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1. Introduction

Cyclopeptide alkaloids are defined as basic compounds embodying
an ansa structure, in which a 10- or 12-membered peptide type bridge
spans the 1,3 or 1,4 positions of a benzene ring (/). They are widely
distributed among plants of the Rhamnaceae family, but their occurrence
has also been confirmed in representatives of Asteraceae, Celastraceae,
Euphorbiaceae, Menispermaceae, Pandaceae, Rubiaceae, Sterculiaceae
and Urticaceae. These compounds are found in leaves, stem bark, root
bark and seeds. They often occur in minute amounts and as complex
mixtures. The total yield from dried plant material is between 0.01 and
1% and depends on many factors such as the region of growth, the season
of collection, the maturity of the plant used as well as the method of
isolation (2-6). The general structure of cyclopeptide alkaloids is
designated in Fig. 1.

A = Basic terminal (end) amino acid

B = B-hydroxy-amino acid

C = Ring-bound amino acid

D = Hydroxy-styrylamine unit
Sometimes between the A and B unit
an additional (intermediary) amino
acid is interposed and is designated
asE.

Fig. 1. General structure of cyclopeptide alkaloids

References, pp. 171-179



Cyclopeptide Alkaloids 3

Although several reviews have been published covering 110
cyclopeptide alkaloids (/-7), there are no recent ones. In the present
work we will review this field. The present article records all
cyclopeptide alkaloids and related compounds reported in the literature
from 1963 when the first representatives, adouetine-X, -Y and -Z (9) and
zizyphine-A and -B (10), were isolated until the late 1995. In fact it starts
from 1966 when the complete identification of pandamine was realized
(11). Thus we will deal with 160 cyclopeptide alkaloids, including
genuine cyclopeptide alkaloids (sensu stricto), some linear (open)
peptide alkaloids as well as neutral compounds that do not exhibit basic
properties and are not considered to be alkaloids. Linear peptides and
neutral compounds are closely related structurally (and biogenetically) to
genuine cyclopeptide alkaloids and have been isolated from the same
sources as cyclopeptide alkaloids. A clear exception are the celenamides
which have been isolated from sponges (60, 61). The linear peptides are
considered to be the biogenetic precursors of the cyclic structures.

2. Classification

Different methods of classification have been proposed in previous
review articles (I, 2, 4—6). In this review the compounds will be
presented in a way that copes with the plethora of structures that have
been isolated in the meantime. It was originally proposed by JouLLE and
Nutr (6) and comprises three classification steps:

First step:

1) Cyclopeptide alkaloids sensu stricto (151 compounds).
2) Linear peptide alkaloids (6 compounds).

3) Neutral compounds (3 compounds).

Second step:

This is confined only to cyclopeptide alkaloids sensu stricto and
classifies them according to the size of the macrocycle: 13-, 14- or 15-
membered rings. The 14-membered ring class has the most representa-
tives.

Third step:

The 13-, 14- or 15-membered ring compounds are further divided
according to the number of their units: 4 (having A, B, C and D units)
and 5 (with A, B, C, D and E units). Consequently the cyclopeptide
alkaloids sensu stricto are subdivided into groups with the following
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Table 1. Nomenclature of Cyclopeptide Alkaloids

Number 13 atoms 14 atoms 15 atoms
of units

4(14)-compounds
Nature of $-OH amino acid (unit B)
4 units 4(13)-compounds Frangulanine- Integerrine- Amphibine-F- 4(15)-compounds

(Nummularine-C- type type type (Mucronine-A-
type) (Leu) (Phe)  (Pro) type)
(Pro)
5 units  5(13)-compounds 5(14)-compounds
(Zizyphine-A-
type) Scutianine-A- Amphibine-B-
(Pro) type type
(Leu or Phe) (Pro)

annotations: 4(13), 5(13), 4(14), 5(14) and 4(15). The 4(14) and 5(14)
alkaloids are further subdivided according to the nature of the f-OH
amino acid (B unit). The nomenclature is shown in Table 1.

Exceptions:

Within the 4(14)-compounds is the group of pandamine type compounds
(8 compounds total) which contain a 2-alkoxy-2-(p-hydroxyphenyl)-
ethylamine D unit, instead of styrylamine. Among the 5(14) compounds
hymenocardine contains valine as the B unit and a 2-alkoxy-2-( p-hydro-
xyphenyl)ethylamine D unit, instead of styrylamine.

The nomenclature of every group, e.g. the frangulanine type, is based
on the first representative to have been isolated and has been kept
unaltered in this review by using the trivial names. This kind of
classification allows easy correlation with or references to well known
compounds and in this sense the prefixes N- and O-desmethyl or N- and
O-methyl were retained.

We would like to stress that several cyclopeptide alkaloids have been
recorded as new compounds without mention of or reference to
previously isolated compounds possessing identical chemical structures.
Some of the newly isolated cyclopeptide alkaloids must be identical
with or stereoisomers of older ones. Therefore, daechuine-S10 (15) is
superficially identical with nummularine-R (14), daechuine-S5 (47) with
melonovine-A (46) or pubescine-A (45), lotusanine-A (63) with
adouetine-Y’ (= myrianthine-B) (62), discarine-X (73) with nummular-
ine-K (74), discarine-D (97) with crenatine-A (96) and AM-2 (95) with

References, pp. 171-179



Cyclopeptide Alkaloids 5

aralionine-B (94). Only for AM-2 (95) has the relationship with
aralionine-B, although unresolved, been mentioned (120). Sanjoinine-G2
(152) has also been prepared from frangufoline (63).

3. Structure Elucidation — Stereochemistry

The main tools for structure elucidation nowadays are MS and NMR
spectroscopy. MS is extensively used as an important tool for
identification. Besides determining the molecular weight, it provides
substantial information about the structure of the alkaloids since the
various groups of cyclopeptide alkaloids fragment in a predicted and
well described way. In recent years use of high field NMR spectroscopy
has made structure elucidation of the cyclopeptide alkaloids consider-
ably easier.

3.1. NMR Spectroscopy

It is being extensively used for structure elucidation of cyclopeptide
alkaloids. In 'H-NMR spectra the most eminent features are the styryl
olefinic protons which resonate around 6 6.4 (B-H-Sty) and 6.6 (o-H-Sty)
with a coupling constant of ca. 8 Hz. Aromatic proton signals occur at &
6.9-7.8 usually as multiplets, while aromatic methoxyls resonate clearly
around & 3.8.

BroaDBENT and PauL presented '*C-NMR spectra of a series of
alkaloids, including 12 cyclopeptides (8). While MS is extensively used,
NMR remains unique for determining the relative configuration of the -
OH amino acid. Thus in erythro compounds J, g = 8Hz, whereas in threo
compounds J,3>22Hz (I12-14). The B-OH amino acid of the over-
whelming majority of cyclopeptide alkaloids is in the L-erythro form. As
an exception we mention scutianine-E (78) which contains D-erythro-f3-
OH-leucine. Furthermore while the other amino acids generally occur in
the L-form, scutianine-E bears a D-threo-B-phenylserine as the ring-
bound amino acid. *C-NMR spectroscopy is used for the elucidation of
the absolute configuration of the f-OH amino acid: in compounds with
the D-erythro configuration C-f resonates at & 87, while in compounds
with the L-erythro configuration C-f is found at & 81.5; also C-a
resonates at & 53.8 for the D-erythro form and at & 55 for the L-erythro
form (I5, 16) (Table 2). '*C-NMR spectra can be used to distinguish
between cis or trans conformations when the B-OH amino acid is
proline. The rule is: C-y-Pro: trans, d =21.2-21.6 and cis, 6 =23.8-24.1
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Table 2. Assignments of the Configuration of the
B-OH Amino Acid by NMR

C-o-shift (8)  C-Beshift (5) Ty p('H)(Hz)

D-erythro  53.8 87 8
L-erythro 55 81.5 8
Threo 2

Table 3. Assignments or cis or trans Conformations of Proline

C-y shift (8)

trans 21.2-21.6
cis 23.8-24.1

N—R3

R/

Table 4. Cyclopeptide Alkaloids for which the Configuration of the B-Hydroxy-amino
Acid has been determined by NMR Spectroscopy either by the Original Authors (denoted
by “1”) or from the Reported Data by us (denoted by “2”)

Compound Configuration Assignment Reference

3 trans-B-OH-Proline 1 71

36 trans-B-OH-Proline 1 71

44 erythro-B-OH-Leucine 1 98

49 erythro-p-OH-Leucine 1 47

63 L-erythro-B-OH-Leucine 1 118

67 L-erthryo-B-OH-Leucine 2 63, 59

95 N-Me-L-Phenylalanine 1 120
erythro-B-OH-Phenylalanine 2 120
L-isoleucine 1 120

158 trans-cinnamic acid 1 63, 59
threo or 2 59
erythro-B-OH-Leucine 2 63

160 trans-cinnamic acid 1 59
L-erythro-B-OH-Leucine 1 59

(16, 17) (Table 3). Based on these rules the stereochemistry of some
cyclopeptide alkaloids has been determined. Some examples can be

found in Table 4.

The older use of chemical degradation as a means of structure
elucidation is nowadays confined to identification of the amino acid

References, pp. 171-179



Cyclopeptide Alkaloids 7

composition. To gain information on the configuration, special
procedures, like ozonolysis, should be applied so that the stereochem-
istry of the asymmetric centers (especially of the B-OH-amino acid) will
be kept unaltered after hydrolysis (12, 18-20). Enzymes have been used
for this reason (L- or D-amino acid oxidases), but their selectivity is not
absolute (12, 18, 20).

For some cyclopeptide alkaloids the absolute configuration of the
molecule was deduced by X-ray crystallography (21-23).

3.2. UV, IR, and CD Spectroscopy

Interestingly, the 14-membered ring compounds most of the time do
not show characteristic UV minima or maxima despite the presence of
the styrylamine unit which, due to conjugation, should absorb
intensively. The reason for this anomalous behavior is the strain of the
ring system which hinders p-orbital overlap. This phenomenon some-
times is described as “‘end absorption”. Some of the compounds
belonging to this category show a weak absorption around 280 nm.
When tryptophan is present, characteristic absorptions are observed at
ca. 220, 270 and 290 nm. In 13-membered cyclopeptide alkaloids the
strain is relieved and their UV spectra reveal absorptions around 270 (log
€~4.0) and 320 nm (log € ~ 3.8). 15-Membered cyclopeptide alkaloids
exhibit a maximum around 275 nm (log €~4.2) and sometimes a
shoulder at ca. 220 nm.

IR spectra are insensitive to ring strain and exhibit highly diagnostic
peaks belonging to secondary amido groups (peptide bonds) at ca. 1680
1690 and 1630-1655 cm~!. The occurrence of these peaks strongly
suggests the existence of cyclopeptide alkaloids. Other bands are visible
at: ~3300 (NH), 2780-2790 (N-Me), 1625 (styryl double bond), 1230—
1240 (aryl-ether) and 2830 cm™' (aromatic OCH3).

The CD spectra of 13-membered cyclopeptide alkaloids reveal
strong negative, Cotton effect bands at 324, 276, 254 and 219 nm
and a small positive one at 232 nm. The spectra of 14-membered
cyclopeptide alkaloids exhibit a weak positive band at 287 and an intense
negative one at 239 nm. This behavior is due to the existence of the L-
amino acid in position B or C. For the D-enantiomer the negative peak
becomes intensely positive. This is illustrated by scutianine-D (77)
which has L-f-OH-Leu and L-B-OH-Phe as the B and C units
respectively and its isomer scutianine-E (78) having the corresponding
D-forms.
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3.3. MS

The following presentation of the mass spectral fragmentation of all
cyclopeptide alkaloids and related compounds covers all mass spectra
recorded in the literature cited. Several articles describe fragmentation
mechanisms and the resulting fragments (2, 24-59) and, without over-
looking the danger of oversimplification, we can claim that there is a
constant basic pattern of fragmentation in all cyclopeptide alkaloid
groups except in the 4(15)-compounds. Based on these patterns, the MS
fragmentation of cyclopeptide alkaloids is presented in such a way that
fragments can be easily used as a tool in structure elucidation.

In every group of compounds (e.g. 5(14)-scutianine-A type) every
letter that is used to denote a fragment is uniquely attributed to one
fragment in this particular group.

4. Fragmentation of Cyclopeptide Alkaloids
and Related Compounds

4.1 Fragmentation of 4(14)-Frangulanine- and -Integerrine-
Type Cyclopeptide Alkaloids

R= Basic terminal amino acid
O R'= B-OH-amino acid
R R?= ring amino acid
O O R®, R*= N-substituents of basic terminal
H

amino acid
e
R

The main fragments of these 4(14) cyclopeptide alkaloids are shown
below in Fig. 2 (m/z values of ions are in parentheses).

It has already been mentioned that in 4(14)-frangulanine-type
cyclopeptide alkaloids R' is the P-OH-Leucine side chain, while in
4(14)-integerrine-type cyclopeptide alkaloids R' is the B-OH-Phenyla-
lanine side chain. This leads to the generalization shown in Table 5.

Fragments n-v (Fig. 3) are of high diagnostic value. Like fragment a
(base peak), fragments o, p and n denote the nature of the basic terminal
amino acid. According to the literature, fragments n and p arise when R
is a Val or Ileu side chain, with elimination of a C,H;5 radical or neutral
ethylene (C,H,), respectively, from the latter side chain. Fragment o is

References, pp. 171-179
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o] R?
E— -CO
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Nt— / Rt /N’—R4
P R Ro
Re 1,R3+R4
¢ (122+R1+R3+R%) 4
R b (313+R1+R2+R3+R4) d (94+R1+R3+R%)
R
R3
a (27+R+R3+R4)

+
O‘@_\ R1—//o R1—-//
R'4§_<0 o / — 0 N —_— HN
HN NIH HNIH
0] H R?
R
|

ot

e (203+R1+R?) f(147+R1)
N—Rs

R3
M+ (313+R+R1+R2+R3+R%)

+ +
O HO +.
Rt——g_ﬂo A HO O
N
OCN-—{;H
R?

0 R? NH,
(135
g (287+R1+R2) h (217+R?) (139
I-cho
+e
HO R? (o] * R! CO
R*\\_<o > —_— — M
N HN \> 4
H
e )= =
H -
j (244+R14R2) k (110+R1+R2) I @2+R1+R?)

+

R! o
s
m (54+R1)

Fig. 2. Main fragments of 4(14)-frangulanine- and -integerrine-type cyclopeptide alkaloids
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Table 5. m/z Values of Fragments of 4(14)-Frangulanine- or -Integerrine-Type

Cyclopeptide Alkaloids
Fragment R'=p-OH-Leu side chain R'=B-OH-Phe side chain
(Frangulanine-type) (Integerrine-type)
M+ 356+R+R%*+R3+R* 390+R+R%*+R3+R*
b 356+R>+R3+R* 390+R%+R3+R*
c 165+R3+R* 199+R3+R*
d 137+R3+R* 171+R3+R*
e 246+R? 280+R>
f 190 224
g 330+R? 364+R?
j 287+R? 321+R?
k 153+R? 187+R?
1 125+R? 159+R?
m 97 131

formed from a Leu side chain, with elimination of neutral propene
(C3Hg). According to our survey the occurrence of other amino acids
cannot be ruled out.

Fragment q affords information about the nature of ring-bound amino
acid and is universal, while fragments r and s occur sporadically when
R? is a Trp side chain. The m/z of r coincides with that of fragment m,
when R? is a Leu or Ileu side chain.

R
\
S

H'|" TRY or T‘_R‘ RS '["“R‘
R? R® RS

a (27+R+R3+R%Y)

P (66+R3RY) n (55+R3+R%)

Fragments n and p arise
from Val or lleu residues

o
or Hfil R4

R3 R3

o

0 (42+R3+R%)

Fragment o arises from a Leu residue

Fig. 3. Fragments in the mass spectra of 4(14)-frangulanine- and -integerrine type-
cyclopeptide alkaloids
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o+—<: :H O+—<: :>—\
wd 7

— R!
o, ./
/T
HN H u (132+R")

O+
rd <3 \
o

-R2
/
N

T
)Z\T
x

R2
e t (204+R")
-i
O+
+
: H,N
HN __<€0o 2\,
"2 R
S (56+R2) q (29+R?)
+.
+
i(135)*— o) —
_z'N »
H R?
OCN
h R
T (40+R2)
-HNCO

zf? — O~ = On

me=120 Common fragment mz=103 Common fragment
v = h43 (174+R2)

+ /
HO

l OH
+
OCN HO CH,
m/iz =181

Common fragment / miz =107 Common fragment

Fig. 3. (Contd.)
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Fragments t-v not only reveal the nature of unit D of the cyclopeptide
algaloid (aminophenol moiety) but confirm the identity of R! (t,u) and
R” (v).

Common fragments are fragments that give no information about R,
R!, R?, R? and R* but confirm the nature of the aminophenol moiety.
Furthermore their occurrence is indicative of 4(14) cyclopeptide
alkaloids. Fragment u and common fragments with m/z 120, 107 and
103 are more frequent for the 4(14)-pandamine types.

Fragments b’ and b’-CO arise from fragment b, while fragments w,
w-CO, x, x-CO, y, y-CO and z from the molecular ion, after elimination
of the neutral molecule R*R*NH (Fig. 4).

HN u_{— R > b MR) > b €0 = p.co
2

R
0 b' = b-(R3+R4+15) = (298+R1+R2)
R
_— b'-CO = b-(R3+R4+43) = (270+R1+R?)
—R
| +-
R, M
R3
. /NH
R4

+

w-C O = M-(R3+R4+43)
~O~*7 e h —
R' » -
0 lo) N . » HN N _C_O_> HN Nt;—.\ ,
X IH Ho g 0 R
HN N 0
H 2
Dl

R= R==

-CO (124+R+R2
R W =M(R3+R4+15) y (152+R+R2) y-CO(124ReRD

(298+R+R1+R2)
——
R’ l d R 0 "
°% B )
M -CO WO HN/+
HN N —_— NN, — o
o H RZ 0 R
R R
R
x-CO (136+R+R1+R2) z (80+R+R")

X (164+R+R1+R2)

Fig. 4. Fragments in the mass spectra of 4(14)-frangulanine- and -integerrine-type
cyclopeptide alkaloids
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Cyclopeptide Alkaloids 13

Ceanothines B, C and D which belong to the category of 4(14)-
frangulanine-type cyclopeptide alkaloids, bear NMePro as basic terminal
amino acid. In this case a = a’ (m/z = 84), while fragments b, n, 0 and

p are absent.
+
e

a' miz=84

4.2. Fragmentation of 4(14)-Pandamine-Type
Cyclopeptide Alkaloids

N
H R
3 (o]
R\\N‘gZ
/
4
R R

RS=Hor CH3

Mass spectra of 4(14)-Pandamine-type cyclopeptide alkaloids
contain all the fragments previously described and in addition fragments
b”, £’ and i’ (Fig. 5, Table 6). These last fragments are related to

R5 )
® H R2OH _S

H N
HN e
b f it — b“,f,i

Fig. 5. Special fragments of 4(14)-pandamine-type alkaloids

Table 6. m/z Fragments of 4(14)-Pandamine-Type Cyclopeptide Alkaloids

Fragment m/z Fragment m/z

M* 330+R+R'+R*+R3+R*+R° f! 164+R!+R®
b M-R=330+R!+R%+R3+R*+R° i 135

b’ b-R°0OH=313+R'+R%+R3*+R* i 151+R>

f 147+R!
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fragments b, f and i. Fragment b” originates from b after elimination of
the -OR® group of the styrylamine unit. When R =H then b” =b-18 and
when R=Me then b” =b-32. Fragments ' and i’ are like f and i but
they contain the -ORs group.

Fragments a, c-¢, g-h and k-z are the same as in 4(14)-frangulanine-
and -integerrine-type spectra.

4.3. Fragmentation of 5(13)-Zizyphine-A-Type and
5(14)-Amphibine-B-Type Cyclopeptide Alkaloids
Fragments a-w are common to both categories (Figs. 7, 8 and 9).
While fragments a and b are the same with previous groups, fragments c-

w occur solely in these categories.

5(13)-zizyphine-A-type 5(14)-amphibine-B-type

NH NH
3
3 o /R
O R N
N/ A\
\ . R R

m/z = 396+R+R1+R2+R3+R4

-4
o
[e]
o
Iz
u
b
1"
-4
o
o
(o]
Iz

m/z = 300+R2+R5
m/z = 285+R2

Fig. 6. Origin of fragment X of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type
cyclopeptide alkaloids
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Common fragments of both categories

..
R f=M"-a-q"CO+2H" = X—CHO
3
aErereRsRY = *NR m/z = X+29
R4
L+ R
b = M*-R= X—C——CH—NH—C—CH==< . R +
i 1 1] R g =M -a-q"-CO+H = X—CO
R1 0
m/z = X+111+R1+R3+R4 m/z = X+28
.-
+ + + o+
c=M -a+H* =x—-f|:—(|:H-——NH—ﬁ—H h=M"-aq"2CO+3H = X—H,
R1 O
m/z = X+2

m/z= X+85+R1
d=M"aH"= X—C—CH—N= ﬁ:* : i=M"aq2co+2H" = Xx—H*
o R ° m/z = X+1

m/z = X+83+R1

@=M-aNCO = X—C==CH " o, e
| j=M -aq"-2CO+H =X
OH R
m/z = X

m/z = X+42+R1

Fig. 7. Common fragments of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type
cyclopeptide alkaloids

Furthermore, fragments k-q, v and w are exactly the same in both
groups and are shown in Fig. 8.

Structures of fragments r-u are given in Fig. 9.

Fragments q’, r’ and s’ are homologues of q, r and s of 4(14)-type
cyclopeptide alkaloids and are found in both categories (Fig. 10):

Fragments q”, r” and s” which are found in both categories are
similar to q’, r’ and s’ but originate from the additional amino acid
(molecule’s fragment E) with the participation of R! (Fig. 11):

Fragment i’ (Fig. 12) from 5(14)-amphibine-B-type and fragment x
from 5(13)-zizyphine-A-type alkaloids correspond to fragment i of
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3

+ R +
N—ﬁ—'CH—NH-‘“%—CH-—N< \ N—‘(ZIZ~(|2H—NH““(I'T‘_H
4 rla’ o Fli R 0 R’ o

(0] R

k (180+R+R1+R3+R%)

n (152+R")
R3
+OC——CH——-NH—‘(I%"?H—N< . N—(HJ—(IJH—N—‘:C
R ° R § o R p)
.
co
1 (111+R+R1+R3+R4)
0 (178+R1)
3
R
+ < +
C|>H=NH_ﬁ—]CH“N o <":—NH—~CH-——co
R’ 0 r N o F'f
H
m (83+R+R1+R3+R%) p (152+R2)
+
ﬁ—NH=c!:H
0 (124+R2)
+
N CO +/
N
H H
v miz=9% W m/z=68

Fig. 8. Common fragments of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type
cyclopeptide alkaloids

4(14)-frangulanine-, -integerrine- and -pandamine-type cyclopeptide
alkaloids. In a few cases, 5(13)-zizyphine-A type alkaloids exhibit
fragments y and z. We note that they are completely different from the y
and z fragments of 4(14)-frangulanine-type cyclopeptide alkaloids.
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Common fragments

5(13)-zizyphine-A-type 5(14)-amphibine-B-type
ORS
! S e
OCN +N/
‘e N
H
m/z = 244+R5 m/z = 229
ORS
o —Ohy
5w
HN s &7 H,N
N H
H
m/z = 218+R5 m/z = 203

ORS
(0] C==CH
(o} C==CH (5
+
N
H

m/z = 186
m/z = 201+RS

ORS
HO \
HO o) /
\ N
o} u H
N OCN
H 2
OCN
2

R
R

m/z = 232+R2+R5 m/z = 217+R2

Fig. 9. Fragments r—u of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type cyclopep-
tide alkaloids
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+
+ o=
HN p -
T\ . I\_Rz
NH

' 2
q (29+R4) v (40+R2)
s’ (56+R2)
Fig. 10. Fragments q', r’, s’ of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type
cyclopeptide alkaloids

HN s o=
0
2 =\R1 s\_=R1 :\——R1
"NH

" (29+R! J 1
q~ (28+R7) r" (40+R) s (56+R1)
Fig. 11. Fragments q”, v, s” of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type

cyclopeptide alkaloids

+.
HO
H N
i' (135)

X (150+RS5)
RO = H, m/z = 151
R =CH,, m/z = 165

3
.
OR? ORS
OH OH/ Ci‘f
CH
NCO Z (133+R5)
y (176+R5) s
5 R%=H, m/z=134
R =H, m/z=177 5
R = CHg, m/z = 191 R” = CH3, m/z = 148

Fig. 12. Fragments i’, X, y, z of 5(13)-zizyphine-A-type and 5(14)-amphibine-B-type
cyclopeptide alkaloids
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Fragments n’, o', p’, ¢/ =e-C,Hs, ¢” = ¢/-C,Hs, b’ =b-R’R*NH,
b’-CO, w' =M*"R’R*NH and w’-CO should also be mentioned.
Fragments n’, o', p’, b’ and b’-CO are homologues of n, o, p, b’ and
b’-CO of 4(14)-cyclopeptide alkaloids, while w’ and w’-CO correspond
to w and w-CO of the above mentioned group.

4.4. Fragmentation of 5(14)-Scutianine-A-Type
Cyclopeptide Alkaloids (Hymenocardine included)

The main fragmentation pattern of this category follows that of the
4(14)-frangulanine-, -integerrine- and -pandamine-type cyclopeptide
alkaloids and exhibits the same a-m and q-v fragments.

o}
R /
(0}
° N
H
HN N
o H R?

Fragments ¢ and d have slightly modified structures due to the
existence of Pro as additional amino acid. For the same reason the MS of
all of these compounds contains fragment q’ which, in the case of
hymenocardine, corresponds to q” of 5(13)-zizyphine-A and 5(14)-
amphibine-B cyclopeptide alkaloids.

QLH
J

q' (70)

Because all 5(14)-scutianine-A type cyclopeptide alkaloids contain
Phe as the basic terminal amino acid, fragments homologous to n, o and
p of 4(14)-cyclopeptide alkaloids are absent. Fragments w, X, y, z, ¢’ and
d’ are group specific, while ¢’ and d’ arise from the same fragmentation
pattern giving ¢ and d of 5(14)-amphibine-type cyclopeptide alkaloids
(Fig. 13).

Hymenocardine is a special case because it contains Val as the B-OH-

amino acid and an aminophenol moiety bearing a saturated acyl group
(Fig. 14).



HN
R o R o HN N
>—< o] R 2 > z 0
RN N RE—N
| N
R* Fli‘
Precursor
M-i W= Mi-R2 (276+R+R1+R3+R%)

/
" R i

o »
HN R o]
[0} o -~ ) < 0
3
237 7\N RN N

|
| R
R‘

¢ (219+R1+R3+R%) X (221+R+R1+R3+R4)

1

~ )

HN
o]
_.< O d (193+R1+R3+R4)
R\
ly
R

7—40 C=0 OH
C=0
HN+ N——-{
R o RO\, o M u—( .
o] R
RE—N N\ R, Rk /—-(
N
%
y = M* £ (263+R+R2+R3+RY) Z = bf (264+R2+R3+R%)

R’ ? 0
R1
‘—g__(o b 4§_<0 Oy
HN H
R
R
¢ =M"-a+H' (384+R1+R?)

o N HN N
)
0
N N=C=0

H
d'=M"aH' (382+R1+R?)

Fig. 13. Fragmentation of 5(14)-scutianine-A-type cyclopeptide alkaloids
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I(
T o)

x
Tz

Fragments a, b, d’, g, j, q, r, v, w and x of hymenocardine follow the
fragmentation pattern of 5(14)-scutianine-A-type cyclopeptide alkaloids.
Due to the existence of Ile as the basic terminal amino acid it gives
fragments n and o of 4(14)-cyclopeptide alkaloids. Furthermore two
special fragments, namely i and i’, occur (Fig. 14).

0 +
@>_$ HO@C=O

i (135 HN i (121)

Fig. 14. Special fragments of hymenocardine
4.5. Fragmentation of 4(14)-Amphibine-F-Type
Cyclopeptide Alkaloids

The fragmentation pattern of these alkaloids follows the lines of
5(14)-amphibine-B-type cyclopeptide alkaloids: fragments a, b, r, s, t, v,

o
<::> E o-—<: :>——§
[g_‘o ) N o © N/
N N — N H
R’ N H ;
0 R
Rj
/N—R3 X (285+R1)
R2

M+ (340+R+R1+R2+R3)

Fig. 15. Fragment X of 4(14)-amphibine-F-type cyclopeptide alkaloids
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w,i’,n’, o/, p/, ¢/, r’, and s’ are the same. Fragments c-e are absent.
Fragments f-j, p, q and u are the same but the alkyl residue of the ring-
bound amino acid is designated as R'.

. +
f= X—cHO' (X+29) = (314+R1) h=x—H, (X+2)= (287+R")
g = X—CO  (x+28) = (313+R") i= x—H "~ (Xx+1)= (286+R!
j= )+( (X+1) = (285+R")
p (152+R")
q (124+R1)
u (217+R1)

Fragments k-o (Fig. 16) are homologous with k-o of 5(14)-
amphibine-B-type cyclopeptide alkaloids without the additional amino
acid. Furthermore k occurs in the spectra of all compounds of the group,
unlike 1-o.

Finally fragments b’ and b’-CO are exactly the same, while w’, w'-
CO, y’, y-CO are homologous with w, w-CO, y, y-CO of 4(14)-
cyclopeptide alkaloids.

2

R

R \+
>N—cH—ﬁ—ﬁ© N=c=c=o0
R [.lz ) R
k (124+R+R2+R3) 1 (54+R2+R3)
R? R
e G S|
R L 0 ¢=0 R
m (152+R+R2+R3) n (123+R2+R3)
2
R\ +
N=CH—C—N \
R o c=0

0 (149+R2+R3)
Fig. 16. Fragments k-o of 4(14)-amphibine-F-type cyclopeptide alkaloids
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4.6. Fragmentation of 4(13)-Nummularine-C-
Type Cyclopeptide Alkaloids

4
OR OR’
Y 0
0 o 0 o
N N B — N
H 1
o R
R—gz
3 X (300+R1+R4)

+
M" (355+R+R1+R2+R3+R%)

Fig. 17. Fragment X of 4(13)-nummularine-C-type cyclopeptide alkaloids

The fragmentation pattern of these alkaloids follows the lines of
5(13)-zizyphine-A type cyclopeptide alkaloids: fragments a, b, r, s, t, v,
W,X, Y,z n’,0',p’,q’,r’, and s’ are the same. Fragments c-e are absent.
Fragments f-j, p, q and u are the same but the alkyl residue of the ring-
bound amino acid is designated as R' and the O-substituent as R*.

+- +
f= X—CHO  (X+29)= (329+R1+R%) h= X—H, (X+2)=(302+R1+R%)
O= X—0=0 (X+28)= (328+R1+R%) iz x—n"" (X+1)= (301+R1+R
. +
j= X (300+RT+RA) P (152+R")
q (124+R") U (232+R1+R)

Fragments k-o are absent.

4.7. Fragmentation of 4(15)-Mucronine-A-
Type Cyclopeptide Alkaloids

1

MeO. R
R \ a = M -HNCO (341+R+R1+R2+R3)
N a' = a-CHy
R 0

o NH ):n a" = a-CyHg
R
/T/LN
(e} H

M* (38a+R+R1+R2+R3)
R1=HorCHy



+e
1

CH,0. R
e
N——C'H—H,C CH=<|3H

NH
| —

R

3 CO

NH—CH—CO——NH——CIH—CO
H,C—CH R
C2H5

M* (384+R+R1+R2+R3)

2

CH,0 R'
i JOL
N=CH—H,C CH=CH

1

2

CH,0 R
A JOL
+
N=CH—H,C CH=?H
o H
R ©Co T
NH—CH—CO—NH—ClH—CO
HiC—CH R
CHs
l- HNCO
a ) a"
LHa C2/""|/'

CH,O. R'
R
. JOL
+
/ 'IqH N=CH—H,C CH:?H
o | - 5 TH
OC—NH—CH—CO .
i CH—CO—NH—ClH—CO
R
C—CH R
b (271+R+R1+R2+R3) M [
CHs
a (341+R+R1+R2+R3)
l -HNCO
o & CH,0. R'
3
RA R
e + —_
\§=CH—H c CHe—CH N=CH—H,C CH=CH
/ 2 | /3 N
L3 NH R I
| co
élH_CO d (214+R1+R2+R3)
¢ (228+R+R1+R2+R3) R
[
CH,0 R'
R2
+
==CH—H,C CH=CH
R NH,
e (188+R1+R2+R3)
.+ CH,O R
CH,0. R
H,C CH=CH,
H,C CH=CH

K (162+R1) NH,

1(147+R1)

Fig. 18. Main fragments of 4(15)-mucronine-A-type cyclopeptide alkaloids
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CHO R CH,O. R fo) R
2
R 2
A JOL N e Mo L
N=CH—H,C CH==CH, /N=CH—H2C CH, /N=CH—HZC CH,

3 R3 R3

R f g h

Fig. 19. Fragments of 4(15)-mucronine-A-type cyclopeptide dihydroalkaloids

‘>__\+ i ¥
NH, NH,

m (86) n (29+R)

Fig. 20. Fragments m, n of 4(15)-mucronine-A-type cyclopeptide alkaloids

The different ring structure, compared with other cyclopeptide
alkaloids, of this group leads to a different fragmentation pattern (Fig.
18). Fragments a, a’, a”, b-e, k and 1 are the most abundant.

Fragments f, g and h are encountered in the dihydro derivatives of
this group (Fig. 19).

Dihydroalkaloids

In addition to the fragments shown in Fig. 19, fragments n and m
(Fig. 20), which arise from the ring-bound amino acid and the inter-
mediate amino acid respectively, are frequently observed. Because the
latter is always an Ile, fragment m has a m/z value of 86. These
fragments are similar to fragment q of 4(14)-type cyclopeptide alkaloids.

4.8. Fragmentation of Linear Peptide Alkaloids

These alkaloids, due to their open structure, fragment in a special
way.

Celenamides
OH
HO R = Basic end amino acid residue
HO OH R'= Sty-bound amino acid residu
a 2
N 5 Re=OHorH
HN H N R
0 H
R 1
0 R
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They exhibit fragments a-1, which are displayed in Fig. 21 (60, 61).
We note the following: i) The celenamides are marine natural products of
sponge origin and usually bear a Br atom in R! side chain; ii) some of the
fragments, due to the presence of Br, exhibit two isotope peaks which

+
R R 0 CH,
+
K I\*’)J\
NH, ” CH, N Br
a (29+R) H
b (71+R) c
.- OAc
NH, OAc AcO
/ AcO
AcO 0 )
AcO NH
+
o=¢ NH
(OAc)n oc” N R
f (375+R
d e ( )
OAc
+ AcO. +- o 4
NH,
Br/©\?‘/>\NH AcO :
H N
H NH,
e}
g N Br
H
h i
(OAc)n AcO

OAc

OAc OAc
AcO AcO
AcO o AcO R9
. Sy
+ NH N .
o=c’ N NH fI:I u
H
+0
OAc N C§5 0

OAc

1 (98+R)

OAc

Fig. 21. Fragments a-1 of celenamides
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differ by 2 amu; and iii) many fragments arise after successive losses of
Ac (in the form COCH,), because these alkaloids have been isolated as

acetylated derivatives.
o o

NMe,
MeHN

This alkaloid contains a unique structure. It is comprised of five units,
four of them being attached to one side of the aminophenol, the fifth unit.
The ring-bound amino acid bears an additional basic terminal amino
acid. According to MARCHAND et al. (62) the fragments that are en-
countered are i (m/z=135), a and o (m/z=386 and 58 respectively).
They originate from one basic terminal amino acid (N-Me-L-Val) in
accord with the fragmentation behaviour of 4(14)-frangulanine-type
cyclopeptide alkaloids.

Lasiodine-A

Sanjoinine-G2

This alkaloid is in the form of an aminoaldehyde, where the normally
ring-bound amino acid is no longer attached to the phenolic ring.
Because it resembles 4(14)-frangulanine-type cyclopeptide alkaloids, it
produces some fragments of this group: a-d and l-n. Fragment k of
4(14)-type cyclopeptide alkaloids is modified and includes the amino
group: k + NH, (m/z=226). Interestingly, it shows fragment i’ (m/z =
121), like hymenocardine. Finally, three special fragments are noted:
M*-leucinamide (m/z=409), b-i’-H"=b-122 and M*-leucinamide-
i’'=287.
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4.9. Fragmentation of Neutral Compounds Related
to Cyclopeptide Alkaloids

The three neutral compounds that have been isolated so far display
the fragmentation behaviour of the group which they resemble:
scutianene-C and sanjoinenine fragment like 4(14)-frangulanine-, -inte-
gerrine- and -pandamine-type cyclopeptide alkaloids, while lotusanine-B
fragments like 5(14)-scutianine-A-type cyclopeptide alkaloids.

The absence of an amino end residue leads to the absence of the
corresponding fragments. Accordingly, instead of fragment a a common
fragment is observed with m/z =131 which arises from trans-cinnamic
acid, the terminal fragment in all three alkaloids (59, 63, 64).

Scutianene-C and sanjoinenine afford the following 4(14)-frangula-
nine-, -integerrine- and -pandamine-type fragments: e, f, h,i,1, m, q, x, y
and z.

Lotusanine-B displays the following 5(14)-scutianine-A-type frag-
ments: e, f, i, m, q, q”. In addition, fragments x, x-CO, y, y-CO of 4(14)-
frangulanine-, -integerrine- and -pandamine-type cyclopeptide alkaloids
appear. Finally fragments n and o, analogues of n and o of 5(14)-
amphibine-B-type cyclopeptide alkaloids occur (Fig. 22).

[} 5

»
+
N N
o 0
n (200) 0 (228)

Fig. 22. Fragments n, o of lotusanine-B

4.10. Miscellaneous

There are three cyclopeptide alkaloids whose skeleton contains an
additional amino acid. In nummularine-G and sativanine-B, which
belong to the 4(14)-integerrine group of alkaloids, the additional ring is
formed between the B-OH-amino acid and the basic terminal amino acid.
In sativanine-D, a 5(13)-zizyphine-A-type cyclopeptide alkaloid, the
additional ring is formed between the normal additional amino acid and
the basic terminal amino acid. In these cases fragment a is converted to
a’, containing the new additional ring and the basic end residue and is
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E ivani nl
H

H p ,N 0
Mj’*jR >—< >\
a' (98+R) :E _IM

R = CHg, m/z = 113 (sativanine-D)
R =C4Hg, m/z = 155 (nummularine-G, sativanine-B)

Fig. 23. Special fragments of nummularine-G, sativanine-B and sativanine-D

+
O=C

R R

> ]
RN =<0 . R—N =0 , H*N/_
\
o} o] R’
H H
a' (84+R+R3) a (56+R+R3) a" (28+R+R3

Fig. 24. Special fragments of N-formyl-containing cyclopeptide alkaloids

not the base peak anymore (50, 51, 65-67). The sativanine-D fragments 1
amd m are shown in Fig. 23 (50, 51, 65).

There are four cyclopeptide alkaloids containing an N-formyl basic
terminal amino acid. Three of them, nummularine-T, rugosanine-A and
sativanine-F, are 5(13)-zizyphine-A-types and sativanine-K is a 4(13)-
nummularine-C-type. From these alkaloids fragment a has the usual
structure, having the formyl residue as an N-substituent, and is not the
base peak. The last corresponds to fragment a’, which gives birth to a
and a” (Fig. 24) (52, 54, 56, 68).

In the case of the three 5(13)-zizyphine-A type cyclopeptide
alkaloids a fragment ¢-CO appears, possibly due to stabilization of the
leaving radical (52, 56, 68).

In some cases the fragment shown in Fig. 25 was observed. It
originates from the B-OH-amino acid, is observed sporadically and only
when the B-OH-amino acid is Leu (m/z =84 =41 +43).

1

R:>
4
H,N
m/z = 414R

Fig. 25



+
NMe, +
CH
v O O
N N
H H

m/z = 186 miz =144
+ +
CH, CH,
[ — —
+ + -~
N N N N
H H H H
m/z =117 m/z =130

2) Phe or cinnamic acid

v R
co + +
CH, CH
—_— - @/

2
m/z =133 m/z = 105 e =91 \

m/z =131 l
—_— +
+ +
o Ortnmm O = (B O
_ = OH

m/z =107 m/z=78\‘
©
miz =771

4
+ + +
4) @—CH—OH _— @CFOH — @'CHO—» @—cgo
m/z =107
m/z =106 m/z =105
+.
4.
\ —

m/z = 103 m/z = 102

OH
OH
e m/z =123
Fig. 26. Origin of common fragments of cyclopeptide alkaloids
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4.11. Common Fragments

During the fragmentation of all cyclopeptide alkaloids there are some
fragments that occur universally, no matter what the class is, and are due
to the occurrence of some common structural features like tryptamine,
phenylalanine and hydroxybenzyl units. These common fragments are
depicted in Fig. 26 on previous page.

5. Identification Strategy

There are no standard protocols leading to structural elucidation of
cyclopeptide alkaloids on the basis of spectroscopic and mass spectral
data. The following strategy can be used as a guide for assigning an
isolated compound to a specific cyclopeptide alkaloid group. It is
presumed that the alkaloid studied is a pure compound.

The initial guide to classification of an alkaloid as a cyclopeptide is
the IR spectrum. Bands at ca. 1685 and 1630-1655 cm™! reveal the
existence of secondary amido groups, while at ca. 1625 cm™! the styryl
double bond absorption is observed.

The UV spectrum will provide the first indication about the group to
which the cyclopeptide alkaloid in question belongs. Absence of intense
absorption points towards a 14-membered compound, while bands at 270
(log € ~4.0) and 320 nm (log € ~3.8) indicate a 13-membered compound.
15-Membered cyclopeptide alkaloids reveal a maximum around 275 nm
(log € ~4.2) and sometimes a shoulder at ca. 220 nm.

As regards the mass spectrum which, as discussed earlier contains
much information for the identification process, the m/z 135 fragment is
universal and thus of great diagnostic value. Also fragments of m/z 151
or 165, are important since they are similarly diagnostic of 5(13)-
zizyphine-A-type cyclopeptide alkaloids. Moreover, generally, alkaloids
having four or five rings have molecular weights between 430 and 600 or
560 and 730 respectively.

After the cyclopeptide nature of the alkaloid has been confirmed, our
interest is to assign the compound to a certain subgroup: the coexistence
of the pairs of fragments at m/z 190 (f) and 97 (m) as well as 247 (t) and
175 (u) reveals that the compound belongs to the frangulanine group,
while the coexistence of pairs at 224 and 131 together with 281 and 209
is typical of the integerrine type. On the other hand, presence of the pairs
190-97 and 247-175 and absence of IR bands or NMR signals for the
styrylamine double bond makes highly probable the occurrence of a
4(14)-pandamine-type cyclopeptide alkaloid.

Fragments at m/z 96 (v) and 68 (w), together with a strong molecular
ion point towards the 5(13)-zizyphine-A- or 5(14)-amphibine-B-types.
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These two types are distinguishable on the basis of either NMR
spectroscopy, by a three-proton singlet near 6 3.8 indicative of the 5(13)-
zizyphine-A-type, or mass spectrally, by the fragment of m/z 135
afforded only by the amphibine-B-type. Zizyphine-A-type cyclopeptide
alkaloids afford fragments of 151 or 165 amu, depending on the presence
of OH or OCHj3 in the aromatic ring of the styrylamine unit. A special
sign for recognition of these two groups is the coexistence of fragments
b-j. Hence, their mass spectrum is characteristic because it contains a
cluster of 11 peaks differing by 26 amu (b-¢, g-h), 2 amu (¢-d), 41 amu
(d-e) and 1 amu (f-g, h-i and i-j). Moreover the assignment of the
amphibine-B-type becomes unambiguous if fragments having m/z 229,
203 and 186 occur. For the zizyphine-A-type the corresponding
fragments are observed at m/z 245, 219 and 202 (for OH compounds)
or 259, 233 and 216 (for OCHj3).

A molecular ion of high m/z (~650) with a fragmentation typical of
4(14)-cyclopeptide alkaloids and a fragment of m/z 70 (q') reveal a
5(14)-scutianine-A-type alkaloid, further supported by the presence of
two fragments (c-d) differing by 26 amu.

4(14)-Amphibine-F-type alkaloids are among the difficult cases
because they closely follow the pattern of the 5(14)-amphibine-B-types.
The lower molecular ion and the absence of fragments differing by 2 (c-
d) and 41amu (d-e) are, however characteristic for this group. Another
difficult case is the 4(13)-nummularine-C group whose fragmentation
follows the 5(13)-zizyphine-A-type fragmentation pattern. The distinc-
tion follows the previous arguments.

4(15)-Mucronine-A-type alkaloids are easily distinguished due to
the presence of three fragments of high m/z differing by 15 and 29 amu
(a-a’ =15, a’-a’’ =29). Moreover the fragment m, with m/z 86, is
characteristic of this group. Note that fragments a and b differ by
70 amu.

Celenamides are the cyclopeptide alkaloids with the highest
molecular weight (around 1000) and are isolated from sponges. The
universal presence of fragment e, with m/z 319 is quite characteristic.
The occurrence of fragments differing by 2 amu is due to the presence of
Br in the R’ side chain.

6. Physical and Spectral Data of Cyclopeptide
Alkaloids and Related Compounds

The relative or absolute stereochemistry given below for some units
of several alkaloids has been assigned either by the original authors of
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the references cited (denoted by superscript 1) or by us (denoted by
superscript 2) from the NMR spectra described in the cited references,
using 'H (Jap values of the B-OH-Leu or f-OH-Phe unit) and/or B¢
(chemical shift values of C-f of the B-OH-Leu unit) NMR data. The
superscript 1,2 means that initially the configuration was insufficiently or
erroneously attributed and is now confirmed or corrected by the chemical
and spectral data described in the references cited.

Additionally, the nomenclature of cyclopeptide alkaloids has been
kept unaltered by using the trivial names. The nomenclature proposed in
(45) and (46), although chemically correct, is confusing especially when
correlations or references to known compounds are made. Furthermore,
since the present review article is centered on structure elucidation, some
simplifications were adopted. Thus, in order to facilitate references or
correlations with known compounds, the prefixes N- and O-desmethyl or
N- and O-methyl have been used.

Abbreviations

Ala = Alanine, 6-Br-Trp = 6-bromotryptophan, Dide-Phe = a,3-dide-
hydro-3,4,5-trihydroxyphenylalanine, Dide-Val = a,B-didehydro-valine,
diOH-Sty = 3,4-dihydroxy-trans-styrylamine = [(E)-1-amino-2-(3,4-dih-
ydroxyphenyl)ethene], Gly = Glycine, lleu =Isoleucine, Leu = Leucine,
N-Me = N-methyl, N,N-diMe = N,N-dimethyl-, -OH = B-hydroxy, OH-
Sty = 4-hydroxy-trans-styrylamine = [(E)- 1-amino-2-(4-hydroxypheny-
Dethene], Phe = Phenylalanine, Phe-Et = Phenylethylamine, Pro= Pro-
line, Sty = Styrylamine, Trp = Tryptophan, Tyr = Tyrosine, Val = Valine.

The physical and spectral data will be presented in the following
order:

Mp in °C. If considerable variations exist in the literature, we report
all the values. If the range of variation is limited we note the range and
refer to the literature.

[a]p in degrees followed by the temperature in parentheses; the
concentration and the solvent are given in parentheses after the
numerical value.

UV spectral data. The solvent is in parentheses and the A, values in
nm are then listed, each with loge in parentheses.

IR spectral data. Solvent used (or KBr) is in parentheses and Vi.x
values in cm™' follow.

Where CD (circular dichroism) data exist, the solvent used is in
parentheses. The values are in Ag (positive or negative) and the
corresponding A, (nm) is in parentheses.
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MS data correspond to EI (70 eV), except otherwise stated ( FD, CI/
NH; etc.). The values are in amu and the interpretation is in parentheses.
Our preference was for interpretation rather than for relative intensities
of the fragments, since the former is more convenient for identification
purposes.

'H and *C NMR spectral data. The field (MHz) and solvent are in
parentheses. Chemical shifts (8) are in ppm relative to TMS. The
multiplicity and the J values (in Hz) for 'H signals are given, with the
assignment in parentheses. '°C signals are displayed on the chemical
formulae.

For NMR spectra we usually quote the data obtained with the most
powerful instrument. For NMR data run on a different instrument or
under other conditions we just quote the references. When we interpret
more than one NMR spectrum for the same compound it means that they
are complementary.

The reader will find references to NMR spectra obtained with special
techniques (COSY, TOCSY, NOESY etc.) and literature citations about
X-ray analysis.

In addition we include derivatives that are naturally occurring or have
been synthesized. Finally, plant sources (genera, species, family, plant
part) for the compound are given. The molecular formula and molecular
weight of the alkaloid are given alongside the structure. When an
accurate mass from high resolution MS exists it is noted in parentheses.
The found, not the calculated, value is presented.

4(13)-Nummularine-C-Type Cyclopeptide Alkaloids

1. Subfraction II (69)

OMe
A=Ala

B = B-OH-Pro
O C=Pro

Eg_K C2HN,Os, 428
0O o

N

H
N N

Mp = 72 (69)

UV (CHC;) : 262, 310 (69)

IR (CHCI,) : 3400, 2760, 1710 (69)

MS : 427(M-H") (69)

Sources : Sphaeranthus indicus (Asteraceae)-flowers (69)
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2. Daechuine-S7

0
Me A = N,N-diMe-Leu
B = -OH-Pro
O C=Lleu
C2sHazN,Os, 514
o 0
N
H
N N
H
o]
~
/N
Mp = 158 (70)

[a]p = -648.3 (70)
Sources : Zizyphus jujuba var. Inermis (Rhamnaceae)-stem bark (70)

3. Compound 2 (71)

56.4
1141
OMe A = N,N-diMe-Leu
B = trans-B-OH-Pro’ (71)
C = lleu

025H42N405, 514

Mp = 153-154 (71)

[a]p (20) = -418 (c=1.1, CHCly) (77)

UV (MeOH) : 268 (4.15), 320 (4.00) (71)

MS : 514(M"), 471(M*-C3Hy), 401(f), 372(), 304(u), 233(s), 216(t), 209(p), 165(x), 148(z),
114(a=100%), 86(q") (71)

'H-NMR (300MHz, DMSO-dg) : 0.77t, 7.2 Hz, 3H (CH,-Me-lleu), 0.79d, 6.4 Hz, 3H (Me-N,N-
diMe-Leu), 0.81d, 6.4 Hz, 3H (Me-N,N-diMe-Leu), 0.85d, 6.7 Hz, 3H (CH-Me-lleu), 1.14m, 1H
(y-H-lleu), 1.25m, 1H (y-H-N,N-diMe-Leu), 1.30m, 2H (y-H-lleu + B-H-N,N-diMe-Leu), 1.60m,
1H (B-H-N,N-diMe-Leu), 1.82m, 1H (B-H-lleu), 2.16m, 1H (y-H-Pro), 2.20s, 6H (NMe,), 2.50m,
1H (y-H-Pro), 3.27dd, 7.6, 4.1 Hz, 1H (a-H-N,N-diMe-Leu), 3.58m, 1H (8-H-Pro), 3.73s, 3H
(OMe), 4.05dd, 8.2, 6.7 Hz, 1H (a-H-lleu), 4.05m, 1H (3-H-Pro), 4.49d, 1.8 Hz, 1H (o.-H-Pro),
5.12bt, 6.1 Hz, 1H (B-H-Pro), 5.84d, 8.8 Hz, 1H (B-H-Sty), 6.71dd, 10.2, 8.8 Hz, 1H (a-H-Sty),
6.76d, 3.0 Hz, 1H (6-H-Sty), 6.82dd, 8.6, 3.0 Hz, 1H (4-H-Sty), 7.01d, 8.6 Hz, 1H (3-H-Sty),
8.23d, 8.8 Hz, 1H (NH-lleu), 9.10d, 10.2 Hz, 1H (NH-Sty) (77)

3C-NMR (75MHz, DMSO-dg) : see figure (71)

'D-TOCSY, COSY, FLOCK, “D-NOESY spectra (71)

Sources : Zizyphus mucronata (Rhamnaceae)-roots (71)
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4. Sativanine-G

OM
© A = N,N-diMe-lleu

B = trans--OH-Pro’ (72)
(o) C=lleu

C,gH4aN4Os, 514.3168 (MS) (72)
o O
N
H
N N
H
(o]
~
/N

Mp =92 (72)

UV (MeOH) : 258, 320 (72)

IR (KBr) : 3380, 2835, 2780, 1670, 1635, 1610, 1230, 1040 (72)

MS : 514(M"), 457(b), 401(f), 400(g), 374(h), 304(u), 259(r), 233(s), 216(t), 209(p), 165(x),
114(a=100%), 96(v), 86(p'/q’) (72)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (72)

5. Sativanine-K

OMe A = NdormyHlieu
B = B-OH-Pro
(0] C=lleu
CarHasNeOs, 514.2778 (MS) (54)
0 o
N
H
N N
H
(0]
HN
0
H

Mp = 160-162 (54)

UV (MeOH) : 260, 320 (54)

IR (CHCI,) : 3370, 2995-2830, 2820, 1665, 1630, 1610, 1220, 1020 (54)

MS : 514(M"), 486(M*-CO), 401(f), 400(g), 374(h), 373(i), 372(), 259(r), 233(s), 216(t), 209(p).
181(q), 165(x), 142(a’=100%), 114(a), 96(v), 86(q'/a"), 68(w) (54)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (54)
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6. Nummularine-S

OMe
A=Lleu

8 = B-OH-Pro
0 C=Phe

CaeH3sN4Os, 520.2693 (MS) (57)
0 o
N
H
N N
H
0
H,N

Mp=210-211 (57, 73)

UV (MeOH) : 268, 318 (57)

IR (KBr) : 3340, 2995-2830, 2820, 1670, 1640, 1610, 1220, 1030 (57)

MS : 520(M"), 463(b), 435(f), 434(g), 408(h), 407()), 406(j), 338(u), 259(r), 233(s), 216(t),
215(q), 165(x), 120(q’), 96(v), 86(a=100%), 68(w) (57)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (57)

7. Tscheschamine

OMe
A=lleu
B B = B-OH-Pro
O C = Phe

B o CaoHzeNeOs, 520.2692 (MS) (74)
Y s Q0 O N
N N H
8 H
0
H,N

Mp = 197-198 (74)

UV (MeOH) : 260, 320 (74)

IR (KBr) : 3300, 2820, 1680, 1640, 1615, 1230, 1040 (74)

MS : 520(M"), 463(b), 435(f), 434(g), 408(h), 407(i), 406(), 259(r), 243(p), 233(s), 216(t),
165(x), 120(q’), 96(v), 86(a=100%), 68(w) (74)

'H-NMR (100MHz, CDCl,) : 0.80-0.95 complex signal, 6H (2xMe), 3.80s, 3H (OMe), 4.30d,
5.8 Hz, 1H (a-H-Pro), , 5.50m, 1H (B-H-Pro), 5.90d, 9.0 Hz, 1H (B-H-Sty), 6.95dd, 12.0, 9.0
Hz, 1H (a-H-Sty), 6.70-8.60m, 11H (8xAr-H + 2xNH + 1 olefinic H), 7.30 and 8.25, 1H each-
D,0 exchangeable (NH,) (74)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (74)
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8. Lotusine-F

A = N-Me-Phe

B = B-OH-Pro
C=lleu
C29H36N4Os, 520

1287 128.9

[a)p = -244 (c=0.5, CHCl,) (75)
UV (MeOH) : 210, 268, 323 (75)
UV (MeOH+NaOH) : 210, 263, 353 (75)
IR (KBr) : 3272, 2970, 1692, 1211 (75)
MS : 521(M*+H), 460(M"-C;H,-H,0), 429(b), 391(M"-C,Hs-R), 307(b'-R), 289(u-H"), 273.(u-
OH), 202(t), 181(q), 167(0), 154(p-R;=100%), 151(x), 138(n-H"), 134(a), 124(q-R,), 107,
96(v), 91, 89, 86(q), 77, 65 (75)
'H-NMR (300MHz, CDCl3) : 0.92t, 7.3 Hz, 3H (CH,-Me), 1.06d, 6.9 Hz, 3H (CH-Me), 1.15-
1.28m, 1H (y-H-lleu), 1.44ddd, 13.2, 7.3, 3.8 Hz, 1H (y-H-lleu), 2.06-2.16m, 2H (B-H-lleu +
H-Pro), 2.31-2.40m, 1H (y-H-Pro), 2.38s, 3H (NH-Me), 2.51dt, 8.5, 6.5 Hz, 1H (5-H-Pro),
2.74dd, 13.0, 9.3 Hz, 1H (B-H-N-Me-Phe), 3.05dd, 13.0, 4.9 Hz, 1H (B-H-N-Me-Phe), 3.60dd,
9.3, 4.9 Hz, 1H (a-H-N-Me-Phe), 3.67m, 1H (8-H-Pro), 4.36dd, 4.7, 4.5 Hz, 1H (a-H-lleu),
4.41d, 2.8 Hz, 1H (0-H-Pro), 5.33dt, 7.0, 2.8 Hz, 1H (B-H-Pro), 5.85d, 9.0 Hz, 1H (B-H-Sty),
6.57d, 2.9 Hz, 1H (6-H-Sty), 6.68dd, 8.8, 2.9 Hz, 1H (4-H-Sty), 6.80d, 8.8 Hz, 1H (3-H-Sty),
6.96dd, 11.3, 9.0 Hz, 1H (a-H-Sty), 7.02dd, 7.7, 2.0 Hz, 1H (y-H-N-Me-Phe), 7.21m, 1H, (s-H-
N-Me-Phe), 7.25m, 2H (8-H-N-Me-Phe), 7.39d, 5.1 Hz, 1H (NH-lleu), 8.47d, 11.3 Hz, 1H (NH-
Sty) (75)

C-NMR (75MHz, CDCl,) : see figure (75)
COSY, HMBC, HMQC spectra (75)
Sources : Zizyphus lotus (Rhamnaceae)-root bark (75)

9. Subfraction I (69) A = N,N-diMe-Phe

OMe B = B-OH-Pro
C=Pro
0 CaoHseN,Os, 532
o o
N
H
N N
o

CHy

cHy”

Mp = 75 (69)

UV (CHCIs) : 290, 355 (69)

IR (CHCl) ; 3500, 2720, 1710 (69)

MS : 531(M-H") (69)

Sources : Sphaeranthus indicus (Asteraceae)-flowers (69)
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10. Daechucyclopeptide-I (= Daechuine-S26)

OH _
A = N,N-diMe-Phe
B = B-OH-Pro
o C=lleu
Ca0H3sN4Os, 534
o O
N
H
N N
H
0]
~
/N
Mp = 114 (70)

Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-fruits, stem bark (70)

11. Nummularine-C

OMe
A = N,N-diMe-Phe

B = trans-B-OH-Pro’ (76)
0 C=Leu
CaiHaoN4Os, 548.3002 (MS) (76)

Iz

Mp = 278-280 (76)

[alp (20) = -371 (c=0.2, CHCl;) (76)

UV (MeOH) : 270 (4.10), 320 (3.65) (76)

IR (KBr) : 3300, 2850, 2775, 1670, 1630, 1610, 1210, 1025 (76)

MS : 548(M"), 533(M’-CHj), 505(M-C3H;), 457(b), 401(), 400(g), 374(h), 373(), 372(),
304(u), 259(r), 233(s), 216(t), 209(p), 165(x), 148(a=100%), 96(v), 86(q’), 68(w) (76)

'H-NMR (60 and 90MHz, CDCl;) : 1.00d, 6H (2xC-Me), 2.40s, 6H (NMe,), 3.75s, 3H (OMe),
4.38d, 5.0 Hz, 1H (B-H-Pro), 5.84d, 9.0 Hz, 1H (1 olefinic H), 6.66-8.32m, 11H (8xAr-H +
2xNH + 1 olefinic H) (76)

Derivatives : Dihydro-nummularine-C (76)

Sources : Zizyphus nummularia (Rhamnaceae)-root bark (43, 76), stem bark (66)
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12. Daechuine-S6

OMe "
A = N,N-diMe-Phe
B = B-OH-Pro
(0] C=lleu
CayH4oN4Os, 548
O 0
N
H
N N
H
o}
~
N
~
Mp = 192 (70)

[a]p = -393.5 (70)
Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-stem bark (70)

13. Sativanine-E

OMe )
A =N,N-diMe-Trp
B = 3-OH-Pro
(6] B C=Leu

5 Ca3HatNsOs, 587.3114 (MS) (49)
(o}

(o]
N
H
N N
H
~
/N{Z‘Q
N
H

Mp = 127-128 (49)

[a]o (20) = -99 (c=0.2, CHCl;) (49)

UV (MeOH) : 268, 272, 282, 289, 321 (49)

IR (CHCI,) : 3385, 3250, 2775, 1670, 1630, 1590, 1490, 1195, 1040 (49)

MS : 587(M"), 457(b=100%), 401(f), 400(g), 374(h), 373(i), 372(), 304(u), 259(r), 233(s),
216(t), 187(a), 181(q), 165(x), 144, 130, 96(v), 86(q’), 68(w) (49)

'H-NMR (90MHz, CDCl,) : 0.91d, 7.0 Hz, 3H (Me-Leu), 0.97d, 7.0 Hz, 3H (Me-Leu), 2.48s, 6H
(NMey), 3.79s, 3H (OMe), 4.22t, 4.4 Hz, 1H (CH-), 4.42d, 3.2 Hz, 1H (a-H-Pro), 5.32sextet,
6.4, 3.2 Hz, 1H (B-H-Pro), 5.92d, 9.0 Hz, 1H (B-H-Sty), 6.94q, 12.0, 9.0 Hz, 1H (x-H-Sty),
6.50-7.80m, 9H (3xAr-H + 5xindole-H + 1 NH), 8.07 and 843, 2xs, 1H each-D,0
exchangeable (2xNH) (49)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (49)
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14. Nummularine-R

OM
€ A = N,N-diMe-Trp
B = B-OH-Pro
(0] C =lleu
Ca3H4iNsOs, 587.3116 (MS) (77)
0O o
N
N N
H
o}
~N
N
7
AN
H

Mp = 134-135 (73, 77)

UV (MeOH) : 268, 272 sh, 280 sh, 290 sh, 320 (77)

IR (CHCL,) : 3385, 3251, 2775, 1670, 1630, 1592, 1490, 1200, 1040 (77)

MS : 587(M"), 457(b=100%), 401(f), 400(g), 374(h), 373(i), 372(), 304(u), 259(r), 233(s),
216(t), 187(a), 181(q), 165(x), 144, 130, 96(v), 86(q’), 68(W) (77)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (77)

15. Daechuine-S10

OMe
A = N,N-diMe-Trp
B = 3-OH-Pro
(6] C=lleu
Ca3H4¢N5Os, 587
o O
N
H
N N
H

U

N
H

Mp = 126-128 (70)
[a]p = -381.5 (70)
Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-stem bark (70)

41



42 D. C. GournELss, G. G. Laskaris, and R. VERPOORTE

16. Rugosanine-B

OMe )
A = N,N-diMe-Trp

B = B-OH-Pro
O C = Phe
Ca3H3oN5O5, 621.3124 (MS) (78)
0

(¢]
N
H
N N
H
0
~N
N
yd
N
H
Mp = 216-218 (73, 78)
UV (MeOH) : 265, 270 sh, 280 sh, 292 sh, 322 (78)
IR (CHCI,) : 3380, 3248, 2860, 2782, 1690, 1635, 1620, 1585, 1470, 1210, 1040 (78)
MS : 621(M"), 491(b=100%), 435(f), 434(g), 408(h), 407(i), 406(), 338(u), 259(r), 243(p),

233(s), 216(t), 187(a), 165(x), 144, 130, 96(v), 68(w) (78)
Sources : Zizyphus rugosa (Rhamnaceae)-stem bark (78)

5(13)-Zizyphine-A-Type Cyclopeptide Alkaloids

17. Sativanine-H

OMe A = N,N-diMe-Gly
B = B-OH-Pro
O C=Lleu
E=Val
0o o g CaoHusNsOs, 557.3200 (MS) (79)
N N H
0 H
NH
O
AN
/N

Mp = 190-192 (78, 79

UV (MeOH) : 260, 320 (79

IR (CHCI;) : 3380, 2835, 2785, 1670, 1640, 1610, 1230, 1040 (79

MS : 557(M"), 500(c), 498(d), 457(e), 401(f), 374(h), 373(i), 372(j), 233(s), 216(t), 209(p), 195(n),
185(1), 181(q), 165(x), 96(v), 86(q’), 58(a=100%) (79

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (79
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18. Nummularine-P

OMe A = N-Me-Ala
B = B-OH-Pro
C=Leu
(0] E =Val
CugHa3NsOg, 557.3200 (MS) (80)
o 0
N
N N H
H
o]
NH
(e}
NH

Mp = 143-144 (80), 179-180 (56, 78)

UV (MeOH) : 258 (3.99), 320 (3.90) (80)

IR (CHCIs) : 3382, 2831, 2775, 1688, 1640, 1610, 1230, 1035 (80)

MS : 557(M*), 542(b), 500(c), 498(d), 457(e), 401(f), 400(g), 374(h), 373(i), 372(j), 259(r),
233(s), 216(t), 209(p), 195(n), 185(1), 165(x), 157(m), 96(v), 86(q’), 72(q"), 58(a=100%) (80)
'H-NMR (30MHz, CDCl;) : 0.65d, 5.0 Hz, 12H (2xC-Me,), 1.34d, 7.0 Hz, 3H (C-Me-N-Me-Ala),
1.70m, 2H (CH-Me,), 2.47s, 3H (NH-Me), 2.60-3.65 complex pattern, 6H (3xCH-), 3.77s, 3H
(OMe), 4.00-4.80 complex pattern, 5H (4xCO-CH-N- + 1NH), 5.60dt, 1H (B-H-Pro), 5.90d, 8.5
Hz, 1H (1 cis-olefinic-H), 6.79-8.61 complex pattern, 7H (3xAr-H + 3xNH + 1 cis-olefinic-H)
(80)

Derivatives : N-Formyl-nummularine-P (80)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (80)

19. Sativanine-C

M
OMe A= N-Me-Ala
B = B-OH-Pro
(6) C=lleu
E =Val
o o CaoHesNsOs, 557.3200 (MS) (87)
H
N N
H
0
NH
0
NH

Mp = 113-114 (81)

UV (MeOH) : 258, 320 (81)

IR (CHCI,) : 3380, 2835, 2780, 1670, 1635, 1610, 1230, 1040 (87)

MS : 557(M"), 542(b), 500(c), 498(d), 457(e), 401(f), 400(g), 374(h), 373(), 372(j), 259(r),
233(s), 216(t), 209(p), 195(n), 185(l), 181(q), 165(x), 157(m), 96(v), 86(q), 72(q"),
58(a=100%) (87)

Derivatives : N-Formyl-sativanine-C (52, 87)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (87)
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20. Sativanine-D

21.

OMe A= N-Me-Ala

B = B-OH-Pro
O C =lleu
E=Val
o O C30H43Ns0s, 569.3220 (MS) (57)

Iz

N
H
o}

T
N
Mp = 119-121 (57)
UV (MeOH) : 265, 320 (51)
IR (CHCI5) : 2830, 1680, 1635, 1615, 1220, 1025 (57)
MS : 569(M"), 457(e), 401(f), 400(g), 374(h), 373(), 304(u), 233(s), 216(t), 209(p), 197(),

195(n), 169(m), 165(x), 113(a'=100%), 96(v), 86(q’), 72(q"), 68(w) (57)
Sources : Zizyphus sativa (Rhamnaceae)-stem bark (57)

Rugosanine-A

A = Mformyi-N-Me-Ala
OMe B = B-OH-Pro
C=Leu
O E =Val
CioH4aNsO7, 585.3177 or 585.3187 (MS)
o O (56)
N
N N
H
(o}
NH
(o]

¢}
H>—— N\

Mp = 237-240 (56), 283-285 (73)

UV (MeOH) : 260 (3.68), 320 (3.64) (56)

IR (CHCI,) : 3385, 2860, 2785, 1690, 1635, 1610, 1240-1205 (56)

MS : 585(M"), 557(M'-CO), 472(c-CO), 457(e), 401(f), 400(g), 374(h), 373(), 372(j), 304(u),
259(r), 233(s), 221(0), 216(t), 213(1), 211(k-CO-R;), 209(p), 195(n), 185(m), 181(q), 165(x),
114(a’=100%), 86(a/q), 58(a”) (56)

Sources : Zizyphus rugosa (Rhamnaceae)-stem bark (56)

References, pp. 171-179
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22. Nummularine-N

OMe .
A = N,N-diMe-Gly
B = pB-OH-Pro
(o) C =Phe
E=Val
0 o N Ca1HesNsOg, 591
H
N N
H
o}
NH
e}
N
N
/

Mp = 243-245 (82)

UV (MeOH) : 267 (4.00), 320 (3.80) (82)

IR (KBr) : 3300, 2821, 1688, 1640, 1610, 1200, 1020 (82)

MS : 591(M"), 548(M*-C3Hy), 534(c), 532(d), 491(e), 435(f), 434(g), 408(h), 406(j), 338(u),
259(r), 243(p), 233(s), 216(t), 165(x), 157(m), 96(v), 68(w), 58(a=100%) (82)

"H-NMR (CDCl5) : 0.68d, 5.0 Hz, 6H (2xC-Me), 2.48s, 6H (NMe), 3.80s, 3H (OMe), 6.00d, 7.5
Hz, 1H (1 olefinic-H), 6.70-8.60m, 12H (8xAr-H + 3xNH + 1 olefinic-H) (82)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (82)
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23. Nummularine-B (= Daechuine-S27 = N-Desmethyl-amphibine-H)

OMe
A = N-Me-Ala
() B = trans-B-OH-Pro’ (76)
C =Phe
0 o E=Val
H Ci2Ha1N5Os, 591.3059 (MS) (76)
N N
H
0
o]
NH

NH

Mp = 226-231 (68, 70, 73, 76)
[a)p (20) = -390 (¢=0.2, CHCl,) (76,70)
UV (MeOH) : 268 (4.05), 321 (3.90) (76)
IR (KBr) : 3300, 2820, 2770, 1690, 1640, 1610, 1220, 1020 (76)
MS : 591(M"), 576(b), 171(m), 58(a) (76)
"H-NMR (90MHz, CDCl3) : 0.57d, 6.8 Hz, 3H (Me-Val), 0.68d, 6.8 Hz, 3H (Me-Val), 1.30d, 6.8
Hz, 3H (Me-N-Me-Ala), 1.75m, 6.8 Hz, 1H (B-H-Val), 2.40s, 3H (NH-Me-N-Me-Ala), 2.20-
2.70m, 2H (2xy-H-B-OH-Pro), 2.70-3.30g+m, 3H (a-H-N-Me-Ala + 2xB-H-Phe), 3.30-3.80m,
1H (8-H-B-OH-Pro), 3.80s, 3H (OMe), 4.14m, 1H (8-H-B-OH-Pro), 4.40-4.80m, 3H (a-H-Val +
a-H-Phe + o-H-B-OH-Pro), 5.52dt, 7.4, 4.4 Hz, 1H (B-H-B-OH-Pro), 5.97d, 9.0 Hz, 1H (B-H-
Sty), 6.70-8.60m, 12H [8xAr-H + 3xNH + 1xcis-olefinic-H : 6.70-7.40 complex pattern, 8H
(8xAr-H), 6.97dd, 12.0, 9.0 Hz, 1H (0-H-Sty), 7.34d, 1H (NH-Phe), 7.63d, 9.0 Hz, 1H (NH-
Val), 8.48d, 12.0 Hz, 1H (NH-Sty)] (83).
"H-NMR (60 and 90MHz, CDCl3) : (76)
Derivatives : N-Methyl-dihydro-nummularine-B = Dihydro-amphibine-H (76)
N-Formyl-nummularine-B (52)
Nummularine-B-cycl. (51, 65)

Sources : Rhamnaceae

Zizyphus jujuba-stem bark (84)

Z. jujuba var. inermis-stem bark (70)

2. nummularia-root bark (43, 76), stem bark (66, 82)

Z. sativa-stem bark (67)

Z. xylopyra-stem bark (85)

References, pp. 171-179
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24. Zizyphine-B ( = Zizyphinine = N-Desmethyl-zizyphine-A)
OMe

A = N-Me-lleu
B = trans-B-OH-Pro’ (10, 38)
0 C = trans-Pro’ (10)
E =lleu
o o / CaoHa7NsOg, 597.74 (MS) (10)
N
H
N N
0]
0
NH
HN

Mp = amorphous (70)

[alp (24) = -457 (c=1.0, CHCI3) (10)

UV (EtOH) : 267 (4.00), 320 (3.88) (10)

IR (CH,Cl) : 3745, 3484, 3012, 2924, 2882, 1704, 1653, 1600, 1513, 1418, 1325, 1225, 1186,
1053, 813 (10,86)

MS : 597(M"), 554(M"-C3H,), 498(c), 455(e), 426(¢’), 385(f), 216(t), 202, 191(y), 114 (10)

MS : 100 (a=100%) (87)

Derivatives : N-Acetyl-zizyphine-B (87)

Sources : Zizyphus oenoplia (Rhamnaceae)-root bark (10), stem bark 87)
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25. Zizyphine-F (= O-Desmethyl-zizyphine-A)

OH A = N.N-diMe-lleu
B = trans-p-OH-Pro’ (40)
C=Pro
0 E=lleu
CasHarN5Os, 597
0 0 / 32H47NsOg
N
H
N N
o)
[¢]
—N
\
Mp = 235 (40)

[alp (20) = -277 (c=0.15, MeOH) (40)
UV (MeOH) : 225 ((4.30), 265 (4.00), 322 (3.80) (40)
UV (MeOH+NaOH) : 225 (4.30), 268 (4.10), 351 (3.80) (40)
MS : 597(M"), 554(M*-C,H;), 540(b), 484(c), 482(d), 371(f), 370(g), 344(h), 343(i), 342(j),
324(k), 274(u’), 255(1), 245(r), 227(m), 219(s), 202(t), 193(p), 165(q), 114(a=100%) (40)
"H-NMR (CDCly) : 0.95d, 6H (2xCH-Me), 2.23s, 6H (N-Me,), 5.90-6.80m, 5H (3xAr-H +
2xolefinic-H) (40)
Derivatives : Dihydro-zizyphine-F (40)
Sources : Rhamnaceae

Zizyphus oenoplia-stem bark (40)

2Z. spina-christi-stem bark (88)

References, pp. 171-179
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26. Amphibine-H

OMe :
A= N,N-diMe-Ala
B = trans-B-OH-Pro’ (41)
(0] C=Phe
o E=Val
o O N C33H4sNsOg, 605.3193 (MS) (47)
H
N N
H
0

NH °
Mp = 201-205 [41, 68, 73, 77)
[a]p (20) = -570 (c=0.12, MeOH) (47)
UV (MeOH) : 268 (4.19), 321 (4.01) (41)
IR (CHCl,) : 3320, 2820, 2770, 1680, 1640, 1610, 1210, 1025 (41)
MS : 605(M"), 590(b), 534(c), 532(d), 491(e), 462(¢"), 435(f), 434(g), 408(h), 407()), 406(1)
358(-77), 338(u), 259(r), 243(p), 233(s), 221(0), 216(t), 191(y), 171(m), 165(x), 164(x-H "),
120(q), 91, 72(a=100%/q"), 68(w) (41)
'H-NMR (60 and 90MHz, CDCl;) : 0.70d, 6.0 Hz, 6H (CH-Me,-Val), 1.30d, 6.0 Hz, 3H (CH-
Me-N,N-diMe-Ala), 2.30s, 6H (NMe,), 3.80s, 3H (OMe), 5.95d, 9.0 Hz, 1H (B-H-Sty), 6.85q,
1H (a-H-Sty), 6.70-7.80m, 10H (8xAr-H + 2xNH), 8.55m, 1H (NH) (41)
Derivatives : Dihydro-amphibine-H (47)
Sources : Rhamnaceae

Zizyphus amphibia-stem bark (41, 89)

Z. jujuba-stem bark (84)

Z. nummularia-root bark (43, 76)

Z. spina-christi-stem bark (88)

Z. xylopyra-stem bark (77)

49
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27. Zizyphine-A

A = N,N-diMe-lleu
B = trans-B-OH-Pro’ (10, 38)
C=Pro

E =lleu

Ca3HeoNsOs, 611.76 (MS) (10, 90)

Mp = 121-126 [10, 38)
[a)p (20)= -411 (c=0.086, CHCl;) (38)
[alo (24) (10)
UV (EtOH) : 206 (4.58), 267 (4.03), 319 (3.91) (10)
UV (Dioxane) (10)
IR (CH.Cly) : 3745, 3484, 3012, 2924, 2882, 2849, 1704, 1653, 1600, 1513, 1418, 1325, 1225,
1186, 1053, 813 (10, 90)
MS : 554(b), 498(c), 496(d), 385(f), 384(g), 358(h), 357(i), 356(), 324(k), 288(u’), 259(r).
255(1), 235(0), 233(s), 227(m), 216(t), 209(n), 193(p), 165(q/x), 114(a=100%) (38)
MS : 611(M") (10, 90)
'H-NMR (250MHz, CDCl) : 0.88t, 7.0 Hz, 3H (CH,-Me-lleu), 0.91d, 6.7 Hz, 3H (CH-Me-lieu),
0.92d, 6.7 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.96d, 7.3 Hz, 3H (CH,-Me-N,N-diMe-lleu), 1.20-
1.90m, 5H (B-H-N,N-diMe-lleu + 2xy-H-N,N-diMe-lleu + 2xy-H-lleu), 1.95m, 5H (B-H-lleu +
2xB-H-Pro + 2xy-H-Pro), 2.40, 1H (a-H-N,N-diMe-lleu), 2.45s, 6H (N-Me,), 2.50, 2H (y-H-B-
OH-Pro), 3.28, 1H (8-H-Pro), 3.65, 1H (8-H-B-OH-Pro), 3.80s, 3H (OMe), 4.25, 1H (5-H-B-OH-
Pro), 4.35, 1H (8-H-Pro), 4.39d, 5.8 Hz, 1H (a-H-B-OH-Pro), 4.50dd, 9.0, 4.2 Hz, 1H (a-H-
Pro), 4.50t, 8.5 Hz, 1H (a-H-lleu), 5.26ddd, 9.5, 6.0, 5.8 Hz, 1H (B-H-B-OH-Pro), 5.95d, 8.7
Hz, 1H (B-H-Sty), 6.82d, 10.0 Hz, 1H (4-H-Sty), 6.82, 1H (6-H-Sty), 6.89d, 10.0 Hz, 1H (3-H-
Sty), 6.93dd, 12.2, 8.7 Hz, 1H (a-H-Sty), 7.15d, 8.5 Hz, 1H (NH-lleu), 8.36d, 12.2 Hz, 1H (NH-
Sty) (97)
"H-NMR (60MHz, CDCl,) (38, 90)
Partially relaxed 'H-NMR spectrum (250MHz, CDCly) (97)
"*C-NMR (62.9MHz, CDCly) (91) : see figure *values may be interchanged
3C-NMR (62.9MHz, CD,0D) (97)
3C-NMR (20 and 25MHz, CDCly) (8, 92)
Derivatives : Dihydro-zizyphine-A (10, 90)

Zizyphine-A amido-aldehyde (38)

Zizyphine-A imido-aldehyde (87)
Sources : Zizyphus oenoplia (Rhamnaceae)-root bark (10, 90), stem bark (87)

References, pp. 171-179
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28. Daechuine-S8-1

OMe A= N,N-diMe-Leu
B = B-OH-Pro
O C=Leu
E=Leu
0 o CasHsNeOs, 613
H
N N
H
0
o
NH
/N\

Mp = 185-188 (70)
[alp=-218.2 (70)
Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-stem bark (70)

29. Nummularine-T

OMe A = N-formyl-N-Me-Ala
B = B-OH-Pro
C =Phe
(0] E=Val
Ci3H41N50;, 619.2988 (MS) (68)
B O 0
N
H
N tli o
o}
o
e}
NH&
—N
-
H

Mp = 188-190 (68)

UV (MeOH) : 267 (3.60), 318 (3.40) (68)

IR (KBr) : 3400, 2865, 2775, 1680, 1655, 1620, 1220, 1050 (68)

MS : 619(M"), 591(M"-CO), 506(c-CO), 491(e), 435(f), 434(g), 408(h), 407(i), 406(j), 259(r),
243(p), 233(s), 221(0), 216(t), 215(q), 213(]), 195(n), 185(m), 114(a’=100%), 96(v),
86(a=75%), 58(a”) (68)

'H-NMR (90MHz, CDCly) : 0.56d, 7.0 Hz, 3H (Me-Val), 0.68d, 7.0 Hz, 3H (Me-Val), 1.23d, 7.0
Hz, 3H (CH-Me-N-Me-Ala), 1.38-1.70m, 1H (B-H-Val), 2.15-2.95m, 3H (2xy-H-Pro + a-H-Ala),
2.88s, 3H (N-Me), 3.18-3.66m, 2H (2xB-H-Phe), 3.78s, 3H (OMe), 4.22m, 2H (2x3-H-Pro),
4.44-5.12m, 3H (0-H-Pro + «-H-Val + a-H-Phe), 5.37m, 1H (B-H-Pro), 5.98d, 9.0 Hz, 1H (B-H-
Sty), 6.65-8.92m, 13H (8xAr-H + 3xNH + CHO + a-H-Sty) (68)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (68)
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30. Daechuine-S3

A = N,N-diMe-lleu
B =B-OH-Pro
C=lleu

(0) E=lleu

Ca4Hs3NsOg, 514
o)
N
H
N N
H
0]
—

o)
N

\
Mp = 192-194 (70)

[a]p = -440.0 (70)
Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-stem bark (70)

31. Sativanine-F

A = N-formyl-Val
B = -OH-Pro

C =Phe

O E=Val

CasHaaNsOs, 633.3164 (MS) (52)
o)
N
H
N N
H
o

(¢]
HN
o

H

OMe

Mp = 139-141 (52)

UV : 258, 320 (52)

IR : 3400, 2820, 1670, 1630, 1615, 1190, 1030 (52)

MS : 633(M"), 605(M"-CO), 506(c-CQ), 491(e), 435(f), 408(h), 407(i), 406(), 259(r), 243(p),
233(s), 227(l), 221(0), 216(t), 215(q), 195(n), 165(x), 128(a’=100%), 120(q’), 100(a), 72(g"/a"),
68(w) (52)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (52)

References, pp. 171-179
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32, Zizyphine-C

OMe A = N,N-diMe-Phe
B = trans-B-OH-Pro' (87)
0 ) C = trans-Pro’ (87)
E =lleu
0 o CagHarNsOs, 645.3524 (MS) (87)
N
H
N N
o]
(0]
NH
—N
\

Mp = amorphous (87)

[alo (20) = -331 £ 5 (c=0.10, CHCl,), -343 + 5 (c=0.10, MeOH) (87)

UV (MeOH) : 266 (3.88), 318 (3.74) (87)

IR (CHCl5) : 3400, 2820, 2785, 1690, 1645, 1597, 1257, 690 (87)

MS : 645(M"), 148(a=100%) (87)

'H-NMR (60 and 90MHz, CDCl5) : 0.80-1.05m, 6H (2xC-Me), 2.36s, 6H (N-Me,), 3.80s, 3H
(OMe), 4.33d, 6.0 Hz, 1H (a-H-B-OH-Pro), 5.24m, 1H (B-H-B-OH-Pro), 5.95d, 8.9 Hz, 1H (B-H-
Sty), 6.92dd, 11.4, 8.9 Hz, 1H (a-H-Sty), 7.25s, 5H (5xAr-H-N,N-diMe-Phe), 8.37d, 11.4 Hz,
1H (NH-Sty) (87)

Derivatives : Zizyphine-C amido-aldehyde (87)

Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (87)

53
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33. Lotusine-E

A = N,N-diMe-Leu
B = B-OH-Pro
C=lleu

E = Phe

[a]p = -106 (c=1.0, CHCI;) [75]

UV (MeOH) : 206, 268, 323 [75]

UV (MeOH+NaOH) : 212, 268, 353 [75]

IR (KBr) : 3257, 2954, 1684, 1645, 1219 [75]

MS : 647(M"), 590(b), 442(M-a-Ry), 359(i), 289(1), 269(0), 261(m), 245(r), 243(n), 227(o-
NCO), 209(p), 202(t), 190, 185(t-OH), 181(q), 177(y), 165(q-OH+H"), 161(y-OH+H"), 151(x),
148(s"+H"), 134(z), 131(r), 120(q"), 114(a=100%), 98(r+H"), 96(v), 91, 86(q’). 84(a-2Me),
72(0'), 69(w+H") [75]

'H-NMR (300MHz, CDCly) : 0.88, d, 6.4 Hz, 3H (C-Me-N,N-diMe-Leu), 0.89, d, 6.4 Hz, 3H (C-
Me-N,N-diMe-Leu), 0.92, t, 7.0 Hz, 3H (CHy-Me-lleu), 1.03, d, 6.9 Hz, 3H (CH-Me-lleu), 1.20,
m, 1H (y-H-lleu), 1.39, m, 1H (y-H-lleu), 1.48, m, 2H (8-H-N,N-diMe-Leu), 1.61, m, 1H (y-H-
N,N-diMe-Leu), 2.09, m, 1H (B-H-lleu), 2.20, m, 1H (y-H-Pro), 2.21, br. 5, 6H (N-Mey), 2.42, m,
1H (y-H-Pro), 2.88, m, 1H (5-H-Pro), 2.90, m, 1H (a-H-N,N-diMe-Leu), 2.96, br. d, 7.4 Hz, 2H
(B-H-Phe), 4.03, ddd, 11.1, 8.4, 3.0 Hz, 1H (5-H-Pro), 4.35, dd, 5.0, 4.5 Hz, 1H (a-H-lleu),
4.40, d, 2.9 Hz, 1H (a-H-Pro), 4.96, q, 7.7 Hz, 1H (a-H-Phe), 5.34, dt, 7.0, 2.9 Hz, 1H (B-H-
Pro), 5.87, d, 9.0 Hz, 1H (B-H-Sty), 6.58, d, 2.8 Hz, 1H (6-H-Sty), 6.67, dd, 8.8, 2.8 Hz, 1H (4-
H-Sty), 6.80, d, 8.8 Hz, 1H (3-H-Sty), 6.94, dd, 11.2, 9.0 Hz, 1H (a-H-Sty), 7.08, dd, 7.6, 1.9
Hz, 2H (y-H-Phe), 7.25, m, 1H, (¢-H-Phe), 7.26, m, 2H (5-H-Phe), 7.27, m, 1H (NH-lleu), 7.59,
br. d, 7.7 Hz, 1H (NH-N,N-diMe-Leu), 8.46, d, 11.2 Hz, 1H (NH-Sty) [75]

C-NMR (75MHz, CDCl;) : see figure [75]

COSY, HMBC, HMQC, HOHAHA spectra [75]

Sources : Zizyphus lotus (Rhamnaceae)-root bark [75]

References, pp. 171-179
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34. Paliurine-B

A = N-Me-lleu
B = B-OH-Pro
C=lleu
E = Phe

CagH4oN5Og, 647

"H-NMR (400MHz, DMSO-dg) : 0.70d, 3H (CH-Me-N-Me-lleu), 0.76t, 3H (CH,-Me-N-Me-lleu),
0.81t, 3H (CH,-Me-lleu), 0.89d, 3H (CH-Me-lleu), 1.02m, 2H (y-H-N-Me-lleu), 1.16-1.40m, 2H
(y-H-lleu), 1.45m, 1H (B-H-N-Me-lleu), 1.81m, 1H (B-H-lleu), 2.01s, 3H (NH-Me), 2.11m and
2.44m, 2H (y-H-Pro), 2.74, 1H (a-H-N-Me-lleu), 2.80 and 2.90, 2H (B-H-Phe), 3.49, 1H (8-H-
Pro), 3.73s, 3H (OMe), 3.99, 1H (8-H-Pro), 4.11, 1H (a-H-lleu), 4.48, 1H (a-H-Pro), 4.87, 1H
(a-H-Phe), 5.1, 1H (B-H-Pro), 5.84d, 1H (B-H-Sty), 6.71dd, 1H (a-H-Sty), 6.76dd, 1H (4-H-
Sty), 6.79d, 1H (6-H-Sty), 7.00d, 1H (3-H-Sty), 7.24, 2H (8-H-Phe), 8.27d, 1H (NH-lleu),
8.35d, 1H (NH-Phe), 9.15d, 1H (NH-Sty) (93)

3C-NMR (100MHz, DMSO-d¢) : see figure (93)

COSY, ROESY, TOCSY and HETCOR NMR spectra (93)

Sources : Paliurus ramosissimus (Rhamnaceag)-roots, stems (93)

55
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35. Nummularine-A (= N-Desmethyl-mucronine-D)
OMe

B

0
o bad
N N
s
(0]
NH
H
\

A = N-Me-Phe
B = trans-B-OH-Pro’ (76)
C=lleu
E=Leu
CasHagN5Og, 647.3669 (MS) (76)
Mp = 235-240 (76)
[a]o (20) = -397 (c=0.2, CHCl5) (76)
UV (MeOH) : 268 (4.02), 322 (3.73) (76)
IR (KBr) : 3270, 2820, 2770, 1680, 1628, 1610, 1210, 1025 (76)
MS : 647(M"), 556(b), 247(m), 134(a=100%) (76)
"H-NMR (60 and 90MHz, CDCls) : 0.60-1.00m, 12H (4xC-Me), 2.31s, 3H (NH-Me), 3.72s, 3H
(OMe), 5.83d, 9.0 Hz, 1H (B-H-Sty), 7.02-8.32m, (Ar-H + NH + 1 olefinic H) (76)
Derivatives : N-Methyl-dihydro-nummularine-A = Dihydro-mucronine-D (76)
Sources : Rhamnaceae
Zizyphus jujuba-stem bark (84)
Z. nummularia-root bark (43, 76), stem bark (66).

References, pp. 171-179
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36. O-Desmethyl-mucronine-D

A = N,N-diMe-Phe

B = trans-B-OH-Pro' (71)
C=lleu

E=Lleu

CaeHagNsOg, 647

[a]p (20) = -191 (¢=0.3, CHCl3) (71)

UV (MeOH) : 268 (3.68), 322 (3.48) (71)

MS : B47(M"), 556(b), 499(c-H"), 235(0), 202(t), 151(x), 148(a=100%), 86(q’/q") (71)

'H-NMR (300MHz, DMSO-ds) : 0.75t, 7.2 Hz, 3H (CH,-Me-lleu), 0.81d, 6.2 Hz, 3H (Me-Leu),
0.82d, 6.9 Hz, 3H (Me-Leu), 0.83d, 6.9 Hz, 3H (CH-Me-lleu), 1.11m, 1H (y-H-lleu), 1.32m, 1H
(y-H-lleu), 1.37m, 2H (B-H-Leu), 1.51m, 1H (y-H-Leu), 1.80m, 1H (B-H-lleu), 2.08m, 1H (y-H-
Pro), 2.21s, 6H (N-Me), 2.50m, 1H (y-H-Pro), 2.72dd, 13.6, 6.0 Hz, 1H (B-H-N,N-diMe-Phe),
2.94dd, 13.6, 8.9 Hz, 1H (B-H-N,N-diMe-Phe), 3.29dd, 8.9, 6.0 Hz, 1H (a-H-N,N-diMe-Phe),
3.50m, 1H (8-H-Pro), 4.00m, 1H (8-H-Pro), 4.00t, 8.0 Hz, 1H (0-H-lleu), 4.40d, 1.9 Hz, 1H (a-
H-Pro), 4.58dt, 8.7, 7.5 Hz, 1H (a-H-Leu), 5.05br. t, 6.2 Hz, 1H (B-H-Pro), 5.84d, 8.6 Hz, 1H
(B-H-Sty), 6.65d, 3.0 Hz, 1H (6-H-Sty), 6.67dd, 8.6, 3.0 Hz, 1H (4-H-Sty), 6.67dd, 10.3, 8.6
Hz, 1H (a-H-Sty), 6.82d, 8.6 Hz, 1H (3-H-Sty), 7.09-7.26m, 5H (2xy-H + 2x3-H + e-H-N,N-
diMe-Phe), 8.14d, 8.5 Hz, 1H (NH-lleu), 8.20d, 9.2 Hz, 1H (NH-Leu), 9.10d, 10.3 Hz, 1H (NH-
Sty), 9.20br. s, 1H (OH) (77)

3C-NMR (75MHz, DMSO-dg) : see figure (71)

COSY, ROESY, TOCSY and FLOCK NMR spectra (77)

Sources : Zizyphus mucronata (Rhamnaceae)-roots (71)



58 D. C. GournELis, G. G. LAskaris, and R. VERPOORTE

37. Mucronine-D (= Daechuine-S9)

A = N,N-diMe-Phe

B = trans-B-OH-Pro’ [37]
C =lleu

E=Leu

Ca7Hs1NsOg, 661.3826 (MS) [37]

35.2
129.4 & 128.4

Mp = 115 [70], amorphous powder [37]
[alp (20) = -487 (c=0.12, CHCl3) [37], -457 (¢=1.0, CHCl3) [71]
UV (MeOH) : 268 (4.06), 320 (3.76) [37,71]
CD (Dioxane) : -14.02 (324), -18.28 (276), -29.53 (254), +3.13 (232), -14.50 (219) [37].
IR (CHCI,) : 3400, 2820, 2770, 1680, 1640, 1610, 1210, 1025 [37]
MS : 661(M"), 618(M"-CsHy), 570(b), 514(c), 512(d), 471(e), 427(e-CsH--H"), 401(f), 400(g),
373(i), 372(j), 358(k), 304(u), 289(), 285(i-NHMe,-R;), 261(m), 259(r), 235(0), 233(s), 216(t),
209(n/p), 165(x), 148(a=100%), 96(v), 86(q’/q") [37]
MS [71]
"H-NMR (300MHz, DMSO-dg) : 0.76, t, 7.3 Hz, 3H (CHz-Me-lleu), 0.82, d, 6.4 Hz, 3H (Me-
Leu), 0.83, d, 6.7 Hz, 3H (Me-Leu), 0.84, d, 6.4 Hz, 3H (CH-Me-lleu), 1.11, m, 1H (y-H-lleu),
1.32, m, 1H (y-H-lleu), 1.38, m, 2H (B-H-Leu), 1.50, m, 1H (y-H-Leu), 1.80, m, 1H (B-H-lleu),
2.10, m, 1H (y-H-Pro), 2.22, s, 6H (N-Me;), 2.50, m, 1H (y-H-Pro), 2.72, dd, 13.6, 6.0 Hz, 1H
(B-H-N,N-diMe-Phe), 2.94, dd, 13.6, 8.9 Hz, 1H (B-H-N,N-diMe-Phe), 3.29, dd, 8.9, 6.0 Hz, 1H
(a-H-N,N-diMe-Phe), 3.50, m, 1H (8-H-Pro), 3.75, s, 3H (OMe), 4.01, m, 1H (8-H-Pro), 4.05, ,
8.0 Hz, 1H (a-H-lleu), 4.42, d, 1.9 Hz, 1H (a-H-Pro), 4.60, dt, 8.8, 7.5 Hz, 1H (a-H-Leu), 5.13,
br. t, 6.2 Hz, 1H (8-H-Pro), 5.85, d, 8.9 Hz, 1H (B-H-Sty), 6.73, dd, 10.0, 8.9 Hz, 1H (a-H-Sty),
6.76, d, 3.0 Hz, 1H (6-H-Sty), 6.83, dd, 8.6, 3.0 Hz, 1H (4-H-Sty), 7.02, d, 8.6 Hz, 1H (3-H-
Sty), 7.09-7.26, m, 5H (2xy-H + 2x3-H + &-H- N,N-diMe-Phe), 8.15, d, 8.0 Hz, 1H (NH-lleu),
8.17, d, 8.8 Hz, 1H (NH-Leu), 9.10, d, 10.0 Hz, 1H (NH-Sty) [71]
'H-NMR (60 and 90MHz, CDCl5) [37]
3CNMR (75MHz, DMSO-dg) : see figure [71]
COSY, ROESY, TOCSY and FLOCK NMR spectra [71]
Derivatives : Dihydro-mucronine-D [37]
Mucronine-D amido-aldehyde [37]

Sources : Rhamnaceae

Zizyphus jujuba-stem bark [84]

Z. jujuba var. inermis-stem bark [70]

Z. mucronata-roots [71], stem bark [37]

Z. nummularia-root bark [43, 76]

Z. sativa-stem bark [67]

References, pp. 171-179
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38. Nummularine-H ( = N-Desmethyl-jubanine-A)

OMe

A = N-Me-Phe
B= trans-B-OH-Pro1 (66)
C=lleu
0 E = Phe
0 o / CaoH47N50¢, 681.3539 (MS) (66)
N
H
N N
H
O
0
NH
HN\

Mp = 194-196 (66)
[a]o (20) = -343 (c=0.27, MeOH) (66)
UV (MeOH) : 268 (4.05), 320 (3.65) (66)
IR (CHCly) : 3345, 2835, 2795, 1670, 1630, 1610, 1230, 1020 (66)
MS : 681(M"), 590(b), 548(c), 546(d), 505(e), 435(f), 434(g), 407(), 406()), 378(k), 309(),
304(u), 281(m), 269(0), 259(r), 243(n), 233(s), 216(t), 209(p), 165(x), 134(a=100%), 120(q"),
96(v), 86(q") (66)
Derivatives : N-Acetyl-nummularine-H (66)
N-Methyl-dihydro-nummularine-H (66)
Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (66)
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39. Jubanine-A

A =N,N-diMe-Phe

OMe 8 = B-OH-Pro
C=lleu
0 B E = Phe

C4oH4gN50g, 695.3579 (MS) (84)

Mp = Amorphous powder (84)
[alp (20) = -326 (c=0.12, MeOH) (84)
UV (MeOH) : 265 (3.96), 320 (3.79) (84)
IR (KBr) : 3360, 2830, 2780, 1670, 1635, 1615, 1218, 1030 (84)
MS : 895(M"), 604(b), 548(c), 546(d), 505(e), 435(f), 434(g), 407(j), 406(j), 392(k), 323(l),
304(u), 295(m), 269(0), 259(r), 243(n), 233(s), 216(t), 209(p), 165(x), 148(a=100%), 120(q"),
96(v), 86(q') (84)
"H-NMR (CDCl3) : 0.80-1.20 complex signal, 6H (2xC-Me), 2.25s, 6H (N-Me;), 3.75s, 3H
(OMe), 4.30d, 4.0 Hz, 1H (a-H-B-OH-Pro), 5.85d, 9.0 Hz, 1H (B-H-Sty) (84)
Sources : Rhamnaceae
Zizyphus jujuba-stem bark (84)
Z. nummularia-root bark (94)
Z. spina-christi-stem bark (88)

References, pp. 171-179
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40. Nummularine-O (= N-Desmethyl-jubanine-B)

OMe A= N-Me-Phe
B = B-OH-Pro
C =Phe
0 E =Phe
0 0 / C42H4sNsOg, 715.00 (MS) (95)
N
H
N N
H
(o]
0
NH
"

Mp = 159-161 (95)

[a]p (20) = -239 (c=0.2, MeOH) (95)

UV (MeOH) : 270 (3.54), 318 (3.36) (95)

IR (KBr) : 3360, 3000-2900, 2835, 2735, 1670, 1635, 1618, 1590, 1505, 1220, 1025 (95)

MS : 715(M"), 624(b), 582(c), 580(d), 539(e), 435(f), 434(g), 408(h), 407(i), 406(), 378(k),
338(u), 309(l), 281(m), 269(0), 259(r), 243(n/p), 233(s), 216(t), 165(x), 134(a=100%),
120(q'/q"), 96(v), 68(w) (95)

"H-NMR (CDCl;) : 2.40s, 3H (NH-Me), 3.67s, 3H (OMe) (95)

Derivatives : N-Formyl-nummularine-O (95)

Sources : Zizyphus nummularia (Rhamnaceae)-root bark (94), stem bark (95)



62 D. C. Gourneuss, G. G. Laskarss, and R. VERPOORTE

41. Jubanine-B
OMe A = N,N-diMe-Phe
B = B-OH-Pro
C =Phe
0 E = Phe
o o C43H47N506, 729.3520 (MS) (84, 95)
N
H
N N
H
o]
o]
NH
_-N

\

Mp = Amorphous powder (84), 97-100 (95)
[alp (20) = -215 (95) or -218 (84) (c=0.28, MeOH)
UV (MeOH) : 270 (3.54), 318 (3.36) (84, 95)
IR (KBr) : 3355, 2860, 2780, 1680, 1635, 1610, 1200, 1020 (95)
IR (KBr) (84)
MS : 729(M+), 638(b), 582(c), 580(d), 539(e), 435(f), 434(g), 408(h), 407(i), 406(j), 392(k),
323(1), 295(m), 269(0), 259(r), 243(n/p), 216(t), 165(x), 148(a=100%), 120(q’/q"), 96(v) (95)
Sources : Rhamnaceae
Zizyphus jujuba-stem bark (84)
Z. nummularia-root bark (94), stem bark (95)

4(14)-Frangulanine-Type Cyclopeptide Alkaloids

42. Ceanothine-D

o A = N-Me-Pro
B = 3-OH-lleu
C=Leu
0 0 N Co6H38N404, 470
H
HN N
H
o}
N-Me

Mp = 227-229 (96)

[a]p = -347 (96)

MS : 470(M"), 441(M"-CoHs), 387(g), 385(g-2H"), 344(), 303(e), 274(h), 1907, 189(F-H"),
182(1), 135(i), 97(m), 84(a’=100%) (96)

’H-NMR (60MHz, CDCl3) : 0.87t, 6.0 Hz, 3H (CH2-Me-B-OH-lleu), 0.98d, 6.5 Hz, 3H (Me-
Leu), 1.27s, 3H (C-Me-B-OH-lleu), 1.29d, 6.5 Hz, 3H (Me-Leu), 2.27s, 3H (N-Me-Pro) (96)
Sources : Ceanothus americanus (Rhamnaceae)-root bark (96)

References, pp. 171-179



43.

4.

Cyclopeptide Alkaloids 63

Ceanothine-C

A = N-Me-Pro
B = B-OH-Leu
C=Leuorlleu

0o o N C26H3gN404, 470
H
HN N‘gi
H

N-Me

Mp = 223-229 (97)

[alp (25) = -368 (c=1.01, CHCI3) (97)

MS : 470M"), 455(M'-CHa), 427(M'-CaHz), 387(g). 385(g-2H"), 344(), 303(e), 274(h),
210(k), 190(f), 189(f—H+), 182(1), 135(i), 134(i-H+), 97(m), 86(q), 84(a’=100%) (96)

MS (28, 97)

1H-NMR (60MHz, CDCl3 and CD3COOD) : little information (97)

Sources : Ceanothus americanus (Rhamnaceae)-root bark (97)

N-Desmethyl-myrianthine-C
A = N-Me-Leu
o B B = erythro-B-OH-Leu' (98)
o C=Val
o O O N C26H4a0N404, 472
H
HN N
H
0
HN
B

Mp = amorphous powder (99)

falp (20) = -103 (c=1.0, CHCI3) (99)

UV (MeOH) : 232 (3.95), 276sh. (3.58) (99)

IR (KBr) : 3275, 3030, 2960, 2920, 2880, 1680, 1630, 1510, 1385, 1375, 1285, 1245, 1185,
1175, 990, 880, 830, 795, 700 (99)

MS : 330(j), 135(i), 100(a=100%), 97(m), 72(p/q), 71(n), 58(0) (99)

MS (CI/NH3) : 473(M+H+), 330(j), 135(i), 100(a=100%) (99)

1H-NMR (270MHz, DMSO-dg) : 0.63d, 7.0 Hz, 3H (Me-Val), 0.68d, 7.0 Hz, 3H (Me-Val),
0.79d, 7.0 Hz, 3H (CH-Me-N-Me-Leu), 0.81d, 7.0 Hz, 3H (CH-Me-N-Me-Leu), 0.88d, 7.0 Hz,
3H (Me-B-OH-Leu), 1.13d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.22t, 7.0 Hz, 2H (B-H-N-Me-Leu),
1.68m, 2H (B-H-Val + y-H-N-Me-Leu), 2.12s, 3H (NH-Me), 2.14m, 1H (y-H-B-OH-Leu), 2.93t,
7.0 Hz, 1H (0-H-N-Me-Leu), 3.75t, 9.0 Hz, 1H (a-H-Val), 4.46dd, 10.0, 8.0 Hz, 1H (o-H-B-OH-
Leu), 4.82dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 6.19dd, 8.0, 4.0 Hz, 1H (o-H-Sty), 6.62d, 8.0
Hz, 1H (B-H-Sty), 6.95m, 4H (4xAr-H), 7.18d, 9.0 Hz, 1H-D20 exchangeable (NH-Val), 7.68d,
4.0 Hz, 1H-D20 exchangeable (NH-Sty), 8.21d, 10.0 Hz, 1H-D20 exchangeable (NH-B-OH-
Leu) (99)

Sources : Plectronia odorata (Rubiaceae)-aerial parts (99)
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45. Pubescine-A

o B A=NNdMeVal
B = L-erythro-B-OH-Leu (20)
0 o, C=D-Leu' (20)
N Ca7HaaN4O4, 486.3188 (MS) (20)
HN N
H
)

Mp = 247-250 (20)

[alp (20) = -230 (c=0.076, MeOH) (20)

UV (MeOH) : end absorption (20)

IR (KBr) : 3280, 2795, 1670, 1625, 1235, 985 (20)

MS : Identical with Melonovine-A (43) (20)

1H-NMR (CDCl3) : 0.64-1.11m and 1.15-2.17m, 18H (3xCH-Me2 : Leu + B-OH-Leu + N,N-
diMe-Val), 2.44s, 6H (N-Mep), 6.39d, 8.0 Hz, 1H (a-H-Sty), 6.63d, 8.0 Hz, 1H (B-H-Sty), 6.33-

6.83m and 6.96-7.33m, 6H (4xAr-H + 2xNH : D20 exchangeable) (20)

Sources : Discaria pubescens (Rhamnaceae) (20)

46. Melonovine-A

o B A = N,N-diMe-Val
0 B= e/;vh‘rro-ﬁ-OH-Leu2

o 0O 0 / C=Lleu
N Ca7Ha2N404, 486
HN N
o H
\N 4
/
Mp = 295 (44)

[alp = -285 (CHCl3) (44)

IR (Nujol) : 3380, 2780, 1680, 1605, 1240 (44)

MS : 486(M "), 471(M"-Me), 443(b), 344(), 303(e), 210(k), 190(f), 182(1), 135(i), 100(a=100%),
97(m), 86(p/q), 85(n) (44)

1H-NMR (100MHz, CDCl3) : 0.74-1.32m, 18H (3xCH-Mep), 2.20s, 6H (N-Mey), 2.55d, 4.0 Hz, 1H
(a-H-N,N-diMe-Val), 4.51dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.96dd, 8.0, 2.0 Hz, 1H (B-H-B-
OH-Leu), 6.45d, 8.0 Hz, 1H (a-H-Sty), 6.60d, 8.0 Hz, 1H (B-H-Sty), 7.15m, 4H (4xAr-H) (44)
Sources : Melochia tomentosa (Sterculiaceae)-roots (44)

References, pp. 171-179
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Daechuine-S5 (Melonovine-A or Pubescine-A or other diastereoisomer)

o A= N,N-diMe-Val
B =[B-OH-Leu
0O o C=Lleu
u C27H42N404, 486
HN N
o H
\N
/

Mp = 233-235 (70)
[alp = -421.3 (70)
Sources : Zizyphus jujuba var. inermis (Rhamnaceae)-stem bark (70)

Myrianthine-C

0 B A = N,N-diMe-Leu ;
y B = erythro-3-OH-Leu (98)
« 0 O N/ C=Val
H C27H42N404, 486
HN N—
H B

N o}

N
/

Mp = 287 (98), 294 (100)
[alp (20) = -288 (c=1.0, CHCI3) (100), -270 (c=1.6, CHCI3) (98)
UV (MeOH) : 223 (3.85), 282sh. (3.22) (986)
UV (EtOH) (100)
IR (KBr) : 3260, 3020, 2955, 2860, 2820, 2780, 1680, 1650, 1510, 1385, 1370, 1280, 1240,
1210, 1190, 1+170, 1050, 985, 950, 970. 820, 790, 765, 680 (98)
MS : 486(M ), 429(b), 371(g-2H ), 330(), 289(e), 260(h), 196(k), 190(f), 168()), 135(),
114(a=100%), 97(m), 72(o/q) (100)
MS (98) .
MS (CI/NH3) : 487(M+H ), 330(j), 196(k), 168(1), 135(i), 114(a=100%), 97(m), 72(0/q) (98)
1H-NMR (270MHz, DMSO-dg) : 0.65d, 7.0 Hz, 3H (Me-Val), 0.70d, 7.0 Hz, 3H (Me-Val),
0.79d, 7.0 Hz, 3H (CH-Me-N,N-diMe-Leu), 0.82d, 7.0 Hz, 3H (CH-Me-N,N-diMe-Leu), 0.94d,
7.0 Hz, 3H (Me-B-OH-Leu), 1.12d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.30t, 7.0 Hz, 2H (B-H-N,N-
diMe-Leu), 1.44m, 1H (y-H-N,N-diMe-Leu), 1.70m, 1H (B-H-Val), 2.21s, 6H (N-Me2), 2.23m,
7.0, 2.0 Hz, 1H (y-H-B-OH-Leu), 3.03t, 7.0 Hz, 1H (a-H-N,N-diMe-Leu), 3.73t, 9.0 Hz, 1H (a-
H-Val), 4.38dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.81dd, 8.0, 2.0 Hz, 1H (B-H-p-OH-Leu),
6.14dd, 8.0, 4.0 Hz, 1H (a-H-Sty), 6.56d, 8.0 Hz, 1H (B-H-Sty), 6.90m, 4H (4xAr-H), 7.16d, 9.0
Hz, 1H-D20 exchangeable (NH-Val), 7.78d, 4.0 Hz, 1H-D20 exchangeable (NH-Sty), 8.20d,
10.0 Hz, 1H-D20 exchangeable (NH-$-OH-Leu) (99)
1H-NMR (60MHz, CDCl3 + CD30D) (100)
Sources : Myrianthus arboreus (Urticaceae)-leaves (100)

Plectronia odorata (Rubiaceae)-aerial parts (98, 99)
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49, Discarine-F (= N-Desmethyl-adouetine-X)

A = N-Me-Leu
o~©—\ B = erythro-p-OH-Leu’ (47)
B C=lleu

w 0 O N/ Ca7Ha2N4O4, 486.67 (MS) (47)
H
HN N
H
0
/HN
Mp = 264 (47)

[alp (20) = -191 (CHCI3) (47)
UV (MeOH) : 255sh., 280sh. (47)
IR (KBr) : 3300, 2§40, 1645,+1235 (47) . . .
MS : 487(M+H), 486(M ), 485(M-H), 471(M -CH3), 443(M -C3Hy), 429(b), 387(g),
345(j+H+), 344(j), 303(e), 274(h), 210(k), 190(f), 189(f-H+), 182(1), 181(c), 153(d), 136(i+H+),
135(i), 134(i-H+), 100(a=100%), 97(m), 86(q). 72(p), 71(n), 58(0) (47)

H-NMR (90MHz, CDCl3) : 0.75-1.25m, 18H (6xC-Me), 2.21s, 3H (NH-Me), 4.40dd, 10.0, 8.0
Hz, 1H (0-H-B-OH-Leu), 4.95dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu) (47)
Sources : Discaria febrifuga (Rhamnaceae)-root bark (47)

50. Hovenine-A (= N-Desmethyl-frangulanine)

o A = N-Me-lleu
B =B-OH-Leu
o o C=Lleu
H C27H42N404, 486.3216 (MS) (107)
HN N
H
0]
HN

Mp =215 (101)

IR (KBr) : 3210, 1628, 1+237 (101) .

MS : 486(M ), 471(M -CH3), 443(M -C3H7), 387(g), 344(j), 303(e), 210(k), 190(f), 182(l),
135(i), 101(a+H+), 100(a=100%), 97(m) (707)

1H-NMR (100MHz, C5D5N) : 0.75d, 7.0 Hz, 6H (Me-Leu), 0.85t, 7.0 Hz, 3H (CH2-Me-N-Me-
lleu), 0.98d, 7.0 Hz, 3H (CH-Me-N,N-diMe-lleu), 1.18, 2xd, 7.0 Hz, 6H (2xMe-p-OH-Leu),
2.38s, 3H (NH-Me), 2.99d, 6.0 Hz, 1H (a-H-N-Me-lleu) (107)

Sources : Rhamnaceae

Hovenia dulcis-root bark (101)
H. tomentella-root bark (101)

References, pp. 171-179
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51. Melofoline
0 A = N,N-diMe-B-OH-Leu
B B =B-OH-Leu
« ,0 O / C = 2-aminobutyric acid
m CogH4gN4O0s5, 488
HN N
o H
AN Nl
/
HO

Mp = 305-307 (53)

[a]p (20) = -252 (CHCI3) (63)

IR (KBr) : 3490, 3260, 2790, 1680, 1618, 1540, 1525, 1505, 1462, 1385, 1235 (53)

MS : 488(M ), 275(e), 246 (h), 190 (f), 182(k), 154(1), 135(i), 130(a=100%), 115(a-Me), 112(a-
H20), 100(a-2Me), 97(m), 82(a-H20-2Me), 58(q) (53)

H-NMR (80MHz, CDCl3) : 0.75t, 6.0 Hz, 3H (Me-2-aminobutyric acid), 0.84d, 7.0 Hz, 3H (Me-
B-OH-Leu), 1.04d, 7.0 Hz, 3H (Me-B-OH-Leu), 2.17s, 6H (N-Mep), 3.42m, 1H (B-H-N,N-diMe-
B-OH-Leu), 4.60dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.90dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-
Leu), 6.45d, 8.0 Hz, 1H (a-H-Sty), 6.62d, 8.0 Hz, 1H (B-H-Sty), 7.10m, 4H (4xAr-H), 8.25, 8.50
and 8.60, 3xbr. s, 3H (3xNH) (53)

Derivatives : O-Acetyl-melofoline (53)
Sources : Melochia corchorifolia (Sterculiaceae)-aerial parts (53)
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52. Franganine ( = Daechuine-S4)

A = N,N-diMe-Leu

B = L-erythro-B-OH-Leu™"? (55, 102)
C=Lleu

C2gH44N404, 500

Mp = 239-248 (70, 102-104)
[alp (22) = -302 (c=1.0, CHCI3) (102, 103)
UV (EtOH) : end absorption (205-325) (104)
IR (KBr) : 32§0, 1640, 1250 (104) . .
MS : 500(M ), 485(M -CH3), 471(M -CoHs), 457(M -C3Hy7), 443(b), 387(g), 344(), 303(e),
274(h), 210(k), 195(c), 190(f), 182(l), 167(d), 135(i), 115(a+H+), 114(a=100%), 97(m), 72(o)
(102)
MS (104)
1H-NMR (300MHz, CDCl3) : 0.71d, 6.4 Hz, 3H (CH-Me-N,N-diMe-Leu), 0.81d, 6.4 Hz, 3H
(CH-Me-N,N-diMe-Leu), 0.89d, 6.5 Hz, 3H (Me-Leu), 0.95d, 6.5 Hz, 3H (Me-Leu), 0.97d, 6.5
Hz, 3H (Me-B-OH-Leu), 1.28d, 6.5 Hz, 3H (Me-B-OH-Leu), 1.34m, 3H (B-H-N,N-diMe-Leu + B-
H-Leu + y-H-N,N-diMe-Leu), 1.60ddd, 13.5, 7.8, 5.7 Hz, 1H (B-H-N,N-diMe-Leu), 1.74m, 2H
(B-H-Leu + y-H-Leu), 1.93m, 1H (y-H-B-OH-Leu), 2.22s, 6H (N-Me2), 2.81dd, 7.8, 4.9 Hz, 1H
(o-H-N,N-diMe-Leu), 4.07ddd, 11.1, 7.5, 3.6 Hz, 1H (0-H-Leu), 4.46dd, 9.9, 7.2 Hz, 1H (a-H-
B-OH-Leu), 4.99dd, 7.2, 1.5 Hz, 1H (B-H-B-OH-Leu), 5.80d, 7.5 Hz, 1H (NH-Leu), 6.35d, 7.5
Hz, 1H (B-H-Sty), 6.48d, 9.9 Hz, 1H (NH-Sty), 6.66dd, 9.9, 7.5 Hz, 1H (a-H-Sty), 7.03m, 1H
(5-H-Sty), 7.05m, 1H (3-H-Sty), 7.11m, 1H (6-H-Sty), 7.19m, 1H (2-H-Sty), 7.82d, 9.9 Hz, 1H
(NH-B-OH-Leu) (55)
13C_NMR (100MHz, CDCl3) : see figure (55)
Spin echo and DEPT “C-NMR spectra (100MHz, CDCI3+CD30D) (55)
Derivatives : Dihydro-franganine (102)
Sources : Celastraceae

Euonymus europaeus-root bark, roots (104)

Rhamnaceae

Discaria febrifuga-roots (55), stem bark (105)

Rhamnus frangula-stem bark (102)

Zizyphus jujuba var. inermis-stem bark (70)

Z. spina-christi-stem bark (106)

Sterculiaceae

Melochia corchorifolia-aerial parts (103), leaves (107)

References, pp. 171-179
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53. Adouetine-X (= Ceanothamine-B)

o A = N,N-diMe-Leu
B = B-OH-Leu
C=lleu
C2gH44N404, 500

o 0 N
H
HN N
OH
Ny 4?\
/

Mp = 277-280.5 (9, 96, 97, 108)
[alp (20) = -316 (c=1.0, CHCI3) (9, 108)
[alp (96, 97)
UV (EtOH) : 250 (3.78) (108)
IR (KBr) : 3260, 1680, 1630, 1510, 1240 (108)
IR (KBr) (9)
MS : 443(b), 387(g), 344(j), 303(e), 274(h), 210(k), 195(c), 190(f), 182(l), 167(d), 135(i),
114(a=100%), 97(m) (28)
MS : 500 (M") (96, 97)
1H-NMR (60MHz, TFA) : 0.70-1.10 complex, 18H (6xC-Me), 3.21d, 5.0 Hz, 6H (N-Me3), 6.90-
7.50m, 4H (4xAr-H) (108)
H-NMR (60MHz, TFA) : (9)
1H-NMR (60MHz, CD3COOD) : (97)
Sources : Ceanothus americanus (Rhamnaceae)-root bark (96, 97)
Waltheria americana (Sterculiaceae)-whole plant (9, 108)

69
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54. Frangulanine (= Ceanothamine-A = Daechuine-S2)

1229 1259

A= N.N-diMe-L-tleu' (27)

B = Lerythro-p-OH-Leu™2 (8, 12, 21, 27,
91, 104, 109, 110)

c=Lleu' (27)

Co8H44N404, 500

According to Mp and [a]p values Daechuine-S2 may be a diastereoisomer of frangulanine.

Mp = 238-242 (70), 272-279 (27, 33, 96, 97, 101, 104)
[alp (20) = -288 (27) or -296 (33) (c=0.1, CHCI3)
[a]p (70, 96)
UV (MeOH) : 252 (3.74), 279 (3.13) (27)
UV (EtOH) : (104)
CD (Dioxane) : -20.2 (239), +2.0 (287) (27)
IR (KBr) : 3275, 2784, 1630, 1228 (27)
IR (KBr) (33, 101, 104)
MS : 500(M%), 499(M-H"), 485(M"-CHz), 471(M"-CoHs), 457(M'-CaHy), 443(b), 387(a),
385(g-2H+). 344(j), 303(e), 274(h), 210(k), 195(c), 190(f), 189(f-H+). 182()), 167(d), 135(i),
134(-H"), 114(2=100%), 97(m), 86(p/q), 85(n) (27)
MS (28, 97)
1H—NMR (100MHz, CDCI3+10% CD30D) : 0.76d, 6.2 Hz, 3H (Me-Leu), 0.81d, 6.5** Hz, 3H
(Me-Leu), 0.85d, 6.5** Hz, 3H (CH-Me-N,N-diMe-lleu), 0.91t, 7.2* Hz, 3H (CHz-Me-N,N-
diMe-lleu), 0.98d, 6.5 Hz, 3H (pro S-Me-B-OH-Leu), 1.21d, 6.5 Hz, 3H (pro R-Me-B-OH-Leu),
1.21 and 1.53, 2xm, 7.2** Hz, 2H (y-H-N,N-diMe-lleu), 1.21 and 1.53, 2xm, 8.0**, 6.5** Hz, 2H
(B-H-Leu), 1.40m, 6.5**, 6.2** Hz, 1H (y-H-Leu), 1.80m, 6.5*, 5.75** Hz, 1H (B-H-N,N-diMe-
lleu), 2.09m, 6.5, 2.0** Hz, 1H (y-H-B-OH-Leu), 2.20s, 6H (N-Mep), 2.58, 6.0 Hz, 1H (a-H-
N,N-diMe-lleu), 3.98m, 8.0, 6.5* Hz, 1H (o-H-Leu), 4.42d, 8.0 Hz, 1H (a-H-B-OH-Leu),
4.83dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 6.28d, 7.2 Hz, 1H (a-H-Sty), 6.61d, 7.2 Hz, 1H (B-H-
Sty), 7.01m, 4H (4xAr-H) (110)
** These assignments have been recorded on a 270MHz instrument.
1H-NMR (250MHz, CDCl3) : (97)
1H-NMR (100MHz, CDCl3 and DMSO-ds, 35°C) 1 (110)
H-NMR (100MHz, DMSO-dg, 80°C) (109, 110)
H-NMR (100MHz, CDCl3) (22, 104)
H-NMR (100MHz, C5DsN) (107)
H-NMR (60MHz, CDCl3) (97)
H-NMR (60MHz, CD3COOD) (97)
H-NMR (C5DsN) (27)
Partially relaxed 1H-NMR spactrum (100MHz, CDCI3+10% CD30D) (111, 112)
C-NMR (25MHz, CDCl3) : see figure (110)
*These assignments have been recorded on a 62.9MHz instrument. (a) Ambiguous
assignments, (b) Pro-R, (€) Pro-S, (d) These were stereotopically indistinguishable.
3CNMR (25MHz, CDCl3+10% or 30% CD30D) (110)
X-rays (tri-N-methyl-frangulanine methiodide) (21, 22)
Derivatives : Dihydro-frangulanine (27, 97)
Tri-N-methyl-frangulanine methiodide (21, 22)

Sources : Celastraceae

Euonymus europaeus-leaves, root bark, roots, stem (104)

Rhamnaceae

Ceanothus americanus-root bark (96, 97)

Discaria longispina-roots (33)

Hovenia dulcis-root bark (107)

H. tomentella-root bark (107)

Rhamnus frangula-stem bark (27)

Zizyphus jujuba var. inermis-stem bark (70)

Z. sativa-stem bark (67)

1
1
1
1
1
1

References, pp. 171-179
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55. Discarine-E

128.6 121.5

A = N,N-diMe-lleu

B = 3-OH-Leu

C=lleu

CogH44N404, 500.68 (MS) (48)

14.2

19.5

Mp = 270-273 (113)

[alp (25) = +236 (c=0.5, AcOH) (713)

UV (MeOH) : 250sh. (48)

IR (KBr) : 3280, 3030, 2960-2820, 2890, 1650, 1620, 1235 (48)

IR (KBr) (113)

MS : 500(M+), 443(b), 387(g), 344(j), 303(e), 274(h), 210(k), 195(c), 190(f), 182(l), 167(d),

135(i), 114(a=100%), 97(m), 86(p/q) (48)

MS (113)

TH-NMR (300MHz, CDCl3) : 0.65d, 6.6 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.70d, 6.6 Hz, 3H

(CH-Me-lleu), 0.75t, 6.6 Hz, 3H (CHz-Me-lleu), 0.80t, 6.6 Hz, 3H (CH2-Me-N,N-diMe-lleu),

0.90d, 6.6 Hz, 3H (Me-B-OH-Leu), 1.10d, 6.6 Hz, 3H (Me-B-OH-Leu), 1.28m, 1H (B-H-lleu),

1.40m, 2H (y-H-lleu), 1.50-1.60m, 2H (y-H-N,N-diMe-lleu), 1.70d, 1H (B-H-N,N-diMe-lieu),
.2.20s, 6H (N-Me2), 2.25m, 1H (y-H-B-OH-Leu), 2.75d, 1H (a-H-N,N-diMe-lleu), 3.90dd, 1H (a.-

H-lleu), 4.40dd, 1H (o-H-B-OH-Leu), 4.80dd, 1H (B-H-B-OH-Leu), 6.20dd, 7.5, 5.5 Hz, 1H (o

H-Sty), 6.65d, 7.5 Hz, 1H (B-H-Sty), 6.80-7.00dd, 4H (4xAr-H), 7.25d, 1H (NH-lleu), 7.65d, 1H

(NH-Sty), 8.10d, 1H (NH-B-OH-Leu) (113)

'H-NMR (400MHz, CF3COQD) : (48)

3C-NMR (75MHz, CDCly) : see figure (113)

COSY, HETCOSY, DEPT and Spin-decoupling NMR spectra (113)

Sources : Rhamnaceae
Discaria febrifuga-stem bark (48)

D. longispina-root bark (113)
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56. Ceanothine-B = 5-Benzyl-8-N-(N'-methyl-propyl)-9-isopropyl-phency-
clopeptine

A = N-Me-Pro
0 P B = B-OH-Leu
@ C="Phe
SN CogH36N404, 504.2795 (MS) (46)
H
HN N—2
H
(o]
B
N'Me
¥

3

Mp = 225 (46), 238.5-240.5 (97, 114)
{alp (25) = -203 (c=0.68, CHCla) (97, 174)
UV : 250 (3.60) (97, 114)
IR : 839, 757, 707 (174, 115)
MS : 504(M"), 489(M*-CHz), 475(M"-CoHs), 461(M*-CaH7), 421(g), 378(), 337(e), 308(h), 244(k),
216(1), 195(c), 190(f), 167(d), 135(), 120(), 97(m), 91, 84(a’=100%) (46)
MS (97, 114-116)
"H-NMR (270MHz, CDCI3) : 0.91d, 6.7 Hz, 3H (Me--OH-Leu), 1.24d, 6.7 Hz, 3H (Me-B-OH-Leu),
1.63m, 1H (y-H-p-OH-Leu), 1.70-1.90m, 2H (B-H-Pro +  y-H-Pro), 1.98s, 3H (N-Me), 2.10-2.20m,
1H (y-H-Pro), 2.20-2.30m, 1H (B-H-Pro), 2.68dd, 10.6, 4.3 Hz, 1H (5-H-Pro), 2.85dd, 14.7, 8.2 Hz,
1H (B-H-Phe), 3.01m, 1H (8-H-Pro), 3.08dd, 14.7, 4.2 Hz, 1H (B-H-Phe), 4.30-4.40m, 1H (a-H-
Phe), 4.34dd, 10.0, 7.0 Hz, 1H (0-H-B-OH-Leu), 4.93dd, 7.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 5.99d,
6.9 Hz, 1H (B-H-Sty), 6.39d, 7.4 Hz, 1H (a-H-Pro), 6.40-6.50m, 1H (NH-Sty), 6.66m, 1H (a-H-
Sty), 7.00-7.30m, 9H (9xAr-H), 7.75d, 10.0 Hz, 1H (NH-B-OH-Leu) (46)
'H-NMR (80MHz, CDCl3 and TFA) (97, 714)
Derivatives : Dihydro-ceanothine-B (97, 774)
Sources : Rhamnaceae

Ceanothus americanus-root bark (97, 114

C. sanguineus-root bark (46)

References, pp. 171-179



Cyclopeptide Alkaloids 73

57. Sanjoinine-B = N-Desmethyl-frangufoline

o) B A = N-Me-Phe

\u B = fB-OH-Leu

0 o C=Lleu
” C30H40N404, 520

HN N—E&
H
(o]
HN
B

Mp = 212-2111 (63, 70)+

MS : 520(M ), 505(M -CH3), 429(b), 387(g), 344(j), 303(e), 274(h), 210(k), 182(l), 181(c),
153(d), 135(i), 134(a=100%), 97(m), 86(q) (63)

TH-NMR (80MHz, CDCl3) : 0.71d, 6.5 Hz, 3H (Me-Leu), 0.84d, 6.5 Hz, 3H (Me-Leu), 0.94d,
6.6 Hz, 3H (Me-B-OH-Leu), 1.26d, 6.6 Hz, 3H (Me-B-OH-Leu), 2.13s, 3H (NH-Me), 2.63, 2H
(B-H-N-Me-Phe), 3.15, 1H (0-H-N-Me-Phe), 4.05m, 1H (a-H-Leu), 4.45dd, 10.0, 8.0 Hz, 1H
(0-H-B-OH-Leu), 4.95dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 5.95d, 7.5 Hz, 1H (NH-Leu), 6.35d,
7.0 Hz, 1H (B-H-Sty), 6.65t, 1H (at-H-Sty), 7.10-7.42m, 10H (9xAr-H + NH-Sty), 7.90d, 10.0
Hz, 1H (NH-B-OH-Leu) (63)

Sources : Zizyphus vulgaris var. spinosus (Rhamnaceae)-seeds (63, 70)

58. N-Desmethyl-myrianthine-B = 5-sec-Butyl-8-N-(N'-methyl-phenyl-ala-
nyl)-9-isopropyl-phencyclopeptine

o A = N-Me-Phe
B = -OH-Leu

0 o / C=lleu
” C30H40N404, 520
HN N
H
0
7N
Mp = 229 (46)

MS : 520(M+), 463(M+-C4H9), 429(b), 387(g), 344(j), 303(e), 274(h), 210(k), 190(f), 182(}),
181(c), 153(d), 135(i), 134(a=100%), 133(a-H+), 97(m), 86(q) (46)
Sources : Ceanothus sanguineus (Rhamnaceae)-root bark (46)
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59. Ceanothine-A (= N-Desmethyl-frangufoline or N-Desmethyl-myrian-

60

thine-B or diastereoisomer)

0 A = N-Me-Phe
B =p-OH-Leu

0 o / C=Leuorlleu
N C30H40N404, 520
HN N H
o} H CH,

Mp = 256-259 (97)
{alp = -256 (c“O 5, CHCI3) (97
QAS 520(M ), 134(a=100%), 91 (97)
H-NMR (60MHz, CDCl3 and CD3COOD) : little information (97)
Derivatives : M-Acetyl-ceanothine-A (97)
Sources : Ceanothus americanus (Rhamnaceae)-root bark (97)

Scutianine-C [reported as Scutianine-D in (64)]

= N,N-diMe-lleu

o)
B B = L-erythro-B-OH- Leu (18, 64)
« O O C=L-Phe’ (18, 64)
H C31H42N404, 534.3191 (MS) (18)
HN N
H
N 0]
N
/

Mp = 255-256 (64), 263-267 (15, 18, 68)

[alp (20) = -234 (c=0.1, CHCI3) (18)

{alp (15, 64)

UV (MeOH) : end absorption (18, 64)

CD (Dioxane) : +2.10 (286.5), +1.48 (277), -17.45 (237.5) (18)

IR (CHCI3) : 3370 2770, 1680 1620, 1240, 1040 (18)

MS : 534(M"), 518(M-CHg '), 477(b), 442(M-Ro-H "\, 421(g), 419(g-2H"), 404(0'-CO), 392(g-
HCO), 378(j), 337(e), 308(h), 257, 244(k), 216()), 202, 195(c), 190(f), 175(u), 167(d), 160,
135(j), 120(q), 114(a=100%), 97(m), 91, 85(n) (18)

MS (64)

H-NMR (60 and 90MHz, CDCl3) : 0.80-1.10m, 9H (3xC-Me), 1.26d, 7.0 Hz, 3H (Me-B-OH-
Leu), 2.14s, 6H (N-Mep), 4.92dd, 7.5, 2.0 Hz, 1H (B-H-B-OH-Leu), 6.00d, 8.0 Hz, 1H (NH),
6.20-6.60m, 3H (1xNH + 2xclefinic-H), 6.90-7.40m, 10H (3xAr-H + 1xNH) (18)
1H-NMR (60 and 90MHz, CsDsN) : (18)
1H-NMR (220MHz, DMSO-dg and CsDsN) : little information (64)

Derivatives : Dihydro-scutianine-C (18)

Sources : Rhamnaceae
Scutia buxifolia-roots (64), stem bark (15, 18, 117, 118)
Zizyphus nummularia-stem bark (68)

References, pp. 171-179
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61. Frangufoline (= Sanjoinine-A = Daechuine-S1)

122.8(126.1) 131.8 (123.0)
123.1(130.3
8 (130.3"

1320

01259 (131.6* A = N,N-diMe-(S)-L-Phe
P (70
B = L-erythro--OH-Leu’
206 (15.3) (59, 70 1
245 280) C=L-Leu (70
231 (19.4) C31H42N40O4, 534.3170
129.0 (130.4%) (MS) (704) or 534.3200
309 26.2(128.7) (M) (17)
(38.7)

129.0 (130.4%)

(127.9)

Mp =233-250 (77, 63 68, 70,73 77, 102, 104, 119
[a]p (27) =-316 (c=1.25, CHCl3) (63)
lalp (77, 102)
UV (MeOH) : 280 (4.49) (59)
UV (EtOH) : (704
IR (KBr) : 3280, 2790, 1680-1630, 1610, 1240 (63)
IR (KBr): (717, 104, 119
IR (CHCI3) : (59
MS : 535(M+H"), 534(M"), 489(w), 443(b), 420, 355(x), 327(x-CO), 300(y), 272(y-CO), 214(2),
190(f), 189(F-H"), 148(a=100%), 135(i), 131, 103, 91, 86(q), 84 (59
MS (63, 702, 104, 107, 119
H-NMR (500MHz, CDCl3) : 0.57d, 6.6 Hz, 3H (Me-Leu), 0.71d, 6.6 Hz, 3H (Me-B-OH-Leu),
1.14d, 6.8 Hz, 3H (Me-Leu), 1.24d, 6.8 Hz, 3H (Me-B-OH-Leu), 2.02m, 1H (y-H-Leu), 2.05m,
1H (y-H-B-OH-Leu), 2.85s, 3H (N-Me), 2.97s, 3H (N-Me), 3.10m, 2H (B-H-Leu), 3.34br.d, 14.8
Hz, 1H (a-H-N,N-diMe-Phe), 4.05m, 1H (a-H-Leu), 4.65m, 1H (a-H-B-OH-Leu), 4.92dd, 7.5,
1.9 Hz, 1H (B-H-B-OH-Leu), 6.38d, 7.7 Hz, 1H (B-H-Sty), 7.00-7.50m, 9H (9xAr-H) (59
1H-NMR (80MHz, CDCl3) : (63
"H-NMR (CDCl3) (77, 702
1H-NMR (60MHz, CF3COOD) (704)
C-NMR (20MHz, CDCl3) : see figure (63
* Values may be interchanged
C-NMR (125MHz, CDCl3) : see figure values in parentheses (59
Derivatives : Dihydro-frangulanine ( 702)
Frangufoline-dialdehyde (63)
Frangufoline-amido-aldehyde = Sanjoinine-G2 (63)
Sanjoinine-Ah1 = heat (220°C) induced epimer of sanjoinine-A
(frangufoline) containing a N,N-diMe-(R)-D-Phe unit (70)
Sources : Celastraceae
Euonymus europaeus-eaves ( 104)
Rhamnaceae
Ceanothus sanguineus-root bark (46)
Discaria febrifuga-stem bark ( 705)
D. longispina-roots (119
Rhamnus frangula-stem bark (102)
Zizyphus jujuba-stem bark (77)
Z. jufubavar. inermjs-stem bark (70)
Z. lotus-aerial parts (59
Z. mauritiana-stem bark (35, 42)
Z. nummuiaria-root bark (43), stem bark (68, 73, 77)
Z. vulgaris var. spinosus-seeds (63, 70)
Sterculiaceae
Melochia corchorifolia-leaves (107)
M. pyramidata-leaves (17)
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62. Adouetine-Y’' = Myrianthine-B (= AM-1)

122.9 130.1*
115.8 131.8*

A = N,N-diMe-L-Phe (120)

B = L-erythro-p-OH-Leu™" (113, 120)
¢ =Lleu’ (120)

C31H42N404, 534

Mp = 289-302 (53, 100, 107, 113, 119, 120)
[alD (25) = -350 (c=0.1, CHCI3) (113)
[alp (20) (53, 100, 107, 119, 120)
UV (EtOH) : 250 (3.73) (100)
IR (KBr) : 3300, 1665, 1530, 1510, 1240, 1050 (120)
IR (KBr) : (100, 113)
MS : 534(M+), 519(M+-CH3), 443(b), 398(b"), 387(g), 370(b'-CO), 344(j), 303(e), 274(h),
210(k), 195(c), 190(f), 182(l), 167(d), 148(a=100%), 135(i), 133(a-CH3+), 97(m), 86(q) (46) MS
(100, 107, 108, 113, 119, 12+0) . .
MS (Cl/CHa) : 563(M+C2Hs ), 535(M+H =100%), 534(M ), 447, 193 (120)
1H-NMR (400MHz, CDCl3) : 0.39d, 7.2 Hz, 3H (CH-Me-lleu), 0.68m, SH (CH2-Me-lleu), 1.02d,
7.2 Hz, 3H (Me-B-OH-Leu), 1.29d, 7.2 Hz, 3H (Me-B-OH-Leu), 1.95m, 1H (y-H-B-OH-Leu),
2.28s, 6H (N-Mep), 2.84dd, 13.5, 4.5 Hz, 1H (B-H-N,N-diMe-Phe), 3.15dd, 13.5, 7.2 Hz, 1H (B-
H-N,N-diMe-Phe), 3.90dd, 8.1, 3.3 Hz, 1H (a-H-lleu), 4.48dd, 9.9, 7.2 Hz, 1H (o-H-B-OH-Leu),
4.50dd, 7.2, 4.5 Hz, 1H (0-H-N,N-diMe-Phe), 5.05dd, 7.2, 2.0 Hz, 1H (B-H-B-OH-Leu), 5.77d,
8.1 Hz, 1H-D20 exchangeable (NH-lleu), 6.35d, 7.7 Hz, 1H-D20 exchangeable (NH-Sty),
6.42d, 9.9 Hz, 1H (B-H-Sty), 6.66dd, 9.9, 7.7 Hz, 1H (a-H-Sty), 7.04-7.25m, 9H (9xAr-H),
7.79d, 9.9 Hz, 1H-D20 exchangeable (NH-B-OH-Leu) (120)
1H-NMR (300MHz, CDCl3) : (113)
1H-NMR (60MHz, CDCl3 + CD30D) (100)
"3C.NMR (100.6MHz, CDCl3) : see figure (120)
* Values may be interchanged
13G-NMR (75MHz, CDCl3) (113)
Derivatives : Dihydro-myrianthine-B (120)
Sources : Euphorbiaceae

Antidesma montana-leaves, terminal branches (720)

Rhamnaceae

Ceanothus sanguineus-root bark (46)

Discaria febrifuga-stem bark (105)

D. longispina-root bark (713), roots (119)

Sterculiaceae

Melochia corchorifolia-aerial parts (53), leaves (107)

Waltheria americana-whole plant (108)

Urticaceae

Myrianthus arboreus-leaves (100)

References, pp. 171-179
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63. Lotusanine-A

A = N,N-diMe-Phe

B = L-erythro-B-OH-Leu' (59)
C=lleu

C31H42N404, 534

1286 1293

Reported as separate compound (Lotusanine-A) without mention of or reference to Adouetine-
Y' or Myrianthine-B. Lotusanine-A is probably a diasterecisomer of myrianthine-B, although
they have the same absolute configuration (L-erythro-) of the B-OH-Leu moiety.

Mp = colorless amorphous solid (59)

UV (MeOH) : 208 (4.20) (59)

IR (CHCl3) : 3260, 1622, 1219 (59)

MS : 489(w), 443(b), 355(x), 327(x-CO), 300(y), 272(y-CO), 214(z), 190(f), 189(f-H+),
148(a=100%), 13+5(i), 131, 103, 91, 86(q), 84, 83, 56 (59)

MS (FD) : 534(M ) (59)

FAB/negative-ion and linked-scan mass spectra (59)

1H-NMR (500MHz, CDCl3) : 0.40d, 6.6 Hz, 3H (CH-Me-lleu), 0.43t, 7.2 Hz, 3H (CH2-Me-lleu),
0.73d, 6.6 Hz, 3H (Me-B-OH-Leu), 0.98d, 6.6 Hz, 3H (Me-B-OH-Leu), 1.40m, 1H (B-H-lleu),
1.79m, 1H (y-H-lleu), ~1.80m, 1H (y-H-B-OH-Leu), 2.42s, 6H (N-Me2), 3.54t, 1.8 Hz, 1H (a-H-
N,N-diMe-Phe), 4.18d, 8.1 Hz, 1H (a-H-B-OH-Leu), 4.20m, 1H (a-H-lleu), 4.64d, 7.9 Hz, 1H
(B-H-B-OH-Leu), 6.00m, 1H (NH-Sty), 6.01br.s, 1H (B-H-Sty), 6.43d, 7.2 Hz 1H (a-H-Sty),
6.77-7.01m, 11H (9%Ar-H + NH-lleu + NH-B-OH-Leu) (59)

13C-NMR (125MHz, CDCl3) : see figure (59)

*and ** Values may be interchanged

COSY, HMBC and HMQC NMR spectra (59)

Sources : Zizyphus lotus (Rhamnaceae)-aerial parts (59)

77
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64. Melonovine-B
0 A = N,N-diMe-Val
B = B-OH-Leu
0O o ¢ C=Tyr
” C30H40N40s, 536
HN N
H
0 OH
\N
/

Mp = 200-206 (44)

IR (Nuijol) : 34400, 328(3, 2780, 1680, 1610, 1250 (44)

MS : 536(M ), 521(M -Me), 493(b), 394(j), 353(e), 260(k), 232(l), 190(f), 136(q), 135(i), 107,
100(a=100%), 97(m), 85(n), 78, 77 (44)

H-NMR (100MHz, CDCI3) : 0.93d, 8.0 Hz, 6H (CH-Me2-N,N-diMe-Val), 1.06d, 8.0 Hz, 3H
(Me-B-OH-Leu), 1.23d, 8.0 Hz, 3H (Me-B-OH-Leu), 2.18s, 6H (N-Me2), 2.51d, 4.0 Hz, 1H (a-
H-N,N-diMe-Val), 2.60dd, 14.0, 6.0 Hz, 1H (B-H-Tyr), 3.10dd, 14.0, 5.0 Hz, 1H (B-H-Tyr),
4.30m, 1H (a-H-Tyr), 4.47dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.94dd, 8.0, 2.0 Hz, 1H (B-H-
B-OH-Leu) (44)

Sources : Melochia tomentosa (Sterculiaceae)-roots (44)

65. Americine

A = N-Me-Val

B = 3-OH-Leu
C=Tmp
C31H39N504, 545

Mp = 135.5-137 or 142-182 (121)
[alp (20) = -198 (c=0.51, MeOH) (121)
UV (MeOH) : 221 (4.60), 273 (3.80), 280 (3.80), 290 (3.70) (127)
IR (KBr) : 3290, 1625, 1575, 1480, 1449, 1325, 1225, 1130, 1060, 960, 850, 733 (127)
MS : 545(M ), 502(b), 460(g), 438(M -107), 417(j), 366(x-CO), 304(v), 135(i), 130, 97(m),
86(a=100%) (121)
1H-NMR (100MHz, DMSO-dg) : 0.70d, 6.2 Hz, 6H (CH-Me2-N-Me-Val), 0.88d, 6.2 Hz, 3H
(Me-B-OH-Leu), 1.08d, 6.2 Hz, 3H (Me-B-OH-Leu), 1.48m, 2H (B-H-N-Me-Val + y-H-B-OH-
Leu), 1.80s, 3H (NH-Me), 2.68m, 2H (B-H-Trp), 3.50m, 2H (a-H-N-Me-Val + o-H-Trp), 6.01m,
1H (a-H-Sty), 6.42d, 9.0 Hz, 1H (B-H-Sty), 6.86-8.11m, 12H (9xAr-H + 3xNH) (121)
Derivatives : Dihydro-americine (121)

Dihydro-methyl-americine (727)
Sources : Ceanothus americanus (Rhamnaceae)-root bark (121)

References, pp. 171-179
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66. Scutianine-H

o A = N,N-diMe-lleu
B = p-OH-Leu
0 o C = B-OH-Phe

” C31H42N40s, 550.3184 (MS) (15)
HN u
0
\N HO
/

Mp = 242-243 (15)

[a)p (20) = -233 (¢=0.1, CHCI3) (15)

UV (MeOH) : No absorption (15)

IR : 3580, 3285, 2780 1640, 1620, 1500 1250 (15)

MS : 550(M"), 535(M " -CHa), 507(M"-C3Hz), 493(b), 444(M"-106), 401(M*-C3H7-106), 394(j),

79

353(e), 342(x-CO+H"), 331(g-106), 329(M"-Ro-a), 190(f), 177, 135(), 120, 114(a=100%),

107, 106, 105, 97(m), 85(n), 77 (15)
1H-NMR (100MHz, CsDsN) : 0.84t, 6.0 Hz, 3H (CH2-Me-N,N-diMe-lleu), 0.94d, 6.0 Hz, 3H
(CH-Me-N,N-diMe-lleu), 1.20d, 8.0 Hz, 3H (Me-B-OH-Leu), 1.28d, 6.0 Hz, 3H (Me-B-OH-Leu),
2.32s, 6H (N-Me2) (15)
1H-NMR (100MHz, CDCI3) : (15)
Derivatives : Dihydro-scutianine-H (75)
Oxo-dihydro-scutianine-H (15)
Sources : Scutia buxifolia (Rhamnaceae)-stem bark (15, 118)
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67. Sanjoinine-F

121.5(120.9) 125.8 (129.8)

A = N,N-diMe-Phe

B = L-erythrop-OH-Leu’
(59, 63

C = B-OH-Leu
C31H42N40s,  550.3177
(MS) (63

(127.8) 127.5 (128.5)

Mp = 228-229 (63, 70)
[alp (25) = -107 (c=0.05, CHCl3) (59
[a]p (26) = -215 (c=0.28, CHCl3) (63, 70)
UV (MeOH) : 280sh. (4.40) (59
IR (KBr) : 3390, 3300, 2780, 1680-1620, 1604, 1235 (63
IR (CHCI3) : (59
MS 550(M+), 535(M+-CH3), 507(M+-03H7), 505(w), 459(b), 371(x), 360(j), 343(x-CO),
316(y), 288(y-CO), 214(z), 190(f), 189(f-H+), 148(a=100%), 135(i), 131, 103, 102(q), 97(m),
91, 84 (59
MS (63
MS (FD) : 550(M") (59)
1H-NMR (500MHz, CDClI3) : 0.76d, 6.6 Hz, 3H (Me-[B]-B-OH-Leu), 0.89d, 6.6 Hz, 3H (Me-[B]-
B-OH-Leu), 1.17d, 6.5 Hz, 3H (Me-[C]-B-OH-Leu), 1.22d, 7.4 Hz, 3H (Me-[C]-B-OH-Leu),
2.05m, 2H (2xy-H : [B]-B-OH-Leu + [C]-B-OH-Leu), 2.88s, 3H (N-Me), 2.91s, 3H (N-Me),
3.04d, 2.0 Hz, 2H (B-H-N,N-diMe-Phe), 3.44t, 1.8 Hz, 1H (a-H-N,N-diMe-Phe), 4.05m, 1H B-
H-[C}-B-OH-Leu), 4.40m, 1H (a-H-[C]-B-OH-Leu), 4.66m, 1H (o-H-[B]-B-OH-Leu), 4.87d, 7.9
Hz, 1H (B-H-[B]-B-OH-Leu), 6.20m, 1H (a-H-Sty), 6.70d, 7.4 Hz, 1H (B-H-Sty), 7.00-7.50m, 9H
g9xAr-H) (59
H-NMR (80MHz, CDCl3) (63

1:‘)C-NMR (125MHz, CDCl3) : see figure (59
* and ** Values may be interchanged.
13C-NMR (20MHz, CDCl3) : see figure values in parentheses (63)
Sources : Rhamnaceae

Zizyphus lotus-aerial parts (59)

Z. vulgaris var. spinosus-seeds (63, 70)

References, pp. 171-179
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68. N-Methyl-americine (= 5-p-Indolylmethyl-8-N,N-dimethylvalyl-9-iso-
propyl-phencyclopeptine)

A = N,N-diMe-Val

B = B-OH-Leu

C=Tmp

C32H41N504, 559.3146 (MS) (45)

Mp = 229 (46), 233 (45)
MS : 559(M+), 516(b), 417(j), 376(e), 347(h), 283(k), 255(1), 195(c), 190(f), 170(r), 167(d),
159(q), 135(i), 130, 117, 100(a=100%), 97(m), 85(n), 72(0) (45)
MS (46)
1H-NMR (270MHz, CDCl3) : 0.84d, 6.8 Hz, 3H (Me-B-OH-Leu), 0.93d, 6.8 Hz, 3H (Me-B-OH-
Leu), 0.96d, 6.9 Hz, 3H (C-Me-N,N-diMe-Val), 1.18d, 6.9 Hz, 3H (C-Me-N,N-diMe-Val) (45)
Sources : Rhamnaceae

Ceanothus integerrimus var. integerrimus-root bark (45)

C. sanguineus-root bark (46)

69. Homoamericine ( = N-Desmethyl-texensine or N-Desmethyl-discarine-B
or diastereoisomer)

Io) A = N-Me-Leu or -lleu
B = B-OH-Leu
0o o C=Trp
N C32H41N504, 559
HN N A
H
(o]
HN /
N

/ CHy H

Has only been reported as a contaminant (4%) of americine and has never been isolated in pure
state (39, 121

Mp = 135.5-137 or 142-182 ( 121)

MS : 559(M+), 502(b), 460(g), 438(M"-121), 417(j), 366(x-CO), 304(v), 135(i), 130, 100(a=100%),
97(m) (727

Sources : Ceanothus americanus (Rhamnaceae)-root bark ( 727)
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Scutianine-B

o A = N,N-diMe-Phe
B = p-OH-Leu
0 o C =Phe
n C34H40N404, 568
HN u
lo}
\N
/

Mp = 235-236 (119), 248-250 (15, 44, 122)
[alp (20) = -290 (15) or -296 (122) or -308 (719) (c=0.1, CHCI3)
UV (MeOH) : 275 (3.30) (122)
CD (Dioxane) : +1.40 (289), -24.00 (241), -10.10 (220) (122)
IR (CHCI3) : 3390, 2785, 1685, 1620, 1230, 1030 (122)
MS : 568(M+), 553(M+-CH3). 525(M+-03H7), 477(b), 421(g), 378(j), 337(e), 308(h), 244(k),
216(1), 195(c), 190(f), 167(d), 148(a=100%), 135(i), 120(q), 97(m), 91 (122)
MS (44, 119)
1H-NMR (CDCl3) : 0.93d, 3H (Me-B-OH-Leu), 1.25d, 3H (Me-B-OH-Leu), 2.17s, 6H (N-Mey),
5.95d, 1H (1 olefinic-H), 6.47d, 1H (1 olefinic-H), 6.75-7.25m, 14H (14xAr-H) (122)
Sources : Rhamnaceae
Discaria febrifuga-stem bark (105)
Scutia buxifolia-roots (119), stem bark (15, 18, 19, 117, 118, 122)
Sterculiaceae
Melochia tomentosa-roots (44)

Texensine
0o A = N,N-diMe-Leu
B = B-OH-Leu
[o) e} C=Tmp
” C33H43N504, 573.3318 (MS) (39)
HN N .
o H

\N
/ N

H

Mp = 249-252 (39)
{alp (25) = -114 (c=0.50, CHCI3) (39)
UV : 281, 290 (39)
IR : 3475, 3395, 1685, 1495 (39)
MS : 573(M ), 558(M -CH3), 516(b), 417(j), 376(e), 283(k), 255()), 195(c), 190(f), 170(r),
167(d), 159(q), 135(i), 130, 114(a=100%), 97(m) (39)
H-NMR : 0.89d, 6.0 Hz, 3H (Me-3-OH-Leu), 0.99d, 6.5 Hz, 6H (2xMe-N,N-diMe-Leu), 1.24d,
6.0 Hz, 3H (Me-B-OH-Leu), 2.27s, 6H (N-Me2) (39)
Derivatives : Dihydro-texensine (39)
Sources : Colubrina texensis (Rhamnaceae)-aerial parts (39)

References, pp. 171-179
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72. Discarine-B

(128.4)121.0  131.3 (119.1) A= N,N-diMe-lleu
(119.6)119.6  129.8 (129.7) B = L-erythroB-OH-Leu™

156.0) 156.1 12, 15, 16, 109, 11
14.4 (13.9) ( )18 3_p 124.0*(122.9) C=§rp 3

C3a3H43N504,

573.3264 (MS) (46),
573.3269 (MS) (33),
573.3297 (MS) (45)

122. 13637%100
27.3 (265) (120.2) N (135.0) (110.2)
Y

14.8 12.2 (10.0)

Mp = 233-236 (33, 45, 46), 246-248 (113

[alp (25) = -154 (¢=0.5, CHCl3) (773

lalp (33

UV (EtOH) : 226 (4.68), 273 (3.95), 284 (3.95), 294 (3.82) (39

UV (EtOH) : (713

IR (KBr) : 3400, 2800, 1650, 1620, 1230 (7713

IR (KBr) (33

MS : 573(M"), 516(b), 460(g), 417(j), 376(e), 347(h), 304(y), 283(k), 255()), 195(c), 190(f).
170(r), 135(j), 130, 114(a=100%), 97(m) (773

MS (33 45, 46)

H-NMR (300MHz, DMSO-dg) : 0.75d, 6.5 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.90t, 6.5 Hz, 3H
(CH2-Me-N,N-diMe-lleu), 1.05d, 3H (Me-B-OH-Leu), 1.20m, 1H (y-H-N,N-diMe-lleu), 1.25d, 3H
(Me-B-OH-Leu), 1.55m, 1H (y-H-N,N-diMe-lleu), 1.80d, 1H (B-H-N,N-diMe-lleu), 2.10m, 1H (y-
H-B-OH-Leu), 2.30s, 6H (N-Me2), 2.63d, 1H (o-H-N,N-diMe-lleu), 2.90m, 1H (B-H-Trp), 3.10m,
1H (B-H-Trp), 4.20m, 1H (a-H-Trp), 4.52dd, 1H (at-H-B-OH-Leu), 4.90dd, 1H (B-H-B-OH-Leu),
6.20dd, 1H (a-H-Sty), 6.40d, 1H (B-H-Sty), 6.50d, 1H (NH-Trp), 6.85d, 1H (NH-Sty), 6.80-
7.45m, 4H (4xAr-H-Sty), 7.05t, 1H (6-H-Trp), 7.14d, 1H (2-H-Trp), 7.28t, 1H (5-H-Trp), 7.40d,
1H (7-H-Trp), 7.50d, 1H (4-H-Trp), 7.80d, 1H (NH-B-OH-Leu), 10.25s, 1H (1-H-Trp) (773

H-NMR (220MHz, CDCl3, 18°C or 48°C) : (109
'H-NMR (220MHz, DMSO-dg, 18°C) (33, 709
'H-NMR (220MHz, DMSO-dg, 80°C) (709)

H-NMR (220MHz, CDCI3 + 4% or 8% or 11% or 14% DMSO-dg) ( 709)

C-NMR (15MHz, CDCl3 + CD30D 2:1 v/v) : see figure ( 76)

C-NMR (75MHz, CDCl3) : see ﬁqgre values in parentheses (773
N.B. There is a large difference in “C-NMR chemical shifts between the two reports.
Derivatives : Dihydro-discarine-B (33)

Sources : Rhamnaceae
Ceanothus infegerrimus var. californicus-root bark (45)
C. integerrimus var. integerrimus-root bark (45)
C. sanguineus-root bark (46)
Discaria longispina-root bark ( 773), roots (33
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73. Discarine-X

A = N,N-diMe-Trp
B =f-OH-Leu
C=Lleu
C33H43N504, 573

Mp = 295-298 (113)
falp (25) = -184 (c=0.5, MeOH) (113)
UV (EtOH) : 218, 270, 280, 288 (113)
IR (KBr) : 3210, 2800, +1670, 1620, 1230 (113)
MS : 573(M ), 530(M -C3Hy7), 443(b), 387(g). 344(j), 303(e), 274(h), 210(k), 195(c). 190(f),
187(a=100%), 182(1), 135(i), 130, 97(m), 86(q) (113)
1H-NMR (300MHz, DMSO-dg) : 0.60d, 6.7 Hz, 3H (Me-Leu), 0.62d, 6.7 Hz, 3H (Me-Leu),
1.10d, 6.7 Hz, 3H (Me-B-OH-Leu), 1.25d, 6.7 Hz, 3H (Me-B-OH-Leu), 1.30m, 1H (B-H-Leu),
1.74m, 1H (B-H-Leu), 1.80m, 1H (y-H-Leu), 2.15s, 3H (N-Me), 2.20s, 3H (N-Me), 2.20m, 1H (y-
H-B-OH-Leu), 2.95d, 2H (B-H-N,N-diMe-Trp), 3.40dd, 1H (o-H-N,N-diMe-Trp), 3.70dd, 1H (o~
H-Leu), 4.44dd, 1H (a-H-B-OH-Leu), 4.80dd, 1H (B-H-B-OH-Leu), 6.15dd, 7.4, 4.3 Hz, 1H (o-
H-Sty), 6.35d, 7.0 Hz, 1H (B-H-Sty), 6.80-7.30m, 5H (5xAr-H-Trp), 7.05-7.50m, 4H (4xAr-H-
Sty), 7.38d, 1H (NH-Leu), 7.70d, 1H (NH-Sty), 8.24d, 1H (NH-B-OH-Leu), 10.78br.s, 1H (NH-
;rgp) (113)

C-NMR (75MHz, CDCl3) : see figure (113)
COSY NMR spectrum (113)
Sources : Discaria longispina (Rhamnaceae)-root bark (113)

References, pp. 171-179
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74. Nummularine-K

o A = N,N-diMe-Trp
B =3-OH-Leu
C=Lleu
0O o N C33H43N504, 573.3320 (MS) (66)
H
HN N
o H
\N
/

N
H

Mp = 235-239 (66, 73, 77)

[a]p (20) = -45 (c=0.04, MeOH) (66)

UV (MeOH) : 273 (3.81), 281 (3.79), 290 (3.71) (66)

IR (KBr) : 3235, 2790, 1675, 1625, 1610, 1235, 1045 (66)

MS : 573(M ), 530(M -C3Hy), 443(b), 387(g), 303(e), 274(h), 195(c), 190(f), 187(a=100%),
167(d), 144, 135(i), 130, 97(m), 86(q) (66)

H-NMR (90MHz, CDCl3) : 0.41d, 7.0 Hz, 3H (Me-Leu), 0.86d, 7.0 Hz, 3H (Me-Leu), 0.97d,
7.0 Hz, 3H (Me-B-OH-Leu), 1.25d, 7.0 Hz, 3H (Me-3-OH-Leu), 2.31s, 6H (N-Mey), 6.33-7.26m
(Ar-H + NH + 1 olefinic-H) (66)

Derivatives : Dihydro-nummularine-K (66)
Sources : Rhamnaceae
Zizyphus nummularia-stem bark (66)
2. xylopyra-stem bark (77)
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75. Discarine-A

121.2*___130.4

A = N,N-diMe-Trp
B = L-erythro-p-OH-Leu' (8, 12, 15, 16)
C=lleu

C33Ha3N504, 573.3427 (MS) (33)

Mp = 229-231 (33)

[a]p = -282 (¢=0.05, CHCI3) (33)

UV (EtOH) : 223 (4.56), 273 (3.82), 284 (3.83), 294 (3.73) (33)

IR (KBr) : 3:i50, 1645 (33)

MS : 573(M ), 443(b), 303(e), 190(f), 187(a), 182()), 135(i), 130, 97(m), 86(q) (33)
H-NMR (220MHz, DMSO-dg) : 0.61 asymmetric d, 6H (2xMe-lleu), 0.86d, 7.0 Hz, 3H (Me-f-

OH-Leu), 1.08d, 7.0 Hz, 3H (Me-B-OH-Leu), 2.26s, 6H (N-Me) (33)

'3C-NMR (15MHz, CDCl3 + CD30D 2:1 viv) : see figure (16)

* **and *** Values may be interchanged

Derivatives : Dihydro-discarine-A (33)

Sources : Discaria longispina (Rhamnaceae)-roots (33)

References, pp. 171-179
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76. Amphibine-A

o A = N,N-diMe-Trp
B = B-OH-Leu
C =lleu
O o N C33H43N504, 573
H
HN N
o H
\N
/
N
H

Mp = 236-239 (34, 123)
[alp (20) = -310 (¢c=0.021, MeOH) (34)
UV (MeOH) :+273 (3.82)‘: 281 (3.83), 290 (3.73) (34)
MS : 573(M ), 530(M -C3H7), 443(b), 387(g), 359(g-CO), 303(e), 274(h), 195(c), 190(f),
187(a=100%), 167(d), 144, 135(i), 130, 97(m), 86(q) (34)
1H—NMR (TFA) : 3.20, 6H (N-Me2) (34)
Sources : Rhamnaceae
Zizyphus amphibia-stem bark (34, 89)
Z. nummularia-root bark (43)
Z. spina-christi-stem bark (123)

87
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77. Scutianine-D [reported as Scutianine-C in (/19)]

A= N,N-diMe-Phe

B = L-erythro-B-OH-Leu’ (18, 119)
C = L-threo-B-OH-Phe ' (18, 119)
C34H40N40s, 584

Mp = 202-204 (119), 217-220 (15, 18)
(a]p (20) = -196 (18) or -202 (15) (c=0.1, CHCl3)

[alp (119)
UV (MeOH) : end absorption (15, 18)
CD (Dioxane) : +3.50 (284), +1.92 (263.5), -15.15 (236.5) (18)
IR (CHCI3) : 3590, 3370, 2780, 1680, 1660, 1615, 1240, 1045 (18)
IR (15, 119)
MS : 584(M+), 493(b), 478(M+-106), 387(M+-R-Rz), 331(g-106), 270, 254, 232(1), 223, 212(z-
2H+), 204, 195(c), 190(f), 189(f—H+), 167(d), 148(a=100%), 135(i), 106, 105, 97(m), 91, 77 (18)
MS (15, 119)
1H-NMR (220MHz, DMSO-dg) : 0.88d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.03d, 7.0 Hz, 3H (Me-B-
OH-Leu), 2.13s, 6H (N-Me), 2.68m, 2H (B-H-N,N-diMe-Phe), 3.12dd, 7.0, 6.0 Hz, 1H (a-H-
N,N-diMe-Phe), 4.10t, 9.0 Hz, 1H (a-H-B-OH-Phe), 4.23dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu),
4.34dd, 9.0, 5.0 Hz, 1H (B-H-B-OH-Phe), 4.65dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 5.48d, 5.0
Hz, 1H-disappearing on addition of D20 (OH), 6.01dd, 7.0, 2.0 Hz, 1H (a-H-Sty), 6.66d, 7.0
Hz, 1H (B-H-Sty) (119)
"H-NMR (60 and 90MHz, CDCl3) (18)
3C-NMR (25.2MHz, CDClg3) : see figure (15)
* and ** Values may be interchanged.
Derivatives : O-Acetyl-scutianine-D (15, 18)

Dihydro-scutianine-D™ (18, 119)

Oxo-dihydro-scutianine-D™ (119)
#Reponed as derivatives of Scutianine-C
Sources : Scutia buxifolia (Rhamnaceae)-roots (7119), stem bark (18, 19, 117, 118)

References, pp. 171-179
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78. Scutianine-E

A = N,N-diMe-Phe

B= D-erythro-ﬁ-OH-Leu1 (15, 18)
C= D-threo-[i-OH-Phe1 (15, 18)
C34H4gN40s, 584

Mp = 110-110.2 (15), 121 (18)

[alp (20) = -21 (15) or -22.2 (18) (c=0.1, CHCI3)
UV (MeOH) : end absorption (15, 18)
CD (Dioxane) : -1.21 (276.5), +16.70 (235) (18)
IR (CHCI3) : 3670, 3385, 2790, 1670, 1620, 1240, 1040 (18)
IR (15)
MS : Identical with that of Scutianine-D (15, 18)
1H-NMR (60 and 90MHz, CDCl3) : 1.10d, 6.5 Hz, 3H (Me-B-OH-Leu), 1.12d, 6.5 Hz, 3H
B-OH-Leu), 2.33s, 6H (N-Mep), 2.52m, 7.0, 6.5 Hz, 1H (y-H-B-OH-Leu), 2.90-3.50m, 2H
N,N-diMe-Phe), 4.04dd, 7.0, 6.4 Hz, 1H (B-H-B-OH-Leu), 4.29dd, 5.6 Hz, 1H (o.-H-B-OH-|
4.46dd, 6.4 Hz, 1H (a-H-B-OH-Leu), 4.99d, 5.6 Hz, 1H (B-H-B-OH-Phe), 6.34d, 7.5 Hz, 1
H-Sty), 6.54dd, 7.5, 1H (a-H-Sty), 6.64d, 11.0 Hz, 1H (NH), 6.80-7.50m, 15H (14xA
1xNH), 7.75d, 9.0 Hz, 1H (NH) (18)

C-NMR (25.2MHz, CDCI3) : see figure (15)
* and ** Values may be interchanged.
Derivatives : O-acetyl-scutianine-E (15, 18)

Dihydro-scutianine-E (18)

Sources : Scutia buxifolia (Rhamnaceae)-stem bark (18, 19, 117, 118)

79. Scutianine-G

A = N,N-diMe-Phe ]
0_©>_\ B = L-threo-B-OH-Leu (19)
C = L-erythro-B-OH-Phe ' (19)

0 0o N/ C34H40N40s5, 584.2991 (MS) (19)
HN N H
H
o]
\N OH
/
Mp = 162 (19)

{a]p (20) = -112 (c=0.02, MeOH) (19)
UV (MeOH) : end absorption (19)
IR (KBr) : 3?00-3300, 3200, 1640, 1605, 1500, 1235, 1045 (19)
MS : 584(M ), 493(b), 353(e), 195(c), 190(f), 148(a=100%), 135(i), 97(m) (19)
H-NMR (CDCI3) : 0.95d, 6.2 Hz, 3H (Me-B-OH-Leu), 1.22d, 6.2 Hz, 3H (Me-B-OH-Leu)
2.15s, 6H (N-Mey), 6.37-6.81m, 6H (3xNH + 2xolefinic-H + 1xOH), 7.03-7.58m, 14H (14xAr-H)
19
(Sou)wces : Scutia buxifolia (Rhamnaceae)-stem bark (19)
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80. Scutianine-J

A = N,N-diMe-B-OH-Phe
B =B-OH-Leu

C = B-OH-Phe
C34H4gN40g, 600

Mp = amorphous (718)
UV (MeOH) : No absorption (118)
IR : 3600, 3280, 1650, 1625, 1250 (118)

MS : 493(b), 387(b-106), 385(b-R/R2-H+), 331(g-106), 195(c), 164(a=100%), 135(i), 107, 106,
105, 77 (118)
MS (FAB+) : 601(M+H") (118)
H-NMR (250MHz, CDCl3) : 0.95d, 6.4 Hz, 3H (Me-B-OH-Leu), 1.20d, 6.4 Hz, 3H (Me-B-OH-
Leu), 2.10m, 1H (y-H-B-OH-Leu), 2.20s, 6H (N-Mep), 4.35m, 3H (a-H-B-OH-Leu + o-H-p-OH-
Phe + OH), 4.80m, 2H (B-H-B-OH-Leu + o.-H-N,N-diMe-B3-OH-Phe), 6.20d, 9.5 Hz, 1H (NH-B-
OH-Phe), 6.28m, 1H (a-H-Sty), 6.55d, 9.5 Hz, 1H (NH-Sty), 7.60d, 7.6 Hz, 1H (NH-B-OH-
Leu), 7.75d, 1H (B-H-Sty), 6.75-6.90m, 14H (14xAr-H) (118)
Sources : Scutia buxifolia (Rhamnaceae)-stem bark (118)

References, pp. 171-179
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4(14)-Integerrine-Type Cyclopeptide Alkaloids

81. Desbenzoyl-aralionine-A

0 A = N,N-diMe-lleu
2
B = threo-3-OH-Phe
B 0 o C=Gly
IN C27H34N404, 478.2564 (MS) (30)
H
HN N—
o H
AN
N o

/

Mp = 101-104 (30)

[alp (20) = +100 (c=0.16, MeOH) (30)

UV (MeOH) : 217sh. (4.34), 271sh. (3.54) (30)

CD (MeOH) : -0.26 (290), +0.09 (276), -0.24 (260), +3.91 (235) (30)

IR (CHCI3) : 3430, 3390, 1685, 1225 (30)

MS : 478(M+), 463(M+-CH3), 421(b), 376(b’), 365(g), 363(g-2H+), 348(b-CO), 281(e), 229(c),
224(f), 218(h), 201(d), 188(k), 160()), 135(i), 131(m), 114(a=100%), 91, 85(n) (30)

H-NMR (60MHz, CDCl3) : 0.48d, 7.0 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.80-1.85m, 6H (CHo-
Me- + B-H- + y-H-N,N-diMe-lleu), 2.30s, 6H (N-Mep), 2.72d, 4.5 Hz, 1H (a-H-N,N-diMe-lleu),
3.20dd, 17.0, 6.0 Hz, 1H (a-H-Gly), 4.12dd, 17.0, 7.0 Hz, 1H (a-H-Gly), 4.61d, 7.5 Hz, 1H (a-
H-B-OH-Phe), ~6.20m, 3H (3xNH), 6.36d, 7.5 Hz, 1H (a-H-Sty), 6.49s, 1H (B-H-B-OH-Phe),
6.69d, 7.5 Hz, 1H (B-H-Sty), 6.90-7.80m, 9H (9xAr-H) (30)

Sources : Araliothamnus vaginatus (Rhamnaceae)-stem bark (117)

82. Sativanine-B
0 A = N-Me-Leu or -fleu
B = B-OH-Phe
C=val
O 0oy | C30H38N404, 518.2888 (MS) (50, 67)
H
N N
H
Y
Me—N
C4H9

Mp = amorphous (50, 67)

UV (MeOH) : 280sh. (50, 67)

IR (CHCl3) : 3330, 2960-2870, 2800, 1675, 1610, 1585-1485, 1220, 1025 (50)

MS : 518(M+), 491, 461(b), 364(), 323(e), 260(h), 230(k), 227(c), 224(f), 202(I), 201(d),
155(a’), 135(i=100%), 131(m), 72(q) (67)

MS (50)

Sources : Zizyphus sativa (Rhamnaceae)-stem bark (50, 67)
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83. 5-Isobutyl-8-N-methyl-isoleucyl-9-phenyl-phencyclopeptine

o) A = N-Me-lleu
B = p-OH-Phe
C=Lleu
O oy C30H40N4O4, 520.3053 (MS) (45)
H
HN N
o

Mp =213 (451) . . .
MS : 520(M ), 505(M -CH3), 491(M -C2Hs), 477(M -C3H7), 463(b), 421(g), 378(j), 337(e),
274(h), 244(k), 224(f), 216(l), 215(c), 187(d), 135(i), 131(m), 100(a=100%), 97(r), 86(q), 72(p).
58(0), 57(C4Hg ) (45)
H-NMR (270MHz, CDCI3) : 0.57d, 6.9 Hz, 3H (CH-Me-lleu), 0.66m, 6H (CH2-Me-lleu + Me-

Leu), 0.76d, 6.5 Hz, 3H (Me-Leu) (45)
Sources : Rhamnaceae

Ceanothus integerrimus var. californicus-root bark (45)

C. integerrimus var. integerrimus-root bark (45)

84. Nummularine-D ( = N-Desmethyl-integerrenine)

0 A = N-Me-lleu
B = B-OH-Phe
C=Lleu
0 O N C30H40N404, 520.3051 (MS) (43)
H
HN N
H
(o]

Mp = 265-268 (43)
[alp (20) = -186 (¢=0.2, CHCI3) (43)
UV (MeOH) : end absorption (43)
IR (CHCI3) : 3345, 2745, 1670, 1630, 1250, 1030 (43)
MS : 520(M+), 505(M+-CH3), 463(b), 421(g), 378(j), 337(e), 274(h), 244(k), 224(f), 216()),
215(c), 187(d), 135(i), 131(m), 100(a=100%), 91, 86(q), 72(p), 71(n), 58(0) (43)

H-NMR (60MHz, CDClI3) : 0.65-0.95, 12H (4xC-Me), 2.18s, 3H (NH-Me), 6.35d, 8.0 Hz, 1H (1
olefinic-H), 6.40-7.50, 13H (9xAr-H + 3xNH + 1 olefinic-H) (43)
Derivatives : N-Acetyl-nummularine-D (43)

N-Methyl-dihydro-nummularine-D = Dihydro-integerrenine (43)

Sources : Zizyphus nummularia (Rhamnaceae)-root bark (43), stem bark (66)

References, pp. 171-179
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Sativanine-A
o A = N,N-diMe-lleu
B = B-OH-Phe
C=Vval
0 O N C30H40N404, 520.3050 (50) or 520.3055
H (67) (MS)
HN N
H
(0]
\N
/
Mp = 80 (50, 67)

UV (MeOH) : 250sh., 280sh. (50, 67)
IR (CHCI3) : 3370, 2990-2820, 2775, 1675, 1618, 1590, 1490, 1225, 1040 (50)
MS : 520(M+). 505(M+-CH3), 491(M+-02H5), 463(b), 407(g), 364(j), 323(e), 260(h), 230(k),
229(c), 224(f), 202(1), 201(d), 135(i), 131(m), 114(a=100%), 103(m-CO), 85(n), 72(o/q) (67)
MS (50)
Sources : Rhamnaceae
Zizyphus sativa-stem bark (50, 67)
Z. spina-christi-stem bark (106)

Nummularine-E
o A = N,N-diMe-Thr
B = B-OH-Phe
C=Leu
O 0Oy CooH3sN4Os, 522.2834 (MS) (43)
H
HN N
o "
\N
/
HO

Mp = 276-279 (43, 124)
[alp (20) = +12 (c=0.02, MeOH) (43)
UV (MeOH) : end absorption (43)
IR (KBr) : 3380, 3260, 2775, 1680, 1625, 1220, 1030 (43)
IR (CHCI3) (124)
MS : 522(M"), 507(M*-CHz), 478(b+H"), 338(e+H"), 274(h), 230(c+H"), 224(f), 216(), 135(i),
131(m), 102(a=100%), 86(q), 58(0), 44(CH3-CHO+) (43)
MS (124)
1H-NMR (90MHz, CF3COOD) : 0.77br.s, 6H (2xMe-Leu), 1.11d, 6.0 Hz, 3H (Me-Thr), 1.96s,
3H (N-Me), 2.72s, 3H (N-Me), 6.06d, 8.0 Hz, 1H (1 olefinic-H), 6.77-7.88m, 13H (9xAr-H +
3xNH + 1 olefinic-H) (124)
'H-NMR (60MHz, DMSO-dg) (43)
1H-NMR (60MHz, CF3COOD) (43)
Derivatives : Dihydro-nummularine-E (43)
O-Acetyl-nummularine-E (43)

Sources : Rhamnaceae

Zizyphus hysodrica-stem bark (124)

Z. nummularia-root bark (43), stem bark (66)




94 D. C. GourneLis, G. G. Laskarts, and R. VERPOORTE
87. Nummularine-G

A =N-Me-Leu
= erythro-B-OH-Phe2
C=Leu
C31H40N404, 532.3042 (MS) (66)

Mp = 174-175 (66)

[alp (20) = -133 (c=0.085, MeOH) (66)

UV (MeOH) : 250sh., 280sh. (66)

IR (CHCI3) : 3300 2950 2880, 2800, 1675 1610, 1585-1485,1220, 1025 (66)

MS : 532(M"), 517(M"-CHz), 489(M*-C3H7), 475(b), 378(), 337(e), 274(h), 244(K), 227(c),
224(f), 216(1), 201(d), 155(a’), 135(i=100%), 131(m), 86(q) (66)

H-NMR (90MHz, CDCI3) : 0.52d, 7.0 Hz, 3H (C-Me), 0.73d, 7.0 Hz, 3H (C-Me), 0.82d, 7.0
Hz, 6H (2xC-Me), 2.10s, 3H (N-Me), 2.43m, 1H (o-H-N-Me-Leu), 3.18dd, 5.4, 1.8 Hz, 1H (-N-
CHa-N), 3.85dd, 5.4, 0.9 Hz, 1H (-N-CH2-N), 4.14m, 1H (a-H-Leu), 5.12d, 8.5 Hz, 1H (a-H-B-
OH-Phe), 5.82d, 8.0 Hz, 1H (NH), 6.01d, 8.5 Hz, 1H (B-H-B-OH-Phe), 6.33-6.84m, 3H
[2xolefinic-H + 1NH : +D20 : 6.47d, 7.8 Hz, 1H (B-H-Sty), 6.66d, 7.8 Hz, 1H (a-H-Sty)], 7.13d,
7.5 Hz, 2H (3-H-Sty + 5-H-Sty), 7.22-7.62m, 7H (7xAr-H) (66)

Derivatives : Dihydro-nummularine-G (66)
Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (66)

88. Discarine-C

A = N,N-diMe-Leu
B = B-OH-Phe
C=Leu

Y ) N C31H42N404, 534

HN 3 ”—C<
>“@

UV : 252sh. 280sh. (105)
IR (KBr) : 3285, 2790, 1680, 1630, 1230 (705)

MS~534(M+) 421 (g), 135(i), 131(m), 114(a=100%), 86(q), 72(0) (105)

1H NMR (CDCIl3) : 0.68, 0.75 and 0.85, 4xd, 6.0 Hz, 12H (2xMe-Leu + 2xC-Me-N,N-diMe-
Leu), 1.65s, 6H (N-Me2), 7.00-7.30m, 9H (9xAr-H) (105)

Sources : Discaria febrifuga (Rhamnaceae)-stem bark (705)

References, pp. 171-179
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89. Myrianthine-A
0 A =N,N-diMe-Leu
B = B-OH-Phe
C=lleu

C31H42N404, 534

o o
N
H
HN N
\N
/

Mp = 286 (100)
[alp (20) = -263 (c=1.0, CHCl3) (700)
UV (EtOH) : 250 (3.79) (100)
IR : 3280, 1610, 1240 (100) .
MS . 534(M ), 477(b), 419(g-2H ), 378(j), 337(e), 274(h), 244(k), 224(f), 216(l), 135()
131(m), 114(a), 86(p/q) (100)
H-NMR (60MHz, CDCI3) : 0.60-1.00, 12H (4xC-Me), 1.76s, 6H (N-Mep), 6.90-7.60, 9H (IxAr-
H) (100)
Sources : Myrianthus arboreus (Urticaceae)-leaves (100)
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90. Integerrenine

A = N,N-diMe-lleu

0 B = B-OH-Phe
C=Leu
O Oy C31HaaN4O4, 534.3200 (MS) (45)
H
HN N
H
0

\N
/

Mp = 259 (45), 278-280 (17, 26)
[a]p (20) = -228 (c=0.2, CHClI3) (26)
UV (MeOH) : 252sh. (3.70), 280 (3.13) (17, 26)
CD (Dioxane) : +1.40 (286.5), -21.50 (239) (26)
IR (KBr) : 3275, 2785, 1680, 1630, 1226 (26)
IR (KBr) (17)
MS : 534(M"), 519(M"-CHz), 505(M"-CaHs), 491(M"-CaHy), 477(b), 337(e), 244(K), 229(c),
224(f), 216(1), 201(d), 135(i), 131(m), 114(a=100%), 97(r), 86(p/q), 85(n), 57(C4Hg+) (45)
MS (26, 28)
H-NMR (270MHz, CDCl3) : 0.36d, 6.7 Hz, 3H (CH-Me-lleu), 0.78d, 6.5 Hz, 3H (Me-Leu),
0.85d, 6.5 Hz, 3H (Me-Leu), 0.86t, 7.3 Hz, 3H (CH2-Me-lleu) (45)
H-NMR (60MHz, CDCl3) (26)
TH-NMR (CDCl) (17)
H-NMR (60MHz, TFA) (26)
Derivatives : Dihydro-integerrenine (26)
Sources : Rhamnaceae
Ceanothus integerrimus-roots (26)
C. integerrimus var. californicus-root bark (45)
C. integerrimus var. integerrimus-root bark (45)
Zizyphus nummularia-root bark (43)
Sterculiaceae
Melochia pyramidata-leaves (17)

-

References, pp. 171-179



Cyclopeptide Alkaloids 97

91. Nummularine-M

92

o A = N,N-diMe-lleu

B = B-OH-Phe
C=lleu

O (¢] N C31H42N404, 534.3190 (MS) (82)

H
HN N
H
0]

Mp = 263-265 (82

[alp = -46.66 (c=0.1, CHCl3) (82

UV (MeOH) : 250sh., 280sh. (82)

IR (KBr) : 3300, 2790, 1685, 1635, 1240 (829

MS : 534(M"), 477(b), 378(), 337(e), 274(h), 244(K), 229(c), 224(f), 216()), 201(d), 135(i), 131(m),
114(2a=100%) (82)

Sources : Zizyphus nummularia (Rhamnaceae)-stem bark (82

Canthiumine
0 A= N,N-diMe-L-Phe ' (31)
B = L-erythro-B-OH-Phe "2 (12, 31)
O o C= L-Pro1 37
N C33H3pN404, 552
HN N
0

AN

N o
/

Mp = 232-233 (31)
[a]p = -254 (c=1.0, CHCI3) (31)
UV : 250 (37)
IR (KBr) : 340+0, 3315, 2790, 1705-1+665, 1625, 1535, 1515, 1235 (31)
MS : 552(M ), 461(b), 403(g-2H ), 362(j), 258(h), 229(c), 228(k), 224(f), 201(d), 200(),
148(a), 135(i), 131(m), 70 (31)
1H-NMR (CDCl3) : 1.67s, 6H (N-Me2), 2.32dd, 14.0, 7.0 Hz, 1H (B-H-N,N-diMe-Phe), 2.71dd,
14.0, 6.0 Hz, 1H (B-H-N,N-diMe-Phe), 3.00t, 7.0, 6.0 Hz, 1H (a-H-N,N-diMe-Phe), 5.27dd,
10.0, 8.0 Hz, 1H (a-H-B-OH-Phe), 5.93d, 8.0 Hz, 1H (B-H-B-OH-Phe), 6.30d, 11.0 Hz, 1H (B-
H-Sty), 6.37d, 7.0 Hz, 1H (NH-Sty), 6.72dd, 11.0, 7.0 Hz, 1H (a-H-Sty), 6.90-7.70m, 14H
(14xAr-H), 7.00d, 10.0 Hz, 1H (NH-B-OH-Phe) (31)
Derivatives : Dihydro-canthiumine (37)

Canthiumene (=neutral compound) (37)
Sources : Canthium euryoides (Rubiaceae)-? plant part (37)



98

D. C. GourneLss, G. G. Laskaris, and R. VERPOORTE

93. Integerresine

9%

A = N,N-diMe-Val
o B = B-OH-Phe
C =Phe
0 o Ca3H3gN404, 554.2878 (MS) (26)
N
H
HN N
o H
\N
/
Mp = 285 (26)

[a]p (20) = -164 (c=0.2, CHCI3) (26)

UV (MeOH) : 252sh. (3.77), 280 (3.22) (26)

CD (Dioxane) : +1.50 (285), -19.0 (238) (26)

IR (KBr) : 3295, 2795, 1675, 1630, 1232 (26)

MS : 554(M+), 539(M+-CH3), 511(b), 455(g), 412(j), 371(e), 308(h), 278(k), 250(l), 229(c),
224(f), 201(d), 135(i), 131(m), 120(q), 103(m-CO), 100(a=100%), 91, 85(a-Me+ln) (26)

MS (28)

1H-NMR (TFA) : 0.95d, 7.0 Hz, 6H (Me-N,N-diMe-Val), 2.20 and 2.81, 2xd, 4.5 Hz, 6H (N-
Mey) (26)

Derivatives : Dihydro-integerresine (26)

Sources : Ceanothus integerrimus (Rhamnaceae)-roots (26)

Aralionine-B

o A = N-Me-Phe
B = B-OH-Phe
C=lleu
0 Oy CagHagN4O4, 554.2867 (MS) (32)
H
HN N
H
0
/HN

Mp = 103-105 (32)
[a]p (20) = -73 (c=0.1, MeOH) (32)
UV (MeOH) : 250 (3.30) (32)
CD (MeOH) : +2.02 (268), -7.26 (232) (32)
IR (KBr) : 3285, 2795, 1660, 1620, 1235, 1030 (32)
MS : 554(M+), 463(b), 421(g), 274(h), 224(f), 215(c), 187(d), 135(i), 134(a=100%), 131(m),
!136(Q) (32)
H-NMR (60MHz, CDCl3) : 0.70-1.80m, 9H (9 x aliphatic-H), 2.30s, 3H (NH-Me), 2.65d, 6.0
Hz, 2H (B-H-N-Me-Phe), 6.00-8.10m, 17H (14xAr-H + 3xNH) (32)
Sources : Araliothamnus vaginatus (Rhamnaceae)-leaves (32), stem bark (117)

References, pp. 171-179
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95. AM-2
o A= N-Me-L-Phe’ (120
B o B= erythr?-B-OH-Phe
o) o) C=L-lleu (120)
” C3a3H3gN404, 554
HN N—
o M !
HN
/

96

AM-2 may be Aralionine-B or its diastereoisomer. This relationship remains unresolved (720)
Mp = 257-258 (120)

UV (MeOH) : end absorption (120)

IR (KBr) : 3000, 1665, 1640, 1530, 1240, 1050, 700 (720)

MS : 554(M*), 463(b), 378(j), 337(e), 300(y), 243(k-H+), 224(f), 216(1), 215(c), 189(f-H+),
187(d), 161, 148, 135(i), 134(a=100%), 132(m+H+), 131(m), 120, 119(a-CH3+), 91, 86(q), 69
(120)

MS (CI/CHg) : 555 (M+H+=100%) (120)

1H-NMR (400MHz, CDCl3) : 0.70d, 7.6 Hz, 3H (CH-Me-lleu), 0.84t, 7.8 Hz, 3H (CH2-Me-lleu),
0.98m, 1H (y-H-lleu), 1.26m, 1H (B-H-lleu), 1.60dd, 15.3, 11.6 Hz, 1H (B-H-N-Me-Phe), 2.19m,
1H (y-H-lleu), 2.78dd, 15.3, 4.0 Hz, 1H (B-H-N-Me-Phe), 2.91dd, 11.6, 4.0 Hz, 1H (o.-H-N-Me-
Phe), 4.07dd, 9.0, 3.0 Hz, 1H (a-H-ileu), 4.69dd, 9.6, 7.0 Hz, 1H (a-H-B-OH-Phe), 6.18d, 7.0
Hz, 1H (B-H-B-OH-Phe), 6.30d, 7.0 Hz, 1H-D20 exchangeable (NH-ileu), 6.41d, 8.3 Hz, 1H
(B-H-Sty), 6.59d, 11.0 Hz, 1H-D20 exchangeable (NH-Sty), 6.73dd, 11.0, 8.3 Hz, 1H (a-H-
Sty), 6.97-7.53m, 14H (14xAr-H), 7.33d, 9.6 Hz, 1H-D20 exchangeable (NH-B-OH-Phe) (120)
Sources : Antidesma montana (Euphorbiaceae)-leaves and terminal branches (120)

Crenatine-A

o A = N,N-diMe-Leu )
B = erythro-B-OH-Phe

B o C=Phe

0 N Ca4H40N404, 568.3022 (MS) (125)
\, _C<
/

Mp = 223 (125)

[a]p (20) = -292.58 (c=0.1, CHClI3) (125)

IR (CHCI3) : 3400, 3300, 1685, 1615, 1605, 1515 (125)

MS : 568(M+), 553(M+-CH3), 511(b), 455(g), 412(j), 371(e), 308(h), 278(k), 250(!), 229(c),
%24(0, 201(d), 135(i), 131(m), 120(q), 114(a=100%), 72(0) (125)

H-NMR (100MHz, CDCl3) : 0.78d, 7.0 Hz, 3H (Me-N,N-diMe-Leu), 0.83d, 7.0 Hz, 3H (Me-
N,N-diMe-Leu), 1.57s, 6H (N-Mep), 2.60dd, 13.5, 9.0 Hz, 1H (B-H-Phe), 3.25dd, 13.5, 4.0 Hz,
1H (B-H-Phe), 4.50m, 9.0, 4.0 Hz, 1H (a-H-Phe), 4.50dd, 6.5 Hz, 1H (a-H-B-OH-Phe) (125)
Sources : Discaria crenata (Rhamnaceae)-leaves and stems (97, 125)
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97. Discarine-D

o A = N.N-diMe-Leu
B = B-OH-Phe
C =Phe
O Oy Ca4HaoN4O4, 568
H
HN N
o H
N
/

Mp =212 (105)

[a]p (20) = -148 (c=0.1, CHCI3) (105)

UV : end absorption (105)

IR (KBr) : 32+85, 2790, 1620, 1230 (105)

MS : 568(M ), 135(i), 131(m), 120(q), 114(a=100%), 72(0) (705)

1H-NMR (CDCl3) : 0.77d, 6.0 Hz, 3H (Me-N,N-diMe-Leu), 0.89d, 6.0 Hz, 3H (Me-N,N-diMe-
Leu), 1.56s, 6H (N-Mep), 6.70m, 2H (2xolefinic-H), 7.00-7.30m, 14H, (14xAr-H) (105)

Sources : Discaria febrifuga (Rhamnaceae)-stem bark (705)

98. Deoxo-aralionine-A = Deoxy-aralionine-C = 5-Benzyl-8-N,N-dimethyl-i-

soleucyl-9-phenyl-phencyclopeptine

o A = N,N-diMe-lieu

B = B-OH-Phe
C =Phe
0 oy CaaHaoN4O4, 568
H
HN N
o H
Y
/

Mp = >350 (45)
MS : 568(M+), 511(b), 412(j), 371(e), 308(h), 278(k), 250(), 229(c), 224(f), 201(d), 135(i),
131(m), 120(q), 114(a=100%), 98, 91, 85(n), 72(0) (45)
H-NMR (270MHz, CDCI3) : 0.18d, 6.9 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.80t, 6.9 Hz, 3H
(CH2-Me-N,N-diMe-lleu) (45)
Sources : Rhamnaceae
Ceanothus integerrimus var. californicus-root bark (45)
C. integerrimus var. integerrimus-root bark (45)

References, pp. 171-179
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99, Ceanothine-E

0 A = N,N-diMe-Phe
B = 3-OH-Phe
C=Lleu
0 0 N C34H40N404, 568
H
HN H
o]
\N
/

Mp = 238-239 (96)

[a]p = -285 (CHCI3) (96)

MS : 568(M+), 553(M+-CH3), 477(b), 421(g), 378(j), 337(e), 274(h), 244(k), 229(c), 224(f),
216(1), 201(d), 148(a=100%), 135(i), 131(m), 91, 86(q) (96)

Sources : Ceanothus americanus (Rhamnaceae)-root bark (96)

100. Adouetine-Y

A = N,N-diMe-Phe

0 B = B-OH-Phe
C=lleu
0 ) N C34H49N404, 568.69 (108)
H
HN N
H
o}

\N
/

Adouetine-Y reported in (9) is a mixture of Adouetines-Y+Y' (108)
Mp = 272-274 (9), 287-292 (96, 108)
[alp (20) = -230 (c=1.0, CHCI3/MeOH 9:1) (108)
[alp (9. 96)
UV : 250 (3.83) (108)
IR (KBr) : 3280, 3250, 1680, 1635, 1530, 1240 (708)
IR (CClg) (9)
MS : 568(M+), 477(b), 421(g), 378(j), 337(e). 274(h), 229(c), 224(f), 216(l), 201(d), 148(a),
135(i), 131(m), 86(q) (96)
MS (108)
1H-NMR (60MHz, TFA) : 0.70-1.10, 6H (2xC-Me), 2.40d, 5.0 Hz, 3H (N-Me), 2.82d, 5.0 Hz,
3H (N-Me), 7.00-7.70m, 14H (14xAr-H) (108)
Sources : Rhamnaceae
Ceanothus americanus-root bark (96)
Sterculiaceae
Waltheria americana-whole plant (9, 108)
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101. N-Desmethyl-integerrine = 5-3-Indolyl-8-N-methyl-valyl-9-phenyl-ph-

encyclopeptine
o A = N-Me-Val
B = B-OH-Phe
C=Tmp
0 0 N Ca4H37N504, 579.2788 (MS) (45)
N =
HN N
H
O
HN N
/ H
Mp = >350 (45)

MS : 579(M "), 536(b), 494(g), 451(), 410(e), 347(h), 317(K), 289()), 224(f), 215(c), 187(d), 170(r),
159(q), 135(i), 131(m), 130, 117, 86(a=100%), 72(p), 58(0) (45)
"H-NMR (270MHz, CDCl3) : 0.27d, 6.9 Hz, 3H (Me-N-Me-Val), 0.57d, 6.9 Hz, 3H (Me-N-Me-Val)

45
Sources : Ceanothus integerrimus var. integerrimus (Rhamnaceae)-root bark (45)

102. Aralionine-A

A = N,N-diMe-lleu .
B = erythro-B3-OH-Phe  (12)
C = 2-benzoyl-Gly

0 0 N C34H3gN40s, 582.2834 (MS) (30)
H
HN N—2
o H
AN o
N o
/

Mp = 165-167 (30)
[alp (20) = +82 (c=0.2, MeOH) (30)
UV (MeOH) : 246 (4.28) (30)
CD (MeOH) : -0.38 (322), -2.98 (283), -2.50 (277), -4.25 (255), +9.25 (236), -7.50 (217) (30)
IR (CHCl3) : 3385 2780, 1685-1675, 1620 1220 (30)
MS : 582(M ) 525(b) 469(g), 467(g-2H ) 426(j), 421(M -161), 385(e), 378(M- 161-C3H7 ),
364(M-161- C4H9) 322(h), 229(c), 224(f), 201(d), 161, 135(i), 134(q), 131(m), 114(a=100%),
105 (30)
1H-NMR (60MHz, CDCl3) : 0.59d, 7.0 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.85m, 3H (CH2-Me-
N,N-diMe-lleu), 2.40s, 6H (N-Me2), 2.85d, 4.5 Hz, 1H (a-H-N,N-diMe-lieu), 4.80d, 8.0 Hz, 1H
(a-H-B-OH-Phe), 5.81d, 6.5 Hz, 1H (a-H-2-benzoyl-Gly), 6.80-7.20m, 12H (12xAr-H), 7.90-
8.10m, 2H (2xAr-H-ortho-2-benzoyl-Gly) (30)
Derivatives : Tetrahydro-aralionine-A (30)

Desbenzoyl-aralionine-A (30)
Sources : Araliothamnus vaginatus (Rhamnaceae)-leaves (30), stem bark (7117)

References, pp. 171-179
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103. Aralionine-C

0 A = N,N-diMe-lleu 12
B = erythro-B-OH-Phe '“ (117)
o C= threcz-ﬂ-OH-Phe1 (117)

(0]
” C34H40N40s, 584.3011 (MS) (117)
HN N
H
o]
\N HO
/

Mp = 95-97 (117)

[alp (20) = -17 (c=0.015, MeOH) (117)

UV (MeOH) : end absorption (117)

IR (KBr) : 35100, 3300, 2780, 1675, 1620, 1220, 1040 (117)

MS : 584(M ), 527(b), 478(M -106), 229(c), 224(f), 201(d), 135(i), 131(m), 114(a=100%), 106,
105, 77 (117)

1H-NMR (CDCl3) : 0.41d, 7.0 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.81t, 7.0 Hz, 3H (CH2-Me-N,N-
diMe-lleu), 2.15s, 6H (N-Me2), 2.61d, 5.0 Hz, 1H (o-H-N,N-diMe-lleu), [ +D20 : 4.61d, 8.5 Hz,
1H (o-H-B-aryloxy-Phe), 4.63d, 4.8 Hz, 1H (o-H-B-OH-Phe)], 5.10d, 4.8 Hz, 1H (B-H-B-OH-
Phe), 6.00d, 8.5 Hz, 1H (B-H-B-aryloxy-Phe), [6.26-6.62m, 5H (2xolefinic-H + 2xNH + OH) :
+D20 : 6.38d, 8.0 Hz, 1H (a-H-Sty), 6.58d, 8.0 Hz, 1H (B-H-Sty)], 6.90-7.70m, 15H (14xAr-H +
1 NH) (117)

Derivatives : Dihydro-aralionine-C = Tetrahydro-aralionine-A (117)

Sources : Araliothamnus vaginatus (Rhamnaceae)-stem bark (117)

104. Integerrine

o A= N,N-diMe-Val
B = B-OH-Phe
C=Trp
O 0y C35H3gN504, 593.2924 (MS) (45)
N
HN N
o "
\N §
/ H

Mp =246 (45+). 258 (12+6)
MS : 593(M ), 578(M -CH3), 550(b), 494(g), 451(j), 410(e), 347(h), 317(k), 304(v), 289()),
229(c), 224(f), 201(d), 170(r), 159(q), 135(i), 131(m), 130, 103(m-CO), 100(a=100%), 85(a-
Me ) (126)
MS (28, 45)
H-NMR (270MHz, CDCI3) : 0.16d, 6.8 Hz, 3H (Me-N-Val), 0.70d, 6.8 Hz, 3H (Me-N-Val) (45)

Sources : Rhamnaceae

Ceanothus integerrimus-roots (126)

C. integerrimus var. integerrimus-root bark (45)
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4(14)-Amphibine-F-Type Cyclopeptide Alkaloids

105. Nummularine-F

o A= N,N-diMe-Gly
B = B-OH-Pro
o O C=lleu
o H Ca3H32N404, 428.2429 (MS) (43)
NN
0
o

)

Mp =120 (43)

[a]p (20) = -204 (c=0.2, MeOH) (43)

UV (MeOH) : end absorption (43)

IR (CHCl3) : 3380, 2790, 1675, 1620, 1225, 1030 (43)

MS : 428(M*), 413(M+-CH3). 371(f), 356(w-CO), 344(h), 343(i), 342(j), 274(u), 229(r), 209(p),
203(s), 186(t), 181(q), 155(k), 135(i’), 96(v), 86(q’), 68(w), 58(a=100%) (43)

H-NMR (60MHz, CDCl3) : 0.80-0.95 complex pattern, 6H (2xC-Me), 2.21s, 6H (N-Me2),
3.05s, 2H (o-H-N,N-diMe-Gly), 4.21d, 6.0 Hz, 1H (a-H-B-OH-Pro), 5.45m, 1H (3-H-B-OH-Pro),
6.40-7.40m, 7H (4xAr-H + 2xNH + 1 olefinic-H) (43)

Derivatives : Dihydro-nummularine-F (43)
Sources : Zizyphus nummularia (Rhamnaceae)-root bark (43), stem bark (66)

106. Spinanine-A

0o A=Lleu
B = 3-OH-Pro
0o o C =Pro
N Co4H32N404, 440.2418 (MS) (88)
N N H
0]

H,N

Mp = 175-176 (88)

[a]p = -121 (c=0.1, MeOH) (88)

UV (MeOH) : strong end absorption : 250sh., 280sh. (88)

IR (KBr) : 33?0, 3010-2840, 1680, 1650, 1620, 1220, 1050 (88)

MS : 440(M ), 383(b), 355(f), 354(g), 328(h), 327(i), 326(j), 258(u), 229(r), 203(s), 193(p),
186(t), 183(k), 165(q), 135(i"), 134(i’-H+), 86(a=100%), 70(q’), 68(w) (88)
Sources : Zizyphus spina-christi (Rhamnaceae)-stem bark (88)

References, pp. 171-179
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107. Zizyphine-G

0 A=lleu .
B = trans-B-OH-Pro  (40)
o o C=Pro
N H C24H32N404,440
O
HN
Mp = 130 (40)

[alp (20) = -185 (c=0.19, MeOH) (40)

MS : 440(M"), 411(M*-C2Hs), 383(b), 355(7), 354(g), 328(h), 327(i), 326(), 258(u), 229(r),
203(s), 193(p), 186(t), 183(k), 165(q), 135('), 96(v), 86(a=100%), 68(w) (40)

1H-NMR (CDCl3) : 0.96, 2xd, 6H (2xC-Me), 6.10-6.70m, 6H (4xAr-H + 2xolefinic-H) (40)
Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (40)

108. Mauritine-C

A = N-Me-Val .
0 B B = trans-B-OH-Pro (42)
& C =Phe
«a O O C28H34N404, 490.2575 (MS) (42)
H
H
0]
HN

Mp = Powder (42)
[a]p (20) = -224 (c=0.11, MeOH) (42)
UV (MeOH) : 252sh., 280sh. (42)
IR (CHCI3) : 3360, 2982-2850, 2774, 1682, 1616, 1590, 1490, 1228, 1022 (42)
MS : 490(M+), 447(b’), 405(f), 404(g), 378(h), 377(i), 376(j), 308(u), 243(p), 229(r), 215(q),
203(s), 186(t), 183(k), 135(i"), 120(q"), 96(v), 86(a=100%), 68(w) (42)
1H—NMR (60 and 90MHz, CDCI3) : 0.85, 2xd, 6H (2xC-Me-N-Me-Val), 2.35s, 3H (NH-Me),
4.25d, 5.5 Hz, 1H (a-H-B-OH-Pro), 6.28d, 8.0 Hz, 1H (B-H-Sty), 6.70q, 1H (a-H-Sty), 6.30-
7.40m, 11H (9xAr-H + 2xNH) (42)
Derivatives : Dihydro-mauritine-C (42)
N-Methyl-dihydro-mauritine-C (42)
N-Formyl-mauritine-C (52)
Sources : Rhamnaceae
Zizyphus mauritiana-stem bark (42, 117)
Z. nummularia-root bark (94)
Z. spina-christi-stem bark (106, 123)
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109. Amphibine-F

(o)
A = N-Me-lleu ]
o o B = trans-B-OH-Pro (41)
< ” C =Phe
N H C20H3sN404, 504.2701 (MS) (47)
0]
HN
/

Mp = amorphous powder (41)

[a]p (20) = -171 (c=0.26, CHCI3) (47)

UV (MeOH) : end absorption : 250sh., 280sh. (41)

IR (CHCl3) : 3380, 2780, 1686, 1620, 1220, 1030 (41)

MS : 504(M+) 447(b), 405(f), 404(g), 378(h), 377(i), 376(j), 360(b'-R), 343(M+-161), 308(u),
282(b 03H7 -R1), 243(p), 229(r), 225, 215(q) 197(k), 186(t), 165(0), 135(i'), 134(i'-
H )120(q) 100(a=100%), 91, 71(n’"), 69(1-H ) 68(w), 56 (47)

H-NMR (60 and 90MHz, CDCl3) : 0.60-1.00m, 6H (2xC-Me), 2.50d, 3H (NH-Me), 4.31d, 6.0
Hz, 1H (o-H-B-OH-Pro), 6.20-6.80m, 2H (2xolefinic-H), 6.90-7.50m, 11H (9xAr-H + 2xNH) (47)
Derivatives : Dinydro-amphibine-F (47)

N-Methyl-dihydro-amphibine-F (47)
Sources : Rhamnaceae
Zizyphus amphibia-stem bark (41, 89)
Z. mauritiana-stem bark (42)
Z. spina-christi-stem bark (123)

References, pp. 171-179
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110. Lotusine-D ( = N-Desmethyl-lotusine-A)

A = N-Me-Phe

B = B-OH-Pro
C=lleu
CagH36N404, 504

355 39.7
B

128.6 129.1

alp = -187 (¢=0.5, CHCl3) (58)

UV (MeOH) : 211 (58)

IR (CHCl3) : 3396, 2031, 1688, 1626, 1227, 1037 (58)

MS : 504(M"), 475(M"-CaHs), 448(w'-CH3'), 414(b+H"), 413(b), 385(b-CO), 382(b"), 371(f),
354(b'-CO), 300(y), 272(y’-CO), 256(w'-2xCO-161), 229(r), 209(p), 201(r-CO), 186(t), 185(t-
H'), 174, 165(0), 139(n), 135(7), 134(a=100%), 119(a-CH3 ), 105, 97(r), 96(v), 91, 86(q), 84,
77, 69(-H"), 68(w), 65, 57(C4Hg ) (58)

H-NMR (300MHz, CDCl3) : 0.86d, 7.0 Hz, 3H (CH-Me-lleu), 0.90t, 7.3 Hz, 3H (CHa-Me-lleu),
1.15m, 1H (y-H-lleu), 1.31m, 1H (y-H-lleu), 2.05m, 1H (y-H-B-OH-Pro), 2.20m, 1H (B-H-lleu),
2.34br.s, 3H (NH-Me), 2.44ddd, 12.2, 7.1, 5.2 Hz, 1H (y-H-B-OH-Pro), 2.59m, 1H (5-H-B-OH-
Pro), 2.67dd, 13.4, 7.0 Hz, 1H (B-H-N-Me-Phe), 2.90dd, 13.4, 7.0 Hz, 1H (B-H-N-Me-Phe),
3.56t, 7.0 Hz, 1H (o-H-N-Me-Phe), 3.75dd, 11.3, 8.2 Hz, 1H (5-H-B-OH-Pro), 4.21dd, 8.5, 3.2
Hz, 1H (o-H-lleu), 4.32d, 5.3 Hz, 1H (a-H-B-OH-Pro), 5.44ddd, 9.8, 7.1, 5.3 Hz, 1H (B-H-p-
OH-Pro), 6.34d, 7.7 Hz, 1H (B-H-Sty), 6.57d, 10.5 Hz, 1H (NH-Sty), 6.75d, 8.5 Hz, 1H (NH-
lleu), 6.75dd, 10.5, 7.7 Hz, 1H (0-H-Sty), 7.06m, 2H (3-H- + 5-H-N-Me-Phe), 7.07m, 1H (6-H-
Sty), 7.11m, 1H (2-H-Sty), 7.14m, 1H (3-H-Sty), 7.23m, 1H (4-H-N-Me-Phe), 7.25m, 2H (2-H-
+ 6-H-N-Me-Phe), 7.27m, 1H (5-H-Sty) (58)

3C-NMR (75MHz, CDCla) : see figure (58)

COSY, HMBC and HMQC-NMR spectra (58)
Sources : Zizyphus lotus (Rhamnaceae)-root bark (58)
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111. Lotusine-A

A = N,N-diMe-Phe
B = B-OH-Pro
C=lleu
C3pH38N404, 518

1284 128.9

[alp = -215 (c=1.0, CHCI3) (58)

UV (MeOH) : 208, 250sh. (58)

IR (CHCI3) : 3390 2950, 2790 1640 1615, 1220, 1040 (58)

MS : 518(M) 517(M- H) 475(M -03H7) 427(b), 322, 279 274(u), 229(r), 209(p), 203(s)
190(u-CO-| R1) 186(t), 181(q), 167(k-77), 153(n), 149(a+H ) 148(a=100%), 135(:) 134(i-H )
133(a-CH3 ) 105, 96(v), 91, 86(q’), 83(I- H+) 72(q’- Me+H+) 69, 68(w), 57(C4Hg ) (58)

H-NMR (300MHz, CDCI3) : 0.62d, 7.0 Hz, 3H (CH-Me-lleu), 0.88t, 7.4 Hz, 3H (CH2-Me-lleu),
1.13m, 1H (y-H-lleu), 1.28m, 1H (y-H-lleu), 2.00-2.13m, 2H (B-H-lleu + y-H-B-OH-Pro),
2.39br.s, 6H (N-Mep), 2.48ddd, 12.2, 7.2, 5.1 Hz, 1H (y-H-B-OH-Pro), 2.90dd, 13.8, 4.0 Hz, 1H
(B-H-N,N-diMe-Phe), 2.99-3.07m, 2H (B-H-N,N-diMe-Phe + 8-H-B-OH-Pro), 3.51dd, 9.1, 4.0
Hz, 1H (o-H-N,N-diMe-Phe), 4.14dd, 8.6, 3.0 Hz, 1H (a-H-lleu), 4.21dd, 10.8, 8.0 Hz, 1H (5-H-
B-OH-Pro), 4.26d, 5.3 Hz, 1H (a-H-B-OH-Pro), 5.52ddd, 9.8, 7.2, 5.3 Hz, 1H (B-H-B-OH-Pro),
6.29d, 7.8 Hz, 1H (B-H-Sty), 6.51d, 10.6 Hz, 1H (NH-Sty), 6.70d, 8.6 Hz, 1H (NH-lleu),
6.75dd, 10.6, 7.8 Hz, 1H (o-H-Sty), 7.07m, 2H (3-H- + 5-H-N,N-diMe-Phe), 7.08m, 1H (6-H-

Sty), 7.10m, 1H (3-H-Sty), 7.11m, 1H (2-H-Sty), 7.15m, 1H (4-H-N,N-diMe-Phe), 7.19m, 2H
%—H- + 6-H-N,N-diMe-Phe), 7.28m, 1H (5-H-Sty) (58)
C-NMR (75MHz, CDCI3) : see figure (58)
COSY, HMBC and HMQC-NMR spectra (58)
Sources : Zizyphus lotus (Rhamnaceae)-root bark (58)

References, pp. 171-179



Cyclopeptide Alkaloids 109

112. Amphibine-G

o A = N,N-diMe-Trp .
B B = trans-B-OH-Pro " (41)
« 0 O C=Lleu
n C32H39N504, §57.3031 (MS) (41)
0]
\N =
/
N
H

Mp = 182-185 (41)

[alD (20) = -218 (c=0.24, CHCl3) (41)

UV (MeOH) : 273 (3.80), 282 (3.79), 290 (3.71) (41)

CD (EtOH) : +1.20 (290), +1.50 (280), +1.80 (265), -12.50 (237), +5.30 (223) (41)

IR (CHCI3) : 3450, 3380, 2780, 1680, 1620, 1225, 1030 (41)

MS : 557(M"), 514(M"-C3Hy), 427(b), 371(), 344(h), 343(i), 342()), 294(w*-161-Ry), 284(K),
274(u), 229(r), 209(p), 203(s), 188(a+H"), 187(a=100%), 186(t), 181(a), 170, 135(7), 134(i-
H"), 130, 96(v), 91, 86(q'), 84(), 68(w) (41)

1H-NMR (60 and 90MHz, CDCl3) : 0.50-1.30m, 6H (2xC-Me), 2.50s, 6H (N-Me2), 4.30d, 6.0
Hz, 1H (a-H-B-OH-Pro), 5.40m, 1H (B-H-B-OH-Pro), 6.30-6.90m, 4H (2xolefinic-H + 2xNH),
7.00-7.70m, 10H (9xAr-H + NH-Trp) (41)

Derivatives : Dihydro-amphibine-G (47)

Sources : Zizyphus amphibia (Rhamnaceae)-stem bark (41, 89)
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4(14)-Pandamine-Type Cyclopeptide Alkaloids

113. Discarine-H

126.82 126.48 A = N,N-diMe-Leu

B = B-OH-Leu

C=Lleu

C2gH4gN40s, 518.69 (727

20.15

23.01

Mp :232(127)

[alp (20) = -266 (MeOH) ( 127)

UV (MeOH) : 230 (3.78), 276 (3.09) ( 727)

IR (KBr) : 3500-3300, 3070, 2970-2880, 2880, 1630, 1260, 1080 (727)

MS : 518(M "), 461(b), 274(h), 190(f), 114(a), 97(m), 72(0) ( 727

1H-NMR (400MHz, DMSO-dg) : 0.63d, 6.2 Hz, 3H (Me-Leu), 0.64d, 6.2 Hz, 3H (Me-Leu), 0.72d,
6.4 Hz, 3H (Me-N,N-diMe-Leu), 0.75d, 6.4 Hz, 3H (Me-N,N-diMe-Leu), 0.86d, 6.8 Hz, 3H (Me-j-
OH-Leu), 0.99d, 6.8 Hz, 3H (Me-B-OH-Leu), 2.75s, 6H (N-Meg), 3.78d, 4.0 Hz, 1H (o-H-Phe-Et),
4.58dd, 10.0, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.70dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 4.91d, 4.0 Hz,
1H (B-H-Phe-Et), 5.30s, 1H (OH), 6.60-7.30m, 4H (4xAr-H) ( 727)

"3C_NMR (100MHz, DMSO-dg) : see figure (727)

* Signals obscured by the solvent (DMSO-dg).

Derivatives : Q-Acetyl-discarine-H ( 727)

Sources : Discaria febrifuga (Rhamnaceae)-root bark ( 7.27)

References, pp. 171-179
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114. Discarine-L

126.5 126.8

A = N,N-diMe-lleu
B = f3-OH-Leu
C=Leu
C28H4eN40s5, 518

14.8

Mp : amorphous powder (728)

{a]p = -30 (c=0.5, MeOH) (128)

IR (KBr) : 3400-3200, 3040, 2980-2880, 2800, 1680-1630, 1230 (128)

MS : 518(M+), 461(b), 387(g), 344(j), 303(e), 274(h), 210(k), 195(c), 190(f), 182(}), 135(i),
114(a=100%), 97(m), 86(p/q) (128)

H-NMR (400MHz, DMSO-dg) : 0.60d, 7.0 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.68d, 7.0 Hz, 3H
(Me-Leu), 0.71d, 7.0 Hz, 3H (Me-Leu), 0.78t, 7.0 Hz, 3H (CH2-Me-N,N-diMe-lleu), 0.89d, 7.0
Hz, 3H (Me-B-OH-Leu), 1.02d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.05m, 1H (y-H-N,N-diMe-lleu),
1.24m, 1H (y-H-Leu), 1.25m, 1H (B-H-Leu), 1.562m, 1H (y-H-N,N-diMe-lleu), 1.71m, 2H (B-H-
Leu + B-H-N,N-diMe-lleu), 2.20m, 1H (y-H-B-OH-Leu), 2.68d, 1H (a-H-N,N-diMe-lleu), 2.80m,
1H (0-H-Phe-Et), 4.02m, 1H (a-H-Phe-Et), 4.20m, 1H (a-H-Leu), 4.35dd, 10.0, 9.0 Hz, 1H (a-
H-B-OH-Leu), 4.69dd, 9.0, 2.0, 1H (B-H-B-OH-Leu), 4.90d, 4.0 Hz, 1H (B-H-Phe-Et), 5.30br.,
1H (OH), 6.72d, 9.0 Hz, 1H (NH-Leu), 6.78dd, 8.0, 2.0 Hz, 1H (2-H-Phe-Et), 6.85, 2xdd, 8.0,
2.0 Hz, 2H (3-H- + 6-H-Phe-Et), 7.24dd, 8.0, 2.0 Hz, 1H (5-H-Phe-Et), 7.54d, 10.0 Hz, 1H
(NH-Phe-Et), 8.17d, 10.0 Hz, 1H (NH-B-OH-Leu) (128)
13C-NMR (75MHz, DMSO-dg) : see figure (128)

COSY, DEPT and Spin-echo NMR spectra (728)
Sources : Discaria febrifuga (Rhamnaceae)-root bark (128)
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115. Pandaminine

A= N,N-diMe-L-Val' ),

B = L-erythro-p-OH-Leu "2 (11, 16)
C=LPhe (11)

C30H42N40s, 538

415°N 746 1278 1287

20.2
Mp :272(11)
[a]lp = -117 (c=0.5, CHCl3) (11)
I1R (KBr) : 3300, 3050, 2880, 2830, 2780, 1650, 1540, 1250, 1090 (17)

H-NMR (60MHz, TFA) : 0.80-1.50, 12H (4xC-Me), 3.09s, 3H (N-Me), 3.17s, 3H (N-Me),
5.40d, 1H (OH), 6.70-7.40m, 9H (9xAr-H) (17)

C-NMR (15MHz, CDCI3/CD30D 2:1 v/v) : see figure (16)

Derivatives : O-Acetyl-pandaminine (77)
Sources : Panda oleosa (Pandaceae)-root bark (171, 24)

116. Pandamine

118.9 126.9
A = N,N-diMe-L-lleu” (1)

B = L-erythro-B-OH-Leu'"2 (11, 16)
C=L-Phe' (11)

C31H44N40s, 552.69 [11, 24)

Mp : 256 (24)
[a]p = -103 (c=0.5, CHCI3) (24)
UV (MeOH) : 230 (3.59), 277 (1.80) (11)
UV (MeOH) (24)
IR (KBr) : 3300, 3050, 2880, 2830, 2780, 1650, 1540, 1250, 1090 (77)
IR (KBr) (24) . . . .
MS : 552(M ), 550(M-2H ), 509(M -C3H7), 495(b), 491(M -C3H7-H20), 477(b"), 120(q),
114(a) (11)
H-NMR (60MHz, TFA) : 0.80-1.30, 12H (4xC-Me), 3.05s, 3H (N-Me), 3.13s, 3H (N-Me),
5.33d, 1H (OH), 6.60-7.30m, 9H (9xAr-H) (11, 24)
C-NMR (15MHz, CDCI3/CD30D 2:1 v/v) : see figure (76)
* and ** Values may be interchanged
Derivatives : O-Acetyl-pandamine (11, 24)
Pandaminone=0xo-pandamine (11, 24)
Desoxo-pandamine (11)
Chloro-pandamine (17)
Sources : Panda oleosa (Pandaceae)-root bark (11, 24)

References, pp. 171-179
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117. Sanjoinine-G1

OH i
A = N,N-diMe-Phe
0 B = B-OH-Leu
C=Leu
SN C31H44N4Os, 552
H
HN N
o H
\N
/

Mp : 236-238 (70)
[a]p = -68.6 (70)
Sources : Zizyphus vulgaris var. spinosus (Rhamnaceae)-seeds (70)

118. Discarine-G

A = N,N-diMe-Phe
B = B-OH-Leu
C=lleu
C31H44N40s5, 552

Mp : 257 (129)

[a]p (20) = -366 (c=1.0, MeOH) (129)

UV : 230 (3.78), 274 (3.14) (129)

IR : 3500-3300, 3060, 2960-2880, 2790, 1630, 1260, 1080 (729)

MS : 552(M"), 537(M"-CHg), 509(M"-C3Hy), 495(M"-C4Hg), 462(b+H"), 461(b), 387(g), 344(j),
303(e), 274(h), 210(k), 195(c), 190(f), 182(l), 167(d), 148(a=100%), 135(i), 105, 97(m), 91

129)

H-NMR (400MHz, CD30D) : 0.47d, 6.6 Hz, 3H (Me-B-OH-Leu), 0.58t, 6.6 Hz, 3H (CH2-Me-
lleu), 0.72d, 6.6 Hz, 3H (CH-Me-lleu), 0.88d, 6.6 Hz, 3H (Me-B-OH-Leu), 2.25s, 6H (N-Me2),
3.33m, 2H (a-H-Phe-Et), 4.12d, 8.9 Hz, 1H (a-H-B-OH-Leu), 4.54dd, 8.9, 2.0 Hz, 1H (B-H-B-
OH-Leu), 4.84d, 3.1 Hz, 1H (B-H-Phe-Et), 5.26s, 1H (OH), 6.60-7.10m, 9H (9xAr-H) (129)
13C-NMR (100MHz, DMSO-dg) : see figure (129)

C-2,3,5,6-Phe-Et and C-1,2,3,4,5,6-N,N-diMe-Phe (10xC) : 117.9-128.7
* Signals obscured by the solvent (DMSO-dg).

Derivatives : O-Acetyi-discarine-G (129)

Sources : Discaria febrifuga (Rhamnaceae)-root bark (129)
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119. Sanjoinine-D (= 0-Methyl-sanjoinine-G1)

55.6
1203 130.0
OMe A = N,N-diMe-Phe
B = B-OH-Leu
C=Lleu

C32H46N40s, 566.3437 (MS) (63)

1282 128.9

Mp : 256-258 (63, 70)

[alp (26) = -53.6 (c=0.25, CHCI3) (63, 70)

UV (MeOH) : 231 (3.82), 279.5 (2.82) (63)

IR (KBr) : 1230 (63) R R

MS : 566(M ), 551(M -CHgz), 534(M -MeOH), 475(b), 443(b"), 222(f), 210(k), 195(c), 190(f),
189(f-H+), 182(1), 167(i'), 148(a=100%), 135(i), 97(m), 86(q) (63)

H-NMR (80MHz, CDCI3) : 0.85d, 6.2 Hz, 6H (2xMe-Leu), 1.05d, 7.4 Hz, 3H (Me-B-OH-Leu),
1.22d, 4.9 Hz, 3H (Me-B-OH-Leu), 2.48s, 6H (N-Mey), 3.35s, 3H (OMe), 3.13-3.48m, 3H (o-H-
+2xB-H-N,N-diMe-Phe), 3.95m, 1H (o-H-Leu), 4.30dd, 9.0, 1.6 Hz, 1H (B-H-B-OH-Leu),
5.30m, 2H (2xa-H-Phe-Et), 5.51d, 10.0 Hz, 1H (B-H-Phe-Et), 5.93d, 9.3 Hz, 1H (NH), 6.73-
7.32m, 10H (3-H- + 6-H-Phe-Et), 6.93s, 1H (2-H-Trp), 6.97m, 1H (5-H-Trp), 7.06m, 1H (9xAr-
|1-|3+ NH), 7.76d, 10.0 Hz, 1H (NH) (63)

C-NMR (20MHz, CDCI3+CD30D) : see figure (63)
Sources : Zizyphus vulgaris var. spinosus (Rhamnaceae)-seeds (63, 70)

References, pp. 171-179
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120. Discarine-K

120.25 127.60

A = N,N-diMe-lleu
B =p-OH-Leu
C=Trmp
C33H45N505, 591

Mp : 237 (55)

[a]p (20) = -62 (MeOH) (55)

UV (MeOH) : 230 (3.93), 273 (3.63), 280 (3.65), 289 (3.55) (55)

IR (KBr) : 344_00-3200. 1660-1630, 1230, 108(1 (55) . .

MS : 591(M ), 534(b), 516(b"), 462(M-Ra+H ), 460(g), 448(M-Ro-Me+2H ), 421(M -r), 417(j),
347(h), 283(k), 255(1), 247(t), 190(f), 186(s), 170(r), 159(q), 135(i), 130, 114(a=100%), 97(m),
86(p) (55)

H-NMR (400MHz, CD30D) : 0.78d, 6.9 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.89t, 7.2 Hz, 3H
(CH2-Me-N,N-diMe-lleu), 1.03d, 6.7 Hz, 3H (Me-B-OH-Leu), 1.11m, 1H (y-H-N,N-diMe-lieu),
1.15d, 6.7 Hz, 3H (Me-B-OH-Leu), 1.60m, 1H (y-H-N,N-diMe-lleu), 1.84m, 1H (B-H-N,N-diMe-
lleu), 2.22m, 1H (y-H-B-OH-Leu), 2.26s, 6H (N-Mep), 2.62m, 1H (B-H-Trp), 2.69m, 2H (o-H-
N,N-diMe-lleu + a-H-Phe-Et), 2.94dd, 13.4, 10.0 Hz, 1H (B-H-Trp), 4.03dd, 12.1, 3.3 Hz, 1H
(a-H-Phe-Et), 4.28dd, 10.1, 5.4 Hz, 1H (a-H-Trp), 4.49d, 8.7 Hz, 1H (a-H-B-OH-Leu), 4.86dd,
1H (B-H-B-OH-Leu), 4.88dd, 1H (B-H-Phe-Et), 6.78dd, 8.7, 2.0 Hz, 1H (5-H-Phe-Et), 6.91m,
2H (3-H- + 6-H-Phe-Et), 6.93s, 1H (2-H-Trp), 6.97m, 1H (5-H-Trp), 7.06m, 1H (6-H-Trp),
7.28m, 2H (2-H-Phe + 7-H-Trp), 7.43d, 6.7 Hz, 1H (4-H-Trp) (55)

C-NMR (100MHz, DMSO-dg) : see figure (55)

COSY and Spin-echo NMR spectra (55)
Sources : Discaria febrifuga (Rhamnaceae)-roots (55)
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5(14)-Amphibine-B-Type Cyclopeptide Alkaloids

121. Mauritine-F (= N-Desmethyl-mauritine-A)

o A=NMeAla
B = trans-B-OH-Pro " (42)
0 o C= Phe
N E = Val

N N H C31H3gN50s, 561.2943 (MS) (42)

H
0
NH

NH

Mp : 222-225 (42)
[alp (20) = -285 (c=0.15, MeOH) (42)
UV (MeOH) : 250sh., 280sh. (42)
IR (CHCI3) : 3375, 2990-2860, 2790, 1683, 1620, 1595, 1491, 1220, 1030 (42)
MS : 561(M+), 546(b), 504(c), 502(d), 461(e), 405(f), 404(g), 378(h), 337(i), 376(j), 308(u),
254(k), 243(p), 229(r), 221(0), 215(q), 203(s), 186(t), 185(l), 157(m), 135(i"), 120(q"), 96(v),
72(q"), 68(w), 58(a=100%) (42)
1H-NMR (60 and 90MHz, CDClI3) : 0.85d, 6H (2xCH-Me), 1.35d, 3H (CH-Me), 2.46s, 3H (NH-
Me), 6.20-7.95m, (Ar-H +NH + olefinic-H) (42)
Derivatives : Dihydro-mauritine-F (42)
N-Methyl-dihydro-mauritine-F = Dihydro-mauritine-A (42)

Sources : Rhamnaceae

Zizyphus mauritiana-stem bark (42, 117)

Z. nummularia-root bark (43)

References, pp. 171-179
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122. Mauritine-A
o A=NN-diMe-L-Ala (23, 35)
B= trans-[i-OH-Pro1 (23, 35)
o o c= L-Phe11 (23, 35)
m E=L-Val (23, 35)
N N C32H41N50s5, 575
H
(o]
NH
O
Mp : 102-104 [35, 68, 123)
[a]p (20) = -315 (c=0.33, MeOH) (35, 123)
UV : 220 (35)
MS : 308(u), 243(p), 229(r), 221(0), 215(q), 199(), 186(t), 171(m), 135(i"), 96(v), 72(a/q”) (35)
X-rays (23)
Sources : Rhamnaceae
Zizyphus jujuba-stem bark (84)
Z. mauritiana-stem bark (35, 42, 117)
Z. nummularia-stem bark (68)
Z. spina-christi-stem bark (723)
123. Mauritine-H
o A = N,N-diMe-Ala
B = B-OH-Pro
C =Phe
0 o N E=Leu
N N H C33H43N50s, 589.3271 (MS) (117)
H
o}
NH
°© /
N
AN

Mp : 212-215 (117)
[a]p (20) = -169 (c=0.013, MeOH) (117)
UV (MeOH) : end absorption (117)
IR (KBr) : 3490, 2790, 1680, 1620, 1215, 1090 (117)
MS : 589(M+), 574(b), 518(c), 516(d), 475(e), 405(f), 404(g), 378(h), 377(i), 376(j), 308(u),
282(k), 243(p), 235(0), 229(r), 215(q), 213(l), 209(n), 203(s), 186(t), 185(m), 135(i'), 120(q’),
96(v), 91, 72(a=100%), 68(w) (117)
H-NMR (CDCI3) : 0.79d, 7.0 Hz, 3H (Me-Leu), 0.89d, 7.0 Hz, 3H (Me-Leu), 1.26d, 7.0 Hz, 3H
(Me-N,N-diMe-Ala), 2.36s, 6H (N-Me2) (117)
Derivatives : Dihydro-mauritine-H (117)
Sources : Zizyphus mauritiana (Rhamnaceae)-stem bark (117)



118 D. C. GournEeLss, G. G. Laskaris, and R. VERPOORTE
124. Mauritine-E

A = N,N-diMe-Ala

B= trans-B-OH-Pro1 (42)
C= threo-[i-OH‘Phe1 (42)
E=Val

C32H41N50g, 591.7 (42)

HO

SO

Mp : amorphous (42)

[alp (20) = -243 (c=0.11, MeOH) (42)

UV (MeOH) : 250sh., 280sh. (42)

IR (CHCI3) : 3400, 3369, 2991-2861, 2780, 1690, 1624, 1600, 1496, 1230, 1030 (42)

MS: 485(M+-106), 470(b), 414(c), 412(d), 371(e), 315(f), 314(g), 288(h), 287(i), 286(j), 268(k),
229(r), 221(0), 203(s), 199(1),* 195(n), 186(t), 171(m), 136(q"), 135(i"), 106, 105, 96(v), 77,
72(a=100%), 68(w) (42)

1H-NMR (60 and 90MHz, CDCI3) : 0.90d, 6H (2xCH-Me), 1.25d, 3H (CH-Me), 2.30s, 6H (N-
Mep), 3.98d, 6.5 Hz, 1H (a-H-B-OH-Pro), 6.29d, 8.0 Hz, 1H (B-H-Sty), ~6.70q, 1H (a-H-Sty),
6.40-7.80m, (Ar-H +NH) (42)

Derivatives : Dihydro-mauritine-E (42)

Sources : Zizyphus mauritiana (Rhamnaceae)-stem bark (42, 117)

References, pp. 171-179
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125. Mauritine-D

0 B A = N,N-diMe-lleu ;
o B = trans-B-OH-Pro (42

0O 0 C=lleu

a N E=Lleu

N N H Ca3H51N505, 597.3876 (MS) (429)
H
0
NH
o]

Mp : amorphous (42
[alp (20) = -256 (c=0.1, CHCl3) (80), -259 (c=0.16, MeOH) (42
UV (MeOH) : 250sh., 280sh. (42, 80)
IR (CHCI3) : 3400, 3010-2870, 2790, 1690, 1630, 1600, 1500, 1214, 1025 (42, 80
MS : 597(M"), 540(b), 484(c), 482(d), 441(e), 371(f), 370(g), 344(h), 343(i), 342(j), 324(K), 274(u),
255(1), 235(0), 229(r), 227(m), 209(nfp), 203(s), 186(t), 181(q), 135(I), 114(a=100%), 96(v)
86(p'/q'/q"), 68(w) (42, 80)
1H-NMR (60 and 90MHz, CDCl3) : 0.60-1.00m, 18H (6xC-Me), 2.30s, 6H (N-Mey), 4.24d, 5.8 Hz,
1H (0-H-B-OH-Pro), 6.25d, 8.0 Hz, 1H (B-H-Sty), ~6.70q, 1H (ai-H-Sty), 6.30-7.30m, 7H (4xAr-H +
3xNH) (42
Derivatives : Dihydro-mauritine-D (42)
Sources : Rhamnaceae
Zizyphus mauritiana-stem bark (42, 117)
Z. nummularia-stem bark (80)
Z. xylopyra-stem bark (85)
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126. Hysodricanine-A

o p A = N,N-diMe-lleu
a B = B-OH-Pro
C =Pro
0 o N E =Phe
N N H CasHasN50s, 615.3408 (MS) (117)
0
ﬁ (¢4
NH
0

Mp : 92-96 (117, 124)
[alp (20) = -215 (c=0.05, CHCI3) (117)
UV (MeOH) : end absorption (117)
IR (KBr) : 3380, 2790, 1645, 1620, 1230, 1020 (124)
IR (KBr) (117)
MS : 615(M+), 558(b), 358(k), 328(h), 327(i), 326(j), 289(l), 269(c), 261(m), 258(u), 243(n),
232(-R), 229(r), 203(s), 193(p), 186(t), 181(q), 165(q), 135(i"), 120(q"), 114(a=100%), 96(v),
68(w) (117)
MS (124)
1H-NMR (90MHz, CDCI3) : 0.66d, 6.5 Hz, 3H (CH-Me-N,N-diMe-lleu), 0.84t, 6.0 Hz, 3H (CHa-
Me-N,N-diMe-lleu), 2.17s, 6H (N-Mep), 2.50d, 5.2 Hz, 2H (B-H-Phe), 6.31 (vinyl-H), 7.00-
7.33m, 9H (9xAr-H) (124)
'H-NMR (90MHz, CDCI3+D20) : (117)
Derivatives : Dihydro-hysodricanine-A (117)
Sources : Rhamnaceae
Zizyphus hutchinsonii-stem bark (124)
Z. hysodrica-stem bark (117)

References, pp. 171-179
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127. Lotusine-C

A =N-Me-vVal

B = $-OH-Pro
C=lieu

E = N-Me-Phe
C35H47N50s5, 617

UV (MeOH) : 204 (75)

IR (CHCI3) : 3310, 2960, 1615, 1220, 1045 (75)

MS : 617(M"), 603(M-CHz+H"), 544(b+H"), 542(b-H"), 528W'-CH3'-CaHy"), 526(M*Ry),
513(w'-2xCH3 -CaHy "), 427(b-Rq-Ry), 347, 344(h/k), 316(h-CO), 314(-CO), 286(-R), 285(j-
Ro), 272(i-CO-C3H7+), 233(m-CH3+), 229(r), 221, 213(n-HCO-CH3+), 203(s), 183(I-R1), 169(I-
R{-CH3'), 156(m-Ry), 148(c-CO-R1-CH3"), 135(1), 134(q"=100%), 105, 100, 96(v), 91,
86(a/q’), 77, 69, 68(w), 56 (75)

H-NMR (300MHz, CDCl3) : 0.75d, 6.9 Hz, 3H (CH-Me-lleu), 0.86t, 6.5 Hz, 3H (CHp-Me-lieu),
0.79-0.93m, 6H (2xC-Me-N-Me-Val), 1.01-1.13m, 1H (y-H-lleu), 1.19-1.29m, 1H (y-H-lleu),
1.81-2.01m, 1H (B-H-N-Me-Val), 2.10-2.20m, 1H (B-H-lleu), 2.13-2.34m, 1H (y-H-B-OH-Pro),
2.34br.s, 3H (N-Me-N-Me-Val), 2.36br.s, 3H (N-Me-N-Me-Phe), 2.53-2.61m, 1H (y-H-B-OH-
Pro), 2.92dd, 14.0, 6.4 Hz, 1H (B-H-N-Me-Phe), 3.21dd, 14.0, 6.4 Hz, 1H (B-H-N-Me-Phe),
3.36t, 6.4 Hz, 1H (a-H-N-Me-Phe), 3.43m, 1H (8-H-B-OH-Pro), 4.17dd, 8.6, 3.0 Hz, 1H (a-H-
lleu), 4.23d, 5.4 Hz, 1H (a-H-B-OH-Pro), 4.32dd, 10.6, 8.3 Hz, 1H (8-H-p-OH-Pro), 4.43t, 8.5
Hz, 1H (a-H-N-Me-Val), 5.55m, 1H (B-H-B-OH-Pro), 6.32d, 7.7 Hz, 1H (B-H-Sty), 6.46br.d, 8.6
Hz, 1H (NH-lleu), 6.47br.d, 10.1 Hz, 1H (NH-Sty), 6.74dd, 10.1, 7.7 Hz, 1H (a-H-Sty), 7.09m,
1H (2-H-Sty), 7.12m, 1H (6-H-Sty), 7.14m, 1H (3-H-Sty), 7.22m, 1H (4-H-N-Me-Phe), 7.23m,
2H (3-H- + 5-H-N-Me-Phe), 7.26m, 2H (2-H- + 6-H-N-Me-Phe), 7.28m, 1H (5-H-Sty) (75)

C-NMR (75MHz, CDCI3) : see figure (75)

COSY, HMBC and HMQC-NMR spectra (75)
Sources : Zizyphus lotus (Rhamnaceae)-root bark (75)



122 D. C. GourngLss, G. G. Laskaris, and R. VERPOORTE

128. Mauritine-B

0 A = N,N-diMe-L-lleu” (3
\ B = trans-B-OH-L-Pro  (35)
0 o C=L-Phe’ (35)
N y H E=Lval' (35
H C3sH47Ns0s, 617
o
NH
o

Mp : amorphous powder (35)

[alp (20) =-151 (c=0.44, MeOH) (35)

UV : 220 (35)

MS : 308(u), 243(p), 241(l), 229(r), 221(0), 215(q), 213(m), 186(t), 135(1"), 120(q), 114(a),
96(v) (35)

Sources : Zizyphus mauritiana (Rhamnaceae)-stem bark (35, 42, 117)

References, pp. 171-179
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129. Lotusine-B

A = N,N-diMe-Leu
B = -OH-Pro
C=lleu

E = Phe
C35H4gN50s5, 631

alp = -179 (c=0.32, CHCl3) (75)
UV (MeOH) : 207, 245sh. (75)
IR (CHCI3) : 3310, 2920, 1655, 1225 (75)

MS : 631(M ), 574(b), 519(c+H ), 427(c-R1) 274(u) 243(n), 227(0-NCO), 209(p), 203(s),
200(n-HNCO), 190, 148(s"+H )‘ 135(i"), 134(i'-H ), 114(a=100%), 96(v), 91, 86(q’), 84(a-
2xCH3'), 72(0'), 68(w) (75)
1H-NMR (300MHz, CDCI3) : 0.82d, 6.9 Hz, 3H (CH-Me-lleu), 0.85d, 6.4 Hz, 3H (Me-N,N-
diMe-Leu), 0.87d, 6.4 Hz, 3H (Me-N,N-diMe-Leu), 0.91t, 7.2 Hz, 3H (CH2-Me-lleu), 1.05-
1.20m, 1H (y-H-lleu), 1.20-1.35m, 1H (y-H-lleu), 2.10-2.25m, 1H (y-H-B-OH-Pro), 2.22s, 3H
(N-Me2), 2.17-2.30m, 1H (B-H-lleu), 2.45-2.60m, 1H (y-H-B-OH-Pro), 2.86br.d, 7.0 Hz, 2H (B-
H-Phe), 2.90-3.05m, 1H (8-H-B-OH-Pro), 4.18-4.20m, 1H (8-H-B-OH-Pro), 4.20dd, 8.6, 3.0 Hz,
1H (a-H-lleu), 4.29d, 5.7 Hz, 1H (a-H-B-OH-Pro), 4.89q, 7.0 Hz, 1H (a-H-Phe), 5.54m, 1H (B-
H-B-OH-Pro), 6.32d, 7.7 Hz, 1H (B-H-Sty), 6.50br.d, 10.5 Hz, 1H (NH-Sty), 6.56br.d, 8.6 Hz,
1H (NH-lleu), 6.75dd, 10.5, 7.7 Hz, 1H (a-H-Sty), 7.07m, 1H (6-H-Sty), 7.10m, 1H (2-H-Sty),
7.12m, 1H (3-H-Sty), 7.15m, 2H (3-H- + 5-H-Phe), 7.19m, 1H (4-H-Phe), 7.22m, 2H (2-H- + 6-
H-Phe), 7.28m, 1H (5-H-Sty) (75)

C-NMR (75MHz, CDCI3) : see figure (75)
COSY, HMBC and HMQC-NMR spectra (75)
Sources : Zizyphus lotus (Rhamnaceae)-root bark (75)
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130. Amphibine-C

o A = N,N-diMe-Leu
B= trans-B-OH-Pro1 (36)
o o C =Phe
N E =lleu
N N H C3eHagN50s, 631.3725 (MS) (36)
0 H
NH
O
B

Mp : amorphous (36)

[alp (20) = -224 (c=0.075, MeOH) (36)

UV (MeOH) : 252, 280 (36)

CD (EtOH) : +0.90 (282), -26.90 (237), -46.6 (204) (36)

IR (CHCl3) : 3390, 2785, 1695, 1235 (36)

MS : 631(M"), 602(M*-CoHs), 588(M " -CaHz), 574(b), 518(c), 516(d), 475(e), 446(e’), 445(e”),
405(7), 404(g), 378(h), 377(), 376(), 324(K), 308(u), 255(), 243(p), 235(c), 229(r), 227(m),
215(g), 209(n), 203(s), 186(t), 135(i), 120(q)), 114(a=100%), 96(v), 91, 86(q"), 72(c’), 68(w)
36)

SH-NMR (60 and 90MHz, CDCl3) : 0.70-1.10m, 12H (4xC-Me), 2.37s, 6H (N-Meg), 4.20d, 5.8
Hz, 1H (a-H-B-OH-Pro), 6.20-6.80m, (olefinic-H), 7.00-7.60m, (Ar-H +NH) (36)

Sources : Zizyphus amphibia (Rhamnaceae)-stem bark (36, 89)

References, pp. 171-179
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131. Amphibine-D
122.5 132.4
A =N,N-diMe-Phe
157.6, 1
- \22-7 B = trans-B-OH-Pro  (36)
a20 B 1148 432.6 125.6 C = lleu
8 O O167.70 E=lleu
1718 ” CaHagN50s, 631.3706 (MS) (36)
a
N—2(58.7
H
37.2 246
15.8 10.5
320 1283 129.1

Mp : amorphous (36, 63)

[alp (25) = -201.5 (c=0.7, MeOH) (63)

[alp (20) (36)

UV (MeOH) : 250sh., 280sh. (36)

CD (Dioxane) : +0.40 (290), -27.90 (237) (36)

IR (CHCI3) : 3395, 2790, 1693, 1235 (36)

IR (CHCI3) (124)

MS : 631(M"), 630(M-H"), 602(M"-CoHs), 588(M*-C3Hy), 574(M"-CaHg), 540(b), 484(c),
482(d), 441(e), 411(e"), 371(f), 370(g), 358(K), 344(h), 343(i), 342(j), 289(l), 274(u), 261(m),
235(0), 229(r), 209(n/p), 203(s), 186(t), 181(q), 148(a=100%), 135(), 96(v), 91, 86(q/q").
68(w) (36)

MS (63, 124)

H-NMR (80MHz, CDCl3) : 0.70-0.86m, 12H (4xC-Me), 2.30s, 6H (N-Meg), 4.20-4.51m, 2H (a-
H-lleu + o-H-B-OH-Pro), 5.51m, 1H (B-H-B-OH-Pro), 6.25-6.75m, 4H (2xolefinic-H + 2xNH),
7.12-7.26m, 10H (9xAr-H + 1xNH) (63)

H-NMR (90MHz, CDClg) : (36, 124)

C-NMR (20MHz, CDCIj3) : see figure (63)

3G-NMR (20/25MHz, CDCl3) (92)

Sources : Rhamnaceae
Zizyphus amphibia-stem bark (36, 89)
Z. juazeiro-stem bark (124)
Z. mauritiana-stem bark (35, 42)
Z. rugosa-stem bark (124)
Z. vulgaris var. spinosus-seeds (63)
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132. Amphibine-B

A = N,N-diMe-Phe

0 1
B = trans-B-OH-Pro  (36)
C =Phe
o}
a ° N E =lleu
N N H C3gH47N50s5, 665.3548 (MS) (36)
o H
NH
o}
—N

Mp : amorphous powder (36)

[alp (20) = -181 (c=0.08, MeOH) (36)

UV (MeOH) : 250sh., 280sh. (36)

CD (EtOH) : +0.40 (284), -6.60 (234), -13.00 (203) (36)

IR (CHCI3) : 3390, 2780, 1685, 1235 (36)

MS : 665(M+), 663(M-2H+), 622(M+-C3H7), 574(b), 518(c), 516(d), 475(e), 446(¢’), 445(e"),
405(f), 404(g), 378(h), 377(i), 376(j), 358(k), 308(u), 289(l), 261(m), 243(p), 235(0), 229(r),
215(q), 209(n), 203(s), 186(t), 148(a=100%), 135(1"), 120(q’"), 96(v), 91, 68(w) (36)

H-NMR (60 and 90MHz, CDClI3) : 0.60-1.00m, 6H (2xC-Me), 2.40s, 6H (N-Me2), 4.14d, 6.0
Hz, 1H (a-H-B-OH-Pro), 6.20-6.80m, 2H (2xolefinic-H), 7.00-7.50m, 17H (14xAr-H + 3xNH)
(36)

Derivatives : Dihydro-amphibine-B (36)

Sources : Rhamnaceae
Zizyphus amphibia-stem bark (36, 89)
Z. mauritiana-stem bark (42)

References, pp. 171-179
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133. Amphibine-E

122.4c 1253 A = N,N-diMe-Leu

B = trans-B-OH-Pro” (36)
C=lleu

E=Tmp

C3gHs50Ng0s5, 670.3801 (MS)(36)

Mp : amorphous powder (36)
[a]D (20) = -175 (c=0.14, MeCH) (36)
UV (MeOR) : 220 (4.46), 270 (3.78), 281 (3.77), 290 (3.68) (36)
CD (EtOH) : +1.90 (285), -26.50 (237), -83.10 (203) (36)
IR (CHCl3) : 3390, 2780, 1691, 1235 (36)
MS : 670(M+), 641(M+-CgH5), 627(M+-03H7), 613(b), 557(c), 555(d), 514(e), 371(f), 344(h),
343(i), 342(j), 328(I), 300(m), 274(u), 209(p), 203(s), 181(q), 170(r"), 135("), 130, 114(a=100%),
86(q"), 72(0), 68(w) (36)

H-NMR (60 and 90MHz, CDCI3) : 0.60-1.00m, 12H (4xC-Me), 2.22s, 6H (N-Mey), 4.28d, 5.3 Hz,
1H (a-H-B-OH-Pro), 6.20-6.80m, 2H (2xolefinic-H), 7.00-7.80m, 12H (9xAr-H + 3xNH), 8.40s, 1H
g13—NH-Trp) (36)

C-NMR (20/25MHz, CDCl3) : see-figure (92)
a, b, ¢, d = values may be interchanged.
Sources : Rhamnaceae
Zizyphus amphibia-stem bark (36, 89
Z. mauritiana-stem bark (42
Z. spina-christistem bark ( 123)



128 D. C. GournELis, G. G. LAskaris, and R. VERPOORTE
5(14)-Scutianine-A-Type Cyclopeptide Alkaloids

134. Lasiodine-B

1214 1306
]
. X = N-Me-L-
" BED 1306 451 4 A e-L-Phe (62) "
B = L-erythro-B-OH-Leu  (12-14, 16, 62)
282 119.5 4129.0 125.0

C=L-leu' (62)
E=LPro' (62)
C35H47Ns50s5, 617

128.0 129.0

Mp : 221 (62)
[alp (20) = -301 (c=1.0, CHCI3/MeOH 1:1 viv) (62)
UV (EtOH) : 250 (3.90) (62)
IR (Nujol) : 3260, 1665, 1630, 1505, 1240 (62)
MS : 617(M*), 526(b), 385(g-2H+), 344(j), 278(c), 274(h), 252(d), 189(f-H+), 135(i), 134(a),
?7(m). 86(a), 70(q") (62)

H-NMR (60MHz, CDCl3+tr. CD30D) : 0.60-1.40m, 12H (4xC-Me), 2.29s, 6H (N-Meg), 6.50-
7.60m, 13H (9xAr-H + 4xNH) (62)

3C-NMR (15MHz, CDCI3/CD30D 2:1 viv) : see figure (76)
*, ** and *** Values may be interchanged.
Derivatives : N-Acetyl-lasiodine-B (14)

Lasiodine-B imido aldehyde (74)

Sources : Lasiodiscus marmoratus (Rhamnaceae)-leaves (62)

References, pp. 171-179
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135. Scutianine-F (= N-Desmethyl-scutianine-A)

0 B A = N-Me-L-Phe
a B =B-OH-Leu
C =Phe
@]
° N E = Pro
HN N H C38H45N505, 651.3416 (MS) (117)
H
o}
o
N
HN
Mp : 208 (117)

[alp (20) = -132 (¢=0.02, MeOH) (117)

IR (KBr) : 3310, 2780, 1680, 1620, 1230, 1040 (117) .

MS : 651(M ),+560(b), 518(c’), 461(y), 421(g), 419(g-2H ), 378(j), 371(z), 308(h), 278(c),
252(d), 189(f-H ), 135(i), 134(a=100%), 120(q) (117)

1H-NMR (CDCl3) : 0.85d, 6.5 Hz, 3H (Me-B-OH-Leu), 1.20d, 6.5 Hz, 3H (Me-B-OH-Leu),
2.25s, 3H (NH-Me), [+D20 : 6.30d, 8.0 Hz, 1H (a-H-Sty), 6.57d, 8.0 Hz, 1H (B-H-Sty)] (117)
Derivatives : Dihydro-N-Methyl-scutianine-F = Dihydro-scutianine-A (117)

Sources : Scutia buxifolia (Rhamnaceae)-stem bark (117)

136. Scutianine-A

0 A = N,N-diMe-L-Phe (64)
\ B =B-OH-Leu

o o / C=L-Phe’ (64)
N E=LPro' (64)
HN N CagHa7N505, 665.3552 (MS) (25)
0
0
N

Mp : 186-187 (25)
[alp (20) = -399 (c=0.15, CHCI3) (25)
UV (MeOH) : 252sh. (3.78), 277 (3.22) (25)
IR (CHCI3) : 3390, 2790, 1690, 1640, 1625, 1500, 1235, 865, 690 (25)
MS : 665(M+), 574(b), 518(c’), 475(y), 421(g), 419(g-2H+). 387, 385(z), 378(j), 308(h), 292(c),
266(d), 189(f~H+), 148(a=100%), 135(i), 120(q) (25)
1H~NMR (60MHz) : 0.80d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.20d, 7.0 Hz, 3H (Me-B-OH-Leu),
2.07s, 6H (N-Mey), 6.40d, 7.5 Hz, 1H (olefinic-H), 6.62d, 7.5 Hz, 1H (olefinic-H) (25)
Derivatives : Dihydro-scutianine-A (25)
Scutianine-A amido aldehyde (25)
Sources : Scutia buxifolia (Rhamnaceae)-stem bark (18, 19, 25, 117)
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137. Feretine (= N-Desmethyl-adouetine-Z)

o A= N-Me-Phe
B = B-OH-Phe

0 fo) C =Phe

N E=Pro

HN N H C41Ha3N50s, 685
o
N
0
7N
Mp : 123 (730)

[alp = -139 (¢=1.0, CHCI3) (730

UV (EtOH) : 230 (730)

IR (KBr) : 3300, 1650, 1510, 1230 (730

MS: 685(M+), 594(b), 308(h), 286(d), 224(f), 135(i), 134(a), 131(m), 120(q), 70(q") ( 7.30)
1H-NMR (CDCl3) : 1.95s, 3H (NH-Me), 6.80-7.60m, (Ar-H + NH) (730)

Sources : Feretia apodanthera (Rubiaceae)-leaves ( 730)

References, pp. 171-179
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138. Adouetine-Z

o A = N,N-diMe-Phe
B = B-OH-Phe
C =Phe
0 0 N/ E= cis/trans—Pro1 (17)
HN N H Ca2HasN50s, 699.8574 (MS)
N H (17)
N 0
—N"*
0 N

Adouetine-Z is not a pure compound as originally assumed but a mixture of cis and trans
isomers (17)
Mp : amorphous (17), 135-140 (130), 140-145 (9, 108)
[a]p (20) = -184 (c=1.0, CHCl3) (9, 108)
[alp (17, 130)
UV (EtOH) : 250 (3.94) (108)
IR (KBr) : 3280, 2785, 1630, 1230 (17)
IR (CCla) : (9, 108)
MS 699(M+), 608(b), 455(g), 453(9-2H+), 412(j), 326(c), 308(h), 300(d), 224(f),
148(a=100%), 135(i), 131(m), 120(q), 70(q") (108)
MS (17, 130)
1H-NMR (60MHz, CClg) : 1.45s, 3H, 1.95, s, 3H (N-Me), 2.31s, 3H (N-Me), 7.00-7.50, large
band, 15-17H (Ar-H), [+TFA : 2.95d, 5.0 Hz, 3H (N-Me), 3.27d, 5.0 Hz, 3H (N-Me)] (9, 108)
H-NMR (CDCl3) : (130)
3C—NMR :y-C-Pro : 21.6 ppm (trans), 23.8 ppm (cis) (17)
Derivatives : Dihydro-adouetine-Z (9, 17, 108)
Sources : Rubiaceae
Feretia apodanthera-leaves (130)
Sterculiaceae
Melochia pyramidata-leaves (17)
Waltheria americana-whole plant (9, 108)
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139. Hymenocardine

A= N,N-diMe-L-IIeu1 (29)
B = B-OH-val

C=LTrp' (29)

E=L-val (29)
C37H50Ng06, 674

18.4

30.6

18.4

Mp : 261 (29, 131)

[alp (20) = -124 (c=1.0, CHCl3 or CHCI3/MeOH 9:1 v/v) (29, 131)

UV (EtOH) : 222 (4.66), 263 (4.17), 289 (4.02) (29, 131)

IR (Nujol) : 3380, 1700, 1635, 1520 (29, 131) .

MS : 674(M ), 617(b), 559(d’), 462(g), 460(g-2H ), 393(w), 338(x), 320(v), 170(r), 159(q),
135(i), 130, 121(i"), 114(a=100%), 85(n), 72(0/q’) (29)

1H-NMR (60MHz, CDCl3+r. CD30D) : 0.70-1.10, 12H (4xC-Me), 1.48s, 3H (Me-B-OH-Val),
1.94s, 3H (Me-B-OH-Val), [2.30s, 6H (N-Me2), +TFA : 3.18s, 6H (N-Me2)], 6.67-7.95, 13H (Ar-
H + NH) (29)

1H-NMR (60MHz, CDCl3) : (137)

13C-NMR (15MHz, CDCl3/CD30D 2:1 viv) : see figure (16)

Derivatives : Hymenocardinols (two epimeric alcohols) (29)

Sources : Hymenocardia acida (Euphorbiaceae)-root bark (29, 137)

References, pp. 171-179
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4(15)-Mucronine-A-Type Cyclopeptide Alkaloids

140. Abyssinine-C (= N-Desmethyl-abyssinine-B)

MeO
A=Ala
B =lleu
\ C=lleu
H,N V3 Ca4H3eN4O4, 444.2741 (MS) (132)
[0}
NH N
(¢] H
N
(o} H

Mp : amorphous powder (132)
[alp (20) = +144 (c=0.12, CHCI;) (132)
-15 (c=0.13, MeOH) (132)
UV (MeOH) : 220sh., 278 (4.22), 315sh. (132)
IR (CHCI,) : 3390, 3290-3230, 2820, 1670, 1645, 1240, 1020 (132)
MS : 444(M"=100%), 163(k) (132)
*H-NMR (60 and 90MHz) : 0.75-1.15m, 12H (4xC-Me), 2.15s, 2H (NH,-Ala), 3.85s, 3H (OMe),
5.60d, 10.0 Hz, 1H (0-H-Sty), 6.70-7.40m, 3H (3xAr-H), 6.75d, 10.0 Hz, 1H (B-H-Sty), 8.25-
8.60m, 2H (2xNH-CO), 9.66d, 9.0 Hz, 1H (NH-CO) (132)
Derivatives: N,N-Dimethyl-dihydro-abyssinine-C = N-Methyl-dihydro-abyssinine-B (732)
N-Acetyl-abyssinine-C (132)
N-Tri-deuterio-acetyl-abyssinine-C (132)
N-Acetyl-abyssinine-C-aldehyde (132)
Sources : Zizyphus abyssinica (Rhamnaceae)-stem bark (132)

141. Abyssinine-B

MeO
A = N-Me-Ala
B =lleu
\ C=lleu
HN o CasH3sN404, 458.2879 (MS) (132)
(0]
/ NH N
o} H
(e} H

Mp : 229-230 (132)
[a]p (20) = +151 (c=0.16, CHCl;) (132)
UV (MeOH) : 220sh., 277 (4.28), 315sh. (132)
IR (CHClI,) : 3400, 3350-3230, 2830, 2790, 1690, 1675, 1655, 1255, 1030 (132)
MS : 458(M"=100%), 163(k) (132)
'H-NMR (60 and 90MHz) : 0.75-1.15m, 12H (4xC-Me), 2.30s, 1H (NH-N-Me-Ala), 2.50s, 3H
(NH-Me), 3.85s, 3H (OMe), 5.60d, 10.0 Hz, 1H (a-H-Sty), 6.65-7.35m, 3H (3xAr-H), 6.75d,
10.0 Hz, 1H (B-H-Sty), 8.25d, 8.0 Hz, 1H (NH-CO), 8.48d, 11.0 Hz, 1H (NH-CO), 9.60d, 8.0
Hz, 1H (NH-CO) (132)
Derivatives : N-Methyl-dihydro-abyssinine-B (132)
N-Acetyl-abyssinine-B (132)
N-Acetyl-abyssinine-B-aldehyde (132)
Sources : Rhamnaceae
Zizyphus abyssinica-stem bark (132)
Z. oenoplia-stem bark (87)



134 D. C. GourngLis, G. G. Laskaris, and R. VERPOORTE

142. Abyssinine-A (= N-Desmethyl-mucronine-C)

MeO
A = N-Me-Ala
B = lleu
C=Leu
HN o Ca5H3sN4O,, 458.2896 (MS) (132)

/ NH ° N

o} H
/-A]/&_N
(0] H

Mp : 237-239 (132)
[a]p (20) = +160 (c=0.22, CHCI,) (132)
-58 (c=0.1, MeOH) (732)
UV (MeOH) : 220sh., 276 (4.14) (132)
CD (EtOH) : +1.14 (308), -8.73 (258), +17.09 (228), -16.33 (206) (132)
IR (CHCI3) : 3400, 3370, 3290-3230, 2830, 2785, 1690, 1655, 1240, 1030 (132)
MS : 458(M'=100%), 443(M-CH,"), 430(M"-CO), 415(a), 400(a"), 386(a"), 302(c), 259(c-
C3H;"), 231(d), 205(e), 163(k), 86(min) (132)
'H-NMR (60 and 90MHz) : 0.70-1.10m, 12H (4xC-Me), 2.50s, 3H (NH-Me), 3.85s, 3H (OMe),
5.60d, 10.0 Hz, 1H (a-H-Sty), 6.70-7.30m, 3H (3xAr-H), 6.72d, 10.0 Hz, 1H (B-H-Sty), 8.15d,
7.0 Hz, 1H (NH-CO), 8.50d, 12.0 Hz, 1H (NH-CO), 9.45d, 8.0 Hz, 1H (NH-CO) (132)
Derivatives : Dihydro-abyssinine-A (132)
N-Methyl-dihydro-abyssinine-A (132)
N-Acetyl-abyssinine-A (132)
N-Acetyl-abyssinine-A-aldehyde (732)
Sources : Rhamnaceae
Zizyphus abyssinica-stem bark (132)
Z. cenoplia-stem bark (87)

143. Zizyphine-E (= N-Desmethyl-zizyphine-D)

MeO
A=Ala
B =lleu
= \ﬂ C = B-OH-lleu
H,N )>a Ca4H35N4Os5, 460.2683 (MS) (87)
-—NH N
0 H
s N
0 HHO

Mp : amorphous (87)
[alp (20) = +150%2 (c=0.10, CHCIy) (87)

-111£2 (c=0.10, MeOH) (87)
UV (MeOH) : 279 (4.20) (87)
IR (CHCI3) : 3300, 2820, 1673, 1647, 1602, 1250, 1020, 704 (87)
MS : 460(M"), 388(M-C,Hz0"), 345(a-C,Hs0"), 330(a'-C4Hs0"), 316(a"-C4H0"), 72(C4HgO"),
57(C4Hy'), 43(CaH7 ) (87)
H-NMR (60 and 90MHz, CDCls) : 0.80-1.20m, 9H (3xC-Me), 1.31s, 3H (C-Me), 1.59m, 2H (-
CHj,-), 3.89s, 3H (OMe), 4.56d, 8.3 Hz, 1H (a-H-amino acid), 5.67dd, 11.4, 9.5 Hz, 1H (a-H-
Sty), 6.89d, 9.5 Hz, 1H (B-H-Sty), 6.58-7.20m, 3H (3xAr-H), 8.32d, 7.5 Hz, 1H (NH), 8.50d,
11.4 Hz, 1H (NH-Sty), 9.90d, 8.9 Hz, 1H (NH) (87)
Derivatives : N-Acetyl-zizyphine-E (87)

N,0-Diacetyl-zizyphine-E (87)

Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (87)

References, pp. 171-179



Cyclopeptide Alkaloids 135

144. Mucronine-C

145

MeO A = N,N-diMe-Ala
B =lleu
\ B C=Leu
N—o Ca6H40N4O4, 472.3050 (MS) (133)
/ NH 0 N
(o} H
0 H

Mp : 257 (133)
[alb (20) = -39.4 (¢=0.09, CHCl,) (133)
UV (MeOH) : 223sh. (4.11), 273 (4.22) (133)
CD (Dioxane) : +0.493 (312), -11.76 (272), +12.38 (232) (133)
IR (KBr) : 3410, 2820, 2775, 1680, 1665, 1635, 1240, 1025 (133)
MS : 472(M"), 444(M’-CO), 429(a), 414(a’), 400(a”), 387(M-CO-C,H,"), 386(a-C3H;"), 373(a-
C4Ho +H"), 359(b), 316(c), 273(c-C;3H;"), 245(d), 219(e), 86(m/n) (133)
"H-NMR (60 and 90MHz, CDCl3) : 0.80-1.10, 12H (4xC-Me), 2.45s, 6H (N-Me,), 3.05d, 6.0 Hz,
2H (B-H-N,N-diMe-Ala), 3.85s, 3H (OMe), 5.70d, 9.0 Hz, 1H (olefinic-H), 6.70-7.20m, 5H
(3XAr-H + 1xNH + 1xolefinic-H), 7.55 and 8.40, 2H (2xNH) (133)
Sources : Rhamnaceae
Zizyphus abyssinica-stem bark (133)
Z. mucronata-stem bark (133)

Mucronine-F (= N-Desmethyl-mucronine-E)

MeO OMe
A= Ala
B =lleu
\ C=Lleu
H,N o CasH3gN4Os, 474
(o}
NH N
0 H
N
0 H

Mp : 208-214 (132)
[alb (20) = +17.4 (c=0.092, MeOH) (132)
UV (MeOH) : 220sh. (4.19), 274 (4.21), 305sh. (3.89) (132)
IR (KBr) : 2860, 1680, 1660, 1640, 1260, 1030 (132)
MS : 474(M"=100%), 193(k) (132)
'H-NMR (60 and 90MHz) : 0.80-1.10m, 12H (4xC-Me), 2.25s, 2H (NH,-Ala), 3.82s, 3H (OMe),
3.86s, 3H (OMe), 5.75d, 10.0 Hz, 1H (a-H-Sty), 6.45s, 1H (Ar-H), 6.70d, 10.0 Hz, 1H (B-H-
Sty), 7.02s, 1H (Ar-H), 8.05-8.60m, 2H (2xNH-CO), 9.42d, 8.5 Hz, 1H (NH-CO) (132)
Derivatives : Dihydro-mucronine-F (132)
N,N-Dimethyl-dihydro-mucronine-F = N-Methyl-dihydro-mucronine-E (132)
N-Acetyl-mucronine-F (132)
N-Acetyl-mucronine-F-aldehyde (132)
Sources : Zizyphus mucronata (Rhamnaceae)-stem bark (132)
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146. Mucronine-G

MeO OMe
A=Ala
B = lleu
C=lleu
H,N a CasH3N4Os, 474
0
NH N
(o] H
N
0 H

[alp (20) = -50 (c=0.084, MeOH) (132)
UV (MeOH) : 220sh. (4.16), 274 (4.23), 305sh. (3.90) (132)
IR (KBr) : 2860, 1680, 1660, 1640, 1260, 1030 (7132)
MS : 474(M*=100%), 193(k) (132)
'H-NMR (60 and 90MHz) : 0.80-1.10m, 12H (4xC-Me), 2.02s, 2H (NH;-Ala), 3.82s, 3H (OMe),
3.86s, 3H (OMe), 5.75d, 10.0 Hz, 1H (o-H-Sty), 6.46s, 1H (Ar-H), 6.80d, 10.0 Hz, 1H (B-H-
Sty), 6.98s, 1H (Ar-H), 8.15-8.55m, 2H (2xNH-CO), 9.62d, 9.0 Hz, 1H (NH-CO) (132)
Derivatives : N-Acetyl-mucronine-G (132)

N-Acetyl-mucronine-G-aldehyde (132)
Sources : Zizyphus mucronata (Rhamnaceae)-stem bark (132)

147. Zizyphine-D

55.4
MeQ 1285 A= N-Me-Ala
B = lleu
S\p1107" C = B-OH-lleu
HN \0t 1194 C2sHasN,Os, 474.2842 (MS) (87)
2356
73.8

Mp : 195 (87)
[a]p (20) = +236:4 (c=0.10, CHCI,) (87)
-12142 (¢=0.10, MeOH) (87)

UV (MeOH) : 274 (4.16) (87)
IR (CHCI) : 3400, 1670, 1647, 1602, 1249, 1030, 704 (87)
MS : 474(M'=100%), 402(M-C,HsO"), 359(a-C4Hs0"), 344(a-C,Hs0"), 330(a”-C,Hs0"),
317(c-H"), 163(k), 148(1), 86(m), 72(C4HgO"), 57(C4Hs"), 43(C3H; =100%) (87)
"H-NMR (60 and 90MHz, CDCl;) : 0.80-1.20m, 9H (3xC-Me), 1.32s, 3H (C-Me), 1.60m, 2H (-
CH,-), 2.53s, 3H (NH-Me), 3.89s, 3H (OMe), 4.51d, 8.3 Hz, 1H (o-H-amino acid), 5.67dd,
11.4, 9.5 Hz, 1H (a-H-Sty), 6.60d, 9.5 Hz, 1H (B-H-Sty), 6.58-7.33m, 3H (3xAr-H), 8.25d, 7.0
Hz, 1H (NH), 8.50d, 11.4 Hz, 1H (NH-Sty), 9.80br.d, 8.3 Hz, 1H (NH) (87)
3C-NMR (20/25MHz, CDCl;) : see figure (87)
*, ** *** = values may be interchanged
Derivatives : N-Acetyl-zizyphine-D (87)

N,O-Diacetyl-zizyphine-D (87)

Zizyphine-D imido-aldehyde (87)
Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (87)

References, pp. 171-179
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148. Mucronine-H (= N-Desmethyl-mucronine-B)

MeO
A=Ala
B =lleu
& C=Phe
H,N CyrHaaN4Os, 478
NH O N
0 H
N
0 H

[a)p (20) = +5 (c=0.1, MeOH) (132)

UV (MeOH) : 276 (4.30) (132)

IR (KBr) : 3410, 2825, 1680, 1670, 1650, 1250, 1030 (132)
MS : 478(M*=100%), 163(k) (132)

137

"H-NMR (60 and 90MHz) : 0.28d, 7.0 Hz, 3H (CH-Me-lleu), 0.80t, 3H (CH,-Me-lleu), 3.80s, 3H
(OMe), 5.75d, 10.0 Hz, 1H (a-H-Sty), 6.85-7.40m, 3H (3xAr-H), 6.88d, 10.0 Hz, 1H (B-H-Sty),

7.38s, 5H (5xAr-H) (132)

Derivatives : N-Acetyl-mucronine-H (132)
N,N-Dimethyl-dihydro-mucronine-H (132)

Sources : Zizyphus mucronata (Rhamnaceae)-stem bark (732)

149. Mucronine-E (= 4-Methoxy-abyssinine-A)

MeO OMe
A = N-Me-Ala
B =lleu
C=leu
HN o Co6H4oN4Os, 488.2996 (MS) (132)
/ NH ° N
o) H
/_(&—N
0] H

Mp : 232-234 (132)

[alo (20) = -89 (c=0.084, MeOH) (132)

UV (MeOH) : 220 (4.23), 273 (4.25), 297sh. (3.94) (132)

CD (Dioxane) : +3.27 (317), +1.26 (287), -4.18 (261.5), +14.60 (231) (132)

IR (CHCl,) : 3410, 3370, 3290-3230, 2830, 2800, 1675, 1650, 1270, 1040 (132)
MS : 488(M"=100%), 193(k) (132)

'H-NMR (60 and 90MHz) : 0.80-1.10m, 12H (4xC-Me), 2.37s, 1H (Me-NH-N-Me-Ala), 2.46s,
3H (NH-Me), 3.79s, 3H (OMe), 3.85s, 3H (OMe), 5.72d, 10.0 Hz, 1H (a-H-Sty), 6.42s, 1H (Ar-
H), 6.70d, 10.0 Hz, 1H (B-H-Sty), 6.89s, 1H (Ar-H), 8.05d, 7.5 Hz, 1H (NH-CO), 8.40d, 11.0

Hz, 1H (NH-CO), 9.32d, 8.0 Hz, 1H (NH-CO) (132)

Derivatives : Dihydro-mucronine-E (132)
N-Methyl-dihydro-mucronine-E (132)
N-Acetyl-mucronine-E (132)
N-Acetyl-mucronine-E-aldehyde (132)
N-Tri-deuterio-acetyl-mucronine-E (732)

Sources : Zizyphus mucronata (Rhamnaceae)-stem bark (132)
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150. Mucronine-B (= N-Desmethyl-mucronine-A)

MeO
A = N-Me-Ala
B =lleu
\ C =Phe
HN CogHasN4O4, 492.2737 (MS) (133)
(¢]
NH N
[0} H
o H

Mp : 222-224 (133)
[alo (25) = +175 (c=0.2, CHCl5) (133)
UV (MeOH) : 277 (4.24) (133)
CD (Dioxane) : +6.13 (284.5), -0.79 (252.5), +0.52 (241), +5.07 (227) (133)
IR (CHCly) : 3410, 3370, 2830, 2800, 1675, 1650, 1600, 1250 (133)
MS : 492(M"), 449(a), 379(b), 336(c), 231(d), 205(e), 163(k), 120(n), 86(m) (133)
"H-NMR (60 and 90MHz, CDCl3) : 0.17d, 6.0 Hz, 3H (CH-Me-lleu), 0.80t, 3H (CH,-Me-lleu),
2.38, 1H (NH-N-Me-Ala), 2.47s, 3H (NH-Me), 2.80-3.60m, 4H (2xCH-®), 3.85s, 3H (OMe),
5.64d, 10.0 Hz, 1H (olefinic-H), 7.30-8.50m, 11H (8xAr-H + 2xNH + 1xolefinic-H), 9.50m, 1H
(NH) (133)
Derivatives : Dihydro-mucronine-B (133)
Sources : Rhamnaceae
Zizyphus abyssinica-stem bark (132)
Z. mucronata-stem bark (133)

151. Mucronine-A

MeO '
A = N,N-diMe-Ala
B =lleu
C =Phe
\N \ CoeH1sN40O4, 506.2896 (MS) (133)
7 NH ° N
o) H
N
(e} H

Mp : 235 (133)
{alo (20) = -28.3 (c=0.06, CHCl;) (133)
UV (MeOH) : 217sh. (4.37), 273 (4.24) (133)
CD (Dioxane) : +0.303 (313), -10.76 (273), +5.00 (235), -19.15 (216) (133)
IR (CHCl,) : 3400, 2830, 2785, 1690, 1655, 1240, 1030 (733)
MS : 506(M"), 478(M*-CO), 463(a), 448(a), 434(a"), 421(M-CO-C,Hs"), 393(b), 350(c),
245(d), 219(e), 120(n), 86(m) (133)
"H-NMR (60 and 90MHz, CDCl;) : 0.58d, 6.0 Hz, 3H (CH-Me-lleu), 0.85t, 3H (CHy-Me-lleu),
3.00-3.30m, 4H (2xCH,-®), 3.40s, 6H (N-Mey), 3.85s, 3H (OMe), 5.75d, 10.0 Hz, 1H (olefinic-
H), 6.90-7.40m, 11H (8xAr-H + 2xNH + 1 x olefinic-H), 8.30m, 1H (NH) (133)
Derivatives : Dihydro-mucronine-A (133)
Mucronine-A-amido-aldehyde (733)

Sources : Rhamnaceae

Zizyphus abyssinica-stem bark (132)

Z. mucronata-stem bark (133)

References, pp. 171-179
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Linear (Open) Peptide Alkaloids

152. Sanjoinine-G2 (= Frangufoline-amido-aldehyde)

1161 1314
.y 207 A = N,N-diMe-Phe
19 o CHO B = p-OH-Leu
29.0 C=Leu
CaoHeaN4Os, 538.3129 (MS) (63)
15.9
41.}N
/

127.9 128.7

Mp : 182 (63, 70)

[alo (26) = -79.2 (c=0.275, CHCl3) (63, 70)

UV (MeOH) : 283.5 (3.81) (63)

IR (KBr) : 3290, 2770, 1685-1630, 1596, 1240 (63)

MS : 538(M"), 537(M-H"), 523(M"-CH,), 495(M"-C3H;), 447(b), 409(M"-leucinamide), 325(b-i"-
H"), 287(M"leucinamide-i), 226(k+NH,), 195(c), 182(I), 167(d), 148(a=100%), 121(i'), 97(m),
86(n) (63)

'H-NMR (80MHz, CDCly) : 0.72-0.95, 12H (4xC-Me), 2.18s, 6H (NMe,), 2.88q, 6.2 Hz, 2H (B-
H-N,N-diMe-Phe), 3.25t, 6.3 Hz, 1H (a-H-N,N-diMe-Phe), 5.26 and 5.79, 1H each (NH,),
6.51d, 8.1 Hz, 1H (NH), 6.93d, 8.6 Hz, 2H (3-H- + 5-H-benzaldehyde), 7.11, 5H (5xAr-H-N,N-
diMe-Phe), 7.50, 1H (NH), 7.66d, 8.6 Hz, 2H (2-H- + 6-H-benzaldehyde), 9.72s, 1H (CHO)
(63)

BC-NMR (20MHz, DMSO-d) : see figure (63)

Sources : Zizyphus vulgaris var. spinosus (Rhamnaceae)-seeds (63, 70)

* Sanjoinine-G2 was also prepared from frangufoline (63) :

Mp=182-184, [a]p (23) = -88.3 (c=0.65, CHCl5)
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153. Lasiodine-A

116.5 128.2
A = N,N-diMe-B-OH-Phe
156.3, !
235 H 126481117 B = Dide-Val
C = B-OH-Phe
120. E = N-Me-L-Val' (62)
20671495 CagHgNsO7, 699

126.4
3 O 1267 1282
1264 NMe, 169.0 =0
MeHN—@ 57.5

128.2 34.7

30.6 18.8
126.4

18.6

Mp : 195 (62)
[alo (20) = +38 (c=1.0, CHCl,) (62)
UV (EtOH) : 281 (4.49) (62)
IR (Nujol) : 3300, 3220, 1750, 1700, 1650, 1515 (62)
MS : 135(i), 106, 86(a), 77, 58(0) (62)
"H-NMR (60MHz, CDCl3) : 0.69d, 6.7 Hz, 3H (Me-N-Me-Val), 0.82d, 6.7 Hz, 3H (Me-N-Me-
Val), 1.80s, 6H (N-Me-N-Me-Val + Me-dide-Val), 1.93s, 3H (Me-dide-Val), 2.73s, 6H (NMe,),
2.90d, 6.0 Hz, 1H (a-H-N-Me-Val), 3.37d, 6.5 Hz, 1H (a-H-N,N-diMe-B-OH-Phe), 5.17m, 2H
(B-H-B-OH-Phe + o-H-Sty), 5.83d, 9.5 Hz, 1H (B-H-Sty), 6.60-7.50, 18H (15xAr-H + 3xNH)
(62)
BC-NMR (15MHz, CDCI5/CD3;0D 2:1 viv) : see figure (16)
Derivatives : O-Methyl-lasiodine-A (62)

O-Methyl-O-acetyl-N-acetyl-lasiodine-A (62)

Dihydro-N-methyl-lasiodine-A (62)
Sources : Lasiodiscus marmoratus (Rhamnaceae)-leaves (62)

References, pp. 171-179
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154. Celenamide-C

OH
A=Lleu
HO. B = Dide-Phe
C =6-Br-Trp
D = OH-Sty
HO 5 OH CasH4sBrNsO43, 959/957
o
HN
(o}
Y B a o
NH,

Isolated as the pentaacetyl-derivative (67)
Pentaacetyl-celenamide-C
[a]p (25) = +14 (c=0.30, MeCOMe) (67)
IR (CHCI3) : 3300(br.), 1780, 1660(br.) (67)
MS : 432(f), 390(f-Ac), 348(f-2Ac), 319(e), 306(f-3Ac), 277(e-Ac), 235(e-2Ac), 210/208(c),
193(e-3Ac), 177(d), 135(d-Ac), 128(b), 86(a), 43(CH,CO"=100%) (67)
'H-NMR (270MHz, CD,COCD;) : 0.98d, 7.0 Hz, 3H (Me-Leu), 1.03d, 7.0 Hz, 3H (Me-Leu),
1.75m, 2H (B-H-Leu), 1.89m, 1H (y-H-Leu), 1.99s, 3H (NHCOCH;), 2.24s, 3H (OCOCH,),
2.28s, 6H (2xOCOCHg), 2.29s, 3H (OCOCH;), 3.28dd, 15.0, 11.0 Hz, 1H (B-H-6-Br-Trp),
3.55dd, 15.0, 4.0 Hz, 1H (B-H-6-Br-Trp), 4.32m, 1H (a-H-Leu), 4.77ddd, 11.0, 9.0, 4.0 Hz, 1H
(a-H-6-Br-Trp), 6.56d, 15.0 Hz, 1H (B-H-OH-Sty), 6.84s, 1H (B-H-dide-Phe), 7.04d, 9.0 Hz, 2H
(3-H- + 5-H-OH-Sty), 7.15dd, 8.8, 1.4 Hz, 1H (5-H-6-Br-Trp), 7.23s, 2H (2-H- + 6-H-dide-Phe),
7.32d, 2.2 Hz, 1H (2-H-6-Br-Trp), 7.38d, 9.0 Hz, 2H (2-H- + 6-H-OH-Sty), 7.51dd, 15.0, 10.0
Hz, 1H (a-H-OH-Sty), 7.55d, 1.4 Hz, 1H (7-H-6-Br-Trp), 7.64d, 8.8 Hz, 1H (4-H-6-Br-Trp),
7.88d, 9.0 Hz, 1H (NH-6-Br-Trp), 7.94d, 5.0 Hz, 1H (NH-Leu), 9.46s, 1H (NH-dide-Phe),
9.46d, 10.0 Hz, 1H (NH-OH-Sty), 10.21s, 1H (1-H-6-Br-Trp) (61)
Derivatives : Pentaacetyl-celenamide-d,s-C (67)

Primary amide (product of partial acid hydrolysis) (67)
Sources : Cliona celata (sponge) (67)
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155. Celenamide-B

OH A=Val
B = Dide-Phe
HO C =6-Br-Trp
D = diOH-Sty
Ca5HqeBrNsO14, 961/959

HO B

NH,

Isolated as the hexaacetyl-derivative (60)
Hexaacetyl-celenamide-B

[alo (25) = +22 (c=1.1, MeCOMe) (60)

UV (MeOH) : 227 (4.90), 289br. (4.78) (60)

IR (CHCl,) : 3340(br.), 1780, 1660(br.), 1510(br.), 1380, 1200 (60)

MS : 585/583(k), 543/541(k-Ac), 501/499(k-2Ac), 484/482(g), 418(f), 376(f-Ac), 334(f-2Ac),
319(e), 292(f-3Ac), 277(e-Ac), 235(d/e-2Ac), 210/208(c), 193(d-Acle-3Ac), 165(e-3Ac-CO),

151(d-2Ac), 142(l), 130, 129(c-Br), 123, 114(b), 102, 99, 72(a), 43(CH;CO"=100%) (60)

"H-NMR (270MHz, CDsCOCD) : 0.99d, 7.0 Hz, 3H (Me-Val), 1.01d, 7.0 Hz, 3H (Me-Val),
1.91s, 3H (NHCOCHS), 2.24m, 1H (B-H-Val), 2.24s, 9H (3xOCOCHS), 2.25s, 3H (OCOCHy),
229s, 3H (OCOCHj), 3.29dd, 15.4, 11.0 Hz, 1H (B-H-6-Br-Trp), 3.48dd, 15.4, 4.5 Hz, 1H (B-
H-6-Br-Trp), 4.46dd, 8.2, 6.0 Hz, 1H (a-H-Val), 4.68ddd, 11.0, 10.0, 4.5 Hz, 1H (o-H-6-Br-
Trp), 6.40d, 15.0 Hz, 1H (B-H-diOH-Sty), 7.15d, 9.0 Hz, 1H (5-H-GiOH-Sty), 7.16s, 1H (B-H-
dide-Phe), 7.18dd, 9.0, 2.0 Hz, 1H (6-H-diOH-Sty), 7.19dd, 8.8, 1.4 Hz, 1H (5-H-6-Br-Trp),
7.21d, 2.0 Hz, 1H (2-H-diOH-Sty), 7.34d, 2.2 Hz, 1H (2-H-6-Br-Trp), 7.41s, 2H (2-H- + 6-H-
dide-Phe), 7.49dd, 15.0, 10.0 Hz, 1H (o-H-diOH-Sty), 7.59d, 1.4 Hz, 1H (7-H-6-Br-Trp), 7.64d,
8.8 Hz, 1H (4-H-6-Br-Trp), 7.76d, 10.0 Hz, 1H (NH-6-Br-Trp)*, 7.80d, 6.0 Hz, 1H (NH-Val)*,

9.47s, 1H (NH-dide-Phe), 9.54d, 10.0 Hz, 1H (NH-diOH-Sty), 10.19s, 1H (1-H-6-Br-Trp) (60)
* Assignments may be interchanged.
Derivatives : Hexaacetyl-celenamide-dis-B (60)

Primary amide (product of partial acid hydrolysis) (67)
Sources : Cliona celata (sponge) (60)

References, pp. 171-179
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156. Celenamide-A

H

? A=Leu

HO B = Dide-Phe
C = 6-Br-Trp
D = diOH-Sty

HO CgHasBrNsO44, 975/973

o
HN
[0}
Y g Q o
NH,

Isolated as the hexaacetyl-derivative (60)
Hexaacetyl-celenamide-A
[alp (25) = +40 (c=1.1, MeCOMe) (60)
UV (MeOH) : 227 (4.86), 289br. (4.71) (60)
IR (CHCl3) : 3300(br.), 1780, 1660(br.), 1500(br.), 1380, 1200 (60)
MS : 585/583(k), 543/541(k-Ac), 501/499(k-2Ac), 484/482(g), 442/440(g-Ac), 432(f), 390(f-
Ac), 348(f-2Ac), 319(e), 306(f-3Ac), 277(e-Ac), 235(d/e-2Ac), 210/208(c), 193(d-Acle-3Ac),
165(e-3Ac-CO),  156(l), 151(d-2Ac), 130, 129(c-Br), 128(b), 123, 99, 86(a),
43(CH3C0"=100%) (60)
"H-NMR (270MHz, CD;COCD;) : 0.97d, 7.0 Hz, 3H (Me-Leu), 0.99d, 7.0 Hz, 3H (Me-Leu),
1.73m, 2H (B-H-Leu), 1.86m, 1H (y-H-Leu), 1.97s, 3H (NHCOCH,), 2.25s, 3H (OCOCHj,),
2.27s, 3H (OCOCH,), 2.28s, 9H (3xOCOCH;), 3.26dd, 15.0, 11.0 Hz, 1H (B-H-6-Br-Trp),
3.54dd, 15.0, 4.0 Hz, 1H (B-H-6-Br-Trp), 4.32m, 1H (a-H-Leu), 4.75ddd, 11.0, 10.0, 4.0 Hz, 1H
(a-H-6-Br-Trp), 6.52d, 15.0 Hz, 1H (B-H-diOH-Sty), 6.79s, 1H (B-H-dide-Phe), 7.15d, 9.0 Hz,
1H (5-H-diOH-Sty), 7.16dd, 8.8, 1.4 Hz, 1H (5-H-6-Br-Trp), 7.17s, 2H (2-H- + 6-H-dide-Phe),
7.23dd, 9.0, 2.0 Hz, 1H (6-H-diOH-Sty), 7.24d, 2.0 Hz, 1H (2-H-diOH-Sty), 7.31d, 2.2 Hz, 1H
(2-H-6-Br-Trp), 7.50dd, 15.0, 10.0 Hz, 1H (a-H-diOH-Sty), 7.57d, 1.4 Hz, 1H (7-H-6-Br-Trp),
7.62d, 8.8 Hz, 1H (4-H-6-Br-Trp), 7.91d, 10.0 Hz, 1H (NH-6-Br-Trp), 7.93d, 5.0 Hz, 1H (NH-
Leu), 9.42s, 1H (NH-dide-Phe), 9.50d, 10.0 Hz, 1H (NH-diOH-Sty), 10.18s, 1H (1-H-6-Br-Trp)
(60, 61)
Derivatives : Hexaacetyl-celenamide-d,s-A (60)

Primary amide (product of partial acid hydrolysis) (60)
Sources : Cliona celata (sponge) (60)
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157. Celenamide-D

A=leu

OH
B = Dide-Phe
HO OH C = Dide-Phe
D = diOH-Sty
CsoHs2N4O20, 1028
HO B 8 OH
0
N. a
HN HYN¢
B N o
o
NH,

Y OH

OH
OH

Isolated as the nonacetyl-derivative (67)
Nonacetyl-celenamide-D
[alo (25) = -25 (c=0.54, MeCOMe) (67)
IR (CHCl3) : 3300(br.), 1780, 1680(br.) (67)
MS : 638(j), 596(-Ac), 554(hij-2Ac), 512(h-Acfj-3-Ac), 470(h-2Ac/j-4Ac), 432(f), 428(h-3Aclj-
5Ac), 390(f-Ac), 386(h-4Ac), 348(f-2Ac), 344(h-5Ac), 319(e), 306(f-3Ac), 277(e-Ac), 235(d/e-
2Ac), 193(e-3Ac), 151(d-2Ac), 128(b), 86(a), 43(CH,C0'=100%) (67)
'H-NMR (270MHz, CD,COCD3) : 0.95d, 7.0 Hz, 3H (Me-Leu), 0.98d, 7.0 Hz, 3H (Me-Leu),
1.78m, 2H (B-H-Leu), 1.86m, 1H (y-H-Leu), 1.90s, 3H (NHCOCH,), 2.26s, 9H (3xOCOCHy),
2.27s, 3H (OCOCH,), 2.29s, 3H (OCOCHj3), 2.31s, 9H (3xOCOCHa), 4.48m, 1H (o-H-Leu),
6.60d, 15.0 Hz, 1H (B-H-diOH-Sty), 7.06s, 1H (B-H-dide-Phe), 7.15d, 9.0 Hz, 1H (5-H-diOH-
Sty), 7.26d, 2.0 Hz, 1H (2-H-diOH-Sty), 7.28dd, 9.0, 2.0 Hz, 1H (6-H-diOH-Sty), 7.43s, 2H (2-
H- + 6-H-dide-Phe), 7.47s, 2H (2-H- + 6-H-dide-Phe), 7.59s, 1H (B-H-dide-Phe), 7.59dd, 15.0,
10.0 Hz, 1H (a-H-diOH-Sty), 7.91d, 5.0 Hz, 1H (NH-Leu), 9.18s, 1H (NH-dide-Phe), 9.65d,
10.0 Hz, 1H (NH-diOH-Sty), 9.89s, 1H (NH-dide-Phe) (61)
Derivatives : Nonacetyl-celenamide-dy;-D (67)

Primary amide (product of partial acid hydrolysis) (67)
Sources : Cliona celata (sponge) (67)

References, pp. 171-179
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Neutral Compounds Related to Cyclopeptide Alkaloids

158. Sanjoinenine (Sanjoinine-F-like)

1223 1257
156.0 130.0 A = trans-cinnamic acid' (59, 63)
200 real B = threo’- (59) or erythro’-(63)-B-OH-Leu
118.8 123.0 \q132.7 a C=Leu
O Oges6 / C2oH3sN304, 489.2601 (63) or 489.2665
719 N (59) (MS)

1279 1304

Mp = colorless amorphous solid (59), 281-282 (63, 70)
[alo (22) = -272.5 (c=1.6, CsHsN) (63, 70)
UV (MeOH) : 224.5 (4.38), 281 (4.39) (63)
UV (MeOH) (59)
IR (KBr) : 3280, 1680-1620, 1640, 1605, 1235 (63)
IR (CHCly) (59)
MS : 489(M"), 355(x), 327(x-CO), 303(e), 300(y), 272(y-CO), 242(z+CQ), 215(z+H"), 214(2),
190(f), 189(f-H"), 136(i+H"), 135(i), 134(-H"), 132(a+H"), 131(a=100%), 103, 86(q), 84 (59)
MS (63)
MS (FD) : 489(M") (59)
'H-NMR (500MHz, CDCl3) : 0.59d, 6.5 Hz, 3H (Me-Leu), 0.73d, 6.5 Hz, 3H (Me-Leu), 1.01d,
6.8 Hz, 3H (Me-B-OH-Leu), 1.28d, 6.8 Hz, 3H (Me-B-OH-Leu), 1.38d, 7.3 Hz, 2H (B-H-Leu),
4.05m, 1H (o.-H-Leu), 4.69dd, 7.4, 2.0 Hz, 1H (a-H-B-OH-Leu), 5.00dd, 7.4, 2.0 Hz, 1H (B-H-B-
OH-Leu), 5.90d, 7.8 Hz, 1H (NH-Leu), 5.96d, 9.6 Hz, 1H (NH-Sty), 6.30d, 15.5 Hz, 1H (a-H-
trans-cinnamic acid), 6.38d, 7.2 Hz, 1H (NH-B-OH-Leu), 6.50m, 1H (B-H-Sty), 6.66m, 1H (a-H-
Sty), 7.00-7.50m, 9H (9xAr-H), 7.61d, 15.5 Hz, 1H (B-H-trans-cinnamic acid) (59)
"H-NMR (80MHz, DMSO-de) (63)
®C-NMR (125MHz, CDCl5) : see figure (59)
a, b and ¢ : values may be interchanged.
"*C-NMR (20MHz, DMSO) (63)
Sources : Rhamnaceae

Zizyphus lotus-aerial parts (59)

Z. vulgaris var. spinosus-seeds (63, 70)



146 D. C. Gourneuss, G. G. Laskaris, and R. VERPOORTE

159. Scutianene-C (Scutianine-C-like)

A = trans-cinnamic acid' (64)

0 B =B-OH-Leu
C = B-OH-Phe
o o CapHsNyOs, 539
N
H
HN N
H
o]
HO
(3

Mp = 232-234 (64)

[a)p = +203 (c=0.12, CHCl;-MeOH 3:2 viv) (64)

UV : 207 (4.43), 218 (4.39), 275(4.32) (64)

IR : 3410, 3380, 3350, 1630 (64)

MS : 190(f), 189(f-H"), 135(i), 131(a=100%), 106, 105, 103, 77 (64)

'H-NMR (220MHz, DMSOg) : 0.88d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.15d, 7.0 Hz, 3H (Me-B-OH-
Leu), 1.83m, 1H, 4.00t, 9.0 Hz, 1H, 4.10-4.15m, 3H, 5.51d, 4.5 Hz, 1H (OH), 5.94d, 7.0 Hz,
1H, 6.43d, 16.0 Hz, 1H (a-H-trans-cinnamic acid), 6.63dd, 7.0, 2.0 Hz, 1H, 6.57-7.13m, 9H,
7.23d, 9.0 Hz, 1H (NH), 7.41t, 7.0 Hz, 2H, 7.44t, 7.0 Hz, 1H, 7.69d, 7.0 Hz, 2H, 8.01d, 10.0
Hz, 1H (NH), 8.52s, 1H (NH) (64)

Derivatives : Tetrahydro-scutianene-C (64)

Sources : Scutia buxifolia (Rhamnaceae)-roots (64)

References, pp. 171-179
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160. Lotusanine-B (Scutianine-A-like)

A = trans-cinnamic acid’ (59)

B = L-erythro-B-OH-Leu' (59)

C =Phe

E=Pro

Ca7H40N4O5, 620.3180 (MS) (59)

128.91 1309a

Mp : amorphous solid (59)

UV (MeOH) : 244 (3.74), 280 (3.12) (59)

IR (CHCI;) : 3450, 1660, 1610, 1100-1000 (59) .
MS : 620(M"), 486(x), 458(x-CO), 431(y), 403(y-CO), 337(e), 228(0), 200(n), 190(f), 189(f-H"),
135(j), 131(a=100%), 120(q), 103, 87(m), 70(q") (59)

MS (FD) : 620(M") (59) _
'H-NMR (500MHz, CDCl) : 0.66d, 6.6 Hz, 3H (Me-B-OH-Leu), 1.12d, 6.6 Hz, 3H (Me-B-OH-

Leu), 1.80m, 1H (y-H-B-OH-Leu), 3.39-3.55m, 7H (a-H- + B-H- + y-H- + 8-H-Pro), 4.30dd, 9.2,

6.7 Hz, 1H (0-H-Phe), 4.60m, 1H (o.-H-B-OH-Leu), 4.91dd, 6.6, 1.9 Hz, 1H (B-H-B-OH-Leu),
6.02d, 7.8 Hz, 1H (B-H-Sty), 6.32d, 7.6 Hz, 1H (a-H-Sty), 6.68d, 15.4 Hz, 1H (a-H-trans-
cinnamic acid), 7.38-7.54m, 14H (14xAr-H), 7.72d, 15.4 Hz, 1H (B-H-trans-cinnamic acid) (59)
C-NMR (125MHz, CDCl,) : see figure (59)

aand b : values may be interchanged.

Sources : Zizyphus lotus (Rhamnaceae)-aerial parts (59)

Additionally, the isolation of fifteen unidentified cyclopeptide
alkaloids has been claimed: a) from the leaves of Zizyphus jujuba
(Rhamnaceae) five alkaloids designated as fraction 2 and subfractions I,
IL, III and IV (134), b) from the leaves of Cocculus villosus (Menis-
permaceae) four alkaloids designated as subfraction I (fraction II),
subfraction II (fraction II), subfraction I (fraction IV) and subfraction II
(fraction IV) (135), ¢) from the stem of C. villosus six alkaloids de-
signated as subfraction I (fraction III), subfraction II (fraction III),
subfraction I (fraction IV), subfraction II (fraction IV), subfraction III
(fraction IV) and subfraction I (fraction VI) (136).

7. Synthesis

There have been quite a few attempts to synthesize cyclopeptide
alkaloids but so far the results are rather meager. The appropriate
literature is well reviewed in (I, 5, 6). Recent efforts are described in (65,
137-146).
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The general approach in the synthesis of cyclopeptide alkaloids is
first to synthesize the open macrocycle or its dihydro derivative and then,
depending on the nature of the ends of the macrocycle, to close the
ring either by forming a peptide bond between units B and C or between
units C and D (the ends are an activated carboxy group and a protected
amino group which react under conditions that favor an intramolecular
process) or by forming the ether linkage between units D (the end can be
a phenol function) and B (the end can be a dehydro amino acid residue).
The formation of the B-aryloxy amino acid, one of the most difficult
problems, has recently been accomplished successfully (146 ).

Recently the total synthesis of mucronine-B (150) (147), of the
4(15)-mucronine-A-type, and zizyphine-A (27) (I48), the major
representative of the 5(13)-type, was achieved. Total synthesis of
dihydro derivatives of cyclopeptide alkaloids was more fruitful: dihydro-
zizyphine-A and -B (149) of the 5(13)-type, dihydro-mauritine-A (/50)
of the 5(14)-amphibine-B-type and dihydro-zizyphine-G (151, 152) of
the 4(14)-amphibine-F-type were synthesized. The total synthesis of the
linear peptide alkaloid hexaacetyl-celenamide-A was also achieved (156)
(153).

No cyclopeptide alkaloid, nor even a dihydro derivative, of the 4(13)
type, the 4(14)-frangulanine-, -integerrine- or -pandamine-type or the
5(14)-scutianine-A-type has so far been synthesized.

8. Biological Activity

Almost nothing is known about the physiological role of cyclopep-
tide alkaloids in plants. The low natural abundance of these compounds
(0.0002-1%) and the lack of practical synthetic methods hamper
systematic studies on their biological properties. The following activity
have been reported.

8.1. Sedative Activity

Adouetine-Z was reported to possess discrete central sedative activity
possibly of central sympatholytic origin (154).

Frangufoline showed strong sedative activity at a dose of 3 mg/kg
(the effect was monitored by measuring the prolongation of hexobarbi-
tal-induced sleeping time of mice). Additivity was observed between
frangufoline and nuciferine, the latter an aporphine alkaloid also
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obtained from the seeds of Zizyphus vulgaris var. spinosus (70, 155,
156).

Sanjoinine-Ahl, an artifact produced by heating of sanjoinine-A
(=frangufoline), showed higher activity at the same dosages than
sanjoinine-A, thus verifying the classical record on heat treatment of
Sanjoin (seeds of Zizyphus vulgaris var. spinosus) which appears in the
Old Chinese Materia Medica and mentions that roasting of Sanjoin
potentiates its hypnotic activity. Based on the descriptions found in
the Old Chinese Materia Medica, Sanjoin has been frequently used as
an important and reliable hypnotic or sedative agent for treatment
of insomnia. Oriental herbal medicine doctors customarily use the
drug after it has been roasted on a hot plate at high temperature (70, 155,
156).

8.2. Antibacterial Activity

Scutianine-A, -B, -C and -E (as the hydrochloride salts) showed some
antibacterial activity against the Gram (+ ) Bacillus subtilis. Scutianine-
C completely inhibits development of B. subtilis at a concentration of
200 pg/ml (18). Mauritine-A, -B and -D (hydrochloride salts) showed
weak antibacterial activity against B. subtilis (42).

Rugosanine-A and -B, nummularine-B, -R and -S and amphibine-H
(all 13-membered cyclopeptide alkaloids) showed antibacterial activity
against the Gram-(-) bacteria Klebsiella pneumoniae and Escherichia
coli (73). The 14-membered cyclopeptide alkaloids frangufoline and
nummularine-K exhibited significant antibacterial activity against the
Gram-(-) bacteria K. pneumoniae and E. coli and a Gram-(+ ) bacterium
Staphylococcus aureus (73). Of all the compounds in this study,
amphibine-H (13-membered) showed the highest antibacterial activity
against E. coli.

Mucronine-F, -G and -H (as the hydrochloride salts) exhibited
antibacterial activity against B. subtilis and E. coli (132).

8.3. Antifungal Activity

Scutianine-A, -B, -C, -D and -E (hydrochloride salts) (18), mauritine-
A, -B, -C, -D and -E (hydrochloride salts) (42) and mucronine-F, -G and
-H (hydrochloride salts) (/32) inhibited development of Pythium
debaryanum. Pubescine-A and abyssinine-C showed fungicidal effect
against P. debaryanum and Trichoderma viride (20, 132).
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Frangufoline, amphibine-H, rugosanine-A and -B and nummularine-
B, -K, -R and -S showed significant activity against Aspergillus niger,
but no activity against Candida albicans (73).

9. Biosynthesis — Tissue Culture

There is only one paper dealing with tissue culture and biosynthesis
of cyclopeptide alkaloids (/57). According to this paper, calli did not
accumulate alkaloids, but after feeding with appropriate amino acids,
tetrapeptides were formed whose structures accorded perfectly with
those of the cyclopeptide alkaloids produced in the roots of the plant. As
expected, the styrylamine unit arose from tyrosine. No tetrapeptides
were formed in suspension cultures or in calli that were not fed with
appropriate amino acids. Interestingly, plants or plantlets regenerated in
vitro did not produce tetrapeptides. No radiolabelling experiments were
performed. It should be noted that ceanothamine-E discussed in
reference (157) corresponds to ceanothamine-A (frangulanine).

The biosynthetic origin of the styrylamine unit in 4(14)- and 5(14)-
type cyclopeptide alkaloids is obvious (tyrosine). However, in the 4(13)-
and 5(13)-type cyclopeptide alkaloids the B-(2-alkoxy-5-hydroxy)styr-
ylamine unit cannot be attributed to tyrosine. Studies on the biosynthetic
origin of the styrylamine unit would be of interest.

10. Conclusions

During the last two decades great progress has been made in the area
of cyclopeptide alkaloids. The use of powerful spectrometric methods
like MS and NMR has resulted in much faster identification and
unequivocal structure elucidation. However little attention has been paid
to their role in the plant. More knowledge on their physiological role
may also lead to further clues for possible applications of these
compounds, e.g. for drug development. Also, little is known about their
biosynthesis. Cell cultures of the plants producing the alkaloids could be
an interesting tool for such studies, but so far no work has been done in
this direction.
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11. General Tables

151

Table 7. Cyclopeptide Alkaloids and Related Compounds in Order of Increasing
Molecular Weight, Including Type, Molecular Formula and Molecular Weight

Compound Type Molecular Molecular
formula weight
Subfraction II (69) (1) 4(13)-nummularine-C CyHgN4Os 428
Nummularine-F (105) 4(14)-amphibine-F Cy3H3N,O, 428
Spinanine-A (106) 4(14)-amphibine-F CyH3oN4O4 440
Zizyphine-G (107) 4(14)-amphibine-F Cy4H3,N, O, 440
Abyssinine-C (140) 4(15)-mucronine-A Cy4H3gN4,O4 444
Abyssinine-B (141) 4(15)-mucronine-A C,5sHagN,O, 458
Abyssinine-A (142) 4(15)-mucronine-A C,5H3sN,O4 458
Zizyphine-E (143) 4(15)-mucronine-A Cy4H3gN4Os 460
Ceanothine-D (42) 4(14)-frangulanine C,6H3sN,O4 470
Ceanothine-C (43) 4(14)-frangulanine CyH3gN,O4 470
N-Desmethyl-myrianthine-C (44) 4(14)-frangulanine CyeHyoN4O, 472
Mucronine-C (144) 4(15)-mucronine-A CygHyoN,O, 472
Mucronine-F (145) 4(15)-mucronine-A CysH3gN4,Os 474
Mucronine-G (146) 4(15)-mucronine-A C,sHagN,Os 474
Zizyphine-D (147) 4(15)-mucronine-A C,sHagN,Os 474
Mucronine-H (148) 4(15)-mucronine-A C,;H34N,O, 478
Desbenzoyl-aralionine-A (81) 4(14)-integerrine C,7H34N, 0,4 478
Pubescine-A (45) 4(14)-frangulanine Cy7HyoN4,O, 486
Melonovine-A (46) 4(14)-frangulanine C,7H4pN,O4 486
Daechuine-S5 (47) 4(14)-frangulanine Cy7H4pN4,O, 486
Myrianthine-C (48) 4(14)-frangulanine Cy7HyoN4,O, 486
Discarine-F (49) 4(14)-frangulanine Cy7HyoN4O4 486
Hovenine (50) 4(14)-frangulanine Cy7HoN4O, 486
Melofoline (51) 4(14)-frangulanine CyHyoN4Os 488
Mucronine-E (149) 4(15)-mucronine-A Cu6H40N4Os5 488
Sanjoinenine (158) Neutral C,oH3sN;O, 489
Mauritine-C (108) 4(14)-amphibine-F CpgH3uN4,O, 490
Mucronine-B (150) 4(15)-mucronine-A CogH3gN,O, 492
Franganine (52) 4(14)-frangulanine C,gH4sN,O4 500
Adouetine-X (53) 4(14)-frangulanine C,gH4yN,O4 500
Frangulanine (54) 4(14)-frangulanine CogHisN,O4 500
Discarine-E (55) 4(14)-frangulanine C,gH44N,O4 500
Ceanothine-B (56) 4(14)-frangulanine CyoH36N,O4 504
Amphibine-F (109) 4(14)-amphibine-F CyoH3N,O, 504
Lotusine-D (110) 4(14)-amphibine-F CyoH3N4,O, 504
Mucronine-A (151) 4(15)-mucronine-A CyoH3sN,O, 506

Daechuine-S7 (2)
Compound 2 (71) (3)
Sativanine-G (4)
Sativanine-K (5)
Sativanine-B (82)

4(13)-nummularine-C
4(13)-nummularine-C
4(13)-nummularine-C
4(13)-nummularine-C
4(14)-integerrine

C28H42N405 5 14
CysHioN,Os 514
CoH,N,Os 514
C27H38N406 514
C30H3sN,O4 518
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Table 7. (continued)

Compound Type M. formula M. weight
Lotusine-A (111) 4(14)-amphibine-F C;3oH3gN4O, 518
Discarine-H (113) 4(14)-pandamine CogHysN4Os 518
Discarine-L (114) 4(14)-pandamine Cy3H46N405 518
Nummularine-S (6) 4(13)-nummularine-C CyoH36N4Os 520
Tscheschamine (7) 4(13)-nummularine-C CyoH36N40s 520
Lotusine-F (8) 4(13)-nummularine-C CyoH36N4Os 520
Sanjoinine-B (57) 4(14)-frangulanine C3oH4oN4Os 520
N-Desmethyl-myrianthine-B (58) 4(14)-frangulanine C30HygN4Os4 520
Ceanothine-A (59) 4(14)-frangulanine C3oHyoN4,O4 520
5-Isobutyl-8-N-methyl-isoleucyl-

9-phenyl-phencyclopeptine (83)  4(14)-integerrine C30H4oN4,O04 520
Nummularine-D (84) 4(14)-integerrine C30H4oN4O4 520
Sativanine-A (85) 4(14)-integerrine C30HgoN4O4 520
Nummularine-E (86) 4(14)-integerrine CyoH3gN4Os 522
Subfraction I (69) (9) 4(13)-nummularine-C C3oH36N4Os 532
Nummularine-G (87) 4(14)-integerrine C31HyoN4O;4 532
Discarine-C (88) 4(14)-integerrine C3HpoN4O, 534
Myrianthine-A (89) 4(14)-integerrine C3Hs;oN4, O, 534
Integerrenine (90) 4(14)-integerrine C31Hy4oN4O4 534
Nummularine-M (91) 4(14)-integerrine C3HpoN4O, 534
Daechucyclopeptide-I (10) 4(13)-nummularine-C C3oH35N405 534
Scutianine-C (60) 4(14)-frangulanine C;31HpN,O, 534
Frangufoline (61) 4(14)-frangulanine C;31HypN4,O, 534
Adouetine-Y’ (62) 4(14)-frangulanine C3HpoN4O, 534
Lotusanine-A (63) 4(14)-frangulanine C3;H4oN4Oy4 534
Melonovine-B (64) 4(14)-frangulanine C3oH4oN4O5 536
Pandaminine (115) 4(14)-pandamine C30H4oN4Os 538
Sanjoinine-G2 (152) Linear C30H42N405 538
Scutianene-C (159) Neutral C3,H33N505 539
Americine (65) 4(14)-frangulanine C3;H3gNsO, 545
Nummularine-C (11) 4(13)-nummularine-C C31HyoN4Os 548
Daechuine-S6 (12) 4(13)-nummularine-C C3,Hy4oN4Os 548
Scutianine-H (66) 4(14)-frangulanine C31H4N4O5 550
Sanjoinine-F (67) 4(14)-frangulanine C31H4,N405 550
Pandamine (116) 4(14)-pandamine C31Hy4N4O5 552
Sanjoinine-G1 (117) 4(14)-pandamine C3HygN4,Os 552
Discarine-G (118) 4(14)-pandamine C3;Hy44N,4O5 552
Canthiumine (92) 4(14)-integerrine C33H36N40,4 552
Integerresine (93) 4(14)-integerrine C33H3gN4O, 554
Aralionine-B (94) 4(14)-integerrine C33H35N404 554
AM-2 (95) 4(14)-integerrine Ci3H3gN4O, 554
Sativanine-H (17) 5(13)-zizyphine-A CpH43NsOg 557
Nummularine-P (18) 5(13)-zizyphine-A CyoH43NsOg 557
Sativanine-C (19) 5(13)-zizyphine-A Cy9H43NsOg 557
Amphibine-G (112) 4(14)-amphibine-F C3,H3NsO, 557
N-Methyl-americine (68) 4(14)-frangulanine C3,H41N5O,4 559
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Table 7. (continued)
Compound Type M. formula M. weight
Homoamericine (69) 4(14)-frangulanine C3,Hy1NsO4 559
Mauritine-F (121) 5(14)-amphibine-B C3;H3oNsOs 561
Sanjoinine-D (119) 4(14)-pandamine C3oHyeN4Os 566
Scutianine-B (70) 4(14)-frangulanine C34HygN,O, 568
Crenatine-A (96) 4(14)-integerrine C34HygN4,O4 568
Discarine-D (97) 4(14)-integerrine C34HygN4,O;4 568
Deoxo-aralionine-A (98) 4(14)-integerrine C34HygN4,O;4 568
Ceanothine-E (99) 4(14)-integerrine C34HygN4,O, 568
Adouetine-Y (100) 4(14)-integerrine C34H4oN4O4 568
Sativanine-D (20) 5(13)-zizyphine-A C30H43NsO0g 569
Texensine (71) 4(14)-frangulanine C33Hy3NsO, 573
Discarine-B (72) 4(14)-frangulanine C33HysNsO, 573
Discarine-X (73) 4(14)-frangulanine C33HysNsO, 573
Nummularine-K (74) 4(14)-frangulanine C33H43Ns04 573
Discarine-A (75) 4(14)-frangulanine C33Ha3NsO, 573
Amphibine-A (76) 4(14)-frangulanine C33H43N504 573
Mauritine-A (122) 5(14)-amphibine-B C3,H4N5O5 575
N-Desmethyl-integerrine (101)  4(14)-integerrine C34H37Ns04 579
Aralionine-A (102) 4(14)-integerrine C34H3gN4O5 582
Aralionine-C (103) 4(14)-integerrine Cy4HyoN4,Os 584
Scutianine-D (77) 4(14)-frangulanine C34HygN,Os 584
Scutianine-E (78) 4(14)-frangulanine C34HygN4Os 584
Scutianine-G (79) 4(14)-frangulanine CsHygN4,Os 584
Rugosanine-A (21) 5(13)-zizyphine-A C30H43N50;, 585

Sativanine-E (13)
Nummularine-R (14)
Daechuine-S10 (15)

4(13)-nummularine-C
4(13)-nummularine-C
4(13)-nummularine-C

C33H4NsOs 587
C33H41N505 587
C33H41N505 587

Mauritine-H (123) 5(14)-amphibine-B C33HysNsOs 589
Mauritine-E (124) 5(14)-amphibine-B C3HyNsOg 591
Nummularine-N (22) 5(13)-zizyphine-A C3,HyNsOg 591
Nummularine-B (23) 5(13)-zizyphine-A C3,HyNsOg 591
Discarine-K (120) 4(14)-pandamine C33HysNsOs 591
Integerrine (104) 4(14)-integerrine C35H3oNs04 593
Zizyphine-B (24) 5(13)-zizyphine-A C3,Hy7NsOg 597
Zizyphine-F (25) 5(13)-zizyphine-A C3pHy7NsOg 597
Mauritine-D (125) 5(14)-amphibine-B C33Hs5NsOs 597
Scutianine-J (80) 4(14)-frangulanine C34HygN4Og 600
Amphibine-H (26) 5(13)-zizyphine-A C33Hy3sNsO¢ 605
Zizyphine-A (27) 5(13)-zizyphine-A C33HoNsOg 611
Daechuine-S8-1 (28) .5(13)-zizyphine-A Cs3HsNsOg 613
Hysodricanine—A (126) 5(14)—amph1b1ne—B C35H45N505 615
Lotusine-C (127) 5(14)—amphlb1ne-B C35H47N505 617
Mauritine-B (128) 5(14)-amphibine-B C35H47N505 617
Lasiodine-B (134) 5(14)-scutianine-A C3sHy7NsOs 617
Nummularine-T (29) 5(13)-zizyphine-A Cs3HyNsO; 619
Lotusanine-B (160) Neutral C37HygN,Os 620
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Table 7. (continued)

Compound

Type

M. formula

M. weight

Rugosanine-B (16)
Daechuine-S3 (30)
Lotusine-B (129)
Amphibine-C (130)
Amphibine-D (131)
Sativanine-F (31)
Zizyphine-C (32)
Lotusine-E (33)
Paliurine-B (34)

Nummularine-A (35)
0O-Desmethyl-mucronine-D (36)

Scutianine-F (135)
Mucronine-D (37)
Amphibine-B (132)
Scutianine-A (136)
Amphibine-E (133)

Hymenocardine (139)
Nummularine-H (38)

Feretine (137)
Jubanine-A (39)
Adouetine-Z (138)
Lasiodine-A (153)

Nummularine-O (40)

Jubanine-B (41)

Celenamide-C (154)
Celenamide-B (155)
Celenamide-A (156)
Celenamide-D (157)

4(13)-nummularine-C

5(13)-zizyphine-A
5(14)-amphibine-B
5(14)-amphibine-B
5(14)-amphibine-B
5(13)-zizyphine-A
5(13)-zizyphine-A
5(13)-zizyphine-A
5(13)-zizyphine-A
5(13)-zizyphine-A
5(13)-zizyphine-A
5(14)-scutianine-A
5(13)-zizyphine-A
5(14)-amphibine-B
5(14)-scutianine-A
5(14)-amphibine-B

5(14)-hymenocardine

5(13)-zizyphine-A
5(14)-scutianine-A
5(13)-zizyphine-A
5(14)-scutianine-A
Linear
5(13)-zizyphine-A
5(13)-zizyphine-A
Linear
Linear
Linear
Linear

C36H30N505
C34H53N506
C36H49N5Os
C36H49N505
C36H49N505
C34Hg3NsO7
C36H47N506
C36H49N506
C36Ha9N506
C36H49N506
C36H4oNsO¢
C3gH4sN5Os
C37H51N506
C39H47N505
C39H47N505
C33Hs5oNgOs
C37H50NgOs
C39H47NsOg
C41H43N505
C4oH4oN506
C42H4sN5Os
C3oH4oNs0,
Cy2HysNsOg
C43Hy7N504
C46HagBrNsO13
C4sH46BrNsO4
C46HasBIrNsO14
CsoHs52N4029

621

627

631

631

631

633

645

647

647

647

647

651

661

665

665

670

674

681

685

695

699

699

715

729
959/957
961/959
975/973
1028

Table 8. Alphabetical List of Cyclopeptide Alkaloids and Related Compounds

Including Sources

Compound

Sources (plant part)

Abyssinine-A (142)
Abyssinine-B (141)
Abyssinine-C (140)
Adouetine-X (53)

Adouetine-Y (100)

Adouetine-Y’ (62)

Zizyphus abyssinica (sb), Z. oenoplia (sb)
Zizyphus abyssinica (sb), Z. oenoplia (sb)
Zizyphus abyssinica (sb)
Ceanothus americanus (tb), Waltheria ameri-

cana (wh)

Ceanothus americanus (tb), Waltheria ameri-

cana (wh)

Antidesma montana (1, tb), Ceanothus ameri-
canus (rb), Discaria febrifuga (sb), D. long-
ispina (r, 1b), Melochia corchorifolia (ae, 1),
Myrianthus arboreus (1), Waltheria americana

(wh)
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Table 8. (continued)

Compound

Sources (plant part)

Adouetine-Z (138)

AM-1

AM-2 (95)
Americine (65)
Amphibine-A (76)

Amphibine-B (132)
Amphibine-C (130)
Amphibine-D (131)

Amphibine-E (133)
Amphibine-F (109)

Amphibine-G (112)
Amphibine-H (26)

Aralionine-A (102)

Aralionine-B (94)

Aralionine-C (103)
5-Benzyl-8-N-(N’-methylpropyl)-
9-isopropyl-phencyclopeptine
5-Benzyl-8-N,N-dimethyl-isoleucyl-
9-phenyl-phencyclopeptine
5-sec-Butyl-8-N-(N'-methyl-phenyl-
alanyl)-9-isopropyl-phencyclopeptine
Canthiumine (92)

Ceanothamine-A

Ceanothamine-B

Ceanothine-A (59)

Ceanothine-B (56)

Ceanothine-C (43)

Ceanothine-D (42)

Ceanothine-E (99)

Celenamide-A (156)

Celenamide-B (155)

Celenamide-C (154)

Celenamide-D (157)

Compound 2 (71) (3)

Crenatine-A (96)
Daechucyclopeptide-I (10)
Daechuine-S1

Daechuine-S2

Feretia apodanthera (1), Melochia pyramidata
(1), Waltheria americana (wh)

see Adouetine-Y’ (62)

Antidesma montana (1, tb)

Ceanothus americanus (rb)

Zizyphus amphibia (sb), Z. nummularia (1b),

Z. spina-christi (sb)

Zizyphus amphibia (sb), Z. mauritiana (sb)
Zizyphus amphibia (sb)

Zizyphus amphibia (sb), Z. juazeiro (sb),

Z. mauritiana (sb), Z. rugosa (sb), Z. vulgaris
var. spinosus (sd)

Zizyphus amphibia (sb), Z. mauritiana (sb),

Z. spina-christi (sb)

Zizyphus amphibia (sb), Z. mauritiana (sb),

Z. spina-christi (sb)

Zizyphus amphibia (sb)

Zizyphus amphibia (sb), Z. jujuba (sb), Z.
nummularia (rb), Z. spina-christi (sb), Z.
xylopyra (sb)

Araliothamnus vaginatus (1, sb)

Araliothamnus vaginatus (1, sb)

Araliothamnus vaginatus (sb)

see Ceanothine-B (56)

see Deoxo-aralionine-A (98)
see N-Desmethyl-myrianthine-B (58)

Canthium euryoides (?)

see Frangulanine (54)

see Adouetine-X (53)

Ceanothus americanus (rb)
Ceanothus americanus (1b), C. sanguineus (rb)
Ceanothus americanus (rb)
Ceanothus americanus (rb)
Ceanothus americanus (rb)

Cliona celata (sponge)

Cliona celata (sponge)

Cliona celata (sponge)

Cliona celata (sponge)

Zizyphus mucronata (r)

Discaria crenata (1, s)

Zizyphus jujuba var. inermis (fr, sb)
see Frangufoline (61)

see Frangulanine (54)
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Table 8. (continued)

Compound

Sources (plant part)

Daechuine-S3 (30)
Daechuine-S4
Daechuine-S5 (47)
Daechuine-S6 (12)
Daechuine-S7 (2)
Daechuine-S8-1 (28)
Daechuine-S9
Daechuine-S10 (15)
Daechuine-S26
Daechuine-S27
Deoxo-aralionine-A (98)

Deoxy-aralionine-C
Desbenzoyl-aralionine-A (81)
N-Desmethyl-abyssinine-B
N-Desmethyl-adouetine-X
N-Desmethyl-adouetine-Z
N-Desmethyl-amphibine-H
N-Desmethyl-discarine-B
N-Desmethyl-frangufoline
N-Desmethyl-frangulanine
N-Desmethyl-integerrenine
N-Desmethyl-integerrine (101)

N-Desmethyl-jubanine-A
N-Desmethyl-jubanine-B
N-Desmethyl-lotusine-A
N-Desmethyl-mauritine-A
N-Desmethyl-mucronine-A
N-Desmethyl-mucronine-B
N-Desmethyl-mucronine-C
N-Desmethyl-mucronine-D
N-Desmethyl-mucronine-E
N-Desmethyl-myrianthine-B (58)
N-Desmethyl-myrianthine-C (44)
N-Desmethyl-scutianine-A
N-Desmethyl-texensine
N-Desmethyl-zizyphine-A
N-Desmethyl-zizyphine-D
O-Desmethyl-mucronine-D (36)
0O-Desmethyl-zizyphine-A
Discarine-A (75)

Zizyphus jujuba var. inermis (sb)
see Franganine (52)

Zizyphus jujuba var. inermis (sb)
Zizyphus jujuba var. inermis (sb)
Zizyphus jujuba var. inermis (sb)
Zizyphus jujuba var. inermis (sb)
see Mucronine-D (37)

Zizyphus jujuba var. inermis (sb)
see Daechucyclopeptide-I (10)
see Nummularine-B (23)

Ceanothus integerrimus var. californicus (tb), C.

integerrimus var. integerrimus (rb)
see Deoxo-aralionine-A (98)
Araliothamnus vaginatus (sb)
see Abyssinine-C (140)

see Discarine-F (49)

see Feretine (137)

see Nummularine-B (23)

see Homoamericine (69)

see Sanjoinine-B (57)

see Hovenine (50)

see Nummularine-D (84)

Ceanothus integerrimus var. integerrimus

(rb)

see Nummularine-H (38)
see Nummularine-O (40)
see Lotusine-D (110)
see Mauritine-F (121)
see Mucronine-B (150)
see Mucronine-H (148)
see Abyssinine-A (141)
see Nummularine-A (35)
see Mucronine-F (145)
Ceanothus sanguineus (rb)
Plectronia odorata (ae)
see Scutianine-F (135)
see Homoamericine (69)
see Zizyphine-B (24)
see Zizyphine-E (143)
Zizyphus mucronata (r)
see Zizyphine-F (25)
Discaria longispina (r)

Discarine-B (72) Ceanothus integerrimus var. californicus
(tb), C. integerrimus var. integerrimus (rb),
C. sanguineus (1b), Discaria longispina (1, 1b)

Discarine-C (88) Discaria febrifuga (sb)
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Table 8. (continued)

Compound

Sources (plant part)

Discarine-D (97)
Discarine-E (55)
Discarine-F (49)
Discarine-G (118)
Discarine-H (113)
Discarine-K (120)
Discarine-L (114)
Discarine-X (73)
Feretine (137)
Franganine (52)

Frangufoline (61)

Frangufoline amido-aldehyde
Frangulanine (54)

Homoamericine (69)

Hovenine (50)

Hymenocardine (139)
Hysodricanine-A (126)
5-B-Indolylmethyl-8-N-methyl-
valyl-9-phenyl-phencyclopeptine
5-B-Indolylmethyl-8-N, N-dimethyl-
valyl-9-isopropyl-phencyclopeptine
Integerrenine (90)

Integerresine (93)
Integerrine (104)

5-Isobutyl-8-N-methyl-isoleucyl-
9-phenyl-phencyclopeptine (83)

Jubanine-A (39)

Discaria febrifuga (sb)

Discaria febrifuga (sb), D. longispina (rb)
Discaria febrifuga (rb)

Discaria febrifuga (rb)

Discaria febrifuga (1b)

Discaria febrifuga (r)

Discaria febrifuga (1b)

Discaria longispina (rb)

Feretia apodanthera (1)

Discaria febrifuga (r, sb), Euonymus europaeus
(r, b), Melochia corchorifolia (ae, 1), Rhamnus
frangula (sb), Zizyphus spina-christi (sb)
Ceanothus sanguineus (rb), Discaria febrifuga
(sb), D. longispina (r), Euonymus europaeus (1),
Melochia corchorifolia (1), M. pyramidata (1),
Rhamnus frangula (sb), Zizyphus jujuba (sb), Z.
jujuba var. inermis (sb), Z. lotus (ae), Z.
mauritiana (sb), Z. nummularia (tb, sb), Z.
vulgaris var. spinosus (sd)

see Sanjoinine-G2 (152)

Ceanothus americanus (tb), Discaria longispina
(r), Euonymus europaeus (1, r, tb, sb), Hovenia
dulcis (tb), H. tomentella (tb), Rhamnus fran-
gula (sb), Zizyphus jujuba var. inermis (sb), Z.
sativa (sb)

Ceanothus americanus (rb), Hovenia dulcis (1b),
H. tomentella (rb)

Hovenia dulcis (rb), H. tomentella (1b)
Hymenocardia acida (rb)

Zizyphus hutchinsonii (sb), Z. hysodrica (sb)

see N-Desmethyl-integerrine (101)

see N-Methyl-americine (68)

Ceanothus integerrimus (r), C. integerrimus var.
californicus (tb), Ceanothus integerrimus var.
integerrimus (rb), Melochia pyramidata (1),
Zizyphus nummularia (rb)

Ceanothus integerrimus (r)

Ceanothus integerrimus (r), Ceanothus
integerrimus var. integerrimus (rb)

Ceanothus integerrimus var. californicus (rb),
C. integerrimus var. integerrimus (rb)
Zizyphus jujuba (sb), Z. nummularia (rb),

Z. spina-christi (sb)
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Table 8. (continued)

Compound

Sources (plant part)

Jubanine-B (41)
Lasiodine-A (153)
Lasiodine-B (134)
Lotusanine-A (63)
Lotusanine-B (160)
Lotusine-A (111)
Lotusine-B (129)
Lotusine-C (127)
Lotusine-D (110)
Lotusine-E (33)
Lotusine-F (8)
Mauritine-A (122)

Mauritine-B (128)
Mauritine-C (108)

Mauritine-D (125)

Mauritine-E (124)
Mauritine-F (121)
Mauritine-H (123)
Melofoline (51)
Melonovine-A (46)
Melonovine-B (64)
4-Methoxy-abyssinine-A
4-Methoxy-abyssinine-C
N-Methyl-americine (68)

0O-Methyl-sanjoinine-G1
Mucronine-A (151)
Mucronine-B (150)
Mucronine-C (144)
Mucronine-D (37)

Mucronine-E (149)
Mucronine-F (145)
Mucronine-G (146)
Mucronine-H (148)
Myrianthine-A (89)
Myrianthine-B
Myrianthine-C (48)
Nummularine-A (35)
Nummularine-B (23)

Zizyphus jujuba (sb), Z. nummularia (b, sb)
Lasiodiscus marmoratus (1)

Lasiodiscus marmoratus (1)

Zizyphus lotus (ae)

Zizyphus lotus (ae)

Zizyphus lotus (rb)

Zizyphus lotus (rb)

Zizyphus lotus (rb)

Zizyphus lotus (rb)

Zizyphus lotus (rb)

Zizyphus lotus (rb)

Zizyphus jujuba (sb), Z. mauritiana (sb),

Z. nummularia (sb), Z. spina-christi (sb)
Zizyphus mauritiana (sb)

Zizyphus mauritiana (sb), Z. nummularia (rb), Z.
spina-christi (sb)

Zizyphus mauritiana (sb), Z. nummularia (sb),
Z. xylopyra (sb)

Zizyphus mauritiana (sb)

Zizyphus mauritiana (sb), Z. nummularia (rb)
Zizyphus mauritiana (sb)

Melochia corchorifolia (ae)

Melochia tomentosa (r)

Melochia tomentosa (r)

see Mucronine-E (149)

see Mucronine-G (146)

Ceanothus integerrimus var. integerrimus (rb),
C. sanguineus (rb)

see Sanjoinine-D (119)

Zizyphus abyssinica (sb), Z. mucronata (sb)
Zizyphus abyssinica (sb), Z. mucronata (sb)
Zizyphus abyssinica (sb), Z. mucronata (sb)
Zizyphus jujuba (sb), Z. jujuba var. inermis (sb),
Z. mucronata (r, sb), Z. nummularia (rb), Z.
sativa (sb)

Zizyphus mucronata (sb)

Zizyphus mucronata (sb)

Zizyphus mucronata (sb)

Zizyphus mucronata (sb)

Myrianthus arboreus (1)

see Adouetine-Y' (62)

Myrianthus arboreus (1), Plectronia odorata (ae)
Zizyphus jujuba (sb), Z. nummularia (rb, sb)
Zizyphus jujuba (sb), Z. jujuba var. inermis (sb),
Z. nummularia (rb, sb), Z. sativa (sb), Z
xylopyra (sb)
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Table 8. (continued)

Compound

Sources (plant part)

Nummularine-C (11)
Nummularine-D (84)
Nummularine-E (86)
Nummularine-F (105)
Nummularine-G (87)
Nummularine-H (38)
Nummularine-K (74)
Nummularine-M (91)
Nummularine-N (22)
Nummularine-O (40)
Nummularine-P (18)
Nummularine-R (14)
Nummularine-S (6)
Nummularine-T (29)
Paliurine-B (34)
Pandamine (116)
Pandaminine (115)
Pubescine-A (45)
Rugosanine-A (21)
Rugosanine-B (16)
Sanjoinenine (158)
Sanjoinine-A
Sanjoinine-B (57)
Sanjoinine-D (119)
Sanjoinine-F (67)
Sanjoinine-G1 (117)
Sanjoinine-G2 (152)
Sativanine-A (85)
Sativanine-B (82)
Sativanine-C (19)
Sativanine-D (20)
Sativanine-E (13)
Sativanine-F (31)
Sativanine-G (4)
Sativanine-H (17)
Sativanine-K (5)
Scutianene-C (159)
Scutianine-A (136)
Scutianine-B (70)

Scutianine-C (60)

Scutianine-D (77)
Scutianine-E (78)
Scutianine-F (135)
Scutianine-G (79)

Zizyphus nummularia (b, sb)

Zizyphus nummularia (tb, sb)

Zizyphus nummularia (tb, sb), Z. hysodrica (sb)
Zizyphus nummularia (rb, sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (sb), Z. xylopyra (sb)
Zizyphus nummularia (sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (b, sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (sb)

Zizyphus nummularia (sb)

Paliurus ramosissimus (1, s)

Panda oleosa (1b)

Panda oleosa (1b)

Discaria pubescens (?7)

Zizyphus rugosa (sb)

Zizyphus rugosa (sb)

Zizyphus lotus (ae), Z. vulgaris var. spinosus (sd)
see Frangufoline (61)

Zizyphus vulgaris var. spinosus (sd)

Zizyphus vulgaris var. spinosus (sd)

Zizyphus lotus (ae), Z. vulgaris var. spinosus (sd)
Zizyphus vulgaris var. spinosus (sd)

Zizyphus vulgaris var. spinosus (sd)

Zizyphus sativa (sb), Z. spina-christi (sb)
Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Zizyphus sativa (sb)

Scutia buxifolia (r)

Scutia buxifolia (sb)

Discaria febrifuga (sb), Melochia tomentosa (1),
Scutia buxifolia (r, sb)

Scutia buxifolia (r, sb), Zizyphus nummularia
(sb)

Scutia buxifolia (r, sb)

Scutia buxifolia (sb)

Scutia buxifolia (sb)

Scutia buxifolia (sb)
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Table 8. (continued)

Compound Sources (plant part)
Scutianine-H (66) Scutia buxifolia (sb)
Scutianine-J (80) Scutia buxifolia (sb)
Spinanine-A (106) Zizyphus spina-christi (sb)
Subfraction I (69) (9) Sphaeranthus indicus (fl)
Subfraction II (69) (1) Sphaeranthus indicus (fl)
Texensine (71) Colubrina texensis (ae)
Tscheschamine (7) Zizyphus sativa (sb)
Zizyphine-A (27) Zizyphus oenoplia (1b, sb)
Zizyphine-B (24) Zizyphus oenoplia (rb, sb)
Zizyphine-C (32) Zizyphus oenoplia (sb)
Zizyphine-D (147) Zizyphus oenoplia (sb)
Zizyphine-E (143) Zizyphus oenoplia (sb)
Zizyphine-F (25) Zizyphus oenoplia (sb), Z. spina-christi (sb)
Zizyphine-G (107) Zizyphus oenoplia (sb)
Zizyphinine see Zizyphine-B (24)

ae = aerial parts, fl =flowers, fr=fruits, ] =leaves, r =roots, rb=root bark, s = stems,
sb=stem bark, sd = seeds, tb =terminal branches, wh = whole plant

Table 9. Plant Index

Asteraceae Sphaeranthus indicus 1, 9
Celastraceae Euonymus europaeus 52, 54, 61
Euphorbiaceae Antidesma montana 62, 95
Hymenocardia acida 139
Pandaceae Panda oleosa 115, 116
Rhamnaceae Araliothamnus vaginatus 81, 94, 102, 103
Ceanothus
C. americanus 42, 43, 53, 54, 56, 59, 65, 69, 99, 100
C. integerrimus 90, 93, 104
C. integerrimus var. californicus 72, 83, 90, 98
C. integerrimus var. integerrimus 68, 72, 83, 90, 98, 101, 104
C. sanguineus 56, 58, 61, 62, 68, 72

Colubrina texensis 71

Discaria

D. crenata 96

D. febrifuga 49, 52, 55, 61, 62, 70, 88, 97, 113, 114, 118, 120
D. longispina 54, 55, 61, 62, 72, 73, 75
D. pubescens 45

Hovenia

H. dulcis 50, 54

H. tomentella 50, 54

Lasiodiscus marmoratus 134, 153
Paliurus ramosissimus 34
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Table 9. (continued)

Rubiaceae

Sterculiaceae

Urticaceae

Rhamnus frangula 52, 54, 61

Scutia buxifolia 60, 66, 70, 77, 78, 79, 80, 135, 136, 159
Zizyphus

Z. abyssinica 140, 141, 142, 144, 150, 151

Z. amphibia 26, 76, 109, 112, 130, 131, 132, 133

Z. hutchinsonii 126

Z. juazeiro 131

Z. jujuba 23, 26, 35, 37, 39, 41, 61, 122, **

Z. jujuba var. inermis 2, 10, 12, 15, 23, 28, 30, 37, 47, 52, 54,
61

Z. lotus 8, 33, 61, 63, 67, 110, 111, 127, 129, 158, 160

Z. mauritiana 61, 108, 109, 121, 122, 123, 124, 125, 128, 131,
132,133

Z. mucronata 3, 36, 37, 144, 145, 146, 148, 149, 150, 151

Z. nummularia 6, 11, 14, 18, 22, 23, 26, 29, 35, 37, 38, 40, 41,
60, 61, 74, 76, 84, 86, 87, 90, 91, 105, 121, 122, 125

Z. oenoplia 24, 25, 27, 32, 107, 141, 142, 143, 147

Z. rugosa 16, 21, 131

Z. sativa 4, 5,7, 13,17, 19, 20, 23, 31, 37, 54, 82, 85

Z. spina-christi 25, 26, 39, 52, 76, 85, 106, 108, 109, 122, 133
Z. vulgaris var. spinosus 57, 61, 67, 117, 119, 131, 152, 158
Z. xylopyra 23, 26, 74, 125

Canthium euryoides 92

Feretia apodanthera 137, 138

Plectronia odorata 44, 48

Melochia

M. corchorifolia 51, 52, 61, 62

M. pyramidata 61, 90, 138

M. tomentosa 46, 64, 70

Waltheria americana 53, 62, 100, 138

Myrianthus arboreus 48, 62, 89




Addendum

It covers data published prior to 1995 that have been omitted, as well
as new data appeared in 1996.

Physical and Spectral Data of Cyclopeptide Alkaloids and
Related Compounds

5(13)-Zizyphine-A-Type Cyclopeptide Alkaloids
Zizyphine-K

OH
A = N,N-diMe-lleu
0 B = g-OH-Pro
C=Pro
B o o E = Val
5 @ ” C31Hy45N50g, 583
N N
(o]
NH
(o]
[o)
B 4
—N
\
Mp =230 (158)

UV (MeOH) : 220, 260, 315 (158)

IR (CHCI3) : 3350, 3000, 2970, 2780, 1675, 1635, 1590, 1450, 1225, 1050 (158)

MS : 583(M"), 526(b), 470(c), 468(d), 371(f), 370(g), 344(h), 343(i), 342(j), 310(k), 274(u), 245(r),
219(s), 202(t), 193(p), 165(q), 151(x), 114(a=100%), 96(v), 86(p’). 70(q’), 68(w) (158)

'H-NMR (60 and 90MHz, CDCl3) : 0.75-1.30, 12H (4xC-Me), 2.15, 6H (NMey), 4.20 (8-H-B-OH-Pro)
(158)

Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (158)
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Zizyphine-1
OMe
A = N,N-diMe-lieu
o B = B-OH-Pro
C=Pro
B o o E = Phe
o ” CagH47N50g, 845
N N
o)
(0]
NH
—N
\

Mp =135 (159)

UV (MeOH) : 255, 320 (159)

IR (CHCl3) : 3335, 2950, 2875, 2745, 1670, 1630, 1610, 1480, 1225, 1030 (159)

MS : 645(M"), 588(b), 532(c), 530(d), 385(f), 384(g), 358(h), 357(i), 356(j), 288(u), 259(r), 233(s),
216(t), 193(p), 165(a/x), 114(a=100%), 96(v), 86(p’), 70(q’), 68(W) (159)

'H-NMR (60 and 90MHz, CDCl) : 0.90-1.30, 6H (2xC-Me), 2.30, 6H (NMe,), 3.88, 3H (OMe), 4.39, 1H
(a-H-B-OH-Pro), 6.70-7.20, 10H (olefinic + aromatic-H) (159)

Sources : Zizyphus oenoplia (Rhamnaceae)-stem bark (159)

4(14)-Frangulanine-Type Cyclopeptide Alkaloids

Anorldianine

120.8 125.8

A = N,N-diMe-Leu
B = threo-p-OH-Leu?
C=Pro
C27H40N404, 484

Mp = 160 (160)

UV (EtOH) : 228 (4.80) (160)

IR (7). 3400, 2925, 2850, 1720, 1625, 1270, 1040, 970, 700 (160)

MS : 485(M+H"), 484(M"), 328(j), 190(f), 166(1), 135(i), 114(a=100%), 97(m), 57 (160)

"H-NMR (360MHz, D,0) : 2.00m, 1H (y-H-B-OH-Leu), 2.12s, 6H (N-Me,), 2.26dd, 12.0, 5.7 Hz, 1H (B-
H-Pro), 2.69dd, 7.8, 6.6 Hz, 1H (5-H-Pro), 3.32ddd, 10.1, 8.2, 2.1 Hz, 1H (B-H-N,N-diMe-Leu), 3.90dt,
10.1, 7.0 Hz, 1H (B-H-N,N-diMe-Leu), 4.24d, 7.4 Hz, 1H (a-H-Pro), 4.85d, 0.7 Hz, 2H (a-H- + B-H-B-
OH-l.eu), 6.13d, 10.7 Hz, 1H (NH-Sty), 6.36d, 7.6 Hz, 1H (B-H-Sty), 6.66dd, 10.4, 7 6 Hz, 1H (a-H-Sty),
7.00dd, 8.2, 1.9 Hz, 1H (5-H-Sty), 7.07dd, 8.5, 1.9 Hz, 1H (3-H-Sty), 7.11dd, 8.2, 2.5 Hz, 1H (6-H-Sty),
7.18dd, 8.5, 2.5 Hz, 1H (2-H-Sty) (160)

BC-NMR (50.32MHz, CDCls) : see figure (160)

Sources : Canthium anorldianum (Rubiaceae)-stem bark (760)
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Discarine-1

A = N-Me-lleu

B = erythro-B-OH-Leu?
C=Trp

C32H41N504, 559

Mp = 140 (167)

[alp (25) = -149 (c=0.1, MeOH) (161)

UV (MeOH) : 227.5, 270, 278, 289 (161)

IR (?) : 3400, 2800, 1690-1650, 1230 (161)

MS : 559 (M"), 502(b), 460(g), 417(j). 304(v), 283(k), 255(1), 247(t), 190(f), 181(c), 170(r), 159(q),
153(d), 135(i), 130, 100(a=100%), 97(m), 71(n), 69, 57(p-Me) (167)

TH-NMR (400MHz, CDCl3 + 20% CD30D) : 0.80d, 7.0 Hz, 3H (CH-Me-N-Me-lleu), 0.83t, 7.0 Hz, 3H
(CHz-Me-N-Me-lleu), 0.92d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.12d, 7.0 Hz, 3H (Me-B-OH-Leu), 1.88s, 3H
(NH-Me), 2.00m, 1H (y-H-B-OH-Leu), 2.62d, 5.0 Hz, 1H (a-H-N-Me-lleu), 4.20t, 7.0 Hz, 1H (a-H-Trp),
4.42d, 8.0 Hz, 1H (a-H-B-OH-Leu), 4.78dd, 8.0, 2.0 Hz, 1H (B-H-B-OH-Leu), 6.14d, 7.0 Hz, 1H (B-H-
Sty), 6.60d, 7.0 Hz, 1H (a-H-Sty), 7.27d, 8.0 Hz, 1H (7-H-Trp), 7.43d, 8.0 Hz, 1H (4-H-Trp) (167)
BCNMR (100MHz, CDCl3 + 1% CD30D) : see figure (167)

Sources : Discaria febrifuga (Rhamnaceae)-root bark (161)
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4(14)-Amphibine-F-Type Cyclopeptide Alkaloids

Mucronine-J

123.1 130.2

A = N,N-diMe-L-Leu" (162)

B = trans-p-OH-Pro! (162)

C = Lleu! (162)
Co7H4oN404, 484 (MS) (162)

[alp (21) = -236 (c=1, CHCI3) (162)

IR (neat) : 3398, 2963, 2931, 2880, 2791, 1658, 1632, 1511, 1460, 1229, 1171, 1106, 1031 (162)

MS : 427(b), 229(r), 209(p), 201(r-C0O), 189(u’)*, 161, 153(n), 135(i"), 114(a=100%), 86(p'/q’), 72(0’)
(162).

* Fragment u’ corresponds to u of 4(14)-frangulanine- and -integerrine-type cyclopeptide aikaloids.

MS (FAB+) : 485(M+H"), 355(b'-CO+H"), 341(-H"), 327(-Me), 281, 267(y'+H"), 221, 207 (162)

MS (HRFAB) : 485.3088(M+H") (162)

1H-NMR (300.13MHz, CDCl3) : 0.69d, 7.0 Hz, 3H (CH-Me-lleu), 0.79d, 6.3 Hz, 3H (Me-N,N-diMe-Leu),
0.82t, 7.2 Hz, 3H (CHz-Me-lleu), 0.83d, 6.3 Hz, 3H (Me-N,N-diMe-Leu), 1.05m, 1H (y-H-lleu), 1.20m,
1H (y-H-lleu), 1.23m, 2H (B-H- + y-H-N,N-diMe-Leu), 1.67dd, 9.4, 9.1 Hz, 1H (B-H-N,N-diMe-Leu),
2.13m, 1H (y-H-B-OH-Pro), 2.18m, 1H (B-H-lleu), 2.27s, 6H (N-Mey), 2.55ddd, 12.2, 7.2, 5.2 Hz, 1H (y-
H-B-OH-Pro), 3.21dd, 9.4, 3.4 Hz, 1H (a-H-N,N-diMe-Leu), 3.32ddd, 13.1, 10.8, 5.2 Hz, 1H (3-H-B-OH-
Pro), 4.16dd, 8.8, 2.9 Hz, 1H (a-H-lleu), 4.28dd, 10.8, 8.2 Hz, 1H (5-H-B-OH-Pro), 4.31d, 5.3 Hz, 1H
(a-H-B-OH-Pro), 5.59ddd, 9.8, 7.2, 5.3 Hz, 1H (B-H-B-OH-Pro), 6.27d, 7.7 Hz, 1H (B-H-Sty), 6.52d,
10.8 Hz, 1H (NH-Sty), 6.70d, 8.8 Hz, 1H (NH-lleu), 6.74dd, 10.8, 7.7 Hz, 1H (a-H-Sty), 7.06m, 1H (6-H-
Sty), 7.10m, 2H (2-H- + 3-H-Sty), 7.28dd, 9.0, 2.6 Hz, 1H (5-H-Sty) (162)

3C-NMR (75.47MHz, CDCl3) : see figure (162)

NOESY, COSY, HMBC and HMQC-NMR spectra (162)

Sources : Zizyphus mucronata (Rhamnaceae)-root bark (162)
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( —)-Nummularine-F (Synthetic Product) (/63)

122.9 130.0

A = N,N-diMe-Gly

B = 3-OH-Pro

C=lleu

Ca3H33N404, 428 (MS) (163)

170.7,

/ 452

Mp = 152-154 (163)
[alp (20) = -197 (c=0.45, MeOH) (163)
IR (CHCI3) : 3410, 2980, 2950, 2890, 2870, 2840, 2790, 1690, 1625, 1500, 1480, 1455, 1360, 1310,
1255, 1170, 1115, 1095, 1080, 1020, 860 (163)
MS (HRMS) : 429.255(M+H+) (163)
TH-NMR (500MHz, CDCl3) : 0.75d, 6.9 Hz, 3H (CH-Me-lleu), 0.85t, 7.3 Hz, 3H (CHz-Me-lleu), 1.08-
1.14m, 1H (y-H-lleu), 1.22-1.24m, 1H (y-H-lleu), 2.11-2.16m, 10.6, 8.3, 7.1, 5.4 Hz, 1H (pro-R-y-H-B-
OH-Pro), 2.17-2.25m, 1H (B-H-lleu), 2.28s, 6H (N-Mey), 2.55-2.60m, 12.9, 10.6, 9.8 Hz, 1H (pro-S-y-H-
B-OH-Pro), 3.04d and 3.15d, 14.2 Hz, 2H (CH2-N,N-diMe-Gly), 3.42-3.48m, 12.9, 11.5, 5.4 Hz, 1H
(pro-S-8-H-B-OH-Pro), 4.08dd, 11.4, 8.3 Hz, 1H (pro-R-8-H-p-OH-Pro), 4.18dd, 8.7, 3.1 Hz, 1H (a-H-
lleu), 4.29d, 5.4 Hz, 1H (a-H-B-OH-Pro), 5.56-5.61rn, 9.8, 7.1, 5.4 Hz, 1H (B-H-B-OH-Pro), 6.30d, 7.8
Hz, 1H (8-H-Sty), 6.52d, 10.6 Hz, 1H (NH-Sty), 6.62d, 8.7 Hz, 1H (NH-lleu), 6.76dd, 10.6, 7.8 Hz, 1H
ﬁ“’H -Sty), 7.10d, 8.8 Hz, 1H (Ar-H-Sty), 7.14s, 2H (2xAr-H-Sty), 7.30d, 8.8 Hz, 1H (Ar-H-Sty) (163)

C NMR (1256MHz, CDCls) : see figure (163)
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4(14)-Pandamine-Type Cyclopeptide Alkaloids

Sanjoinine-G1

A = N,N-diMe-Phe

B = erythro-B-OH-Leu2

C=Leu

C31Hg4N40s5, 5562.3273 (MS) (164)

Mp = 236 (164)
(alp (20) = -68.6 (c=0.175, CHCI3) (164)
UV (MeCN) : 232 (3.97), 278 (3.30) (164)
CD (MeCN) : +2.1(275) (164)
IR (KBr) : 3300, 3270, 2770, 1670, 1230 (164)
MS 552(M+), 537(M*-CHa), 509(M+-03H7). 491(M"-CaHy-Ho0), 461(b), 443(b”), 210(k), 208(f),
207(f-H+), 195(c), 190(f), 189(f-H+)‘ 182(1), 167(d), 153(7"), 148(a=100%), 135(i), 97(m/r), 86(p/q) (164)
TH-NMR (360MHz, CDClg) : 0.76d, 5.4-Hz, 6H (2xMe-Leu), 0.95d, 6.5 Hz, 3H (Me-3-OH-Leu), 1.18d,
6.5 Hz, 3H (Me-B-OH-Leu), 1.27dd, 6.7, 5.8 Hz, 2H (2xB-H-Leu), 1.31m, 1H (y-H-Leu), 1.92m, 1H (y-H-
B-OH-Leu), 2.23s, 6H (N-Mey), 2.90dd, 14.0, 6.2 Hz, 1H (B-H-N,N-diMe-Phe), 3.06d, 14.4 Hz, 1H (20-
H-Phe-Et), 3.12dd, 14.0, 6.2 Hz, 1H (B-H-N,N-diMe-Phe), 3.22t, 6.2 Hz, 1H (a-H-N,N-diMe-Phe),
3.95dt, 9.2, 6.7 Hz, 1H (o-H-Leu), 4.27ddd, 14.4, 11.0, 3.8 Hz, 1H (2p-H-Phe-Et), 4.32dd, 9.8, 8.6 Hz,
1H (a-H-B-OH-Leu), 4.79dd, 8.6, 1.8 Hz, 1H (B-H-B-OH-Leu), 5.17d, 3.8 Hz, 1H (10-H-Phe-Et), 5.66d,
11.0 Hz, 1H (NH-Phe-Et), 6.05d, 9.2 Hz, 1H (NH-Leu), 6.43s, 1H (OH), 6.81dd, 8.0, 2.5 Hz, 1H (3-H-
Phe-Et), 6.94dd, 8.2, 2.5 Hz, 1H (5'-H-Phe-Et), 6.97dd, 8.0, 2.0 Hz, 1H (2-H-Phe-Et), 7.19-7.22m, 5H
(Ar-H-N,N-diMe-Phe), 7.32dd, 8.2, 2.0 Hz, 1H (6'-H-Phe-Et), 7.40d, 9.8 Hz, 1H (NH-B-OH-Leu) (164)
Derivatives : Sanjoinine-G1-monoacetate (164)

Sanjoinine-G1-benzoate (164)

Sanjoinine-G1-p-bromobenzoate (164)
Sources : Zizyphus vulgaris var. spinosus (Rhamnaceae)-seeds (164)
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5(14)-Amphibine-B-Type Cyclopeptide Alkaloids

Mauritine-J (= N-Desmethyl-amphibine-E)
122,60 130.17
A = N-Me-Leu
B = trans-B-OH-Pro (165)
C=lleu
E=Tp
C37H4gNg0s, 656

3543 23.16

Mp = amorphous (165)

[alp (?) = -175.9 (c=1, MeOH) (165)

UV (MeOH) : 220, 270, 281, 290 (165)

IR (KBr) : 3390, 1691, 1235, 1040(165)

MS (CI) : 658(M+2H"), 657(M+H"=100%) (165)

1H-NMR (300MHz, CDCl3) : 0.82d, 7.0 Hz, 3H (CH-Me-lleu), 0.87d, 6.5 Hz, 3H (Me-N-Me-Leu), 0.88t,
6.5 Hz, 3H (CHz-Me-lleu), 0.89d, 6.5 Hz, 3H (Me-N-Me-Leu), 1.15m, 1H {y-H-lleu), 1.25m, 1H (B-H-N-
Me-Leu), 1.30m, 1H (y-H-lleu), 1.42m, 1H (B-H-N-Me-Leu), 1.59m, 1H (y-H-N-Me-Leu), 1.90br s, 1H
(NH-N-Me-Leu), 2.00m, 1H (y-H-B-OH-Pro), 2.22m, 1H (B-H-lleu), 2.32m, 1H (y-H-B-OH-Pro), 2.38s,
3H (NH-Me), 2.50m, 1H (5-H-B-OH-Pro), 2.90dd, 14.5, 8.0 Hz, 1H (B-H-Trp), 2.98dd, 9.2, 5.0 Hz, 1H
(a-H-N-Me-Leu), 3.13dd, 14.5, 6.2 Hz, 1H (B-H-Trp), 3.79dd, 11.5, 8.3 Hz, 1H (5-H-B-OH-Pro), 4.20dd,
8.5, 3.0 Hz, 1H (a-H-lleu), 4.25d, 5.5 Hz, 1H (a-H-B-OH-Pro), 5.00ddd, 8.5, 8.0, 6.2 Hz, 1H (a-H-Trp),
5.43m, 1H (B-H-B-OH-Pro), 6.30d, 7.7 Hz, 1H (B-H-Sty), 6.51d, 10.5 Hz, 1H (NH-Sty), 6.58d, 8.5 Hz,
1H (NH-lleu), 6.73dd, 10.5, 7.7 Hz, 1H (a-H-Sty), 6.76d, 2.5 Hz, 1H (2-H-Trp), 7.05m, 1H (6-H-Sty),
7.09m, 1H (2-H-Sty), 7.10m, 1H (6-H-Trp), 7.12m, 1H (5-H-Trp), 7.18m, 1H (5-H-Sty), 7.24m, 1H (3-H-
Sty), 7.31d, 8.0 Hz, 1H (7-H-Trp), 7.68d, 8.0 Hz, 1H (4-H-Trp), 7.73d, 8.5 Hz, 1H (NH-Trp), 8.12br s,
1H (1-H-Trp) (165)

3C.NMR (75MHz, CDCl3) : see figure (165)

COSY, NOESY, HMBC NMR spectra (165)

Sources : Zizyphus mauritiana (Rhamnaceae)-root bark (165)

References, pp. 171-179
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133. Amphibine-E

122.55 132.38

A = N,N-diMe-Leu

B = trans-B-OH-Pro’ (36)
C=lleu

E=Tmp

C38H50N605, 670

lalp (7) = -187.2 (c=1, MeOH) (165)

MS (CI) : 672(M+2H"), 671(M+H"=100%) (165)

"H-NMR (300MHz, CDCl3) : 0.80d, 7.0 Hz, 3H (CH-Me-lleu), 0.85d, 6.5 Hz, 6H (2xMe-N,N-diMe-Leu),
0.89t, 6.5 Hz, 3H (CHz-Me-lleu), 1.08m, 1H (y-H-lleu), 1.25m, 1H (3-H-N,N-diMe-Leu), 1.29m, 1H (3-H-
lleu), 1.48m, 1H (B-H-N,N-diMe-Leu), 1.59m, 1H (y-H-N,N-diMe-Leu), 2.02m, 1H (y-H-B-OH-Pro),
2.15s, 6H (N-Mey), 2.19m, 1H (B-H-lleu), 2.30m, 1H (y-H-B-OH-Pro), 2.55m, 1H (5-H-B-OH-Pro),
2.88dd, 9.2, 5.0 Hz, 1H (a-H-N,N-diMe-Leu), 2.90dd, 14.5, 8.0 Hz, 1H (B-H-Trp), 3.10dd, 14.5, 6.2 Hz,
1H (B-H-Trp), 4.18dd, 8.5, 3.0 Hz, 1H (a-H-lleu), 4.25d, 5.5 Hz, 1H (a-H-B-OH-Pro), 5.05ddd, 8.5, 8.0,
6.2 Hz, 1H (a-H-Trp), 5.42m, 1H (B-H-B-OH-Pro), 6.29d, 7.7 Hz, 1H (B-H-Sty), 6.52d, 10.5 Hz, 1H (NH-
Sty), 6.62d, 8.5 Hz, 1H (NH-lleu), 6.72dd, 10.5, 7.7 Hz, 1H (o-H-Sty), 6.75d, 2.5 Hz, 1H (2-H-Trp),
7.05m, 1H (6-H-Sty), 7.08m, 1H (2-H-Sty), 7.10m, 1H (5-H- + 6-H-Trp), 7.20m, 1H (5-H-Sty), 7.22m,
1H (3-H-Sty), 7.28d, 8.0 Hz, 1H (7-H-Trp), 7.55d, 8.5 Hz, 1H (NH-Trp), 7.64d, 8.0 Hz, 1H (4-H-Trp),
8.41br's, 1H (1-H-Trp)(165)

Bo.NMR (75MHz, CDCI3) : see figure (165)
Sources : Zizyphus mauritiana (Rhamnaceae)-root bark (765)

Synthesis

The reported synthesis of frangulanine (/66), the major representa-
tive of this type, constitutes the first total synthesis of a 4(14)-membered
cyclopeptide alkaloid. This synthesis (>26 steps in an overall yield of
ca 0.30%), starting from (28§,3S5)-2-hydroxymethyl-3-isopropyloxirane,
comprises the preparation of a oxazolidinone derivative, subsequently
conversed to the corresponding aryloxy compound, the coupling of the
(Z)-leucine, the ring closure, the installation of the insaturation of the
styrylamine unit and, finally, the insertion of the (S)-N,N-dimethyliso-
leucine moiety.

The total synthesis of ( — )-nummularine-F (163), a 4(14)-amphibine-
F-type cyclopeptide alkaloid, from D-serine was accomplished in 25
steps and an overall yield of 0.48%. This approach includes a
stereoselective synthesis of a cis-2-(hydroxymethyl)-3-pyrrolidinol
derivative, the inversion of the cis-3-hydroxyl function to the desired
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B-aryl ether, the cyclization to a pair of rigid para ansa 14-membered
cyclopeptides and the installation of the double bond of the enamide
unit.

The total synthesis of sanjoinine-G1, a 4(14)-pandamine-type
cyclopeptide alkaloid, was achieved in 17 overall steps (1.36% overall
yield) starting from D-serine (167). A novel synthetic protocol was
developed, including highly diastereoselective synthesis of the (S,S)-B-
phenoxyleucine unit.

A novel strategy towards the total synthesis of cyclopeptide alkaloids
is based upon the hitherto unknown ring-forming process in which
formation of aryl-alkyl ether bond is the crucial step (168).

Isolation of Known Compounds from New Sources

Abyssinine-A (142): Zizyphus mucronata (Rhamnaceae)-root bark
(162)

Amphibine-B (132): Zizyphus oenoplia (Rhamnaceae)-stem bark
(169)

Amphibine-E (133): Zizyphus mauritiana (Rhamnaceae)-root bark
(165)

Discarine-B (72): Discaria febrifuga (Rhamnaceae)-root bark (161)

Frangufoline (61): Zizyphus oenoplia (Rhamnaceae)-stem bark (169)

Mauritine-D  (125): Zizyphus oenoplia (Rhamnaceae)-stem bark
(169)

Mucronine-D (37): Zizyphus mucronata (Rhamnaceae)-root bark
(162)

Our study had already been sent for publication when a review article
entitled ‘“Macrocyclic Peptide Alkaloids from Plants” appeared covering
cyclopeptide alkaloids (170). However from the total of 82 compounds
presented as newly found (daechucyclopeptide-1 = daechuine-S26) and
accompanied by their chemical formulas and their sources, the following
32, namely adouetine-Y’ (62), amphibine-B (132), -E (133), -H (26),
discarine-A (75), -B (72), franganine (52), frangufoline (61), frangula-
nine (54), integerrenine (90), jubanine-A (39), -B (41), mauritine-C
(108), -D (125), mucronine-D (37), nummularine-B (23), -C (11),
-E (86), -F (105), -G (87), -K (74), -M (91), -N (22), sativanine-A (85),
-B (82), -C (19), -D (20), -E (13), -F (31), -G (4), zizyphine-F (25),
-G (107), have already been reported in previous reviews (I, 2, 4, 6).
In addition 4 other new compounds found in our study, paliurine-B
(34), melofoline (51), scutianine-J (80) and AM-2 (95), have becn
omitted.

References, pp. 171 -179
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1. Introduction

6-Substituted derivatives of 5,6-dihydro-a-pyrones (dihydropyran-2-
ones or more specifically 2H-dihydropyran-2-ones) occur widely in
nature, particularly in plants and bacteria. They possess an a,p-
unsaturated-8-lactone ring (1) with an alkyl, alkenyl or aryl substituent
at C-6 and occasionally a varied substitution pattern around the ring.
Many of these compounds are biologically active, exhibiting phytotoxi-
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city, cytotoxicity against tumour cells and antifungal or antimicrobial
activity.

This review follows the pattern of its predecessor (/) and covers the
literature included in Chemical Abstracts to December, 1996 with
occasional references to later journals. As before, steroids containing a
5,6-dihydro-a-pyrone ring, such as the withanolides, are excluded. In
view of the recent comprehensive review (2) of fungal pyrones and 5,6-
dihydro-a-pyrones isolated up to December 1991 the latter compounds,
of fungal origin, will only be reviewed from this time onwards. The
general emphasis in our review will again be on distribution, structure
elucidation, absolute stereochemistry and bioactivity of naturally
occurring 5,6-dihydro-a-pyrones. There has been considerable synthetic
activity in this field and we have tried to cover the most important
aspects. Although details are not provided the titles of the relevant
articles often indicate the methodology employed.

2. 6-Alkyl-5,6-dihydro-o-pyrones

While the plant families Annonaceae, Lamiaceae, and Lauraceae
continue to be excellent sources of 6-substituted-5,6 dihydro-a-pyrones
they are not exclusive sources of these compounds. Gerberin (2) has been
isolated in 3.7% yield from commercially grown Gerbera jamesonii
hybrida (Compositae) (3). Standard spectroscopic and chemical techni-
ques were used to determine the structure of (2) while hydrogenation of
the tetraacetyl derivative of (2) afforded the known tetracetyl parasorbo-
side (3). The (6S)-stereochemistry followed from the positive sign of the
n — * Cotton effect in the circular dichroism (CD) spectrum of its
acetate derivative (4) (4). It must be noted here that there is an error
pertaining to the CD of 5,6-dihydro-a-pyrones in our earlier review (/).
The structures on page 25, (82) and (83), give rise to negative and
positive Cotton effects respectively and not the other way around. A
related polyhydroxylated compound (5) has been isolated as its triacetate
(6) from a liquid culture of the soil fungus Taleromyces flavus (5). The

0 0 0

OR
/C—:E\ /?5 I |
OR “0- GIc(OAC)s
H H OR OR
2 R = B-D-glucopyranosyl 3
4 R =Ac 5 R=H
6 R =Ac

References, pp. 202-209



Naturally Occurring 6-Substituted 5,6-Dihydro-o-Pyrones 183

stereochemistry of the two chiral centres in this compound was not
established. Although the fungus displays antifungal activity against
Verticillium wilt of eggplant (Solanum melongena L.), a disease caused
by the fungus Verticillium dahliae, it appears that (5) is not responsible
for the antifungal properties of T. flavus.

Several syntheses of parasorbic acid (7) have been reported (6-15).
Osmundalactone (8) has also been isolated from the fungus Paxillus
atrotomentosus (16). A synthesis of chiral aspyrone (9) has confirmed its
absolute stereochemistry (/7) and studies on its biosynthesis have
continued (I18).
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7 H
8 OH
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The absolute stereochemistry of alternaric acid (10), first isolated in
1949 from the fungus Alternaria solani (19), has been established by
total synthesis (20, 21). Another five 6-methyl-5,6-dihydro-a-pyrones
(11-15), structurally related to alternaric acid, have recently been
obtained from this fungus (22, 23). Spectroscopic data indicated a close
relationship between compounds (10-15) and a (6R)-stereochemistry for
the lactone ring. In addition, the stereochemistry of (13) was assigned by
a combination of spectroscopic methods, chemical degradations and
interconversions. Oxidative cleavage of the ketone adjacent to the pyrone
ring gave the diacid (16). Esterification of (16) followed by application
of the modified Mosher method (24) afforded the stereochemistry of the
secondary alcohol moiety. To determine the relative stereochemistry at
C-8”, the two ester groups were first reduced to primary alcohols with
LiAlH4. Examination of the H-8” and H-9” coupling constant in the
isopropylidene derivative of the resulting 1,3-diol indicated a trans-
diaxial orientation for these two protons. The configurations at C-4” and
C-10" were determined by comparison of chemical degradation products
with synthetic analogs of known stereochemistry. Catalytic hydrogena-
tion of (13) yielded (12) thus establishing the absolute stereochemistry of
the latter compound. Treatment of the fungus with specific cytochrome
P-450 inhibitors resulted in the generation of a plausible precursor
named proalternaric acid (17) whose structure was proved by synthesis
from (13). The origins of the oxygen and hydrogen atoms in the
alternaric acids were investigated by following the incorporation of



184 L. A. CoLLert, M. T. Davies-CoLemAN, and D. E. A. Riverr

sodium [1-'3C,'30]- and [1-'2C, *H;]-acetate into these metabolites. A
biosynthetic pathway for alternaric acid was then proposed.

0O O R, OH
. : HOzc\/\:/\N\:/\
- R : CO,H*
: OH 2
H
16

12 R, = COOH, R,=OH

13 A" (E), R{=COOH, R,=OH
14 A" (E), Ry=COOH, R,=H
17 A" (E), Ry= CH,0H, R,=OH

15

There have been very few examples of 5,6-dihydro-a-pyrones
isolated from the marine environment. In 1992, HaMADA et al. obtained
lobatrienolide (18) from an Okinawan soft coral Sinularia flexibilis (25).
The structure of lobatrienolide was established by spectral techniques
and confirmed by photo-oxidation of lobatriene (19), isolated from the
same soft coral collection, to (18). The structure of (19) was proved as
follows (Scheme 1). Lithium-ethylamine reduction of (19) produced the
diol (20) which on ozonolysis, MCPBA oxidation to the acetate (21) and
hydrolysis gave the alcohol (22). The S-stereochemistry of the alcoholic
group in (22) was determined by the modified Mosher method (24),
which together with NMR correlations in lobatriene, afforded the
complete stereochemistry of (19) and hence also that of lobatrienolide

References, pp. 202-209



Naturally Occurring 6-Substituted 5,6-Dihydro-a-Pyrones 185

(18) (26). The absolute stereochemistry of the cyclohexane ring in (18) is
the same as that in the well known sesquiterpene (+)-B-elemene (23).

A x
nou
o

1) O3
2) MCPBA
3) OH

21 R = OAc b
22 R =OH w "R

Scheme 1

In the same year Tsupa et al. (27) reported the isolation of cytotoxic
sesterterpenes from the Okinawan marine sponge Luffariella sp. among
which was a compound with a 5,6-dihydro-a-pyrone moiety, luffariolide
E. This compound showed cytotoxicity against murine leukaemia L1210
cells (ICsg 1.1-7.8 ug/ml) in vitro. The original structure, which rested

on chemical and spectroscopic evidence, has been corrected by synthesis
to (24) (26).
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0™ 24

Both the natural (—) and unnatural (4) enantiomers of the antifungal
podoblastins A, B and C (25-27) and of synthetic podoblastin S (28)
have been synthesized from the corresponding R(—)- and S(+)-glycerol
derivatives (29). The (6S)-isomers were considerably less active against
rice blast than the (6R)-isomers.

O o0
/\/({IKR
}f| OH

25 R= (CH2)10CH3

26 R=(CHy)g - CH=CH,
27 R= (CH2)12CH3

28 R= (CHz)chg

Further syntheses of (—)-tarchonanthus lactone (29) have appeared
(30, 31). Several syntheses of racemic and enantiomerically pure
massoialactone (30) have been reported (9, 11, 32-37). Pestalotin (31)
and hydroxypestalotin (LL-P880B) (32) have been isolated from
Pestalotiopsis oenotherae (38). Syntheses of natural and racemic
pestalotin as well as the (6R)-isomer have been published (39-41). All
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30 R, =0H R, = H
32 R1—R2-0H
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the possible stereoisomers of the fungal metabolite LL-P880f have been
synthesized from either D-glucose, D-idose or (4)-tartaric acid (42—45).

6-Heptyl-5,6-dihydro-a-pyrones with various levels of oxygenation
in the heptyl side chain occur widely. Two such compounds
gamahonolide A (33) and B (34) were isolated by Kosumwo and co-
workers (46) from the grass Phleum pratense infected with the choke
disease caused by the phytopathogenic fungus Epichloe typhinia.
Interestingly, plants suffering from the disease are resistant to the leaf
spot fungus Cladosporium herbarum. Compounds (33) and (34), which
are more abundant in plants suffering from the disease, are thought to be
responsible for the systemic and mutualistic behaviour attributed to E.
typhinia, since they are active against C. herbarum. The structures of
(33) and (34) were determined by NMR spectroscopic methods including
extensive proton decoupling experiments. '*C NMR data suggested the
presence of the ethyl succinate moiety in (34), the ethyl ester of which is
probably an isolation artifact formed during ethanolic extraction. A
comparison of the ORD spectra of (33) and (34) with that of
massoialactone (30) indicated a (6R)-stereochemistry for the former
compounds. The (6'R)-stereochemistry in (33) was established by
TrosT’s method (47, 48) from an examination of the "H NMR chemical
shift difference of the C-7' methyl group in the (R)- and the (S)-O-
methylmandelyl esters.

OR 0o |

33 R=H
34 R =COCH,CH,CO,Et

Syndenolide (35) together with the known 5,6-dihydro-a-pyrone,
deacetylboronolide (36), was isolated from Syncolostemon densiflorus
(Lamiaceae) (49). The presence of a triol in (35) was demonstrated by
D,0 induced collapse of three hydroxyl proton signals in its '"H NMR
spectrum and the presence of four acetate methyl signals in the "H NMR
spectrum of the peracetylated derivative (37). A (6R)-stereochemistry for
(35) was deduced from the positive sign of the n — n* Cotton effect in
its CD spectrum and the stereochemistry of the 1’, 2" and 3’ chiral centres
was proposed to be the same as in (36) from biosynthetic arguments.
This stereochemical assignment was supported by a comparison of the
relevant coupling constants of (37) with those of boronolide (38). The
stereochemistry at C-5 followed from a detailed NMR analysis of the
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diacetonide (39) (50). The *C NMR spectrum indicated the presence of
a six membered acetonide ring in the chair conformation with one
methyl equatorial (830.0) and one axial (619.8) (51), as well as a
puckered 5-membered acetonide ring with equivalent methyl groups.
NOE difference experiments supported this structure (39).

35 R = OH, Ry = OAc
36 R=OH Ry =H
37 R=Ry = OAc
38 R =OAc, Ry = H

39

Three syntheses of boronolide (38) have appeared. The first synthesis
from an acrolein dimer, afforded the racemate (52). Naturally occurring
(+)-boronolide has been obtained from D-glucose (53) and employing
the SHARPLESS catalytic asymmetric dihydroxylation reaction (54).

The presence of acetate substituents on the side chain at C-6 is very
common. Compounds (40) and (41) were isolated by DREWES ef al. from
the bark of Cryptocarya latifolia trees in their investigations of the
chemistry of plants used for magical and medicinal purposes by the Zulu
people (55). The CD spectra of these two compounds show a positive
Cotton effect and hence they possess the (6R)-configuration. Saponifica-
tion followed by acetonide formation of (40) afforded two acetonides
(42) and (43) (50). A (2'R,6'S)-stereochemistry followed from applica-
tion of the MTPA determination rule (24) to the (R)- and (S)-MTPA
esters of these acetonides. A (4'S)-stereochemistry was assigned from the
syn-diol relationship of the two acetal oxygen atoms in (42) and (43) as
determined from their ">*C NMR spectra (51). Thus the acetonide rings in
both compounds possessed chair conformations with the alkyl
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substituents equatorial and the one methyl group axial (820) and the

other equatorial (630).
(0] 0
onc gns 97 o o o ,

H H
40 R=Ac 41 42
46 R=H

43

The syn stereochemistry of the acetoxy groups in the diacetate (41)
was determined via its acetonide derivative in the same way. However,
since the stereochemistry of the C-2' methine hydrogen cannot be
correlated with that at C-6 because of the rotating C-1" methylene group,
the absolute stereochemistry of (41) remains unknown but is probably
(2'S, 4'S) as in (40). DRewEs et al. have suggested that the triacetate (40)
is the precursor of cryptocaryolone diacetate (44), which together with
cryptocaryolone (45), also occurs in Cryptocarya latifolia, and is formed
by Michael addition of the 2'-acetoxy group in (40). In fact Horn has
recently converted (46), a minor constituent of the plant, to cryptocary-
olone diacetate with sodium hydride in dichloromethane (56). This
transformation is similar to an earlier synthesis of the related styryl
lactone, goniopyrone (116) (57) (vide infra), and suggests structure (44)
for cryptocaryolone diacetate. FANG et al. (58) have indicated from
molecular modeling studies that the 6-membered rings in compounds
such as (116) and hence also in (44), must be cis-fused and are in a
semichair conformation.

The trihydroxyheneicosyl-5,6-dihydro-o-pyrone (47) from Eupator-
ium pilosum has been synthesised from (—)-malic acid (59). Syntheses
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have been reported for two rare examples of 5,6-dihydro-o-pyrones, viz,
a 6,6-disubstituted compound (48) present in Chrysanthemum flosculo-
sum (60) and the alkaloid dumetorine (49) (61).

0 0]
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CHa(CH2)14 i H H
47 I 49

3. 6-Alkenyl-5,6-dihydro-o-pyrones

The antibiotic phomalactone (50) has been obtained from a
Drechslera species (62) and the fungus Hirsutella thompsonii var.
synnematosa (63) and found to be active against a wide range of
microorganisms. Phomalactone acetate (51) has been synthesized from
2-furylcarbinols (64, 65). The absolute stereochemistry of (+)-asperlin
(52) has been established by several syntheses (65—70). Phomopsolide B
(53), an antifeedant against elm bark beetle, isolated from the fungus
Phomopsis oblonga (71), has been prepared from D-glucal triacetate,
confirming its absolute configuration (72).

0 [0}
O QH Q |
1 | SN
OR OH 0o
50 R=H 52 53
51 R=Ac

6-Heptenyl-5,6-dihydro-a-pyrones are as common as their saturated
counterparts. Several syntheses (73-77) of argentilactone (54), which
also occurs in the Brazilian medicinal plant, Chorisia crispiflora (78),
have been reported. Umuravumbolide (55) and deacetylumuravumbolide
(56) were initially isolated from Tetradenia riparia by VAN PUYVELDE
et al. (79). A trans configuration was assigned to the double bond based
on tenuous IR evidence, but a subsequent high field NMR examination
of (56), isolated from a South African Tetradenia sp., showed that the
double bond was cis (80). A (3'S)-configuration for the single acyclic
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chiral centre in (56) was deduced from the application of the modified

Mosher method (24).
(0]

54 Ry=R;=H

55 Rq=O0Ac, R = H
56 R1 = OH, Rz =H
§7 Ry = R = OAc

58 Ry = OAc, R; = OH
59 Ry = OH, R; = OAc

Pectinolide A (57) and its monodeacetyl analogs pectinolide B (58)
and pectinolide C (59) have been isolated from Hyptis pectinata (81).
These compounds exhibit antimicrobial activity and strong cytotoxicity
against a variety of tumour cells (EDsq < 4 pg/ml). The structure of (57)
was established from spectral and chemical evidence with a Jy o
coupling constant of 10.5 Hz implying (E)-stereochemistry for the
double bond. A pseudo-equatorial orientation of the C-6 side chain could
be inferred from the Js ¢ coupling constant of 2.9 Hz validating (4) the
assignment of a (6S)-configuration from the CD data. Ozonolysis of (57)
yielded 2-acetyloxyhexanoic acid and a (3'S)-configuration was
determined from the CD spectrum of the a-hydroxy acid which revealed
a weak negative CD maximum at Agysq = 0.01 and a positive Cotton
effect at Agypg = +1.58. Acetylation of (58) and (59) afforded (57) and
hence defined their respective stereochemistry.

Structurally related compounds hypurticin (60) and synparvolide B
(61) have been isolated from yet another Hyptis species, H. urticoides,
and Syncolostemon parviflorus, respectively (82, 83). The structures of
(60) and (61) were determined spectroscopically with the stereochem-
istry of (61) being derived from its biosynthetic relationship to
synparvolide A (70).

0
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In their investigations of Brazilian medicinal plants, MATSUDA et al.
have reported the bioactivity guided isolation of two cytotoxic
compounds, (62) and (63), with conjugated diene side chains, from
Chorisia crispiflora (78). These plants are used as folk medicines for
rheumatism and menorrhagia. The Al A¥-Z E-stereochemistry of the
dienone (62) was determined from the coupling constants (J;»» = 11.0,
J3 4 = 15.0 Hz). Split Cotton effects (Agzes — 4.7 and Agygg + 9.0), due
to the interaction of the m — 7* transitions of the enone and the dienone,
were observed in the CD spectrum of (62) implying a (6R)-configuration.
The structure of (63) was determined by spectral techniques and
confirmed by oxidation with CrOj; to give (62). The (5'R)-configuration
in (63) was determined using the modified Mosher method.

0
e
H
62 R=0
63 R = BOH

5-Deacetoxy-5'-epiolguine (64) and three minor related compounds
(65), (66) and (67) are bioactive and have been isolated from Hyptis
oblongifolia (84). Spectral and chiroptical data indicated that they were
closely related and provided evidence for their structures. The relative
stereochemistry of (64) was determined by X-ray analysis which
together with the positive CD peak at 257 nm established its absolute
(6R)-configuration. Acid catalysed hydrolysis and methanolysis of (64)
gave (65) and (66) respectively, while acetylation of (65) afforded (67),
thus proving the structures of compounds (65-67). From NMR and
melting point evidence spicigera lactone obtained from H. spicigera (85)
must be 5-deacetoxy-5'-epiolguine (64).

0 0
OAc Ri O |
Z N 7 - : R )
OAc H [o] H R1 OAc R,
64 R = H, R; = aOAc 65 Ry = R,=OH
68 Ry = OAc, R; =pOAc 66 Ry = OMe, R, = OH
69 Ry = OAc, R; = aOAc 67 Ry =Rz = OAc
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Olguine (68) has been known for many years (/) and 5'-epiolguine
(69) has now been obtained from Hyptis capitata (86) and from
Rabdosia ternifolia (87). Other compounds with acetate groups on the 6-
heptyl side chain are synparvolides A (70) and C (71) isolated from the
leaves of Syncolostemon parviflorus (83), a plant traditionally used by
the Zulus as an emetic to treat appetite loss in adults and children. The
chemical structures of (70) and (71) were determined by standard
spectroscopic techniques. A comparison of the '>C NMR data of (70)
and 5-deacetoxy-5'-epi-olguine (64) suggested the presence of a B-
oxirane ring in the former. CD analysis indicated a (6R)-configuration for
(70) and (71). The absolute stereochemistry of the secondary alcohol in
(70) was established as (3'S) using the modified Mosher method and the
stereochemistry of both C-5" and C-6' was assigned from biosynthetic
arguments. Acetylation of (71) gave a triacetate (72) with well-resolved
signals in the '"H NMR spectrum, thus making this compound suitable
for NOE difference experiments. These NMR experiments enabled the
relative stereochemistry of the cyclic ether moiety of (71) to be deter-
mined. The 1/,3-syndiol structure was deduced from the chemical shifts
of the methyl groups in the 3C NMR spectrum of the acetonide (73)
(51). Monodesacetyl-synparvolide A (74) is a probable precursor of (71).
A (6'S)-stereochemistry was assigned to (71) by application of the
modified Mosher method to the free 6'-hydroxy group in the acetonide
derivative of saponified (71).
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70 R = OAc 71 Ry=Rz=H
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CHs
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CovLETT has isolated five closely related compounds, synargentolides
A-E (75-79), from Syncolostemon argenteus and assigned their
structures using CD and NMR techniques (88). Synargentolide D (77)
was thermally unstable and paucity of material prevented stereochemical
investigations. Synargentolide B (76) is epimeric at C-5' with (65).
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Compound (80), a structural isomer of umuravarumbolide (55), is a
minor constituent of Cryptocarya latifolia (89). The immunosuppressive
agent, (—)-PA-48153 (81), has been isolated from Streptomyces
prunicolor sp. PA 48153 (90). The same compound, obtained from
Streptomyces sp. NK10958 and shown to be a plant growth regulator, has
been named pironetin, and the structure based on spectral data,
confirmed by X-ray analysis (91, 92) and synthesis (93).

80 81

Oncorhyncolide (82) is the first 5,6-dihydro-o-pyrone to be isolated
from marine bacteria. It was obtained from a bacterial isolate taken from
surface sea water near a chinook salmon (Oncorhyncus tshawytscha) net
pen farm by NeepHAM and co-workers (94). Thermally unstable (82) was
acetylated to afford its stable diacetate whose structure was determined
using two dimensional NMR techniques. NOE experiments were used to
determine the stereochemistry of the double bonds, but the configura-
tions of the two chiral centres were surprisingly not assigned.

The structure (83) of toxin I from the fungus Alternaria citri (1) has
been verified by synthesis of its 3-methyl enol ether (84) from glucose
(95).
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HO OH 0

82

83 R=H
84 R=CHj,

Cytostatin (85) is a novel inhibitor of cell adhesion to components of
the extracellular matrix produced by Streptomyces sp. MJ654-NF4. Its
structure, without stereochemistry, was determined from high field NMR
and high resolution FAB mass spectrometry data (96). Sultriecin (86), an
antifungal and antitumor antibiotic from Streptomyces roseiscleroticus,
is closely related to (85) and also contains a conjugated triene in the side
chain (97). The antibiotic reductoleptomycin A (87), isolated from
Streptomyces sp. MJ132-NF5 (98), is closely related to leptomycin A
(88) (2). Leptolstatin (89), the 5-demethyl analog of (87) obtained from
Streptomyces sp. SAM1595, inhibits the progression of the mammalian
cell cycle (99).

CHs(CH2)4

86

RO N N
R>

87 R1 = CHzOH, Rz = CH3
88 Ry;=COOH, R;=CHj;
89 Ry=CH2OH, R2=H

Leustroducsins A, B and C (90-92), produced by Streptomyces
platensis SANK 60191, induce the production of colony stimulating
factors by bone marrow stromal cells (/00) and are closely related to the
phoslactomycins, metabolites of other Streptomyces species (2).
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90 R = OCO(CH;);CH(CH3),
91 R =0CO(CH;)4CH(CH3)CH,CH3
92 R =0OCO(CHz)sCH(CH3),

An antibiotic with a very narrow spectrum of activity, ratjadone (93),
has been isolated from the culture broth of a myxobacterium Sorangium
cellulosum. The growth of some important phytopathogenic fungi,
especially species of Oomycetes, was inhibited at very low concentra-
tions of (93) (10I). The structure of (93) was determined by spectro-
scopic methods (102).

OH

0

)»l" 07 YR 0 l
OH NG
93

Compound (94) is the main component of freshly dissected Dufour’s
gland in the worker ant, Tetramorium acleatum. This compound is
thought to be responsible for the skin irritating (urticating) properties of
the ant and it has been proposed that the lipophilicity of the side chain
aids penetration through the skin, or the insect exoskeleton. The
structures of (94) and its cyclisation product (95), which slowly forms
from (94) in solution, were based on spectral evidence. The relative
configurations of C-3, C-6 and C-2' in (95) were derived from a careful
analysis of its '"H NMR spectrum and the analogous stereochemistry of
(94) followed accordingly (103).
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OH 0 HaC(CHz)”— (CHa)g

H 95

CHs(CHz)7~___ACHa)s
94
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4. 6-Aryl-5,6-dihydro-o-pyrones

Two pairs of epimeric secolabdanes, hebecliniolide (96) and (97) and
3B-hydroxyhebecliniolide (98) and (99), have been isolated from
Hebeclinium macrophylum (Compositae). The epimeric mixture of
(98) and (99) was separated as their acetates (100) and (101) and their
structures determined by comparison of their NMR spectra with the
spectrum of the mixture of (96) and (97). NOE difference experiments
indicated the relative stereochemistry of the acetates while their absolute
configurations were deduced from the negative Cotton effects in the CD
spectra of the mixture of (96) and (97) and chemically transformed
products (104). Subsequently Tamauilipa azurea (also in Compositae)
yielded (96), (97) and another hebecliniolide derivative, Sa-hydroxyhe-
becliniolide (102). A CD study defined the (125)- (usually 65)
configuration of (102) (105).

9 Ry=aH, R;=H
97 Ri=pH, R2=H

98 Ry=aH, R;=0OH
99 R;=pH, R;=0H
100 R1 =qaH, Rz =0Ac
101 Ry =pH, R,=0Ac
102 Ry=aOH, R;=H

There has been considerable progress in the isolation and synthesis of
the bioactive compounds from Goniothalamus species. Goniothalamin
(103) has been isolated from Goniothalamus sesquipedalis (106) and
together with the previously unknown 5-acetylgoniothalamin (104) from
G. uvaroides (107). The corresponding desacetyl compound (105) occurs
in G. dolichocarpus; its structure has been established by X-ray analysis
and partial synthesis (/08). Goniodiol (106) has been obtained from G.
giganteus and the structure confirmed by X-ray analysis of the diacetate
(109). The relative stereochemistry of goniodiol 1’-monoacetate (107)
from G. amuyon has also been determined by crystallographic analysis
(110). The related compounds goniodiol 2'-monoacetate (108) and
goniotriol (109) are additional a-pyrone metabolites from this
Goniothalamus species (I11). The relative stereochemistry of (109)
from G. giganteus was established by X-ray analysis (/12); 2'-
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acetylgoniotriol (110) is also present in this plant. Goniothalamin (103)
and goniothalamin epoxide (111) have been isolated from G.
dolichocarpus (113). MCPA epoxidation of (103) provided (111) and
isogoniothalamin epoxide (112). The relative configuration of isogo-
niothalamin epoxide was determined by X-ray analysis and since the
absolute configuration of (103) is known the absolute structure of
isogoniothalamin epoxide is (112), and the diastereomeric goniothalamin
epoxide must be (111). Acid hydrolysis of isogoniothalamin epoxide
gave goniodiol (106), further supporting structure (112) for the former
compound. 5-Acetoxygoniothalamin epoxide (113) occurs in G.
sesquipedalis. This compound was misinterpreted as being derived from
isogoniothalamin epoxide (114).

103 R=H 106 Ry= Ry=OH
104 R=0Ac 107 R;=O0H, R;=0Ac
105 R=OH 108 R;=OAc, R,=OH

109 Ry = OH 111 R=H 112
110 R4 = OAc 113 R=0Ac

Several related dihydro-a-pyrones occur in Goniothalamus species
(see reference 115 for an extensive bibliography). Altholactone (114) is
such a bicyclic compound while compounds (115-118) with a [3.3.1]-
structure are the products of Michael-type cyclizations involving the 2'-
OH and the o,B-unsaturated lactone of the 6-substituted 5,6-dihydro-o-
pyrone precursor. The structures and relative configurations of
goniopyrone (115) and 5-deoxygoniopyrone (116) were deduced by
MCcLAUGHLIN et al. from NMR spectral evidence and X-ray analysis (58,
109) and the absolute configurations established by SHING’s synthesis
from D-glycero-D-gulo-heptono-y-lactone (57). Iso-5-deoxygoniopyr-
one (117), the 1-epimer of (116), has been obtained from G.
dolichocarpus (113). The structure (118) proposed for leiocarpin isolated

References, pp. 202-209



Naturally Occurring 6-Substituted 5,6-Dihydro-o-Pyrones 199

from G. leiocarpus with the unusual a-configuration at H-2' rests on
sound "H NMR evidence (116) but an X-ray analysis would nevertheless
be desirable. Recent syntheses of goniothalamin (64, 75, 76, 77),
goniodiol (117, 118), goniotriol (/19), altholactone (120, 121),
goniopyrone and 5-deoxygoniopyrone (122), and (4)-5-deoxygoniopyr-
one (123) have been published.

115 Ry = R;=0aOH, Ry=pH
116 Ry =H, R;=aOH, Ry=pH
117 Ry=H, R, =pOH, Ry=pH 114 119
118 Ry=H, R, =aOH, Ry=aH

Isoaltholactone (119) has been obtained from G. malayanus, G.
montanus and G. tapis and its relative stereochemistry assigned from
NMR data and X-ray analysis. A synthesis from L-arabinose provided
the absolute stereochemistry of (119). The biosynthetic pathway in
Scheme 2 was proposed to account for the formation of altholactone
(114) and isoaltholactone (119) from the same postulated precursor, 5-
hydroxygoniothalamin (105) (124).

R —
p-face
epoxidation
o-face B(l\)i ,
105 epoxidation @ :

Scheme 2

The total syntheses of (£)-dihydrokawain-5-ol (120) and cryptocar-
yalactone (121) have been described (125, 126). Cryptocarya species
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contain a further number of related compounds. Cryptocaryalactone
(121), desacetylcryptocaryalactone (122) and the derived [3,3,1]-bicyclo
compound (123) have been obtained from C. wyliei. The structure of
(123) rests on its formation from desacetylcryptocaryalactone by
reaction with sodium hydride in methylene chloride at room temperature
(127) and an X-ray analysis (56). Cryptofolione (124) occurs in C.
latifolia (128) and C. myrtifolia (127) while C. liebertiana contains
(124), (125) and 5'-dehydro-cryptofolione (126) (129). The structure
of (124) was determined by 'H NMR spectroscopy. The (4'R,6'S)-
stereochemistry followed from a 'H NMR analysis of the corresponding
acetonide derivative. A closely related compound, kurzilactone (127),
with marked cytotoxicity against KB cancer cells, has been isolated from
C. kurzii (130) but in the absence of CD data the absolute
stereochemistry at C-6 is unproven.

121 R=0Ac 123
122 R=OH

124 R=O0H
125 R=0Ac

A geranylgeraniol derivative with a heterocyclic furanyl substituent,
conyzaleucolide (128), has been isolated by Zpero et al. from Conyza

128
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hypoleuca (Compositae). Its structure was elucidated by high field NMR
techniques (/31).

5. Physical Methods of Structure Determination

In this review we have drawn attention to the wide application of
physical methods, especially high field NMR spectroscopy, in the
determination of the structures and relative stereochemistry of 5,6-
dihydro-a-pyrones. The modified Mosher method (24) has proved to be a
useful tool to explore the absolute stereochemistry of hydroxylated chiral
centres in the side chains routinely found in this group of compounds.
The contiguous arrangement of these hydroxylated chiral centers in
many of the side chains has also seen increased use made of '*C

Table 1. The n — n* CD and ORD Data for 6-Substituted-5,6-dihydro-o-pyrones

Compound No. CD n —n* ORD n —n* Stereochemistry at
Ag Anm ¢ Anm  C-6 implied from
Snatske’s rules
Gerberin acetate 4 4778 256 )
8'-Deoxyalternaric acid 11 -39 266 )
Acid 12 -32 259 o)
Acid 13 -39 260 )
Acid 14 -32 260 o)
Acid 15 -33 260 )
Proalternaric acid 17 -35 260 )
Gamahonolide A 33 196 249 —6176 268 R)
Gamahonolide B 34 -093 249 —2380 267 (R)
Syndenolide 35 +2.35 257 R)
Triacetate 40 +25 256 R)
Diacetate 41 +2.8 256 R)
Desacetylumuravumbolide 56 +0.9 255 (R)
Pectinolide A 57 +24 265 o)
Synparvolide B 61 4297 258 R)
5-Deacetoxy-5'-epiolguine 64 +2.8 256 R
C,, Lactone 67 +24 257 (R)
Synparvolide A 70 +2.37 255 (19
Synparvolide C 71 +2.34 256 (19)
Synargentolide A 75 +35 265 ®)
Synargentolide B 76 +32 258 R)
Synargentolide C 77 +2.0 266 ®
Synargentolide E 79 +1.1 265 N

Sa-Hydroxyhebecliniolide 102 —2.5 324 (&)
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chemical shift information from acetonide derivatives (51) to establish

the

relative stereochemistry of vicinal diols. Circular dichroism

continues to provide a simple means of defining absolute configuration
at C-6. Such data are presented in Table 1 to supplement those supplied
previously (7). Unfortunately, despite their usefulness, CD data are still
not routinely published.
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