptogramin A, B, 163,164
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Streptokinase, 237

Streptolydigin, 77,156, 160

Streptomycin, 76,161,162,163,239

Streptonigrin, 156,160

Streptothricin, 108

Streptovaricin, 77,156, 160

Streptovitacin A, 165

Su-13437, 184

Subsporins A,B, C, 134

Substance P. 218

Sulfalene, 88

Sulfamethoxazole, 88

Sulfamethoxypyridazine, 88,315

2-Sulfamoylbenzoic acid esters,
288

Sulfonamides, 291

Sulfasymazine, 88

Sulfathiazole, 314, 316

Sulfisoxazole, 88

a-Sulfoaminobenzylpenicillin, 78

Sulformethoxine, 88

Sulphamethomidine, 248

Sulphasomidine, 248

Sulpiride, 7

Sweroside, 324

Temazepam, 5

Tenuazonic acid, 156

4,4',6,6'-Tetrabromo-2, 2'-bi~
phenyldiol mono(dihydrogen
phosphate), 124

Tetra-n-butyl ammonium halides,
259

Tetracycline(s), 82,121,130, 156,
161,163, 315

Tetraglycine, 257

a l-Tetrahydrocannabinolic acids,
23

al-Tetrahydrocannabinols, 23,25

Tetrahydro-1, 3, 5-thiadiazine-2-
thione, 135

Levo=-Tetramisole,

Thalsimine, 230

Thiabendazole, 122,123

4H-1, 3, 4-Thiadiazine derivatives,
135

122,123

B-nor-6-Thiaequilenin, 300

Thiamine propyl disulfide, 252

Thiamine tetrahydrofurfuryl disul-
fide hydrochloride, 230

Thiocarlide, 91

Thioguanine, 145, 146

2=Thionotetrahydro-1, 3, 5-thiadiaz-
ine, 240

o-Thymotic acid, 238

Thyroid stimulating hormone, 211

Thyrotropin releasing factor, 210

Tilidine, 34

Tobacco mosaic virus, 257,262

Tolbutamide, 238

Tolypomycin, 77

Tolypomycinone, 78

Tomatid-5-en~3p-0l, 301

Tomatine, 199: 230

Toyocamycin, 165

Tranylcypromine, 36

Trasylol, 227

as-Triazines, 15

Tribenoside, 230

3,4', 5-Tribromosalicylanilide, 94

3,4, 4'-Trichlorocarbanilide, 94

Triflumidate, 229

N-(3-Trifluoromethyl-6-chloro-
phenyl)-anthranilic acid, 238

Trifluperidol, 4

Triglycine, 257

Trimetazidine, 67

Trimethazone, 229

Trimethoprim, 119

Trimethoprim VI, 88

4,4, 14a-Trimethylpregn-8-en-2, 7,
11, 20-tetraone, 302

Trinactin, 159

Trioxazine, 6

2,3, 3-Triphenyl-1l-aminopropane,
200

Trivastal, 50

Tubercidin, 165,274,277

Tubotaiwine, 325

Tybamate, 5

Tylosin, 81

Tyrocidines, 156, 159
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U-11100A, 195
U-11555A, 195
U-22394, 44
U-26597A, 185
UK-3540, 14
UMP, 278
Urokinase, 237
Usnic acid, 157

USsvP-D177, 51

Valinomycin, 159, 262, 267
Vancomycin, 157, 158
Vasopressin, 212
Veronamine, 326
Versicolin, 133
Vialibran, 67

Vinca alkaloids, 151
Vincamine, 325
Vincoside, 323

Vincristine, 151

Vinyl sulfate polymers, 109

Viomycin, 156,161

Vitamin D3, 316
Vitamin K;, 230
Viticosterone E,
Voranil, 42

W-1372, 185

203

Warfarin, 240,317

Withacnistin, 202

Withaferin A, 202

Wy 21,743, 227

Xanthinol nicotinate,

Yuzurimine, 330

Zoxazolamine, 253

239



