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his book has been prepare<! with the intent Ihal il may be use<! as a self· 
¡:mce<! review of organic funetional groups. If Ihe mate'rial covered in Ihis 
book were lo be presented in a conventional classroom setting, il would 
require 14 lo 16 fonnal lecture houn. \Vith this in mind, you should no! 

attemp! to cover al l of the material in one sitting. A slow, leisurely pace will great· 
Iy incrC:lSe yOllr comprehension and decrease Ihe number of retum visils lo the 
mll!erial. You should stop lo review any section Ihal you do not complelely lInder· 
sland. Adde<! lo this edition of Ihe book is an electronic sel of queslions designe<! 
around each chapler. The questions are follo\\'OO by a detailed explanation of Ihe 
correct unS\ver. EncloSf!<! wi th this book is an Electronic World)(x)k CD·Rom com· 
pose<! of problem seis corresponding lo each of the organic f\lI1ctional grollps 
(Chaplers 2-15 and 17). Each problem sel is followed by anS\vers lo the questions 
and a detailed diSCllssion explaining the process leading to Ihe anS\\'ers. If }'OU do 
nol understand an answer or Ihe process leading lo the answer, retum to the appro
priale section of the book and review thal section again. 

OBJECTIVES 

The following outline is a general review of Ihe fu nctional groups common lo 
organic chemistry. It is Ihe objective of this book to review Ihe general topies of 
nomenclature. physica! properties (with specific emphasis place<! on \\f'J.ler and 
lipid solubili ty), chemical properties (Ihe stability Of lack of stability of a function· 
al group lo nonnal environmental conrntions, referred lo as in vitro stability), and 
metabolism (tlle stability of lack of stability of a fu n<.tional group in the body, 
referred lo as in vivo stability). There \vill be no attempt to co\'er synthesis, nor will 
great emphasis be place<! on chemieaJ reactions except when Ihey relate<! lo the 
physical or chemical slability and mechanistic action of drugs. 111is review is meant 
lo provide background material for Ihe fonnal pharmacy courses in medicinal 
chemistry. The objectÍ\'Cs are presenle<! in Ihe follO\ving manner lo aid in focusing 
attenlion on the expected learning outcomes. 

Upon successful completion of the book. tbe following goals will have been 
attaine<!: 

• TIle sludenl \vill be able lo dmw a chemieal struclure of simple organic 
molecules gi\'en a common 'or officiaJ chemical name. With more complex 
polyfunctional molecules, the student \vill be able lo idenlif)' Ihe fu nctional 
groups b>iven the chemical slructure. 
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• The studenl will be abJe 10 predicI Ihe solubility of a chemical in : 
l . Aqueous acid 
2. \Vale r 
3. Aqueous base 

• 111e studenl will be able lo predict and 5how, with chemical struclures, Ihe 
chcmical instabilitíes of cach organic functional group under conditions 
appropriate lo a substance ··sett ing on ¡he shelf,fl by which is meant condi
lions such as air, lighl. aqueous a(:id or b.'lse, and he~lt. 

• The sludenl will be able 10 pred ict and sho\\', wilh chcmical structures, Ihe 
melabolislll of each organic functional group. 

To help yO ll m¡L~ler Ihese skills. Ihe infornmtion is presenled in lhe following 
order: 

• Nomenclature 
1. ComlllOIl 
2. Official (JU PAC) 

• Ph ysic(I{-Chemic(I{ Prvperlies 
l . Ph)'sic-dl properties-relalcd lo waler and lipid solubil ity 
2. Chemical properties in \~h o slability or reactivity of functional groups 

won the sheJr 
• Metabofism 

Che mical prope rties in vi\'o--slabilily or reactivity of functional groups Win 
the bodyfl 

RECOMMENDED PREPARATION 

To nm.>ámize leaming and lo prO\~de perspectivtl in ¡he study of the book, il would 
be helpful lo read certain background material. It is highly recommende<! thal a 
textbook on general organic chemistry be reviewed and consulted as a referente 
book while using this book. Pay special attentíon lo Ihe se<..'tions on nomenclature 
and ph)'sical-chemical prope rties. 

e ;.pvrlghted material 



his book would nol llave been possible withoul the encoumgement and 
input of colleagues al my own inslitution and fro rn medicinal chernists 
throughout the Uniled States. 111e idea for Ihe text originated from a late 
night disclIssion al a Medicinal Symposiulll bul carne lo fruition because 

of support fmm SmilhKline Corporalion and sludenls al Ihe University of Houston 
College of Pharmucy. Continuous suggestions have come from Ihose facul ty who 
actually make use of the book and Ihis has led lo the changes which are found in 
previOllS edilions as well as this edition of Ihe book. 1 wOllld especially like lo Ihank 
Dr. Louis WilIiams for his timely commenls. And Ihe real joy comes fmm sludenls, 
sorne of whom are nO\\! my colleagues, who infonnally lell me of the beneflts they 
have gained fmm Ihis hook. 

1 mus! also acknowledge the excellent staIT. p<'l51 and presenl, al L\V\V who have 
made Ihi5 pmject seem more Hke an academic undertaking mther than a commer
dal pnx:ess. Many of Ihe slaff members 1 have only mel electronically or via phone 
collversaliolls. bul their (."Onlribulions have led lo a more readable text o 1 would Hke 
lo speciflcally acknowledge Donna Balado for her (lasl support and David B. Troy 
for making this eclition harpen. The continuous support al L\V\V has come fmm 
managing edilor Matthew J. Hallber. Without Matfs pmhlem-solving ability and 
encouragement. 1 am certain thal Ihis eclition would have been a labor of work 
mther Ihan joyo Finally. a very SpecilU Ihank } 'OU lo my wi fe Pal for (lutting up wilJ¡ 
the IlOurs ofl ime pul ¡nlo Ihe lext. 

T.L. L. 
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Water Solubility and 
Chemical Bonding 

CHAPTER 

Al Ihe Quise!, severa! defin itions re1ating lo organic compouncls !leed lo be 
discussed. 

For OUT purposes, \Ve will assume thal an organic molecule \\~ 1l dissolve either 
in water or in a nonaqueous !ipiel solvent; thal ¡s, Ihe organic molecule will no! 
remain undissolved al Ihe interphase of water and a lipid sokent. Ir a Illo[ecule dis
solves fuUy or partially in water, il is said lo be hyelrophilic or lo have hydrophilic 
charncter. The word "hydrophilic" is derived from Mhydro, M referring lo water, and 
"philic,- meaning loving or attracting. A subslance tha! is hrdrophilic Illay also be 
referred lo, in a negative sense, as lipophobic. ~PhobicM means fearing or hating. 
and ¡hus lipophobic means Iipid-hating, which therefore suggests thal Ihe chemi
cal is wate r-Ioving. 

Ir an organic molecule dissolves fully or partially in a nOllaqueous or lipid sol
venl, Ihe molecule is said lo be lipophilic or lo have lipophilic charoc1er. The lerm 
· · lipoph i lic~ or "lipid-IO\ing" is S)'Ilon)1110US with hydrophooic or waler·haling, ami 
these terms may be use<! inlerchangeably. 

Hydrophilic waler-Ioving 
Li? )phobic lipid-hating 
I..ipophilic lipid-IO\ing 
H)'drophobic waler-hating 

To predict whether a chemical \\1 11 dissolve in waler or a lipid solvento il mus! 
be dclenninoo wllclher Ihe molecule ami ils fundiona! groups can bond to water 
or Ihe lipid solvenl molecules. THI$ 1$ THE KEY TO SO LUBILl IT. Ir a mole
cule, through ils functional groups, can bond lo water, il \\'ill show some degree of 
water solubili ty. If. on Ihe olher hand. a molecule cannol bond lo water, but inslead 
bonds to Ihe molecules of a lipid salven!, il \\ill be water-insoluble or lipid-soluble. 
OUT goal is therefore lo detenninc lo whal exlenl a molecule can or cannot bond 
lo water. To do this, we must define the types of intennolecular bonding thal cun 
occur bet\veen molecules. 

Whal are the types of intennolecular bonds? 

VAN DER WAALS ATTRACTION (FORCES) 

The weakesl type of inleraction is electrostatic in oature and is known ¡LS V'dll der 
waals attraction or van der Waals forces. This type of att raction OCCUr.i bet\veen the 

't"'molllnal 
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Covalenl bond 

FIGURE , -, . Van der Waals attraction resulting from distortion of (ovalent bonds. 

Ilonpolar portion of two molecules and is brought about by a mutual distortion of 
clt.·(:troll c10uds making up Ihe covalen! bonds (Fig. 1-1). This a ttmctioll is ruso 
refc rred lo as lhe induccd dipote-induccd dipole atlraction. In addition lo being 
\\'eak, il is tcmpcmturc-J epenclcnl, beillg importan! al lo\V te mperatures and of li t
tic signifiC<J.llcc al high tcmpc ralures. n le attractiOIl occurs only over a short dls
tance, ¡hus requiring a tigh! packing of molecules. Steric (aetors, such as molecu
lar branching, strongly influcnce van J er Warus attraction. Th¡s type of chemical 
force is mos! prt!\~J.lent in h)'dI'OC'.troon anJ aromatic systems. Van de T waals fo rces 
are approximatcly 0.5 lO l.0 kcallmole for each alom involved. Van JeT Waals bonds 
are fou nd in lipophilic solvcnts but are of HUle importance in water. 

DIPOLE-DIPOLE BONDING (HYDROGEN BOND) 

A strongcr and important forrn of chemical bonding is the dipole-dipole bond, a 
speciflc cxample of which is ¡he h}'d rogen bond (Fig. 1-2). A dipolc results from 
¡he unequal sharing of a p.'l..ir of electrons making up a covaJent bond. This occurs 

.- " ,- .. 
" ? : ·· · ·····w-s~ 

" I 
H)'d~ b"n,. 

FIGURE 1-2. Hydrogen bonding of an amine to water and a th iol to water. 
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when Ihe two aloms maldng up Ihe covalenl bond dUTer signiflcantly in elec
tronegativity. A partial ionie eharacter develops in this portion of the molecule, 
leading lo a pemltUlenl dipole, with Ihe compound being described as a polar com
pound. The dipole-dipole attmction between two polar molecules arises from Ihe 
Ilegative elld of one dipole being electroslatically attrncted lo Ihe positive end of 
Ihe second dipole. The hydrogen bond can OCC\lr ",hen at least olle dipole contains 
an electropositive hydrogen (e.g., a hydrogen covaIently bonded 10 an electroneg
ative alom such as oxygen. sulfur, nitrogen, or selenium), which in tum is attracted 
10 a region of high electron density. Atoms with high electron densities are Ihose 
with unshared pairs of electrons such as amine nitrogens, elher or alcohol oxygens, 
and Ihioelher or thiol sulfurs. While hydrogen bonrnng is an example of dipole
dipole bonding, nol all dipole-dipole bonding is hydrogen bonding (Fig. 1-3). 

I
r ---- Olplll dip& bondI .. ,-

y ....... o 
o ....... ;/-., 
... .. 

FIGURE 1-3. Oipole·dipole bonding between two ketone molecules. 

\Vater. (he importan! pharma(:eutical solvent. is a good ex."lmple of an h)'drogen
bonding solvent. The abili ty of water lo hyelrogen bond accounls for Ihe unexpect
edly high boiling poinl of waler as wcll as Ihe chamcteristic dissolving properties or 
waler. The h)'drogen bond depends on lemperalure and distance. The energy of 
hydrogen bonding is LO lo 10.0 kcallmole for each internction. 

IONIC ATTRACTlON 

A ¡]¡¡rd type of boneling is the ionie attmctioll found quite commonly in inorganic 
molecules and salls of organic molecules. lonic boncling results from the attmction 
of a negati\'e atom for a posilive alom (Fig. 1-4). The iouie bond in\'okes a some
what stronger attmctive force of 5 .Kcallmole or more and is least aITected hy tem
pemture and distance. 

r---"""'''''--, 
SI e l 0 10 1 e _ e_o· .. ·...... u ..... (:1 

I 

FIGURE 1-4.lonic bonding found in salu of organic compounds. 
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ION-DIPOLE BONDING 

Probably one of the mos! importan! chcmical bonds involved. in organic salts dis
solving in water is ¡he ion-dipolc bond (Fig. 1-5). This bond oc'Curs betweeu an ion, 

.-
o .s- .. 
• 0 .... 0 .... -c·O······ .. 1i ~ 

I 
1 

• 
t ,... 

fiGURE 1-5.lon-dipole bonding of a ca t ioní, amine to water and anionic 
carboK}'lic acid to water. 

either cation or ¡¡nion, and 11 formal dipolc. such as is found in water. TIle follow
ing two t)'pes of intemctions may exist: 

l . A enrion wi ll silo\\' Ixmcling to a regíon of high electron density in a dipole 
(e.g., ¡he o.xygen alom in \\~.ter) . 

2. An aniOIl willlxmd lo an electron-dcftcicnt region in a dipole (e.g., ¡he 
hydrogen alom in water). 

lon-dipole bonding is a strong attraction ¡hal is relatively inscnsi tivc lo temper
ature Of distance. When an organic compouncl wilh basic properties (e .g .. an 
amine ) is addeJ to an aqueous acidic mt..>dium (1'1-1 below 7.0), the compound may 
fonn an ionie salt that, ir dissociable, will have enhanced water solubility owing to 
ion-dipole bonding. Likewisc, wben an organic (:ompound with addic p roperties 
(c.g., carbm:ylic ¡¡dds, phenols, unsubstituted or monosubstinl tee:! sulfonamie:!es 
alld unsubstituted imides) is added lo an aqueous basic medium (pH above 7.0), 
the compound may fonn an ionie salt that, ir e:!issociable, \vill Imve enhanced water 
solubility owing lo ion-e:!ipole bonding. Bolh of thesc examples are shown in Figure 
1-5. 

Waler is an important solvent from both a pharmaceutical alle:! ti biologic stand
point. Therefore, when looking at any drug from a slruetural viewpoint, il is impor
tant to know whcther Ihe drug \vi ll dissolve in wate r. To predict w¡¡ter solubility. 
one must weigh Ibe Ilumber ami strength of hydrophilic groups in a molecule 
against the lipophilic groups prescnt If a molecule has u lurge amount of water-Iov
ing character, by interacting \vilb water through h)'drogen bonding or ion-dipole 
altractioll , il would be eXfMJCted to dissolve in water. Ir a molecule is deflcient in 
hydrophilie groups bu! insteae:! has a lipophilic portion capable of van der Waals 
attraction , then the molecule will mos! likely dissolve in a nonaqueous or lipophilic 
lllediulll. 

In reviewing the functional groups in organic chemistl)', an attempt \vi ll be 
made to identify the lipophilic or h)'drophilic character of each functional group. 
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Kllowing Ihe chamcter of each fu nctional group in a drug wiJl Ihen allow an illtel
ligent predictioll of Ihe overall solubi]¡ty of Ihe molecule by weighing Ihe impor
lance or each type of inleraction . 111is book is organi7.ed in such a way tha! each 
ftmctional group is discussed individually. Yet, when dealillg \vith a drug molecule. 
Ihe studellt will usuall)' Bnd a polyfunctional molecule. ll1e ultimale goal is thal Ihe 
studenl should be ahle to predict the solubility of aenla! drugs in ",:ater, aqueous 
acidic media, and aqueous basic media. lllerefore, lo use Ihis book correctl)' and 
lo prepare yourself fOf Ihe typical complex drug molecules, it is recommended Ihal 
you reacl lhmugh Clmpler 18 after sludying each function a! group. lllis will help 
)'Ou pUl each functional group inlo perspective \vilh respect lo polyfunctional 
molecules. 
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CHAPTER 

• NOMENCLATURE. The nomenclature of ¡he alkanes may be either common or 
omcia! nomenclature. The COlll lllon nomendature begins with Ihe simples! syste m, 
methane. and proceeds lo ethane, prop.1ne, butane, und so fort h (Fig. 2-1 ). Tho 
" -ane~ sullh indicales thal the Illoleculc ¡s an albne. This nomenclat ure works 
quite well unlíl isomeric fanns of the molecule appear (e.g., Illolecules with the 
samc empirica] fomlUlas bul difTerent structural famllllas ). In butanc, Ihere are 
on[y two wa)'s lo pUl the molecule together, buI as \\le consider larger molecules. 
many ¡sorners are possible , a nd lhe l10mcnclature lx."COmes unwield)'. Thus, a more 
syslematic form of Ilomcnclature ís necessary. The IUPAC (lntemational Urdon of 
I' ure and Applied Chemistry) Jlomenclature js the official nomenclature. 

I U PAC nOlllcndature requires tllal one find Ihe lougesl continuous alkane 
chain. 111e llame of Ihis alkane chain becomes Ihe base name. nle chain is Ihen 
numbered so as lo provide ¡he lowesl possible Ilumbers lo Ihe substitucnts. The 
number fo[[owed by Ihe llame of each substitucJlI Ihen precedes Ihe base llame of 
Ihe slraighl-chain alkane. An eumple of naming an alkalle accordillg lo IUPAC 
nomendature is shown in Figure 2-2. The longes! conlinuous chain is cight carbons. 

This chain can be numbered from cithe r end. Numbering left lo right resul ts in 
substitucnts at positions 2 {methyD, 5 (elhyl). and 7 (methyl). The llame of Ihis 
compound would be 5-ethyl-2,7-dimethyloctane. Numbering from righl lO left 
gives alkane substituents al Ihe 2, 4, and 7 positions. This compound would be 
4-ethyl-2.7-dimethyloctane. To detcnninc whieh "~dy lo number, add Ihe numbers 
thal correspond lo Ihe suhslituenl locations and choose Ihe direction thal gives Ihe 
lowcsl su mo From left lo righl, one has 2 + 5 + 7. which equals 14. \Vhen num-

Slructura Common name 

CH. Methane 

CH3- CH3 Elhane 

CH3- CH-CH, iso-Butane • 
CH, 

fiGURE 2-1. Common alkane nomenclature 
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y><, C~-CH3 , 
H~-C-CH2-CHa-C-C~-CH-CHJ , " H H CH, 

1 2 3 4 5 6 7 • 
• 7 6 5 4 3 2 1 

FIGURE 2·2. 4-Ethyl.2, 7-dimethyloctane 

bering from right lo left. ane has 2 + 4 + 7, which equals 13. nlerefore. the cor
red numbering system is fmm righl lo left , ghing 4-ethyl-2,7..dimethyloctane. It 
should be notoo thal ¡hcre is a convention for ordering Ihe names of the sub· 
stituenls. Tile substitucnts are ammged in a1phabetical a rder and appear befare 
Ihe bnse llame of Ihe molecule. nlUS, ethyl precedes methyl. The lIumher of 
groups presenl. in tJ¡is case two methyls (~dimethyn is no! considered in this 
alphabetical arrangemenl . 

• PH YSICAl-(HEMICAL PROPERTlfS. \Ve wish lo collsider Ihe folJcr.ving questions: 
Are alkanes going lo be water-soluble, and can water solubility ar Ihe lack of it be 
explained? The physical-chemical properties of alkanes are readily uoderslandable 
from Ihe pre\~ous discussion of chemical bonding. These {."Oml>ounds are unable lo 
undergo hydrogen bonding, ionic bonding, or ion-dipole booding. The onl}' ínler
molecular bonding possihle Vlilh Ihese compounds is Ihe weaL: van der Waals 
atlract:ion. For Ihe smalle r Illolecules with one lo four carbon aloms, this bonding 
is not slrong enough lo hold Ihe molecules togelher at room temperature, wilh Ihe 
result tllllllhe lower-member alkanes are gases. For the larger molecules wilh 5 lo 
20 carbon atoms. Ihe induced dipole-induced dipole inle ractions can occur, and 
Ihe energy required lO break Ihe increased amouot ofbonding is more than is avail
able al room temperalure. The resull is tha! Ihe 5- lo 2O-carbon alom alL:aoes are 
liquids. Dne can see from Table 2-1 that Ihe boiling point increnses consistently as 
more van der Waa.ls bonding OCCUI'S. 

Table 2-1. BOlllNG POINTS OF COMMON ALKA
NES 

AlKANE BOlllNG POINT {OO 

Propane - 42.0 

n-8utane -0.5 

n-Pentane 36. I 

n-Hexane 69.0 

n-Heptane 98 4 

n-Octane 126.0 



• • .. . .. 

• • • • • • 

'-____ Dipole-dipole bonding 

FI<iURE 2-3. Diagram of n-hexane's lack of solubility in water and the solubility of 
sodium chloride in water through ion-dipole bonding_ 

11m effccls of adding nn alkane lo water are c1epicted in f i¡"rurc 2-3. Wate r is an 
orue rcd mooium with a considerable amOllll1 of ínter-molecular bonwng, indicat
ed by ils high boiling JXIint (j.e., high in respect 10 ils molecular weight). To dis
solvc in or 10 mix with water, foreign atoms mus! brcuk ¡nto this lattice. Sodium 
chloride (labre salt), which is quite water-soluble, is ao example of a molecule capa
ble of thig. An alkane calloot break ¡!llo ¡he water lattice since il canno! oond lo 
.... 'ater. IOIl-dipolc inte mction, which is possible for sodium chloridc, is no! possible 
for Ihe alkane. lonie bonding and hydrogen bonding betwecn water and the alkane 
also are not possible. Van der \Va:us bunding between alkane and alkane is rela
Ih·ely slrong, v.i th IiUle or no van der \Vaals allraction belween Ihe .... >ater and the 
alkane. The ne t rcsult is that thc alkane separates out and is immiscible in water. 
Alkanes .... ~II dissolve in a lipid sol\'cnt or oillayer. 11¡e teml "lipid,- "fat.- or Moil,
defined from Ihe standpoint of solubility, means a water-im miscible or water
insoluble material. Upid solvents are riel! in alkane groups; thcrcfore, il is 1101 SUT-
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prising that alkanes are soluble in lipid layers. since induced dipole-induced dipole 
bonding will be abundant. Ir an alkane has a choice between remaining in an aque
ous area or moving lo a lipid area, il will move lo Ihe Ii (lid area. In (,'hemistry. this 
means that ir n-heptane is placed in a separato!)' funnel conlaining water and 
decane. the n-heptane will partition inlo the decane. This mo\'emenl of alkanes 
also occurs in biologic syslems and is bes! represenled by lhe gene rJ.1 aneslhelic 
alkanes and their mpid partilioning inlo Ihe lipid portion of Ihe umin. while al Ihe 
sume time Ihey I¡¡¡ve poor affinity for Ihe uqueous blOlXI. This concepl \\1 11 be (US

cussed in detail in cour-ses in medicinal chemislry. 
Another property thal should be mentioned is chemical slabili ty. In Ihe case of 

alkanes. one is dealing wilh a slable oompound. For our purposes. these com
pounds are lo be considered chemically inert lo Ihe conditiollS mel ~on Ihe shcli -
namely. airo light. aqueollS ¡¡cid or base. and hellt. 

A final physical-chemical property Ihal may be enoounlered in bnmched-chain 
alkanes is seen when a earbon alom is substituted with fOUT difTerenl 5ubstituents 
(Fig. 2-4). Such a mo\ecule is said lo be asymmetric (that is. without aplane or 
poinl of symmetry) and is referred lo as a ehimlmolecule. Chirality in a molecule 
means that Ihe nlolecule exists as two slereoisomers. which are nonsul>erimposable 

yH, 
cH, 
I 

.. C, 
.' 1 , 

H'* .. CHa-CHa-CH~ CH, 

(S)-3-Methylhexane (R)-3-Melhylhexane 

RGURE 2-4. Structures of {S)·3·methylhexane and ib mirror image, (R).3·Methylhexane. 

mirroT images of eaeh other. as shown in Figure 2-4. These slereoisomers are 
referred lo as enantiomeric forms of Ihe molecule and possess slightly different 
physical properties. In addition, chirality in a molecule usun.lly leads lo significant 
biologieal differences in biologically actk e molecules. The topie of stereoiso
merism is reviewed brieny in Appendix A . 

• METABOllSM. The alkane f\lIlctional group is relatively non reactive in vivo and 
will be excreled from Ihe body unchnnged. Allhough Ihe sludent should consider 
Ihe alkanes themselves as nonreactive and Ihe alkane portions of a dmg as nonre
active, several nolable exceptions \\'ill be emphasized in Ihe medicinal chemistry 
courses, nnd Ihey should be learned as exceplions. Two sueh exceptions are shown 

e :;¡pyrrght j mal!: II 



cyp 450 
• 

~ 9H3 «? 
HzN-C-O-~C-9-C~-O-C-NH~ 

CH, 
I 

ro-t • H-C- OH , 
CH, 

0>1 

¡ o 
OH C2~' 

H.,c-9-CH~H2 ~H 
H O N~O 

H 

flGUIIE 2-S. Metabolism of meprobamate and butylbarbital. 

in Figure 2-5. When metabolism does aceur, it is commonly an oxidation reaction 
catalyt.ed by 11 cytochrome P450 isofonn (CYI' 450) prcviously knowll as mi.~cd
function oxidase enZ)'lncs, and in mosl cases il occurs al the end of Ihe h)'drocar
bon, the omega carbon, or adjacenl to Ihe fina.! C'drbon al the omega-minus-one 
carbono as sOO-' ... Il. For additional diSClission of the metabolic proccss see Appendix 
C, Metabolism. 
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CHAPTER 

• NOMENCLATU RE. The comlllon nomenclature fo r the alkenes uses Ihe mdieal 
llame representing Ihe total number of C'J.rbons present ami the suIBx ~ -ene," 
which indicates the presence of a danble bond (Fig. 3·1). This type of nomencla
ture becomes awkward for branched-chain alkenes, and Ihe officia.l IUPAC 
nomenclature l>ecomes userul. With IUPAC nomcllcJature , lhe longest continuous 
chain conlaining Ihe dauble bond is chosen and is given a base llame thal corre· 
sponds lo Ihe alkane of thal length. As indicate<! in Figure 3-2, Ihe longest clmin 
has seven caroons and is therefore a heptane derivutive. The chaill ís numbered so 
as lo assi¡'TJl Ihe lowest possible number lo lhe dOllble bond. In Ilumbe ring len lo 
right, lhe double bond ís al Ihe 3 posilion, which is prefe rred, rather Ihan nUIll

bering right lo lefl , whic:h would pul Ihe double bond al the 4 position. With the 
molecule correctly numbered. the final step in naming Ihe compound consists of 
naming and numbering the all..'yl mdicals, followoo by Ihe lacalion of Ihe double 

Structure 

c~=c~ 

C~= C-CH) 
• 
CH, 

Commoo name 

Ethylene 

Propylene 

¡so- Butylene 

fiGURE lo' . Common alkene nomenclature. 

H CH, 
• • CH3-CH2-C=C-CH2-C-CH3 

• • 
CH, CH, 

1 2 , 4 5 6 7 

7 6 5 4 , 2 1 

fiGURE ] -2. 3,6,6-Tr¡methyl-3-heptene 

, 



bond and the alkane name, in whieh Ihe "-une" is dropped und replaced with the 
K -ene. ~ In Ihe example, Ihe corred name .... ,ould be 3.6,6-trimethyl-J (the location 
of Ihe double bond) hepl (scvcn carbons) ene (meaning an alkene). 

11le inlroduction of a double bond inlo a molccule also mises Ihe possibility of 
gcomelric isomers. lsomers are compound.'l with Ihe same empirica! fomlllla bul a 
(l¡frerenl slructural fonll ula. If Ihe difference in .'llruclural formulas comes from 
lack of free rolation around a bond. Ihis i.'l referred lo as a gcomctrie isomer. 
2-Bulene mayexisl as a trans-2·butene or ds-2-butene, whieh are examples of geo
mctrie isomcrs (Fig. 3-3). The KE ,Z K nomellclalure has been instituted lo clcal \\Iith 
tri- and Icll·· .. -.'lubsliluted alkenes. which cannol be readily named by cisltran.'l 
nomcnclatllre. Thc KE K is r-&cn from Ihe Gcm1an \\'Ord erltgegen, which meallS 
opposite. and lhe ~Z" fmm zusammen , mealling logether. Using a series of priority 
mIes, if Ihe two slIbslituents of highesl priori!}' are on ¡he .'lame .'lide of Ihe 1T bond, 
Ihe confib'llralion of Z is assigned, whereas if Ihe two high-priori!}' groups are on 
opposile .'lides, the E conflgurJ.tion is used. In Ihe example in Figure 3·2, Ihe cor
red nomenclalure becomes (E)-3.6.6-trimelhyl-3-heptene . 

• PH YSICAL-CHEMICAl PROPERTIES, 111e physieal properties of ¡he alkenes are 
similar lo Ihose of tlle alkancs. The lowcr members, having h\'O through four car
bon atoms, are gases at room tcmperature. Alkenes with five carbon atoms or more 
are liquids with increasing boiling points corresponding lo ¡nereases in molecular 
wcight. The weak inlermolecular interaclion that accounts for the low boili ng poinl 

H. .1'1 
,C = C. 

"oC eH, 

trans -2·Butene cis ·2-Butene 

(E )-2·Butene (Z )·2-Butene 

Ethyl higher priority Ihan hydrogen 

¡ 

Oxygen higher priority lhan hydrogen 

4·propyl-{E )·4-heptenol - '0'" indicated - .kx>h04 

I 
"en" indicated alkene 

FIGURE ] .] , ElIamples of E.Z nomenciature lor naming alkenes. 
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is again of Ihe induced dipole-induced dipole Iype. Re<.'Obrnizing ""hal type of inler
molecular inlerolction is possible a1so a110ws a prcdiction of nQnaqueous versus 
aqueous solubility. Sillce alkenes canno! h)'drogen bond and have a weak perma
neu! dipole. they C'oInnol dissolve in Ihe aqueous Iayer. Alkenes will dissolve in non· 
polar solvents s\lch as lipids, fals, 0 1' oilla)"ers. Therefore. Ihe physícal propertíes of 
alkenes pamllel Ihose of Ihe alkanes. When Ihe chemical properties are conside re<!, 
a dep.'ll'hlre from similarity lo Ihe alkane is found. The multiple bond gives Ihe mol· 
ecule a reactive sile. From a pharmaceutical slandpoint, alkenes are prone lo oxi· 
datíon. leading lo peroxide fonnation (Fig. 3-4). Peroxides are quite unstable and 
ma), e.xplade. In addition, alkenes, espaiall)' Ihe \fOlatile members, are quite fInm· 
mahle ami mayexplade in Ihe presence of oxygen und a spurk. 

>==< + o, 
o- o , , 

- e- e
I I 

FIGURE 3 .... Qxidation of an alkene with molecular oxygen leading to a peroxide . 

• METABOllSM . Melaoolism of Ihe alkenes. as with the previously discussed 
alkanes, is no! common. FOT OUT purposes, Ihe alkene fu nctional group should be 
considere<! metaoolically slable. While alkene-conlaining drugs are usua]])' stable 
in Ihe bod)', the alkene functional groups of severa! body melaooliles serve as cen
lers of reaction (Fig. 3·5). The Ullsaturaled falty acids add \\"oIler lo gi\'e alcohols. A 

, 

-

, 

OH , o 
, '" R-CH2_C-C-C-$.CoA 

o 
I 
o 

, , , , 

, ' o , '" 
A-()12-C-C-C~S CoA , , , , 

FIGURE 3·5. Metabolic reactions of alkefle-containing molecules. 
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cytochrome P450 oxidase atlacks the alkelle functional group in squalene to give an 
epoxide durillg Ihe biosynthesis of steroids. A peroxide intennediate is fonned 
from eicosatrienoate, a triene, during prostaglandin bios)'nthcsis, and during satu
ratoo fatty acid s)'nthesis, alkenes are reduced in vivo. \'ou should be familiar, 
therefore, with these possible reactions of Ihe alkene functional group and should 
not be surprised if an alkene-containing drug is metabolized. 

CYCLOALKANES: ALKENE ISOMERS 

Before leaving the topic of alkenes, a group of compounds that are isomeric to Ihe 
alkenes should be mcntioned. The cycloaIkanes have Ihe same empirical fonnula, 
CnH2n, as the alkenes but possess a different slructural fomUlla and are therefore 
¡semerie. Thrce importan! membcrs of Ihis c1au are cyclopropane, cyclopenlane, 
and cyclohexane (Fig. 3-6). Cyclopropane acts chemicaUy like propene, while 
c)'dopenlane and cyclohexane are chemieally inert, much like the alkanes. AlI 
Ihree compounds are lipid-soluble and quite flamlllable . Thc ¡alter two ring sys
lems are com mon to many drug molecules. 

Cyclopropane 
(Reactive) 

o 
Cyelopenlane 
(Unreactive) 

o 
Cyclohexane 
(Unreactive) 

FIGURE ).ti. Common cydic alkanes. 

Similar lo Ihe alkenes, Ihe cycloaIkanes do !lot shO\\! free rotalion around thc 
carbo!l·carbon bo!lds of the c)'cloaIkane and as a result have Ihe polential of geo
metne isomers. Wilh polysubslituled c)'cloaIkanes cis and tmns isomers exist, 
resulting in compouncls with difTeren! physical-chemical properties. An added 
characteristic of c}'doalkanes wilh si:< or more carbons (Iess so with c)'dopentane) 
is the ability of the lIlolecule lo exist in differenl confonnational fonns or isomers. 
While conformalional isolllcrs of a Illolecule (tilat is. Ihe way the lllolecule stands 
in space) do nol change the physical-chellliC'.11 properties of a lllolecule, nor are 
lhese isomers separable, l'Onformational isolllCrs of a lllolccule may affect lhe W'.1)' 

A 
I 

r e- e 
I • 

'--(CH""--" 

trans ¡sornar 

A • 
I I ___ e- e""' 

'--(CHm--" 

cis ¡sorner 

rrghtoo matmal 



(HAPTER 3 • AlKENH 

eH" tal 

"~ 
(a) eH" 

- " H,c~ta) 
(1) H 

equatorlal u.m -1.2-dme1hrr1 ---(Iow ~ contonna!ion) 

FtGURE 3-7. Examples of the conformational isomers of trans-l.2.-dimethylcyclohexane. 

that the molecule is drown. As an example. trans 1,2-dimethyk:}'clohexane has a 
high energy confonnation drawn with the methyl groups in their axial <''(Informa
lion and a low energy collfonllation with Ihe methyls in Ihe e'luatorial conforma
tion (Fig. 3-7). 111e significance of conformational isomers of a molecule becomes 
important when considering drug-receptor interactions and will be discussed in 
medicinal chemistl}' courses. 
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CHAPTER 

Aromatic Hydrocarbons 

• NOMENCLATURE. Anothe r class of h)'d rocaroons, shown in F igure 4-1 , ¡s ¡he 
aromatic hydrocarbons. In aromalic nomendature, a single name ¡s used for Ihe 
aromatie nucleus. Severa! of ¡he mosl (.'OlllffiOIl Iludei have been shown, a lollg wi th 
Iheir official llame ami numbering s)'stem . 

• PHYSICAL·CHEMICAl PROPERTIE5. Al fl rsl glum;e, il might be thought tha! Ihe 
aromatic h)'clrocaroons are nothing more lhan L')'elie alkenes, bul ¡his is no! lhe 
case. Remember thal aromatic (:ompouncls do no! have isolated single and dotlble 
bonds; instead, they have a cloud of electrons abo"e and below lhe ringo 111is ¡s n 
cloud of delocalized electrons thal are no! as readit)' uvailable as Ihe electrolls in 
the ulke nes. The aromatic systems are the re fore no! as p rone lo ¡he che mical reac
tions thal afTee! alkenes. 

Formation of peroxides, a potentiHlly serious phammccutical problem with 
many alkenes, is nol <:'Omidered a problem with the aromatic hydrocaroons. The 
typical rcadioll of lhe aromallc s}'llte ms is the e lcclrophilic reaclion. In ¡he e lec

trophi1ic reaction, lhe e k"Ctrophile , Ihe e1ectron-loving, positively charged species, 
altacks the e1cc1ron-de nse c10ud of the aromatie ringo There is one significant elec-

1 • 1 • 9 1 

60 2 700 2 7 
I 

2 

5 3 6 ~ 3 6 3 
4 5 4 5 10 4 

Benzene Naphthalene Anlhracene 

3 

5 2 

6 ~ 1 

7 ~ 10 

• 9 

Phenanlhrene 

FIGURE "'1. Aromatic nomenclature and numbering of common aromatic rings. 



trophilic reaction th al occurs onl)' in biologic systems, and Ihis is known as hyclro1t
ylntion. This reaction is quite important during drug metabolism but does not 
occur in vitro. Aromatic hyclr'OC"drbons are quite stable on the shelf. 111ese hydro
earbons, like other hydrocarbons, are lipophilie and flammable. 8ecause of tlleir 
l1igh electron density and flat nalure, however, aromatie hydrocarbons show a 
somewlmt slronger (:a~lcily lo bond Ihrough van de r Waals altraction. Aromalie 
rings appear to play a significan! role in Ihe binding of a drog lo biologie proleins, 
as will be seen in courses on medicinal chemislry . 

• METABOllSM. As already mentioned, aromatic rings are quite prone to ox;
d.'\tion in vivo or, more specifically, lo aromalic hydroxybtion. 111is reaction com
monl)' occurs with several of Ihe <.ylochrome P450 isofonns and ma)' involve an 
initial epoxidation. In a few cases. lhis highly reactive epoxide has bcen isolaled, 
bul in mosl cases lhe e¡x¡xide rearrangcs to gi\'e Ihe hydroxylalion product, Ihe 
phenol or dialcohol, llS shown in Figure 4-2. The importance of Ihis reaction is 
considerable. 

Aromatic h)'droxylalion significantly increases Ihe waler solubility of lhe aro
malie system ($ce Chaple r 7. Phe nols). In Illany cases this resulls in a rapid 
removal of ¡he ehemic-dl from the blxly. while in a fC\\f c-ases hyd ro.o;yIatioll 
may actunlly increase Ihe acth~ t}' uf Ihe dnlg. An area of cOIIsidemble im¡x¡r
tmK'e ha.~ 1x."CII the sludy of Ihe role of hy(lro:\ylation of aromatie hydrocarbons 
and ils relationship lo lhe c-drcinogenie properties of aromalic hydrocarbons. 
Evidence suggests thal Ihe inlcnne<liate epoxides are reslxmsible for this carcino
genie eITect. 

H O H. O H. O .. .. .. 
óC-CH' 5 -:H

' 

N-C-CHl 

• • 
H O OH 

co - ,1 ""'''' H - ,1 ""'vP 

FIGURE 4-2. Aromatk hydroxylation (atalyzed by Cytochrome P450 (cyp 450). 
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o 
H. " N-e-eH] 

Aromatic 
1 • 

1'" 

o 
H. " 

N-e-eH3 

1'" 

OH 

FIGURE 4·J. Phasc 2 conjugat ion reaction of aromat ic hydroxylation producto 

As illdicated, Ihe phenols formoo by aromatic hydroxylation may be eliminated 
as such fmm the body or may unclergo a phase 2 conjugatíon, giving rise lo a sul
fate conjugate or a glucllronicle conjugate, as shown in Figure 4·3. These conju
gafes exhibit an evcn greater \V'dler solubility (see Appendix e, lI;letaholism for dis
ClIssion of conjugalion rcactions). 
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Halogenated 
Hydrocarbons 

CHAPTER 

• NOMENCLATURE. The comlllon nomendalure for mono-substitutoo halo
gellated h}'drocarbons cons;sts of lile name of the al l:yl radical followed by Ihe 
name of Ihe halogen alom. Examples of Ihis nomenclature, along with the struc
tures ane] names of sevemI common polyhulogenated hydrocarbons, are showlI in 
Figure 5- 1. 

This nomenclature again becomes complicated as ¡he bmnching of Ihe h)'dro
carbon ehain incre:lSes, und one thererore uses I U PAe nomendature. The I UPAC 
nomellclature requires choosing Ihe IOllgesl continuous h)'dn:x,'arbon chain, fol 
lowed by Ilumberi llg of lhe chain so as lo assign the lowest l1umber lo lhe halide. 
The l.'Ompound is Ihen named as a haloalkane. This ¡s illustmted in Figure 5-2 for 
2-bromo-4-methylpentane. 

Structure Common nama 

C~'F Methylfluoride 

CH:!~CHl ~CI Elhylchloooe 

CH3 ~CH2 ~CH2 Br Propylbromide 

CH3 ~CH2 -C~~CH2 -1 n-Butyliodide 

CH,<, Methylene chloride 

CHa, Chloroform 

ce, Carbon tetrachloride 

CI-CH2 ~CH2 ~CI Ethylene chloride 

FIGURE 5-' _ Common nalogenated nydrocarbon nomenclature. 

Br CH~ • • 
H~-C-C~-C-CH3 

• • H H 

1 2 3 4 5 

5 4 3 2 1 

FIGURE 5-2. 2-Brom0-4-metnylpentane. 



• PHYSICAl-CHEMICAL PROPERTIES. The properties of the halogenated h)'dro
carbons are different from those of Ihe hydrocarbons previousl)' discussed. The 
monohalo..'l.lkanes have a permanent dipole owing lo the strongl), electronegntive 
halide a!tached lo the carbono The pennanenl dipole dnes nol guaranlee dilXlle
di]Xlle bonding, however. Allhough the halogen is rich in electron density, there 
is no region highly defici ent in electrons, and inlermolecular bonding is Iherefore 
weak and again depencls on Ihe van der Wa.'l.ls attraction. Since only van der Waals 
bonding is possible_ Ihese (.-om¡Xlunds have lo\\! boil ing points and poor \\"J.ter 
solubility. The halogens eovalently IXlund lo carbon in gener;¡! increase ¡he 
lipophilic nalure of Ihe eompounds lo which Ihey are bound. Another property of 
Ihe halogenaled hydrocarbons is a decrease in flammability with an inerease in lhe 
number of halogens. In fact. earbon Ictmchloride has been used in fire eu in
guishers. In general, these eom]Xllmds are highl)' lipid-soluble and chemicall)' 
nonreactive. 

One importanl chcmical reactíon that methylene cllloride, chloroform, and 
several other ]Xllyhalogenaled collllXlunds undergo is shown in Fib'1.l re 5-3. 
Chloroform, in Ihe presence of o:.:ygen ¡¡nel heat. is eonverted lo phosgene, a reac
tive and toxie chemical. To destro)' an)' phosgene Ihal may form in a bott le of chlo
rofonn, a snmll amount of alcohol is usual1y presellt. The alcohol reacts wilh lhe 
phosgene lo give a nonloxic carbonate . 

• METABOllSM. Thc lack of chemical rcactivíty in vi tro earnes over lo in vivo sta
bilily. In general, halogenaled hydrocarbons are not readily Illetabolized. This sta
bility sib"nificant ly inerenses tlle potential for human lo:dd ty. Since Ihe comlXlunJs 
are quite lipid-soluble, they are not readily excreted by the kitlney. Since they are 
nol rapidly metabolized to water-soluble agents, the halogenated hydrocarbons 
lend lo have a prolonged hiologic half-life, increasing the likelihood for syslemic 
lo:dcily. This may ruso account for the IXltentiru carcinogenic properties of sorne 
halogenated hydrocarbons. 

In sum mal)'. one significanl property ís common lo all of Ihe hydrocarbons. and 
Ihat is Ihe lack of ability to IXlnd to waler and thus Ihe lijXlphilic or hydrophobic 
nature. SINC E ALL ORCAN IC MOLECU LES HAVE A HYDROCARBON 
POHTION, THIS PROPERTI WILL SHO\V UP TO SOME EXTENT IN ALL 
MOLECU LES. You will have lo weigh Ihe e:d enl of infl uence of Ihe lipophilic por
tion against lile quantity of hydrophilie characler lo predict whether a molecule 
will dissoke in a Ilonaqueous medium or in w¡¡ter. 

o 
112 ~ " 

CHCl, --'-"'-_. el- C -Cl 
Heal 

Phosgene 

o 

FIGURE 5-3. Oxidation of chloroform lo phosgene. 
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Alcohols 

• NOMENCLATU RE. The commo n nomenclature of alcohols is to name ¡he 11101-

ecule as al1 ~alcohol" proc'edcd by Ihe lla mes of Ihe hyclrocarbon radien] (Fig. 6- 1). 
~'¡ethyl and ethyl aleohol are examples of primal)' ak'Ohols, isopropyl alcohol is un 
example of a seronda!)' alcohol, and lertial)' buty! alcohol is an example of a terti
al)' alcohol. The primruy, secondary, alld tertiary designations givell lo an alcohol 
depencl UpOI1 Ihe number of carbons thal are attached lo Ihe carbon thal conlains 
Ihe OH group. The primal)' designation inclicates tha! one carbon is attached lo Ihe 
carbon bearing ¡he O H group; ¡he serondary designatia n indicates thal two car
oons are attache<l; ami dle te rtial)' designatían indicates thal ¡hree carbons are 
aHached. 

Once agaill. ¡he nomenclature becomes clu msy as Ihe hydrocarbon portion 
bmnches, ane! the offidal IUPAC nomenclature must be lIsed (see F'ig. 6-1). The 
longesl l'onlinuous chain thal (:ontains the hyuro.()'l group is cllosen. Tllc chn.in is 
thcn Ilumbered lo gt"c Ihe lowesl Ilumber lo Ihe hydroxyl group. Other sub
stituellls. pre(:eded by their Ilumbered locatioll, come first , followOO by the loca
Hon of the hyuro.\)'l group, followcd by Ihc name of the alkane. To show thal this is 
an alcohol. the "c" is dropped from Ihe alkane llame and replace<l by -01,- the offi
d al sign of an alcohol. 

• PH YSICAl ,CHEMICAl PROPERTIES, The properties of Ihe alcohol offer a depar
ture from Ihe compounds that have been discussed previollsly. The OH group can 

Structure 

CH3-CH-OH 
• 
CH, 

CH, 
• CH3-C-OH 
• CH, 

Common name 

Methyl alcohol 
(Wood alcohol) 

Elhyl alcohol 
(Alcohol USP) 

Isopropyl alcohol 
(Rubbing alcohol) 

tert-Butyl alcohol 

IUPAC name 

Melhanol 

Elhanol 

2-Propanol 

2-Melhyl-2-propanol 

FI6URE 6-1. Common and IUPAC nomenclature for alcohols. 



'" '" . . ." o''· \ 

CHl~C~ ~O, -H~-H,c 

----," '" /' : 3 
f~_H~_H¡; 
" 

Intermolecular H-bonding 
(increased boiling point) 

'" . ," 
¡H.'o",? 0 

CH3~CH2P9? H Ó 

: 0 ': A 
oS / .. Ó "bf 

H-O········H H 

Intermolecular H-bonding 
(increased water solubility) 

FIGURE 6·2. EJ(ampl~ of intermole<u lar nydrogen bonding (H-bonding) between 
molecules of ethanol and between ethanol and water. 

participate in intcrmolecular hydrogcn bonding (Fig. 6·2). Because of the elee
t ronegati\~ t)' of the oxygen and the elect ropositivc p roton. a permnncllt dipolc 
exists. The h)'drogen attached lo the oxygen is slightly posith'c in nature ami the 
ox)'gcll slightly negativc. Hcmemoor, Ihis is no! a fonn¡Ll charge bul simply un 
unequal sharing of Ihe pair of electrolls thal make tlp Ihe co\".I1ent bond. The 
intennolecular h)'drogcn honding Iha! is now possible between the a lcohol mole
cules results in re latively high boiling points comp..'Ired with their hydrocarbon 
counlerparts (Table 6-1). Also important is the fact thal Ihe ako hol group can 
hyd rogen bond lo wl.Ilc r (see Fig. 6-2). This m e nn ... Ilml il can hrcak inlo Ihe wnlcr 
laltice, \\~Ih Ihe resull Ihal the alcohol fun ctional group promoles waler solllbility 
111e extent of waler solubility for each ak"OhoJ \\~U depend on ¡he size of Ihe 
hydrocarbon portion (see Table 6- l). e l Ihrough C3 alcohols are miscible with 
waler in aU proportions. As ¡he length of ¡he h)"d rocarbon chain increases, 
¡he hydrophilic nature of Ihe molecule decreases. 111e loc..'loon of ¡he hyclro,,-yl 
ntdical also inl1uences waler solubil ity. althollgh nol as dramatically as chain 
lenb"h. A hycl roxyl group cenle recl in Ihe molecule \ViII have a greater potential 

TABLE 6-1 . BOILlNG POINTS ANO WATER SOLUBILlTY OF 
COMMON ALCOHOlS 

Bolling Pomts "C Solubilil)' (g/IOOg H2O) 

Melh~nol 65.5 -
Ethanol 78.3 -
I-Propanol 97.0 -
2-Propanol 82A -
I-Butanol 117.2 7.9 
2-BUlanol 99.' 12.5 
¡-Pemunol 137.3 2.3 



CHAPHR 6 • AlCOHOlS 

for producing \\"ate r solubility tlmll a hydroxyl al Ihe end of Ihe straight chain. If 
a second hydroxyl is added, solubility is illcreased. An example of this is 1,5-
pentanediol. It can be thought of as elhanol and propanol pul logether. Sillce both 
alcohols are quile w·dter-soluble, il " 'Ould be predicted that 1,5-pentanediol "..uuld 
also be quite water·soluble, and it is. It also follO\Vli thal as Ihe solubili ty of Ihe 
alcohol in water dt.>creaSf.."S, Ihe solubility of Ihe alcohol in nonaqueous me<lia 
increases. In summal)', il C'dn be said Ihal an al<:ohol functional group has Ihe abil
ity lo solubili7.e lo Ihe extenl of 1 % or greater an alkane chain of flve or six car
bon atoms. 

Looking at the chemical reactivity of Ihe alcohol, we flnd tlmt from a phanna
ceutical standpoint the alcohol functional group is a relati \'ely stable uní!. 
Remember, though, that in Ihe presence of oxidizing agents, a prima!)' al<:ohol will 
be oxidized lo a carboxylic acid after passing through an intermediale a1dehyde 
(Fig. 6-3). The secondary alcohols can be oxidized lo a ketone, ami a tertiary 
alcohol is stllble lo mild m:idation. The oxidation of an alcohol in vi tro is no! com
monly encounlered bcC'dUse of !he limited number of olliclaling agents used 
phannaceulically. 

CH, 
• 

CH3- C- QH 
• 
CH, 

o 
-_o CH,~C -H 

Kelone 

__ o Slable 

o 
--.~ CH,-C-QH 

Acid 

FIGURE i-J. Oxidation of a primary and se<ondary alcohol by oxidizing agents (nor
mally uncommon in pharmaceutkal products) . 

• METABOLlSM. Although the alcohol functionHI group is relalh'ely stahle in 
vi lro, il is reaclily metaboli7.ed in Ihe body by a variety of enzymes, mos! notahly 
t:ytochrome P450 ellzymes and alcohol dehydrogena.w. Both prima!)' and second· 
a!)' alcohols are prone lo oxidation by oxid.'ISe enzymes. resulting in the fonnation 
of carho~yl ie acids or kelones, respectÍ\'ely (Fig. 6-4). The tertim)' alcohols are sta· 
ble lo oxidase enz)'lI1es. Another <:0 1l11110n metabolic fate of the alcohol is conjuga
tion with glucuronic acid lo give a glucllronide or w¡th su\furic acid lo gh'e the sul· 
fate conjugate. 80th of Ihese conjugates show a consideroble inerense in water sol· 
ubilit)'. The glucuronide has severol additional alcohol fu nctional groups tha! exhib-
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Oxidation: 
o 
" A- C- OH 

Oxidase A- C= O , 
A 

Conjugation: 

• O-C~_ A 

Glucuronic acid Glucuronide 

o 
" • A-C~_O-S-OH 
" o 

Sulfuric acid Sulfate 

FIGURE 5 .... Metabo1ic react ions of the alcohol functional group. 

il dipole-dirx>le bonding lo .... 'ater. The alcohol is conjugated lo Ihe glucllronic acid 
as an a<:elal lhrough an "ether- likc" linkage, while the conjugation to slllfuric acid 
is as an ester linkage. 

WIJe n Ihe ako hol combines wilh sulfuric acid, it is excreted as a sulfate conjll
gate , which would ¡¡Iso be expected lo sllow considerable wate r solubility because 
of the h)'llrogen bonding ¡¡ud ion-dipole bonding afforded by Ihe sulfate IXlrtion of 
Ihe molecule . 111ese latte r reactions are conside f'C(1 phase 2 metnbolisms ($00 
Appe ndix C. fl,I e tabolism). 

e ;.pvflghted malarlal 



CHAPTER 

Phenols 

• NOMENCLATURE. Phenols lIluy appear to ha\~ sorne similarity to the alcohol 
functional group, but they are considerably difTerent in severa! aspects. Phenols 
differ fmm alcohols by having the O H group attached directly lo an aromatic ringo 
The nomellclature of the phellols is not as s)'stematic as has been the case witll the 
previous fu nctional groups. In many cases, phenols are named as suhstituted phe
nols using the common ortho, meta, or para nomenclature fOT the location of Ihe 
substiluents, or Ihe official nomenclature, in which Ihe ring is numbered, wilh the 
carbon thal bears Ihe OH being assigned the 1 position (Fig. 7-1). In phenol 
Ilomenclature, comlllon llames are often used, such as cresol, enlechol, and resor
cinol. Therefore, one mus! be aware of these comlllon llames as well as the official 
nomenclature . 

• PHYSICAL·CHEMICAl PROPERTIES, In considering the physieal properties of Ihe 
phenols, one is again aware of Ihe OH group, in ""hieh a strong electronegative 
group. oX}'gen, is attaehed lo Ihe electroposilive h)'drogen. The pernlanent dipole 
is cap.1ble of inlennolecular hydrogen bonding, whieh resulls in high boiling poinls 

Structure Gommon name IUPAC name 

O-OH Garbolic acid Phenol 

< ~H~ ~Cresol 2·Methylphenol 

~-< }-OH p-Nilrophenol 4·Nitrophenol 

OH 
Ó-0H Catachol 1.2·Dihydrol()'benzene 

HO 
O-OH Aesorcinol 1,3-Dihydroxybenzene 

HO-oOH Hydroquinone 1,4-DihydroKYbenzene 

fiGURE 1-1. Phenol nomenclature. 

, 



Table 7-1. 80lllNG POINTS ANO WATER SOLU81l1TY OF 
COMMON PHENOlS 

BOlllNG POINT ' C SOlUBIUTY (gflOOg H20) 

C ydohe~anol 161 3. 

"'onoI 182 9.3 

""- 202 2.3 

m-Chlorophenol 21' 2.' 

Catechol 24. 45.0 

and \\~J.lc r soluhility. Adde<llo the list of compounds in Table 7-1 is (:yclohexano1. 
C}'d ohexanol differs frum phenol onJ)' in Ihe lack of Ihe aromatic ringo The change 
in Ihe hoiling poinl anJ solubility in going from c)'clohexanol lo phenol ma}' seem 
rathe r large. and indeed it should be, sinc."e one property be<."omes important with 
phenols that is absenl in aloohols: Ihal property is aci<lity. 

Before discussing lhe acidi ty of lhe phenols, le l us look al some addilional fae
tors thal afTect solubility. As Ihe lipophilic nature of lhe phenol is inc reased, lhe 
wale r solubility is decrensed. 111c addition of a methyl (c resol) or a h¡¡logen 
(chlorophenol) greally reduces lhe wale r soluhility of these compounds (see Table 
7-1 l. The addition of a second hydroxyl, such as in catechol, inc reases wate r solu
bility, a.s was the case wilh the previous d iols. The solubili ty of C".ttechol \Vill again 
greatl)' decrease as alkyls are nclded lo Ihis molecule . 

The acidity of phenol and substituled phenols is considered in Ihe following 
iIIuslmtion (Fig. 7-2). First, an acid must be deflned. The c1assic definili on stales 
Ihat an acid is a chemical that has Ihe ability lo give up a prolon. Phenol has Ihis 
abi lity ane! can Iherefore be considered an acid . 111e ease with which this pro!on is 
gi\'en up (dissocia!ion ) will influem."e lhe mlio of K 1 lO K_l (.ree Fig. 7-2). If Kl is 
mueh grcate r than K_I ' a strong acid c rists, while if K 1 is smalle r Ihan K_I ' a weak 
acid resulls. The faclor t lml influences Ihe mlio of K 1 lo K_I is Ihe stability of 
Ihe :mion formed (in this case Ihe phenolale aníon). 11 should be recalled Ihal the 
phenolate aníon can be slabilized by resonance (tlml is , Ihe overlap of Ihe puir of 
eled.rons on the o"'ygen \vi th Ihe de locruized c10uJ of e lectrons ¡¡hove and below 
lhe aromalíc ríng; see Fig. 7-2). This is somelhing an alcohol cannol do because un 
alcohol h)'droxyl is nol adjacent 10 an aromatic system, und resonance slabi lization 
cloes no! occur. Therefore, dissocialion of Ihe hydrogen from the oxygen is nol pos
sible in alcohols and, by definilíon , Ihe inability lo give up a prolon means thal the 
¡¡Ieoho! ís nol acidic bul neulral. 

Let li S rclum no\\' 10 the <Iuestion of ooiling poinls und solubililies of alcohols 
versus phe nols. Alcohols as neutral pola r groups a re only capable of participal ing 
in a hydrogen-bonding inlemclion wilh water. On Ihe olhe r hum!. pheno!s, due lo 
Iheir acidity. exisl bolh as neutral molecules ami (lo some exle nl) as ions; Ihe refore, 
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K, 
Acld (definition): HX + H20 • 

• 

R. H 

R .. m-CH3 

R _ p -CH3 

A . m-NO:! 

A" p ·NO;¡ 

Mineral acids 

Garboxytic acids 

Atcohols 

K, 
• • 

1<., 
(Dissocialion) 

1<., 

Dissociatioo Constant 

Ka (in water) 

1.1 X 10-10 

9.8 X 10.11 

6.7 X 10.11 

5.0 X 10.9 

6 .9 X 10-8 

10.1 

10-5 

10-11 

pKo 

9.96 

10.01 

10.17 

8.3 

7.16 

1.0 

5.0 

17.0 

FIGURE 7-2. Dissociation constants and pKa's in water lor common phenols. 

not only will h)'drogen oonding occur, hui also Ihe stronger ion-dipole bonding can 
occur between the phenol and waler. The prediction of a highe r boiling poin! and 
a greater water soluhility relates lo the prcsence uf ion-dipole inte rnction as well as 
dilXlle-dipole bonding. 

111e acidity of phenols is innue nced by the subslitution on the aromatic ringo 
Substitution ortho lo the phenol alTects acidity in an unpredictable manner, while 
substilution mela or para lo the phenol results in acidities thal are prcdictable . 
Substilution with a group capable of donaling ele<.1:rons into the aromatie ring 
decreases acidity. The most pronounced eITect OCCll rs when Ihe substitution is p.a rn 
or in dired l..'Onjugation. Addition of an e lectron-withdmwing group lo Ihe aromat
ie ring results in increased acidity. Again, Ihe mos! pronounced eITa:t occur:s with 
pam subslilulion. In bolh cases, Ihe influence uf substitue nts on acidity comes 
from lile inability or ahility of Ihe subsl ituelll lo slabilize Ihe phenolate fonn . 
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Comparison of ,he acidity of phenols to tIJa! of carboxylic acids anO. minero! acids 
demonstrntes thal phenols are weak acids. 

Another signifk-.. nt property of phellols is theiT chemical reactivity. An impor
tan! reaction is shO\m in Figure 7-3. Because phenol is a weak ad d, il will no! react 
with sodiulll bicarbonate, a weak base, bUI \Viii react with strong bases such as sodi
um hydroxide or potassium hydroxide lo give ¡he respective phenolate salts. Salt 

o-OH 
No reaclion 

N.OH 0- o 0 
O " 

Sodlum phenolate 

(ReveF$lble 8811 lormation nol an Instability) 

FIGURE 7·). A.cid-base reaction between pnenol and a strong base, 

formation is an importan! reaction since Ihe phenolates formed are ions anO. wi ll 
dissolve in water through ¡he much stronger ion-d.ipole bonding. A.~ s¡\lts, the sim
ple phenols (phenol, cresol, and chlorophenol) are extremely soluble in wate r. 
Several words of caution are necessary before leaving this topic. Sodiulll and potas. 
sium salts will greatly increase the wate r solubili t)' of the phenols. Heavy metal sal ts 
of the phenols will actually becollle less wate r-soluble because of the inability of Ihe 
sal t lo dissociate in wate r. Salls of phenols Ihal are capable of dissociation in water 
will always increase wate r solubility, and for mosl of Ihe phenols of medicinal value, 
the salts wi ll give enough solubility so Ihat ¡he dnag \viU dissolve in wate r al the con
centralion needed for biologic activity. As Ihe lipophilic portions altached lo ¡he 
aromatic ring incrense, however, ¡he solubility of Ihe phenolate salts will decrease. 
You $hou/d rcall::.e tlmt w/¡ lfe salt [on/wtion (with a dissociating salt) 1$ all exomple 
o[ a chemical reaellon, il is not a chemical inslahilil y . Treatment of Ihe water-solu
ble salt w1th acid \vill reverse this reaction, regenerating the phellol. For our pUl'
poses, sal t forlllation resulting in precipitation of Ihe organic molecule is a phar
maceutical incompatibitity thal Ihe student should watch fol'. 

A second significant chemical reaction of phenols in\'olves their facile air oxida
tion. Phenols are oxidi7.ed lO quinones, which are highly colored. A clear solutioll 
of phenol allowed to stand in conlact with ai r or ligh! soon develops a ye llow col
omtioll owillg lo Ihe fonnation of p-quinone 0 1' o-quinone (r ig. 7-4). This reaction 
occurs more readily u'Ílh satis of phenols and \\'Íth polyphenolic compounds. 
Phenols and Iheir salts musl be prolecled from oxygen and lighl by being stored in 
c1osed, amber conlaillers or by the addition of antioxidanls . 

• METABOLlSM. The metabolism of phenols is much ¡ike that of alcoho\s. The 
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• OOH 0 1 (air) 
+ 

FIGURE 7-4. Qxidation of phenol with molecular oxygen. 

phenol may be oxidized , oro using lile tCnJlinology previously U$I..>d fo r llfQmatic oxi
clntion, ¡he phenol may be hydro:~:ylated. lo b';ve a d iphenolic compound (Fig. 7-5) 
(phase I reaction). In mas! cases, Ihe oew O H group will be either ortho ar paro 
lo Ihe original hydroxyl group. Hydroxylation reactiollS are commonly catalp.ed by 
members of lhe (,)'tochromc P450 (amily of enzymes. The mas! comlllan forll) of 
melaboliSIll of phenols is conjugatioll with glucuronic acid lo fonu the glucuronide 
a r sulfonation lo give Ihe sulfate conjugate (phllSe 2 reaction). Both conjugation 
readions gi\'e melabolites tha! have greate r water solubili ty ¡han ¡he unmetabo
lizcd phenol. An additional t)'pe of metabolism seen lo a minar extent is methyla
lion of the phenol lo give Ihe melhyl elher. TIlis Iype or reaction will actually 
decrease water solubili ty. 

OH OH 
HydrOKYlation ~I OH 

andlor U 

COOH 

__ --c-o-n~j"~g~a-I~-n-•• ~lir0-o 

OOH OH 
Conjugation 

• 
o 

OO-~-OH 
- o 

Methylatlon 

• 
AGURE 7-5. Metabolic reactions common to phenol functional groups. 
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Ethers 

CHAPTER 

• • 
• NOMENCLATURE. Another importan! fUIlCliollal group found in Ill¡my medic

inal agents ¡s ¡he e ther moiety shown in Figure 8-1. The elhers use a CO lll lllo n 

nomenclature in which ¡he oompounds are called elhen, and both substituents 
are named by their radical llames. such as methyl, ethyl, or phen)'l. l1lUs. Ether 
USP, ¡I colllmon name , can also be referred lo as diethylether. The official names 
for ¡he simple ethers are shown in Figure 8-1. The ¡nhefen! problem of naming 
Ihe al)':}'1 radical again arises as branchillg in the an.)'1 chain occurs. 111e officia] 
nomcnclature llames lhe compounds as alkoxy de rivatives of alkanes. In Ihe exam
pie shown be]O\"" lhe longest continuous alkane chajn (:o ntaining Ihe ether is ello
sen as ¡he base llame, and lhe alkane ¡s numbered lo give ¡he ether Ihe !O\ .... es! 
number. The (:o rrect name for the ether is therefore 2-metho:\'y (numbered lo 
give the alko:\'y tlle lowest numbed-4.4-dimethylpelltane (Ihe 10llgest alkane 
chain) • 

• PHYSICAl·CHEMICAl PROPERTIE5. Whal can one predict about Ihe water 5Olu
hility of the elher group? Jt is inleresting that the synthesis or ethers is brought 
about by combining two alcohols or an alcohol and phenol lo give ¡he elher. The 
precursors have high boiling points, strollgly bond lo water lo gi\'e solubility, alld 
show chemic;¡1 reactivity ullder certaill conditions. Elhe rs, by contmst, are IO\\!
boiling liquids with poor \\HJ.le r solubility (Fig. 8-2) amI chemically are almost ine rt. 

Structure 

H.,c-O-CH~H3 

CH.,cH2 -0-CH~H3 

H.,c -O-\ J 
O-CH3 CH3 
• • 

CH3- C- CH2- C- CH3 
• • 
H CH3 

1 2 3 4 5 

5 4 3 2 1 

.. 

Common name (Alkylalkylether) IUPAC name 

Ethylmelhylelher Methoxyethane 

Dielhylelller (Ether U.S.P.) ElhOxyethane 

Melhylphenylelller (AnisoJe) Melhoxybenzene 

2·Methoxy·4,4-dimelhylpentane (Correct) 

4·Methoxy·2,2·dimelhylpenlane (Incorrect) 

FIGURE 8·1. Ether nomenclature . 



Ether 

R:C~ 

A H,c. 
:: CH-

H,c' 

Dipole-dipole bond (H-bond) 

¡ ,O, 
A, •••• H H 

O:' 
/', O A··.. / , 

H H 

Ether 

SoIubility (g/100 mi H20) 

8.4 

0.002 

FIGURE 8-2. Diagrammatic representadon of the solubility of an ether in water and 
solubility properties of two common ethers. 

This becomes underslandable ""hen one recalls thal the properties of alcohols and 
phenols depend primarily upon the OH group. With diethyl ether, resulling fmm 
the combination of t\\lO moles of ethanol, the OH groups have becn ¡osI. Withou! 
the OH group, h)'drogen bonds canno! exist, and the only intenllolecular bonding 
is weak van der Waals attraction and thus a lo\\' boiling point. Ether can h)'drogen 
bond lo water. The hyclrogen of water '.."ill bond lo the electron-rich oxygen (see 
Fig. 8.2). The lower-membert!(\ ethers therefore sho\\' partia! water soluhiHty, bul 
as the hyclrocarbon portion increases, water solubili ty rapidly decreases. In Ihe area 
of general aneslhetics, Ihis water solubility for ethers has a sib'1liflcant effect on Ihe 
Ollset und dumtion ofbiologic activity. The figures given for water solubility for two 
ethers shown in Figure 8-2 demonstrate how rapidly waler solubility decreases as 
Ihe h)'drocarbon portion increases. 

Chemically the elhers are relati\'ely nonreacti\'e, stable entities, with one im!X)r
tan! exception. Liquid elhers in conlact with atmospheric oxygen fonn l'eroxj(Jes 
(F'ig. 8·3). The peroxide fonned , although no! present in great quanlities, can be 
quite initating lO Ihe mucous membmnes and, if concenlraled, may explode. 
Hence, care should be laken in handling ethers lo minimi7.e Ihe contact \Vilh 
ox}'gen. Man)' times an antioxidant such as copper melal is added lo take up an)' 
oxygen thal may be present and thus prevenl this inslability. 

O .. 
-~'. CH"c~ -OH + C~H 

fiGURE "l. Oxidation of an ether with molecular oxygen to give a peroxide. 
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• METABOllSM. The metabo[¡sm of ethers in gene ml is uneventful. With mos! 
ethers, one finds Ihe cther excrelcd unclmnged. n le re are cxceptions lo this rule. 
and lhe one exception Iha! should be leamcd is Ihe metabolic dealkylation reac· 
tion. w he n this does occur. Ihe alkyl group that is losl is usually a smalt group such 
as a methyl or eUly! group. Metabolic dealkylation is a reaction lhat is catalyzed by 
various mc mbers of ¡he cytochrome P450 family of enzymes. In the 1Il0s! common 
cases of dealkylation of an elhe r, a phcnot fonns. which is lhen metaboli7.ed by lhe 
roules of llletabolis lll open lo phenol, Ilamely Ihe glucuronide or sulfate conjuga
lion . The alkyl group is los! as an aldehyde, either formaldehyde (Fig. 84) or 
acetaldehyde if the alkyl radical is elhyI. 

< }-o-CH, _ _ o o-OH + 
o 
" H-C-H 

FIGURE B .... Metabolic dealkylation of anisole. 
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Aldehydes and Kelones 

• NQMENCLATURE. Two functional groups thnl, owing lo their chemical Ilnd 
physical similarities, can be grouped together are Ihe a1deh)'des and kelones. From 
tile examples of comffion llames shown in Figure 9.1, one can see tha! Ihe struc
tura! identity of simple aldehydes and kelones is obvious si!lee the tenn "aldehyde~ 
or ~ketone~ appears in Ihe nomenclature. The commoJl nomenclalure for alde
hydes remains usefut until one is unable lo name Ihe alkyl radical tha! contains ¡he 
carbonyl, and Ihen Ihe formallUPAC llame is used. The longest continuous chain 
containing Ihe aldehyde functional group is chosen as the bme name ami num
bered such tha! Ihe aldehyde constitules ¡he 1 posilion . To sho\\' Ihe presence of 
an aldeh}'de in Ihe molecule, Ihe sufBx "- a1 ~ replaces Ihe ~e" in Ihe alkane base 
llame. Hence, the more complex structure A shown in Figure 9-1 is named 3,3-
dimethylbutanal. 

With the common nomenclature ofkelolles, as indicated. the word "kelone~ is 
usecl as part of Ihe nomenclllture. With kelones, the two mdicals atlachecl lo Ihe 
carbonyl are indh1dually named until these radical names become um\~eldy. The 
1 UPAC rules for kelolles reqllire that olle fine:! Ihe longest continuous carbon chain 
Ihal coll lains Ihe kelone and number so as lo gi\'e Ihe lowesl number lo Ihe car
bonyl group. Ir ¡he ketone is al the sume location fro m eilher end of the mole<.'ule. 
¡hen the corred direction of numbering is Ihe one Ihal givcs Ihe lowesl Ilumber lo 
any remailling substituenls. The desibrnation used lo show Ihe presence of ¡¡ ketone 
caruonyl is the SIlfl'\X "-one" whieh. along wilh Ihe kelolle localion, replaces Ihe "e" 
in the alkane base name. The example gi\'en for slructure B in Figure 9-1 becomes 
2,5,7,7-tetramelhyl-4-(the location of ¡he earbonyl) octan ( specif}~ng an 8-carbon 
chain)-one (the abbre\~ation for a ketone) . 

• PHYSJCAl-(HEMICAl PROPERTlES. In considering Ihe properties of aldehydes 
and ketones, it must be notecl thal Ihe carbonyl group present in bolh molecules is 
polar, and hence Ihe compounds are polar. Oxygen is more electronegati\'e Ihan 
carbono and Ihe clolld of electrons thal makes ur the carbon-oxygen dOllble bond 
is Iherefore e:!islorted loward Ihe oxygen. In addition, kelones and lo a lesser exlenl 
aldehydes may exisl in e<¡uilibrium wilh Ihe "ellol" form (Fig. 9-2). This property 
and lile polar natllre of the caruonyllead lo h¡gher boiling poillts for aldehydes and 
ketones comparecl wilh nonpolar compounds of comparable molecular weight. 
Becallse of Ihe higll electron density on Ihe ox)'gen alom, aldehydes and ketones 
can hydrogen Ixmd lo water and wi ll dissolve, lo sorne extent. in u'll.ler. The h)'dro
gen bonding is similar lo that suggested for ethers but stronger. Keep in mind Ihal 
as Ihe nonpolllr hydrocarbon portion increases, the elTect of the polar carbon)'1 



$tructure 

AldehydeS : 
o 
" H- C- H 

o 
" CH, -C-H 

o 
" CHsCH2-C -H 

eH, o , " 
C~-C-CH2-C -H , 

CH, 
4 3 2 1 

Ketones: 

o 
" CH,-C-C~ 

O 
" C~~-C-C~ 

O 
CH,- C-o 

CH, O CH, CH, , ,,' , 
CH,-C-C~-C - C - C~ -C -CH, , , , 

H H CH, 

Commonname 

FormaldehyOe 

AcetaldehyOe 

PropionaldehyOe 

Struclure A 

Dimethy1ketone 
(acetone) 

Ethylmethylkelone 

Melhylphenylkelone 
(acelophenone) 

Slruclure B 

IUPAC name 

Methanal 

Ethanal 

Propanal 

3,3-Dimethylbutanal 

-al", aldehyde 

2-Propanone 

2-Butanone 

1-Phenylethanone 

2,5,7,7-Tetramethyl-4-
octanooe 

12345678 -ooe = ketone 

FIGURE !)-1 . Aldehyde and ket one nomenclature. 

' Keto' 

HO 
)=CH, 

H,C 

' Enol' 

fiGURE ' -2. ' I(eto ' - ' enol ' equilibr ium o f acetone. 

hrroup on overall solubility will decrcasc. This is ilIuslmlcd in Tablc 9-1, whcre il is 
apparent Ihal as Ihe hydrocarix:ln portion increascs beyond two or Ihree C'.I rbons. 
the water solubility decrcases mpidly in both a1dehydes and ketones. Some water 
solubil ity is still possiblc, hOWtlVCr, with a lolalearbon conten! of five or sil: carbons. 

In conside ring lhe chemical reactivity from a pharmaceutical standpoint, tJle 
kelone fu nd ional graup is re lativel}' nonreaclive. This is no! true of thc a1dch)'dc 
funclional group. Aldehydes are olle oxidation stale from the stable carboxylic ¡Icid 
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Table 9·1 . BOILlNG POINTS ANO WATER SOlUBILlTY OF COMMON 
AlDEHYDES ANO KETONES 

o o .. .. 
A- C-H R-C-R' 

Boil ing Poim Solubili ty Boiling Poim Solubilny 

R OC (gl lOOg H2O) R R' OC (gl lOOg H2O) 

H ·21 ~ CH, CH, 56 ~ 

CH, 20 ~ CH, C,", 80 26.0 
0,><, 49 16.0 CH, ...c,H, 102 6.3 
n-C~7 76 7.0 0,><, 0,><, 101 5.0 

",", 178 0. 3 ",H, CH, 202 <1.0 

structllre, and mosl are Iherefore mpidly oxiclized. Wilh many liquidoS, this means 
air oxidatioll, and compounds conlaining alclehydes therefore musl be prolected 
from almospheric oxygen, The low-motecular-weighl aldehydes can also undergo 
polymeriz.1tion lo cydic trimers, a compound containing three aldeh)"de llllils, or 
straighl-chain polymers (Fig. 9-3), The trimers are slable lo m)'gen bUI \\~ll allow 
regenernlioll of the aldeh)'de upon heatillg. In sorne cases. Ihis reaction is llsed 
advantageollsty to protect Ihe a1dehp:le. 

o .. 
R-C-H • 

-f~-o-it , 
FIGURE ' -J. Oxidation and polymerization reactions of aldehydes. 

A sequence of chemical reactions comlllon lo both aldchydcs ami kelones is Ihe 
reaction that occurs belween aldehydes or kelones and alcohols (Fig. 9-4), This reae
lion is eatalyzed by acid. The reaclion lending lo hemiacelals or hemikelals and 
acetals or ketals is significant in thal some drugs and mally drug metaooliles exist as 
one of Ihese derivalives. The reaction of an aldehyde with an nlcohol under addic 
conditions gives a hemiacetal. - Hemi~ refers to half. in Ihis case half an aceta!. The 
hemiacetal is \Instable lo aqueous condilions. irrespecti\'e of pH. Further nddition 
of an alcohol lo Ihe hemiacetal can occur. leading lo an acetal. Acetals are stable lo 

• 



° " A- C-H + R'-OH 

° " R- C- R + R'-OH 

® 
H / -~ 

• 

® 
H / -~ 

. 

• • 
+H,o 

o·~ • A-C-H + • 
O'H 

Hemiacetal 

O·~ • R- C- R + 
• 
O' H 

Hemiketal 

® 
H / -H~ 

• 

® 
H / -~ 

• 

• • 

Acetal 

O- R' • R-C-A , 
O-A' 

Kata1 

FIGURE t.4. Formation of acetals and ketals from aldenydes and ketones, respectively. 

aqueous conditions al Ilcutml or basie p H bul are unstable to aqueous acidic condi
tia llS. wil1l convcrsion hack to the a1deh)'dc oceurring. In a similar manller, a ketolle . 
may be conve rtoo lo a hemiketaJ and further lo a kelal by reaction \\~th an alcohol 
under acidic conditions. TIlC same stabili ly properties exist for hemiketals and kctals 
as \vas mcntiOIlI..>(1 for acetals. Probably the bes! exumples of acetals are the glu-

COOH 

);;'°VOH 
HO'L(H 

OH 

Hemiacetal 

¡ . .oH 

COOH 

);;.°vo.", 
HR'H 

OH 

• 

r Aldehyde 

CHO , 
H- e -OH , 

HO-C-H • , 
H- C-QH 
H-(;-OO"- Alcohol , 

COOH 

Glucuronic acid 
(apeo chain) 

Glucurinde conjugates 
(Acetals) 

COOH 

j;;,ovH 

HR'OH 
OH 

Hemiacelal 

lRCH~ 

Gentamicin C-2 

FIGURE 9-5. Glucuron lc acid as an aldehyde and hemiacetal. 
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CHAPTER 9 • AlOEHYOES ANO KETONES 

curonides formed between aIcohols and phenols with glucuronie aeid, while an 
example of an hemiacetaI is the sugar glucuronie acid itself. In these cases the hemi
acetaI is an intramolecular hemiacetal (Fig. 9-5). The aminogl)'coside antibiotics rep
resent a drug class that possesses the acetaI funcrional group, and Ihe pre"iously 
mentioned polymers of aldehydes are aIso examples of acetals . 

• METABOUSM . Several possible metabolic routes are found in vivo for aIde
hydes and ketones. Aldeh)"des in general are readily oxidi7.ed by xanthine oxidase, 
aIdehyde oxidase, and NAD-specific aldehyde deh}'drogenase, Ihe resu!ting prod
uct being a carboxylic acid (Fig. 9-6). These o;·ddative enzymes are nol cytochrome 
P450-associated enZ)'lnes. 

A secolld melabolic reac:tion that may alTeel aldehydes and ketones is reduction. 
While reduction appears lo be a minor metabolic readion for aldehydes (Fig. 9-7), 
many kelones, especial!y (1 , jl-unsatumted ketones, undergo reduction to a see
onda')' alcohol. This reaction is often stereoselective, giving rise primarily lo one 
isomer (Fig. 9-8). 

o 
" R-C-H 

Oxidation • 
o 
" R- C- OH 

Oxidizing enzymes: Xanthine oxidase 
Aldehyde oxidase 
Aldehyde dehydrogenase 

FIGURE 9-6. Metabolic oxidation of aldehydes. 

o 
" Reduction • A-CH;t-OH A-C-H 

0-0 R-e ~ A 
Oxidation • 

FIGURE 9-7. Minor metabolic reactions of aldehydes and ketones. 

eH,oH , eH,oH , 
e-o 

0.....-'-.1- 'OH 

HO'''''+'-'' H 

FI6URE 9-8. Metabolism of cortisone to tetrahydro<:ortisone. 
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CHAPTER 

Amines 

AMINES-GENERAL 

Two major funcliona! groups still remnin lo be considcrOO. These two groups, tllc 
carooxylic acids and Ihe ami nes. are extremel)' importan! lo medicinal chemistry 
Hncl especially lo lhe so1ubility nature of organic medicinals. In addition. the fUlle
nonal derivati"cs of thcse groups will be (:onsidercd. In many instances Ihe car
oo:l.)'lic acid al" amine functional group is added lo organic mok'Cules with Ihe spe
ciflc purpose of prornoting water solubility, since it is gene rally found thal com
pounds showing little or no water solubiJity also are devoid of biologic activity . 

• NOMENCLATURE. The common nomenclature for amines is illustmted in 

Figure 10-1. Inspection of Ihis nomenclature reveals tha! Ihe common llames con-
5ist of lhe name of Ihe alkyl or a1)'1 radical, followed by the \Vord ~aJlline ." 111c 
exalllples given also show Ihe differenl types of amines. Tbe primal)' amine, iso
propylamine. has a single substiluenl altached lo Ihe nilrogcn; the secondal)' 
amine. ethylmelhylamine. has two substituents attached lo Ihe nitrogen . The lerti
al)' amine, I-butylethylrnelhylamine, has Ihree groups allached direclly lo Ihe 
nitrogen. As wilh all comlllon nomenclatures, Ihe system becomes ncarly impossi
ble lo use as Ihe branching of the alk)'l groups increases. and the official nomen-

Structure 

" H,c-C-NH~ , 
C", 

H,c-C~_NH-CH, 

C><' C>< , , , 
H:¡C-C-N 

• 'CHrC~ C><, 

Common name (A\kylamine) \UPAC narne 

Isopropyta¡n¡nQ 2-Amlnopropane 
(Primary amlne) 

Eltry1methylamlne 
(Secoodary amine) 

N·Melhylamlnoelhane 

r -Butyleltry1methylam1oe N-Ethyl-N-methyl-2-
(Tertiary amine) meltry1-2-amlnopropane 

N-Phenyl·N-(2-propyl)·2-aminopentane 

N E substituent on !he Nitrogen 

FIGURE 10-1 . Amine nomencla t ure. 



clahlre becomes necessary. In the 1 UPAC system. the amines are considered sub
stituled alkanes. The longesl conlinuous alkyl chain conlaining Ihe amine is idenli
fied and serves as Ihe base name. The alkane chain is numbered in such a manner 
as lo give Ihe lowesl possible Ilumber lo Ihe amine fU llctional group, while Ihe 
other subsliluenls on Ihe amine group are designated by use of a capital MW before 
Ihe name of Ihe subsliluenls. Examples are gh-en in Figure 10-1 . 

• PHYSICAl·CHEMICAl PROPERTIES. The amine functional group is probably one 
of Ihe most common functional groups found in medicinal agents, and ils value in 
Ihe dmg is twofold. One role is in solubili7jng Ihe dn,g eilher as Ihe free base or as 
a waler-soluble 5.111 of Ihe amine. The secoml role of ¡he amine is lo act as a bind
ing sile thal holds Ihe dmg lo a specific sile in Ihe body lo produce Ihe biologic 
activil)'. 111is latler role is beyond the scope of this Ix>ok, bul Ihe fonner role con
tribules lo un important physical propert)' of ¡he amine. First, lel us pose a ques
non: Wllat influence \\~II the amine functional group ha\'e on solubili ty properties? 
While amines are polar compounds, the)' may nol show high boiling points or good 
water solubility. One reason for this is thal in Ihe lertiary ¡¡mine, one does not find 
an electroposilive group allached to Ihe Ilitrogen. In the primary and secondary 
amines, one does have an eleclroposilive hydrogen connected lo the nilrogen, bul 
Ihe nitrogen is not as electronegath-e as ox)'gen, and the dipole is Iherefore weak. 
Wllal a11 Ihis means is Ihal Ihe amounl of the intern101e<:l.llar hydrogen bonding is 
mínimal in primary and secondary amines and nonexistenl in lertiary amines. This 
leads lo relativel)' low-boiling liquids. 

In considering \\~"ter solubilily, a differenl factor nmst be laken inlo ac<:ount. 
111e amíne has an unshared pair of electrons, which leads lo high electron density 
around Ihe nitrogen. This high electron density promotes water solubili ty because 
hydrogen bonding between Ihe hydrogen of waler and Ihe electron-dense nilrogen 
occurs. This is si milar lo Ihe situation \\~Ih low-molecular-weighl ethers bUI QCCurs 
lo a grealer exlent wilh basic amines. Both l>oiling points and Ihe solubility e ITects 
are shown in Table 10-1. Also illustraled in Table 10-1 is Ihe e ITect on solubility of 
increasing Ihe hydrocarbon constiluent. Primary amines lend lo be more soluble 
than secondary amines, which are more soluble than le rtiary amines. 111e amine 
can solubilize up lo six or se\'t~ n melh)'lenes, which, from a solubilit)' standpoint, 
makes the amines e<¡uivalenl lo an alcohol. 

An e,~lremely importanl property of Ihe amines is Iheir basicily and abilit)' lo 
form salts. The Bronsled deflnition of a rnL~e is ¡he abilit)' of a compound lo aceep! 
a proton from an aeid. Amines have an unshared pair of eleclrons, which is more 
or less available fo r sharing. The stalemenl "more or l ess~ has lo do wilh Ihe 
slrength of a base, and this is considered in Fib'llre 10-2. 111e strength of a base is 
defined by its relalive ability lo donale ils unshared pair of electrons. 111e more 
readil)' Ihe electrons are donalec:l, the slronger Ihe rn\Se. To define Ihe strenbrth of 
a b¡\Se and lo place this value on Ihe same scale with acids, Ihe measure of ¡>.'\S icil)' 
of an amine is ohtained b), considering the acidity of Ihe conjugale acid produced 
by prolonaling Ihe amine. This prolonation gi\'es an ammonium ion and ils disso
dation conslanl is given as ils pK". Therefore, a strong 1>.'\Se is a substance thal 

e nghl mak!nal 



Table 10-1 . BOlllNG POINTS ANO WATER 
SOLUBILlTY OF COMMON AMINES 

R,-~ 
,~ 
, 
'. Boil!l9 Point SokIbll''Y 

" ... ... "C (~100g H~) 

'" • , .7.S w._ 
"" "" 

, 7.5 -"""'" 
"" "" OH, 3.0 " 
"" , , 17.0 _ .. 
"" "" 

, 550 .... ry soluble 

"'" "" "'" " .0 " 
"" 

, , , .. 37 

"" "" 
, '" 8/lghlty aoiuble 

"" "" OH, , .. L' 

prefers lo hold on lo Ihe prolon, exisl as Ihe ammoniuffi ion, and possess a smal! 
dissociatioll eonslant (1(,,) and thus a large pK.. (Example 1). On Ihe other hand, a 
weak b.'ISe is u subslant"e thul does nol readily donate its electrons and forms an 
lIllstable ammonium ion tha! dissociates re¡¡dily wíth a large dissociation c:onslanl 
(K.. ), and thlls has a slllall pK.. (Example 2). Allother way to view this relalionship 
is tha! pK .. = 14 - p)(¡,. Tllis may be of \"alue since older references ma)' define 
b.'lSeS in lerms of Iheir I<¡, dissociation constanl and Ihe pI<¡, of a base. 

Two factor.¡ influence basicily throllgh the e ITects these factor.¡ have on Ihe avail
abili ty of the electrons. One of Ihe factors is eleclronic, while the other is sleric. To 
consider Ihe former. if ele<;t ron-donating groups are attached lo Ihe basic nitrogen, 
electrons are pllshed inlo Ihe nitrogen. Since a negative repels a negative, Ihe elec-

""'0 
K" '0 • • , 

Base (Definltion) A-N- R • A-N-A • "'" , , 
K, , , 

° '0 •• , 
Example 1: " • N_A, • ' ,0 

. A, - N- A, • "'" -
1, 

, 
K. " 

, ,00 
.O 

Example 2: 
, 

R, -N--R, • - R, - N-R~ • "'" ¡ • , 
K. R, 

A, 

fiGURE 10-2. The influence of electron-releasing and electron-withdrawing groups 
on the b<lsidty of amines. 
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tron pair on the nitrugen will be pushed out from Ihe ni trugen, tJlUS making ¡he 
pair more readil)' available ror donating. 

Ir, on ¡he other hand, electron-withdrawing or electron-attracting groups are 
attached lo Ihe nitroge ll , Ihe unshared pair of electrons will be pulled lo ¡he nitro
gen atom amI \\~II be less reaclily available for donating, and therefore a v.-eaker 
base results. An emmple of Ihe electron donor is the alkyl, and an example of an 
ele<:tron-withdmw;ng group is Ihe aryl or phell>~ group. Base<! on this, olle would 
predict tha! secondary aH;)'1 amines witll t\vo electron-releasing groups altache<! lo 
Ihe nitrugen should be more basic Ihan primal)' alkyl amines wilh a single alkyl 
group aUached lo Ihe nitrugen. This is nom1ally true. One would also predict thal 
tertiary alkyl amines \Vith ¡hree electron-releasing groups attached lo Ihe nilrogen 
should be more basic Ihan serondary amines. This .... uuld be lroe if il were nol for 
sleric hindrance, Ihe serond factor lhal affeels basicity. If large alkyl groups sur
round Ihe unshared pair of electrons, Ihen Ihe appro.'1ch of hyclronium ions, a 
source of a proton, is hindered. The degree of Ihis hindrance wiII affect Ihe 
strength ofbasicity. The sleric effeel becomes importanl for tertiary amines bul has 
Hule if any effeel on primary and serondary amines. As shown in Figure 10-3, with 
amines. Ihe large alkyl groups mO\'e back anel forth, blocking Ihe approach of water. 
Sall fonnation therefore does nol QCCur as readily as it would in lhe absence of such 
hinclrance. \Ve commonl}' fincl that \Vith alkyl amines, sccondary amines are more 
basic than tertiary amines, and tertiary amines are more basic Ihan primal)' amines. 

o O H:¡o0 

H,o N 

A , .. ' /R H:¡O 
H:¡O 0 " N 

H,00 O 
fiGURE 1CJ-J, Diagrammatic representation of the ¡nfluente of steric factors on the 

. basicity of tertiary alkyl amines. 

Aromatic amines differ significantl)' from alkyl amines in basicity. The aromatie 
ring, with ils delocalized cloud of electrons, serves as an electron sink. The aro
malie ring thus acts as an electron-withdrawing group, leading to a drop in basici
ty by si:< powers of ten. The unshared pair of electrons is said lo be resonance sta
bilized, as shO\vn in Figure 10-4. The spreading of Ihe electron density over a 
greater area deereases the IIbility of the Illolecule lo dOllate the electrons, and 
b.'lSicity is therefore reduced. Additional substitutioll on Ihe nitrogen of aniHne 
wilh an alkyl or a sccolld aryl group ehanges the basicity in a predictable manner, 
with Ihe alkyl group inereasing basicity and an aryl reductng basictty lo a nearly 
neutral compound (Table 10.2). Finally, substitution on Ihe aromalic ring also 
affects basicity. Substitution mela or para lo the amine has a predictable efTect on 
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'" '" '" H •• H H·N,H H·N,H H' N, H " . 

6 0, • • Q • • ,'6 • • 
, 

FIGURE 10-4. Resonante stabilization of an amine's unshared electron pairo 

basicity, while ortho substitution afTects basicity in an unpredictable mauller (see 
Table 10-2), An electron-withdrnwing group altached lo lhe aromatic nng in lhe 
meta or pam position decreases basicity. The decrease 15 significan! ir ¡}¡¡s group is 
pam mther ¡han meta. Electron-donating groups in Ihe meta or pam position usu
all)' incrcase basicil)' above thal of :mUinc. The ¡nerease in basicity is mosl pro
nounced ir ¡he group is in ¡he pam posilion and not as pronounced ir il is in ¡he 
meta !X'lsition. It will be noled tha! Ihis is jusi Ihe opposite of phenols. With ortllo-
substituled aniHnes, predictability fails becallse of intmmolecular interactions. 

Sincc amines are b."lSic. one would c:<pect thal Ihey react with acids lo fonn salts. 
11lis is an im(Xlrt1lnl reaction, for if Ihe sal ts Ihal are formed clissociate in wale r, 
Ihere is 11 strong likelihood thal Ihese s..1.l ls will be waler·soluble (Fig. 1().5). Such is 
Ihe C'J.Se with many organic drugs. If a basic amine is present in Ihe drug, il can be 
converted ¡nto a sal t, which in lum is used lo prepare aqueous solulions of Ihe 
drug. The mosl frequendy used acids for preparing salts are hydrochloric, sulfuric, 
tartaric, succinic, dtric, and maleic acids (Fig. 1()'6). Hydrochloric acid is a 
monobasic acid; il has one prolon and therefore reacls wilh one molecule of base. 
The othe rs are dibasic acids (sulfuric, ta rtaric, succinic, and maleic) and tribasic 
aciús (eitric amI phosphoric). 11le aqu<..'Ous solulion of Ihe amine salt will llave a 
cllIlracteristic pI-! tha! will \~J.ry dcpcnding on Ihe acid used. The pH will be acirnc 
when a strong mineml acid is used to prepare ¡he sall or weakly acirnc or neutral if 
a weak organic acid is used. Sínce the ¡¡mine is converted lo a water·soluble salt by 
Ihe action uf the aeid , il is reasonable lo asStllTIe Ilml the addi lion of a b.'ISC to Ihe 

A-Nl1z + ,-x • 

Water Soluble 

o '" R-NHs X 

Water insoluble 

fiGURE 11).5. The salt formed from an amine and an add is water soluble if the salt is 
able to dissociate and is water insoluble if the salt is unable to dissociate. 
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Table 10-2. PKA VALUES IN WATER OF COMMON 
PROTONATED AMINES 

~20 
R1-N-H + H¡zO 

• 
• 

• 
R, 

R, R, R, 

CH, H H 

CH3CH2 H H 

(CH3bC H H 

CH:nCHV2 H H 

CH, CH, H 

CHaCH2 CHaCH2 H 

CH3(CH2)2 CH3(CH2)2 H 

CH, CH, CH, 

CH3CH2 CH3CH2 CH3CH2 

C,H, H H 

C,H, CH, H 

p-~N-CecH, H H 

m .()2N - CaH, H H 

p-CI- CeH, H H 

m -G1-CeH. H H 

p-CH3-CeH. H H 

m-CH3-Ct,H, H H 

P -CHJO - CeH. H H 

m -GH;VJ-CJ"I. H H 

CaH5 CsH:; H 

pka 

10.62 

10.64 

10.68 

10.58 

10.71 

10.92 

10.91 

9.78 

10.75 

4.62 

4 .85 

1.00 

2.51 

3.98 

3.52 

5.08 

4.69 

5.34 

4 .23 

0.85 

sal! would result in libe mtion of lhe free amine. which in lum may precipitate. This 
is a chemical incompalibility Iha! could be quile important when d mgs are mixed. 
l11c\uded in Figure 10-6 are two additional common]y used aeíds, pamoie and 
hydroxYllaphthoie aeíd. These acids are common]y used in medicinal chemistry lo 
fonn amine salts that are water-insoluble (in other words. salts tha! will no! dis.so-



--
Tanaric acid Maleic aád 

FIGURE 10-6. 5tructure of common acids used to prepare salts of basic amines. 

cillte). This propc rty is use<! lo good advantage in !Jla! il prevcnts a dmg fmm being 
absorbed alld thus kccps the drug In Ihe intestinal tracto 

• METABOllSM. MUlly metabolic mutes are a\'ailable for Ilandli ng amines in the 
lxxly, some of which are illustrated in Fi/:,rure IO-i . A corlllllo n reaction that sec
ondary and tc rti;uy amines unclergo is dealkylation. In the dcalkylation reaction, 
the alkyl group is los! as an aldehyde or kelone and the amine is converted fmm a 
tertiary aminc lo a secondary aminc and finally lo a primary amínc. 111is reaction 
usually (X.x:urs ....,Ilen lhe aminc is 5ubstituled with small alkyl groups such as a 
methyl, otl1)'l, or pmpyl group. An example of a drug melabolized by a dealkylation 
reaclion is imipraminc, which is metabolized to desimipramine. 111ese deaIkylation 
reactions are commonly catalyzed by me mbers of the c)'tochrome P450 family of 
enz)'mes. 

pe o " ." o • • ,., ,., , H-C-H • ,., , • H-C-H 

"" "" " 
'jJ AtnIne ';fJ Amine 10 Amine 

o 
• , • H- C-H 

Imipramine Desimipramine 

fiGURE 10.7. Met"bolic demethyl"tion of tertiary and second"ry amines. 
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Primary alkyl amines can also undergo a dealkyllllion rellction of sorts knowll lIS 

deamination. Here again, an aldehyde or ketone is fonned along with an amine. 
Pyridoxal5-phosphate may catalyl.e this reaction. resulting in the formation of pyri
doxamine. For this reaction to occur, a carbon bonded to Ihe nitrogen must be sub
stituled with at least one hydrogen. The enzymes mQsI commonly found Ihal 
catalY/-c deamination reactions are monoamine oxidase (MAO) and diamine o;l:i
dase (DAO). An e.tample of an MAO-calal}'7.ed reaction is Ihe deamination of nor
epinephrine, as shown in Figure 10-8. MAO is nol a cytochrome P450 enzyme, 
although under some circumstances primary amines may undergo a CYP450-
catalY/.ed deall..)'lation. 

A minor melabolic roule open lo amines is ¡he methylation reaclion. An impor
tant e.tample of Ihe methylation reaction is Ihe biosynthesis of epinephrine 
from norepinephrine by the enzyme phenylethanolamine-N-methyltm.nsferase 
(fig. 10·9). 

Far more important lo Ihe melabolism of primary and secondary. hut not terti· 
ary, amines are the conjugation reactions. Amines can be conjugated with glu. 
curonic acid and sulfuric acid to give ¡he glucuronides and sulfates, bolh of which 

R-Ql-CH, , .... 

OH , 

HOqCM'CH,--. • 

OH 

Norepinephrine 

FIGURE 10·8. Metabolic deamination of a primary amine cata lyzed by 
pyridoxal phosphate. 

_____ . R- NH -CH. 

Norepinephrine Epinephrine 

FIGURE 10-9. Metabolic methylation of an amine. 
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exhibil a significan! increasc in water solubili ty. Amines, especially primal)' aryl 
amines, may ¡¡Iso be acetylalcd by acetyl CoA lo give a mmpouncl Ihal usuall}' 
shows a decrease in \\~ller solubility (Fig. 10-10). Conjugation reactions are con
sidered phase 2 metabolic rcactions (see Appendix C). 

<X>OH 
Conjugation 

..,Iq~-o 
'" 

O Cooj",1Ioo o 
O~·¡·", 

o 

Acetytation o Olt°.", 
FIGURE 10-10. Metabolic conjugation of a primary amine with glucuronic acid, 

sulfuric acid. and acetyl coenzyme A (Phase 2 conjugations). 

QUATERNARY AMMONIUM SALTS 

Special amine derivntives wilh unique properties are the quatemary ammonium salts . 

• NOMENCLATURE. While the reaction of primary. scconclary, or tertiary amines 
with adcllcads lO the fonnation of Ihe respective ammonium salls, Ihese reactions 
C'.m be re\'ersoo by trealmenl with b.1se, regeneroting the initial amines (Fig. 10-11). 
The qualernar)' ammonium salts we wish lo m nsicler here are ¡hose compounds in 
which Ihe nitrogen is bound lo fOUT carbon uloms through covalent bonds. 

The quatcmary ammonium sa1ts are stable mmpounds thul ure nol m nverted lo 
amines by trelltmenl \Vilh base. The nitrogen-carbon bonds may be alkyl bonds, aryl 
honds, or a mixture of a.ll.:yl-ary! bonds. 111e llomenc1ature is clcrived by naming the 
organic substituenls, followed by Ihe worel ~all1monium" lInd Ihen Ihe particular salt 
tllut is pTesent. An example is the cornpound tetroie thyl arnmonium (TEA) sulfate: 

2 

TEA Sulfate 
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HX 
A-NH~ • • 

BOH 

H HX 
R-N-R • , 

BOH 

R HX , 
A-N-R , 

• 
BOH 

Qualernary ammonium salt 
(stable) 

0 0 
R- NH3 X 

H0 0 , 
A- N- R X , 

H 

R 0 0 , 
A-N-R X , 

H 

~ 0 0 
A- N- R X , 

R 

AGURE 10-11. Ammonium salt formation and comparison with a quaternary 
ammonium salt . 

• PHYSICAl-CHEMICAl PROPERTIES. Although the annnonium salts fonnec:1 from 
primal)', secomLuy. and tertia!)' amines are reversible, as shown in Figure 10-1 1, 
Ihis is nol true of quate mary ammonium salts. These salts are rehlth-ely slable ancl 
require considemble energ)' to break the carbon-nil rogen bond. The quatemary 
ammonium salts lire ¡onie compounds thal, ir curable of dissociatioll in \\'llta r, 
exhibít sil,rnificullt water solubility. lon-dipole bonding lo \'".ller 01' the quatemary 
ammonium has tJle potelltial 01' dissolving 20 lo 30 carlxm aloms. Most uf the qua
lenlary ammonium salts cornmunly seen in pharmacy are wate r-soluble . 

• METABOLlSM. There is no special me tabolism or quatemal)' am moniulll salts 
thut the stude nt need be ramiliar with. 
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Carboxylic Acids 

• NOMENCLATURE-COMMON ANO IUPAC NOMENCLATURE. A carboxylic acid is a 
molecule Ihal eonlains a chamcteristic caroo:\y l group 10 which is ;lttached a hydro
gen, alkyl, 31)'1, or heten:x:yclic substituenl. The COllllllon nomenclature of the car
boxylic adds is U5(.'(1 more afien Ihan with mos! other fllllctional groups, probably 
because of the \\~de variety of (:arhoxylic acids found in nature and ¡he rad tha! they 
\Vere named befare the chemistry of Ihe molecules \Vas understood. E\'en witholl! 
branching of the nlkyl chains, this nomendature becomes (limeul! lo remember, wilh 
slIch uncommon names as caproic (Ce), caprylic (e,,), capric (Cl(), and laune (e I2 ) 

acids. 11le official nomenclalure relums lo Ihe use of Ihe hyclrocarhon names such 
¡l$ methane, ethane. prop .. '1ne, bulane, and pentane. As \\~ th all IUPAC nomenc1a
ture, the longest (:ontinuous chain <:ontaining the fu nct ional group, in this case lhe 
caroo:\yl group, is chosen as the base unit. The hydroc'J.rbon name is used, the ~e" is 
dropped and replac..'e<1 with ~oic,~ which signifies a carooxyl group, and this is fol
lowed by the woro Macid. ~ TIlis is iIIustmted in Figure 11 -1. 

Structure 

o 
" H-C-QH 

o 
" CHre -OH 

O 
" e~-CH, -e-OH 

O 

Common name 

Formic acid 

Acetie acid 
(vinegar) 

Propionic acid 

IUPAC name 

Metharl2k; &cid 

EthanQic; &cid 

PropanQj¡;: acid 

" e~-CH~-eH:!-eH:!-eHt-e-OH Caproic: acid HexanQ!!:. acid 

H O , " 
e-e-OH 2.4-Di rnett'rt'l-4 -phenylpemanQi!;. acId , 
c", 

5 4 3 2 t 

FIGURE 11 · ' . Examples of Common and Official (IUPAC) nomenclature tor 
carboxylic acids. 



• NOMENCLATURE---Bl0l 0GlCALlY IMPORTANT CARBOXYlIC ACI05. The student 
should be familiar wilh a number of biologieally significanl carboxylie acids related 
lo drug act iolls and Ilulrilioll . ;\Ievalonie acid. one sueh compoulld, is a key inler
mediale in Ihe bios)'nthesis of eholesterol , which itself serves as the precursor lo 
mosl of Ihe steroid hormones in ¡he human body. 

o 
HO~OH . _--- 

Mevalonic acid 
(3 ,S-Dihydroxy-3-

methylpenlanoie acid) 

Squalene . - - - - _ Sleroids 
(Choleslerol) 

I mportant in human nul ri tion are Ihe naturall)' occurring earboxylic acids 
known as Ihe falty acids. These compounds derive their name from ¡he physico
chemical property of being quite fat-soluble, thtls the lenninology of fatty aci<ls. 
Ind uded within this group are the acids laurie, myristic, palmitic, and stearic acid 
(Table l l -1). These acicls all have an even number of carbons, whieh relates lo their 
common biosynthetic ¡Xlthway in which two carbon acetale uni ts are linked lo fonn 
Ihe nuturally occurrillg falty acids. In addilion, ¡hese acids are all saturatec:l falty 
acids, a form of nomellclalure use<1 in identif)'ing fal colllellt on food labels. 111e 

Table 11-1 . BOILlNG POINTS (BP)/MElTING POINTS (M P) ANO 
WATER SOLUBILlTY OF COMMON ORGANIC ACIDS 
Carboxylic O SoIubilily 
.dd " bp/mp OC (!)fl 00g H:P) (!)f l00g EIOH) R-C-OH 

FOfmic H 100.5 ~ ~ 

Acetic eH, 118.0 ~ ~ 

Propionic CH¡CH, 141.0 ~ ~ 

B"""" CH:¡(CHili 164.0 ~ ~ 

Pentanolc: CH:¡(CH21, 187.0 3.7 Soluble 

Hexanoic CH,(CHV. 205.0 LO ""oble 

Benloic ",", 250.0 O." Soluble 

Decanoic CH,(CH,). 31.4 0.015 Soluble 

Laune CH,(CH2!,o 44 Insoluble 100 

Myristic CHicH2!'1 58.5 Insoluble ""oble 

Palmilic CHiCH21,. ,,-64 Insoluble Sparir"lgly 

Sleane CHJ<CH1),t 69·70 Insoluble 50 

, 



tc rm ~S<lt\lrated" refers lo Ihe fael lllal all Ihe carbons. with Ihe exception of Ihe 
curbo~lic acid g roup. are fu !!y saturated with hydrogen . Palrnitic and stearic acids 
are Ihe most abundant of Ihe saturaled falt)' aeids. 

A SC(.'ond group 'Of fatty acids are Ihe monoullsalurated fatly adds. The mosl 
common members 'Of Ihis class of agenls are palmitoleie aeid ami 'Oleie aeid. A eom
m'On fealure of Ihe monounsaturated falty aeiru is thal the double b'Ond is usually 
f'Ound al Ihe nine ¡X).'l iti'On (AII

) ami is "eisM in slc rcochemistry. 

H H H H 

X 
H,c-(CHv5 (CHVr ~COOH H~ - (C~h (. (CHVr-COOH 

Palmitoleic acid Oleic acid 

- -

Linoleic aeid Araehidonic aeid 

A third group of fally udds are Ihe pol)'u nsalu mled fau )' adds. By defin ition. 
polyunsaturale<1 suggests 1\\"'0 o r m'Ore d'Ouble h'Onds. The most com mon polyun
satumled fauy a<..-ids are linolcnic. lin'Olc ie. and ankehid'Onie acid which aTe also 
knO\m as Ihe OIllCb'll fati)' acids (Ihe fint is w-3 and the lalter tw'O are w-6). The 
'Omega nomenclalure indieates thal a d'Ouhle bond is f'O llnd c ither three caruons 
fro m Ihe le rminlll methyl group 'O r six caroons from Ihe terminal me thyl group. 
respa 1ivel)'. Lin'Oleic aod Iin'Olenic acid are commonly re fe rred 1'0 as Ihe ~essential 

Llno/eole acid 

~, 

Eicosapentaenoic aeid (EPA) 

H HH HH H H H H HH H 

X>==\X)==ZXX 
'\.. CH~ CH2 CH~ CH~ CH2 (CHm~COOH "., 

Docosahexaen'Oie acid (DHA) 

fatt)' acids~ in thal they are essential fOT Ihe synthesis 'Of ceU membnUles as weU as 
othe r fu nctions in the bod)'. Anlchidonic acid is a key intenlle<liate in the biosyn
thesis of Ihe prostaglandin. proslllc)'clin, and thrombox.,'Ule ho rmones (Fig. 11 ·2). 



o 

• • 

• • 
• • 

• • • • • 

• , , , , 
• • • • • • ' . • 

• 

'" OH OH 
• 

'" 
• 

OH 
PGEz (pro$taglardin) PGI~ (pro$1acycIin) T~(thrombodI'MI) 

FIGURE 11-2. Biosynthesis of prostag landins. postacyclins, and thromboxanes from 
acachidonic "cid. 

Mos! rel.-entl)'. seveml dietary fish oils huve becn idclltified as having signi fi canl 
effects in reducillg coronal)' artery disease. Exalllplcs or importan! flsh oils are 
EPA (a p recursor lo prostaglandin-3) and DHA . 

• PHYSICAl-CHEMlCAL PROPERTIES. 111C carboxylic ¡¡cid fund i OJlu\ grollp consists 
or a cnrbonyl und a hydroxyl group; both, when lakcn individually. are polar groups 
thal can hydrogcll bond. The hydrogen or Ihe -OH can hydrogen bond lo e ither or 
Ihe o:>.ygen groups in anothe r C'J.rboxyl fu nction (Fig. 11-3). The amoun! :llld 
strength ofh)'drogen bonding in Ihe case or a carbo.")'lic acid are greater Ihan in Ihe 
case of ak-ohols Of phenols becnuse of Ihe greater aciclity or Ihe carboxylic acid und 
because of Ihe additional sites of bonding. From this dis<:ussion, olle could predict 
Ihat carboxylic ad ds are high·boiling liquids anJ solids. If lhe carboxyl can strong. 
Iy hydrogen bond lo ilself, Ihen il is rensonnble lo predict Ihal Ihe carbox)'1 group 
c-.m hydrogen bond lo water. re5ulting in waler solubility. In Table 1) . ), Ihe effcct 
of Ihe slrong inlermolecular h}'drogen bonding can be 5een by examining Ihe boH· 
ing points of several of Ihe carboxylic acids, while Ihe slrong h)'drogen bonding lo 
waler is demonstraled by Ihe solubility of lhe cnrboxylic acids in \V',lte r. Once again, 
as Ihe lipophilic h)'drocarbon chain length incre~, Ihe .... 'lIter solubility decreases 

O········H-O • " C-R A- C, " 
O-H· · · ·····O 

High boiling poln! 

H- O 
• 
H H-Q . - . 

, " H . -
b' 

, 
• • " . 

R- C, '. 
O-H · ·· · ··p -H , 
: ".' H . --H- O 

• 
H 

Water solubili ty 

FIGURE 11·] . Intermole<ular bonding of earboKylie acids to tnemselves and to water. 
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drastically_ A carbo.o;yl group will solubilize (1 % or grealer concentration) approxi
malel}' fh-e carbon atoms. 

Anolher solvenl importanl in pharmac)' is ethanol. Ethanol has bolh a 
hydrophilic and lipophilic portion, and bonding between RIl orgallic molecule alld 
elhanol therefore may in\'olve both dipole-dipole bonding and van der Waals bond
ing. It is nol surprising, then, thal the solubility of the carboxylic acids is m\lch 
greater in ethanol than il is in waler. AlIhough pure elhanol calmol be used inler
nall)', ethanol-water combinations can, and Ihe}' greatly incrense Ihe solution 
polential of many drugs. 

Tuming now lo an extremely importan! property of ¡he carbm.ylic acids, ¡heir 
aciruc propert)', one sees the familiar dissociation of a carboxylic acid (giving up a pro
ton) shown in Table 11-2. This dissociation, by definition, makes Ihe group an acid. 

From general chemistry il \Vil! be recalled tha! the strength of an acid depends 
on Ihe concentration of protons in solution, which depends on dissociation. The 

Table 11 -2. DISSOCIATlON CONSTANTS ANO pK. VAlUES IN 
WATER OF COMMON CARBOXYlIC ACIDS 

o O '" 
O .. '" .. l' 

R-C-OH • H,o .. H,o • R-C-O R-c·'0 , , , 
~. 

O 

O 

'" 
O '" .. .. 

Example 1: R- C-OH • "'" - H,o • R- C- O 

O 

'" 
O '" .. .. EQ./T1p1e 2: R - C-OH • H,o H,o • R - C-O 

Dissociatioo constant (ka and pk.) 
O .. 

Ka (in water) p", R- C- OH 

H 17.7 X 10'$ 3.75 

eH, 1.75 X 10-5 4.76 

O-CHz 1.36 X 10.3 2.87 

eOCH 5.53 X 10-2 1.26 

e',c 2.32 X lO" 0.64 

"' ... 6.30 X 10.5 4.21 

P-CH3-C~ 4.20 X lO-s 4.38 

m· CH.rC&Ho 5AO X 10.5 4.27 

p, NOrCoHo 3.60 X 10 .... 3A4 

m- NOrCdi. 3.20 X lO .... 3,50 
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value of K¡ :lnd K_¡ in tum depends on Ihe slabilily of lhe carboxylale anion in rela
tion lo the undissociated c:arooxylic acid. In otller words, if we are considering h ..... o 
ucids. (lCid 1 (in which Ihe carboxylale anion is unstable) and acid 2 (in which Ihe 
carboxylale anion is slable), acid 2, with the more stable carboxylale, will dissoc:iale 
lo a grealer exlent . giving ur a higher concenlmtion of prolons. and Iherefore is a 
slronger acid. It has been found Ihal the nature of ¡he R.group lioes influcnce ¡he 
stability of Ihe carbo:\ylale anion, and il does so in Ihe following manner: if R is an 
electron donor group. as shown in Table 11 .2, il \'.ill destabilize the carboxylale 
anion amI Ihus decrease ¡he acidity (this is represented by Ihe dissocialion arrows). 
To understand how Ihis comes aboul, one musllook al Ihe carboxylate anion. This 
anion is slabilized by resonance. with Ihe negative charge not remainiog Hxed 0 0 

Ihe oxygen bul instead being spread across the oxygen-earbon·oxygeo. Now. if elec-
lrons are pushed tO\\"ard a regioo already high in electron density. repulsion occurs. 
This is an unfavorable situation. In Ihe nonionic carboxylic acid fonn , resonance 
stabilization is no! occuning lo Ihe same extent and Ihe problem is reduced. 
Therefore, in Example 1, the nonionic fonn is more stable Ihan ¡he ionic form o In 
Example 2, the opposile eITect is consiclered: ele<:tron \vithdrawal by the R·group. 
Reducing electron density around lile earbonyI caroon should increase Ihe ease of 
resonance stabi]¡z.'1tion. in lum increasing Ihe slabi lity of the carboxylale anion. 
Considering Example 2 in reIalionship lo Example 1, Olle would predict Ihal acid 
2 would be more acidie Ihan ncid l. Table 11 -2 has examples of compounds Ihal 61 
Ihis descriplion. The rnethyl group is un electron donor Ihal reduces Ihe acidily 
\\~ Ih respecl lo thal of fonnic ¡¡cid. while Ihe phenyl ca.n be considerCl:J an eleetron 
sink oro wilh respect to alkyl acids, an ela:tron"vithclrawing group; ¡herefore, ben· 
m ie ¡¡cid is a stronger acid Ihan acelie acid. The addition of halogens lo an alkyl 
changes Ihe nalure of ¡he alkyl. In chloTOacetic acid, Ihe chloride, being elec· 
lronegative, pulls electrons away frolll the carbon, which in tum pulls electrons 
away fro m the carbonyl. This e ITa:! is quite strong. as is seen in the K., . This ele<:· 
trolJ.\vilhclra\ving eITect con!inues lo increase as Ihe number of halogens increases 
lo give a strong carbo:\)'lic acid. triehloroacelic acid. 

As discussed earlier for phenols and aromatic amines, subslilut10n on ¡he aro-
malie ring of benzoic acid ,vi II inf1uence acidity. Ortho subslitution is nol always 
predictable, bul in most cases the acidity of ¡he acid is increased by ortho substi· 
lulion. Mela and para substihrlions are predictable. Subslitution on Ihe benzene 
ring willr an electron-releasillg group decreases acidi ty. If Ihis substituenl is para, 
Ilre decrease in ¡¡d dily with respect lo benzoie add wiJ[ be grcater Ilmn if ti re sub· 
stiluent is mela. If Ihe substituenl is an electrolH vithdra\ving group, Ihe aciclity of 
Ihe acid \vill increase. The grealesl increase is observal when Ihe substitue ll t is 
pam. One should recall thal Ihis is ¡he same lrend seen for substituted phenols. 

Anolher property of carboxylie acids is their reactivity toward base. Carboxylic 
acids will react wilh a base lo givc a salt, as shO\VIl in TabJe 11 .3. If olle is consid· 
ering water solubilily. Ihe inleraction of a sall wi th waler Ihrough dipole·ion bond
ing is much stronger Ihan dipole·dipole interaction of Ihe acid. nlerefore, a (:on· 
sidemble increase in water solubility should and does occur. nle same poinl musl 
be made herc as \\~dS made wilh phenol and amine salts: Ihe salt must be able to 



Table 11-3. SOLUSILlTY PROPERTIES OF SODIUM 
SALTS OF COMMON ORGANiC AClDS 

o 
" A-C-OH + MOH • C2 0 0 

R-C-O M + ~ 

Acid Base Salt 

.H 
• • O·· 

" 0 A-C-O- ___ • H 
' . 
: '0 , , 
, H 
H·O , 

H 

C2 e 0 
A-C-O M 

Solubility 
(gll00g H,O) 

A:: C&Hs 

CH, 

CH3,CH2 

CH3 (CH2l1' 

55.5 

125.0 

100.0 

10.0 

dissociale in o rder lo dissolve in waler. Salls formed from carbox)'lic adds and 
sodium. potassillm, o r ammonium h)'droxide sho\\! a great i ncrea.~e in wate r solu
bilit)'. Salts forlll (!(1 \Ii th he¡¡\'}' metals lend lo be re latil'ely insoluble. E:mmples of 
such insoluble salts are tlle heal'}' metal salts (e.g .. calciunl. magnesiulll. zinc. ¡¡Iu
minium) of clLrbo.rylic adels. Wllen salts of ca rbo;()'lic adds dissolve in water. a char
acleristic nJkaline p I-! is oommon. With sodium and potassium salts, the p H is gen
e rally quite high. As with other salts, if acid is now added lo this solUliol1 , one can 
reverse the carboxylic add-base reat1:ion ami regenerate the carbox)'lic add. 111e 
free adel is less soluble (han was the sall, and precipitation may result. This is an 
important che mical inoompatibi lity that one should keep in mind when dealing 
with II"<lte r-soluble carbo:\)'late salts. In summary, amines and ca roox)'lic ad ds are 
common funt1ional groups found in drugs. These groups hanl a potentiating effect 
on solubility. and both groups can fonn salts that , if capable of dissociation, will 
greatly inc rease wate r solubilit)' . 

• METABOLlSM. The metaboliSIll of the carboxylic acids is re latil'el)' simple. 
C1lrbo.~ylic adds can undergo 11 Vl\riety of oonjugntion reactions (phase :2 metabo
lism; sce Appendi.,< e ). The)' can conjugate with glucuronic acid lo fonn glu-



Glucuronic acid o 
" 

/ 
OH 

Glycine 

Glulamine <;? H 900H <;? 
• R - C - N- CH -(CH2n _ C -N~ 

FIGURE 11-4. Metabolic conjugation of carbo:q¡lic acids. 

curonides and also with amino acids (Fig. 11-4). Gl)'cine and glulamine are t\\'o 
commoll amillo acids thal fonu conjugalcs \\~th acids. 

Another common type of metabolism of alkyl carOOxylic acids i5 oxidation beta 
to Ihe carboxyl group. This i5 a commoll reaction in the metabolism of fatty acids. 
111e reaction procee<ls through a sequellce in which Ihe carbox)'1 group is bound to 
coenzyme A (CoA). The bound acid i5 oxidized to enoyl CoA, hydrated lo ~
hydro.o;yacetyl CoA, oxidized lo l3 -ketoaC)~ CoA, and fin all)' cleaved to the short
ene<! curbox)'lic ¡¡cid plus acetic ¡¡cid. <IS shown in Fib'lue 11-5 . 

• 

I 
o O 
" " A-C-OH + CH3- C- SCoA 

O O (CH2kCOOH " • CH3- C- OH 
• ¿ (CH:!).CH3 

HO 
• 
OH HO • 

OH 

f iGURE " -5. Beta oxidation of alkyl carboxylic acids. 
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Functional Derivatives 
of Carboxylic Acids 

e H A PTE R 

In presenting the carboxylic acids, il is importan! lo also consiJer several deriva
tives of clI rooxylic [leids. 111e firsl lo be discussed ,viII be Ihe esters. 

ESTERS 
• NOMENCLATURE. The nomenclatu re consists of combining Ihe alcohol and car

boxylic acid lIomenclalure as either cammon Ilomenclature or as IUPAC nomen
clahlre, bul no! mued. The llame of Ihe alcohol mdical comes first , follO\ved by a 
space, ami lhen lhe name of lhe acid. To show thal il is a functional derivative of 
nn aCid, Ihe "ie" enJing of the acid ís dropped and replaced by ~ate. ~ Examples are 
shown in Figure 12-1. Ir you do no! remember alcohol and acid Ilomenclature, you 
should relum lo Ihe appropriale sections and review this material. 

A unique t)1>e of ester results from Ihe intmmolecular c)'dization of an alcohol 
Hnd a <.'I rboxylic acid. The resulting ester is known as a lactone (Fig. 12-2). 
L.'1dolles are quite common in drug molecules and may exist wi th a five- (spirono
ladone) or six- (Ieslolaclone ) membered ring up lo and exceeding 14-unit rings 
(macrolide antibiotics such as erythromycin). The phpical-chemical and melabol
ic properties of a laclone are Ihe s.'une as Ihose of an estero 

• PHYS1CAL-CHEMICAl PROPERTIES. The physical properties of the esters are 
mther interesting and show a si milari ty lo Ihe ethers. In Ihe formation of esters, a 
polar alcohol is combined with a polar acid lo give a much less polar, low-boiling 
liquid , In the Cllse of elhe n , ,,\'O alcohols are joined with Ihe same decrease in 
polarity mul boiling points. As with elhers, in Ihe esler, Ihe "110 hydroxyl groups 

Cornmon: Isopropyl propionate. I-Butyl acel.a.te: 

IUPAC 2-Propyl propano~ 2-Melhyl-2·propyl elhanoate. 

FIGURE 12-1, Examples of Common and Official (lUPAO nomenclature of esters. 

, 



o 
("'oP " 

'"'''' , 
''1'' " '' '''' o \.....? '""'" 

"""" • • 
• 

• • • , , • , , ~ , o 

Testola :tooe 

fiGURE 12·2. l actone structure and examples of d rug lactones. 

neces~ ror inte rmolecular hrdrogen bonding are destroyed, and along \Vith this 
goes the 10$S of Ihe intennolecular hydrogen bonding and a decrease in w'dter sol
ubili ty. proor of this efTect can be seen in Table 12-1. TIle boiling point of aeetie 
acid is 1180

, which itself is aoove tha! of many of Ihe esters. The wate r soluhility of 
estel"li is due lo h)1:1rogeu bonding between the hrdrogen of wate r and Ihe electron
dense oxygen of Ihe ester carbonyl. \Vhile esters are not highly water-soluble . they 
are qui te soluble in alcohol. 

Table 12-' . BOlllNG POINTS ANO WATER SOLUBllITY OF 
COMMON ESTERS 

O .. 
R-C-O- R' 

Boiling Poin! Oc 
Solubihty 

A A' (W100g H20 ) 

CH, CH, 57.5 -
CH, CH,cH2 77.0 10.0 

CH,c~ CH, 79.7 6.25 

CH, CH.,cH~H2 102.0 1.60 

CH, CHJCH:CH~H2 126.0 0.83 

CH3ICHm CH, 102.0 1.67 

C .... CH, 198.0 Insoluble 



o 
" A- C- O-R' + 

o 
H,o 

o 
OH 

, 

, 

H 
'0 o 
" R-e-Q-A' 

t 
H"O' H 

o 
9,,) 

A- e - Q- R' 
I~ 
O'H 

o 
" , R-e-OH + HQ-R' 

FIGURE 12-1, Acid- and base-<:ata lyzed hydrolysis of esters. 

An importanl chemical,property tlml TIlos! esters display is ¡he ease of hydroly
sis back lo Ihe alcohol and Ihe carboxylic acid. Esters are especially prone lo base
catalyzed hydrolysis bul also hydrol)'7.e in Ihe presence of acid and water (Fig. 12-
3). Wlml this means lO medicinal chemisti)' is tha! esters lIfe unstaule in ¡he 
presente of basic medi,l in vitro and mus! therefore be prote<:led fmm strongly 
alkaline condilions . 

• METABOLlSM. Hydrol)~ .. j ng: ellZ)'mes in Ihe body C'.my out hydrolysis through 
a base-CHlalyLCd me<.:hanism. It is therefore no! unexpected thal esters are unsta
ble in Ihe body and are convertoo lo ¡he free acid and Ihe alcohol (Fig. 12-4). In 
many cases, carboxylic acids are synthetically prepared and administered as esters, 
even though the active drug is the acid. It is knO"l'ffl that the acid will be regener
ated metaholically. 

EsteraSfl O 
" 

O , R- e - OH + HQ-R' 

FIGURE 12-4. Metabo lic hydrolysis of erters. 
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AMIDES 
• NOMENCLATURE. The second important functional derivative of ¡he c8rroxylic 

acid is Ihe amide. An example of the common and officinl nomenclature is showll 
in f igure 12-5. In Ihe case of Ihe comlllon nomenclature, Ihe comman name of ¡he 
amine followed by Ihe camman llame of Ihe acid is used. 111e enrung "ic~ of Ihe 
acid is Ihen dropped and replaced by ~amide. M The same approach is used for offi · 
cial nomenclaluTe except thal the amcial llame of ¡he amine ami Ihe offieial name 
of ¡he acid are used. TIle MoicH enrung is dropped and replaced by "amide. H 

Comman: N-Methy1-N-isopropyl valeramide N-Methyl-N-phenyl benzamide 

IUPAC : N-Melhyl-N-2-propyl pentanamide N-Methyl-N-phenylbenzarnide 

FIGURE U-5. Examples of Common and Off ieial (IUPAq nomendature of amides. 

A unique type of amide results fmm Ihe intrnmolecular (.j'Clization or an amine 
and a carbo:\)'lic acid. The resulting amide is knO\vn as a lactam (Fig. 12-6). As \\~ th 

the lactones, lactams make up the nucleus or seveml classes or important drugs. 
Probably Ihe besl-Imown lactam drugs are the j3-1actams, which are round in the 
penicillins and cephalosporin antibiotics. 111e Iactams possess physical-chemical 

o 
" C~OH 

/ 
(CH2)X 

\ 
CHt"NH~ 

O 
" H 

• 

R- C-N S 

o:n-:;< 
, 

COOH 

Penicillin 

, , 
laclam , , , 

, 
O , 
" H R- C- N S 

O:n-)-A' 
COOH 

Cephalosporin 

FIGURE 12-6. l actam structure and ellamples of drug lactams. 
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and metabolic characteristics similar to those of the open ehain ami des, a.lthough 
with small ring compounds, sueh as the ~- Iactams. a high order of reactivity is seen . 

• PHYSICAL-CHEMICAL PROPERTIES ANO METABOLISM. The physical properties of 
Ihe amides are mueh difTerenl than mighl have been prediCled after Ihe earlie r dis
cussions of esters. Like Ihe esters, the amides llave a polar carboxylic acid com
bine<! wilh the \.\."eakly polar primal)' or secondm) ' amine or ammonia lo give Ihe 
monosubstituled, disubstituled. or unsubstitule<! amides, respectively. The result
ing amides slill possess considerable polarity, as indiC'dled by the high boiling poinls 
:md wate r solubilily (Table 12-2). TIlese prope rties are qui te difTerenl from Ihose 
of eslers. It is inle resting lo note Ihat, with any series, as the substitution on Ihe 
nitrogen inereases, Ihe boiling poinl decreases. Al; an example, look al fonnamide , 
N-methyl fonnamide, and N,N-dimethylformamide. This may be explained in part 
by a consideralion of Ihe resonance forms of amides, as shown in Figure 12-i . The 
unshared pair of electrons of Ihe nitrogen no longer remain on Ihe nilrogen bul are 
spread across Ihe nitrogen, carbon, alld oxygen. This has a significant efTecl on Ihe 
polarity of Ihe amide. Since boiling poinls depend onlhe amounl and strength of 
intermolecu lar bonding, Ihe unsubsliluted and monosubstituled amide \\-"Quld be 
expeele<1 lo sho\\' slrong inlermolecular bonding owing lo Ihe high eleclron densi-
1)' on oxygen bonding to the h)'drogens or hydrogen on Ihe nitrogen. In Ihe case of 
Ihe disubstituted amides. both h)'<lrogens have been replaced on Ihe nitrogen, and 
inlermolecular hydrogen bonding is nol possible. Disubstiluted amides are still 

Table 12-2. BOILlNG POINTS ANO WATER SOlUBILlTV OF 
COMMON AMIOES 

O .R, " R,-e-N. 
R, 

SoIubllity 
Boilil1g Polnl OC A, A, A, (gl100g H2O) 

H H H 210 Soluble 

H CH, H 180 Soluble 

H CH, CH, 153 Soluble 

CH, H H 222 200 

CH, CH, H 210 Soluble 

CH, CH, CH, 163 Soluble 

CeHs H H 288 1.35 

H CoH, H 271 2." 
CH, C .... H 304 0.53 



9 ,H 
A-C-N 

'H 
• • 

o 
o, ,H 

C.N 0 , , 
A H 

Resonance torms 01 amidas 

o 0 
H, ,H·····._o R 

N 'C~ 
O 11 " 
"H_. ~C .N, 

A-C-N. -_::0 'R H H 
H--- ...... ' e ~\!.I . 

, ' 
" .. 

H !? 
N-C-R 

H 

FIGURE 12-1, The effect of resonance structures of amides on intermolecular 
hydrogen bonding. 

cap..1ble of dipole-dipole bonding, but not through hydrogen bonding. Thus, the 
boiling point d rops. Water solubility requires only a polar material , since the hydro
gen C'.m be supplied by Ihe water. 80th subsliluted and unsubstiluted amides t-:m 
hyclrogen bond lo \\~Iter through the h)'drogen of water and sho\V good water sol· 
ubility. As the h)'dllx:arbon portion of the amide increases, so the lipophilic nature 
increases and water soluhility decreases. 

A chemical property that differentintes amides from eslers is Ihe grealer slabil· 
il)' of the amide. Amides are relativel)' stable lo the acid, base, and enzymalic con· 
ditiolls e ncounle red in phanllac)'- 111e reason for this stllbility lIgain can be reluled 
lo the re5Qnance fonns of the amide with its overlapping clouds of ele<.1rons. 111e 
importance of the increa.<;e in stabi lity of the amide over the ester has been used lo 
advanlage in preparing drugs wi th prolonged aClivity. Although amides are rela· 
tively stable lo acid, base, and enzymes, metabolic h)'drolysis can oc<:ur, cata1~t.ed 
by the amicL1Se enzymes. An example is illustraled in Figure 12-8. 111e important 
point to remember is !ha! amides are more stahle in vivo Ihan are esters. 

o 
" H R- C- N- R' 

Amidase o 
" • R-C- OH + H~ -A' 

o 
" 

Amidase -OC-OH 
• I + 

H,N '" 

FIGURE 12-1. Metabolic hydrotysis of amides. 

H~-CH2 
• 
CH, , 

H~~ .. N'~$ 
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Allhough basic amines were u.sed lO prepare the amides, amides are nearly neu
tral functional groups, and ¡herefore acid salls cannol be formal Reluming lo the 
definítion of a base, an unshared pair of electrons is esselltial for hasicity. The 
unsharecl pair of electrons mus! be available fOf clonation, a si tuntion thal does not 
exist in amides. In Ihe amide. ¡he pair of electrons no longer remaill on the nitro
gen bul are spreacl over Ihe nitrogen, carbon, and the oxygen. Tllis resonance of 
the ell."Ctrons reduces thei r availabiJity and thus Ihe amide's basicity. 

CARBONATES, CARBAMATES, ANO UREAS 
Tlle next fllnctionru delÍvatives ofllle carboxylic acids \lfi ll be grouped logether because 
of their similarity to Ihe previously cliscussed esters and amides. The carbonates, car
bamates, ¡Uld urea.~. fllnctional derivatives of carbollic acid, are shO\\lJl below. 

o .. 
A-O-C-O-A' 

Carbonate 

, 
, , , 
, 

o .. 
H-O-C-O-H 

Carbonic acid 

t 
o 
" .A' 

A-O-C-N 
·R' 

Carbamate 

, , , , , , , 

Urea 
(Urea: R,. ~ .. ~ .. Ro " H) 

• NOMENClATURE. Carbonale nomenclature may be comlllon or official. I.n 
either case, Ihe ¡wo alrohol portions are named and combined \lfi lh ¡he word ~car· 
bonale" (carbonates are ester derivutives of carbonic acid). An example uf carbono 
ate nornenc1ature is shown in Figure 12·9. 

Carbmnates are ester·arnicle clerivutives of carbonic acid ando like carbonates, 
(e<juire Ihe naming of the rurohol and ¡he amine. using either l.'om mon names or 
IUPAC nomenclature, foUowed by Ihe v.orel -carbamale~ (F'ig. 12.10). 

The ureas, ¡he diamide derivdtives of carbonic acid, are iUustraled in Figure 12-
11 . In this case, il may be necessaJ)', as we see in ¡he example. lo dilTerellliate 
between ¡he two nitrogens. This is done hy using N for the one nitrogen and N' for 

o .. CH3 
~-C~-O- C - O CH 

• 
CH, 

Common: Ethyl isopropyl carbonate t-Butyl phenyl carbonate 

IUPAC : Ethyl2-Propyl carbonate Phenyl 2-methyl-2-propyl carbonate 

FIGURE 12-9. Examples of Common and OHicial (lUPAQ nomenclalure of carbonates. 



Comman: Ethy1 N-methyl-N-t-butyl carbamale 

IUPAC : Ethy1 N-melhyl-N-2-{2-melhylpropyl) carbamale 

FIGURE 12-10. Examples of Cammon and Official (IUPAC) nomenclature 
of carbamates. 

N,N'-Oielhyl-N,N'-dimethyl urea N,N-Dielhy1-N',N'-dimelhy1 urea 

FIGURE 12·11. Examples of nomenclature of ureas, 

the other nitrogen. In the preceding cases, the stmctures should be obvious by the 
use of the te rms "(.'arboll at e.~ ~C'olrbamate. ~ and wu rea~ in the nomenclature, 

• PHYSICAL-CHEMICAL PROPERTIES. '!'he ph)'sical and d lemical properties of the car
bonate parallel those of the esler. wllile Ihe properties of Ihe urea are similar to those 
of the amide. The carbamate has ph~ic:al properties that represent the combined 
effect ofboth components. Chemically. h(M'ever, the carbamale shares reactions more 
like lhose of an ester, by which is meant that carbonates and carbamllles are unslllble 
lo acid and base conditiolls. TIle ureas, being similar lo amides, are relatively nome
active solids witb lile polarity properties previously discu!>SOO for amidas (Fig. l2-12). 

o 
" R- O- C-O - R' 

Carbonate 

o 
" H 

R-Q-C-N-R' 

Carbamate 

® 
HIH,<) 

® 
H IH,<) 

o 
" • H-O-R' + R- O-C - O-H - _ •• R-O-H + ~ 

Unstable 

• R-Q-H + 
~ H 

H-O-C-N-R' -_ •• H-~-R' 

Unstable 

Ureas: Relatively nonreactive lo aqueous acid Q( aqueous base 

FIGURE 12-12. Acid- or base-<atalyzed hydrolysis of carbonates and carbamates. 
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• METABOllSM. Thc mctaoolic mute opcn lo Ihese functional dcriv-alives of car
oonic acid is the hyd rolysis reaction. This reaction is catal)7.ed by thc esterase 
cnzymes. Both the caroonate ane! the carbamate have the ester portion flrst 
hyt! roly.red lo give the monosubstituted carbonic ad d. This acid is IlIlstable and 
decomposcs w;lh loss ofC02, Il'l ShOlNll in Figure 12-13. Carbonates are hydrolyzed 
w;th fommtion of carbon dioxide and alcohol, and carbamates de<:ompose to (.'I\r
bon dioxide, an alcohol, and an amínc. l1lC ureas are relatively slable chemícals and 
are not oommonly metabolized by hydrolysis. 

o 
" R-O-C-O-R' 

Carbonate 

o 
" " R-O-C -N-R' 

Carbamate 

Esterase 
• 

Esterase 
• 

o 
" H-O-R' ... R-O-C-O-H • 

Unstable 

o 
" " R-O-H ... H-O-C-N-R' -~ •• 

Unstable 

Ureas: Relatively nonreaClíve lo esterase 

R- O-H ... C~ 

" H- N- R' + COz 

FIGURE 12·13. Metabolic hydrolysis of carbonates and carbamates, 

AMIOINES ANO GUANIOINES 

The final fu nctional derivatives of the C'Mooxylic acids are amídines and guanidines. 
Amidines are actually a fu nctional derivative of an amide, wh¡le the guanidine is a 
fu nctional derivative of urea. These two groups are mentioned since they are found 
as an integral p .. 1rt of several dmg molecules. TIle guanitline moiety is an important 
unít in Ihe natllnllly oc"Cuning amino acid argínine. 

N" R'N 
" " A- C- NH2 H2N- C- NH2 

Amidine , Guanidine , , , , , 
"ti, 

" COOH 

Arginlne 
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r Imide nitrogen 

• HN: '-!: M •• 
R- C- NHz 

' .:: 
Amidine 

• 

Guanidine 

• 

.. 0 
H-N : H 

)- N'0 

A '" 

.. 0 
H- N : H 

) N'0 
H,N 'H 

, • 

fiGURE 12-' 4. Basicity of amidines and guanidines . 

.. 0 
H- N : 

~NHz 
H- N 
@H 

• PH YSICAl ·CHEMICAl PROPERTIE5. The chier characteristic of both amidines and 
guanidine is the high degree of basicity. In both cases the ¡mide nitrogen maintains 
an unshared pair of electrons and the refore takes on a high deg,ee of basicity. The 
basicity is actually ¡ncrease<! through resonance, a~ indicated in Figure 12-14. The 
strength of this hasicity is actually quite high. Amirunes may have a pK.. of9 10 10. 
while guanidines may have a pK.. as high as 13. Tlle TeulIl.ining nitrogen or nitro
gens in the respective molecules remain neutral since, as indicated in Figure 12-
14, the electron pair is shared hy the nitrogen, the adjacent carbon, and to sorne 
e~ient the basic nitrogen. 
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Sulfonic Acids and 
Sulfonamides 

SULFONIC ACIDS 

C H A PTE R 

• NOMENCLATURE. A si ngle nomenclature is use<! for sulfonic acicls. This nomeu
clature is illustrnted for S(..· ... e ral of the mosl common sulfonic acids (Fig. 13- 1). 

o 
o-~-OH 

- O 

O 
" H~- S- OH 
" O 

Benzene sulfonic acid Melhane sulfonic acid p -T04uene sulfonic acid 

FIGURE 13-' . ElIamples of nomendature of sulfonic acids. 

• PH YSICAHHEMICAL PROPERTlES. A vCI)' si!,>'T\i fiC'a1l1 physical-chc miC'.d property 
of Ihe sulfonic acids is (he pl-l cllarllcte ristic. Sulfonic acids, in general , are strong 
acids. with pK.'s nearly as low as those of Ihe mineral acids (Table 13-1). Saying t1mt 
an acid is a strong acid implies tha! mllside rable dissociation occurs in w'dler, and 
this suggests Ihe \Xlssibilily of ion-dipolc inle mctioll wilh water. By no'" one should 
know thal such binding will favor water so!ubility. The solubili ty of several of these 
acids is showll in Table 13- 1. 

SULFONAMIDES 

Wilh lhis brief h.'lckground, one now tums lo lhe \'ery important deriV'dlive of 
sulfonic acids, lhe sulfonamides. TIlis group of compouncls is importan! in medici
nal chemistry, sin<.'C a wide variely of drugs have the benzene sulfonamide nucleus. 

• NOMENC LATURE, The nomenclature fOl 1Il)'! sulfo namides is fairly slraightfor
wllrd. The name of Ihe substituted benzene followed by Ihe suffix "sulfonamide" is 
comlllonly use<!. although a few import:mt comlllon Ilallles will also have to be 
memoril'.c<I, such as sulfanilamide (Fig. 13-2). 

• PH YSICAl -CHEMICAL PROPERTlES. The aryl sulfonamides tcnd to be solids wilh 
high melting poinls and poor water solubility. Similar lo carboxylic acie! amides, aryl 



Table 13-1 . WATER SOLUBILlTV OF COMMON 
SULFONIC ACIOS 

o 
" A-S- OH 
" O 

A _ H3C-

< > 
H3C-o-

r r 
) 

"- " 

Solubility 
(g/100g H, O) 

20.0 

Soluble 

67.0 

Soluble 

-1.2 

0.7 

sulfonamides are ehemieally quite slable. Benlene sulfonamides are slable lo acid, 
base, and enzymalie hydrolysis. 

Unlike the carooxylie aeid amides, whieh lI re oonsidered neutral compounds, 
the aryl sulfoml mides are weak acids. The acidie nature results from Ihe abi li ty of 
the S0 2 moiety lo stahilize Ihe nitrogen anion through resonance (Fig. 13-3). In 
the presence of a strollg hase, sueh a.~ sodiuTll or potassium hydroxide, aryl sul-

O 

o-S-NH~ 
- O 

Common: Benzene sulfonamide 
IUPAC: Benzene sulfonamide 

Gommon: p -Toluene sulfonamide 
IUPAG: 4-Methylbenzene sullonamide 

Gommon: p -Aminobenzene sulfonamide 
Sullanilamlde 

IUPAC: 4-Aminobenzene sulfonamide 

FIGURI: 13-2. Examples of nomenclature of aryl sulfonamides. 



~ 0 
• • 

O H,o o 
•• 0 Ci!r.. • 

Ary\ - S- NH2 • AryI-S-N • • Aryt-S=N • H,o + •• • .' " . o H O o H 

FIGURE U -l . Addity of sulfonamides . 

. 
fonamides will react lo fonn a sal! (Fig. 13-4). The sodium or potassium sal! of 
a sulfonamide \Vill readily dissociate in water, leading to highly water-soluble procl
uro, Ihe resull of ion-clipole bonding. The pH of the aqueous media following dis
solution of a sodium or potassium sal! of a sulfonamide tends lo be quite alkaline. 
The water-soluble salts of aryl 5ulfonamides are incompatible with acidie media 
since an acid-base reaction can occur, usually leading lo precipilation of ¡he aryl 
sulfonamidc. 

• O, ~- N:' N~ 
- 8 A 

Water soluble 

fiGURE 13-4. Salt formation of benzene sulfonamide. 
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Thioethers and 
Nitro Groups 

THIOETHERS 

CHAPTER 

The thioelher is lhe sulfur analog or lhe previously discussed ethers. 111e replacement 
of oxygen with sulfur results in a compound with a significan! increase in lhe boiling 
poinl and a decrease in waler solubilil)'. In general, ¡he thioether is considered lo be 
a li¡X)phitic functionaJ group. The til ia ether is mentioned because il i~ found in a vari
ety of drug molecules as diaryl-. clialkyl-, or aJ)'lalkylthioether (Fig. 14-1). 

or significance is Ihe unique metabolic reaction 11m! thio elhers may undergo. 
Thal reaction is ¡he o:ddatioll reaction . This ma)' no! be too surprising since sulfur 
exists in a variety of oxidation stales, including -2, +4, and +6. The thio elher 
moiety ma)' uncle rgo a single oxiclation lo Ihe sulfoxide ar mar be oxidi:r.ed lo the 
sulfone (Fig. 14-2). 

A- S- R' 
. ' . • • '. 

• • • -• • • "- CH,):.5 H 
N N 
l!.. ,) 

N N 

Chlorpromazine Cimetidine 6-Methylthiopurine 

FIGURE 14-1 . Examples of the thioether in drug molecules. 

Chlorpromazine "Sulloxide" ·Sutlooe" 

FIGURE 14-2. Metabolism 01 thioethers. 

, 



NITRO GROUPS 

The second fu nctional group 1s Ihe organic bound nitro group (rig. 14..3). In lIlost 
<-'aSeS the nit ro is present as an aromatic bound nitro, such as those shown in Figure 
14-3. "'hile officialnomcnclatu re may be qui te complicated, one should rccognize 
Ihe present'C of a nitro group sílice this group is !lamed as M nitro~ in Ihe official 
nomenclatu re. It is also importanl lo note tha! a nitro b'J'OuP is a charged species, 
as showll. 

• • • 

Metronidazole 
(2-Melhyl-5-nitroimidazole-
1-ethanol) 

Nitrazapam 
(1 ,3-Dihydro-7 -oitro-5-phenyl-
2H-1,4-benzodiazepin-2-one) 

FIGURE 14-3. Examples of the n itro group in drug molecules. 

r-.'Ictabolism of ar)'1 nitro groups is tha! of reduction lo Ihe arylamine. The redue
lion intcmlooiatcs, one of which i5 thc hydroxylamine, have been implicated as 
possible carcinoge ns. 

• • , 
CH:zCH~ 

Metronidazole 

FIGURE 14-4. Metabolism of the arylnitro group. 
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CHAPTER 

Heterocycles 

This chapter introduces ¡he subject of heterocyclic chemistry. HeterocrJcles are 
defined as cyclic molecules Ihal conlain one or more heleroatoms in a ringo A het
Croo /Olll is an alom olher ¡han carbono One need merely glance through an index 
of biologically active stmctmes lo recogoi:r.e ¡he arm)' of heteroc)'c1es faund in syn
thetic and nutumlly occurring molecules. A b.1ckground in heteroc)'clic chemistry 
is the rerore high!)' desirable. The competencies expected of }'ou from this section 
of Ihe book ronsis! of: 

l . The ability lo match a structure of a heteroc)"cle lO ils COlllmon or official 
mUlle 

2. The ability lO lisl Ihe physical alld chemical properties of represenlati\'e 
heterocycles 

3. The nbility lo draw ¡he slnK'hl re of ex¡x."(.1ed metabolites of COlllmOIl 

hetenx:ycles 

It would be impossibte lo introduce all of the possible heterocycles that are of 
medicinal value \\~ t hin Ihe ¡¡mitations of this book. 1 have seleeted a ¡¡mUed numo 
ber of monocyclic. bicyclic, ami tric)'clic rings aJld will confine the disctlssion lo the 
heteroatoms of o:\)'gen. nitrogen. ¡¡nd sulfu r. In addition, onl}' tluee-, four-, fi\'e-, 
sh:-. se\'en-. ami eigh!-membered monocyclic helerocycles wi ll be considere<!, 
along with Ihe five-six. six-six, and six-se\'en bicyclic heterocycles. Se\'eral impor
tan! trk)'CIic rings will also be considera !' In sys!etnatic nomencJature, one will 
recognize a colISistent fonn or nomenclature tha! roIlO\\'5 certain rules ror naming 
Ihe heteroatom and ring size. Tables 15-1 and 15-2 lisl the rules for heleroc)'clic 
systems. In addition, as will be noted in the nomenclature section for the individ
ual he!eroc)'cJes. the numbering of heterocycJes usually begins with Ihe het
ero.11om being designated as the I position. In heleroc)'cles thal contain multiple 
heteroatoms, Ihe convention is thal in numbering, Ihe O:\)'gen alom has priority 
o\'er Ihe sulfur alom, which in lum has priority over the nitrogen alom. 

THREE-MEMBERED RING HETERDCYCLES 

Oxygen 

• NOMENCLATURE. A saturated three-membere<1 ring containing o.-:ygen is 
knO\vn as the oxinUle (Fig. 15-1) ring according lo Ihe rules presented in Tables 15-
1 ane! 15-2. While correell}' named as oxinmes, Ihe common practice for stlch mol-



Table 15-1, ACCEPTABlE 
PREFIXE5 FOR COMMON 
HETEROATOM5 
Element 

Oxygen 
Nitrogcn 
Sulfur 

Prefill 

0" 
A" 
Thia 

Table 15-2, COMMON SUFFIXE5 FOR NITROGEN
CONTAINING HETEROCYClES ANO 
NON·NITROGEN·CONTAINING HETEROCYCLES BASEO 
ON RING SIZE 

Ring 
Size Saturated Panly Saturated UnS3turated 

Rings With Ni trogen 
3 -iridine ·mne 
5 -olidine -oline -ole 
6 -ine (di or tetrahydro) ·me 
7 (hexahydro) (di or tetrah:rdro) ~pme 
8 (octahydro) (di, tetra, or hexahydro) -ocme 

Rings WilhoUl Nitrogen 
3 -Irane -Irene 
5 -olane -olene -ole 
6 -anc (di or Ictrahydro) -me 
7 -epane (di or tetrahydro) -epme 
8 -ocane (di, tetra. or hcxahydro) -<><m 

ccules is to refe r to these agents as epoxides. A numbe r of natural prodllcts can he 
found that contain the epoxide functional group. and you will be introduceU to 
additional epoxide-containing drugs in medicinal chemistry . 

• PH YSICAL-CHEMICAL PROPERTI ES. EIXlxides are e thers, bUI bec-dUse of lile 
three-membered ring, e lXlxides have unusual properties. The three-membered 
Jing forces lile aloms making up the ring to ha\'e an average bond angle of600, con
side rably less tlmn lile normal le trahcdral bond angle of 109.5°. This IJighl)' 
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fiGURE 15·1. Oxirane and ellamples of natural occuring oxiranes. 

strdined ring therefore readil)' opens in the presence of either acid or base cata
ly.¡ ts, as shown in Figure 15-2. These reactions are important. since drugs thal con
tain un epoxicle ring are also quite reactive botb in "ilro ulld in vivo. 5uch drugs \Vill 
react wi th a nucleophile (N:) in the presence of acid or \Viii react wilh a base that 
acts as a nucleophile to give open-chain compounds. \Vhen dmgs containing epm:
ides are lIclministe red to a palien! . the epoxicle can be expected lo react wi th 
biopolymers (e.g., proteins), leading lo destructive effects on the cell. Such d rugs 
may find use in cancer chemotherapy hui are usuall)' found to be quite toxico 

b. 
~"1 \" ', 

x: 

H,o '" H 

• 

• i-±-OH 

FIGURE 15·2. Ad d- or base-catalyzed ring opening reactions of epoxides. 

Nitrogen 

• NOMENCLATURE. A saturated three-membered ring containing nitrogen is 
known as the a7jridine ring (Fig. 15-3). This is the only nomenclature used for such 
a unít. Although aziridine rings are not common in nature or in many drugs, their 
intermediacy is required and accounts for the biologic activity of a speciflc class of 
antic-.U1cer drogs kl10Wl1 ¡lS the Il it rogen lIlustams. 
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FIGURE 15-] . Azirid ine and examples of drugs containing azirid ines . 

• PHYSICAl ·CHEMICAl PROPERTIES. Similar lo the prope rties of the epoxide. 
aziridines are highly strained, highly reactive molecules. The antiC'<Ulcer d nag 
mechlorethamine (Fig. 15-4) O'\\'es ils acthity lo the fonnation of a charged ínter
mediata aziriclinc (aziridinillln ion). Bccause of its high reactivi ty. aziridinc will 
rene! with mos! nuclcophiles (N:), ind ucling water. Ir the nucleophile is part of a 
biopolymcr, t}¡is reaction, known as an a11. .. ylatioll reaction, can result in the dealh 
of the <.-eIJ. This reaetion is either beneficial, where the eell is a caneer cell , or the 
mechanism oftoxicity. whcre the cell is a hosl cell . The drug mechlorelhamine has 
onl)' a short halr-life when dissolved in water because the aziri runium ion, when 
fo rmed. reacts with water lo give an alcobol that OOes no! possess biologic activity . 

• 

FIGURE 15"". Azirid ine as a react ive intermediate formed from mechlorethamine. 

FOUR·MEMBERED RING HETEROCYClES 

On[y one de rivati \'e of a four-membercd ring hetcn:x.ycle \ViII be mcntioned hcre. 
This systcm is the ~-[act¡¡m , a uni t found in Ihe penicilli n and cephalosporin antibi-
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FIGURE 15-5. P.-lactam ilnd examples of drugs containing the Il-Iactam. 

otíes as weH as a number of derivatives, both s)'llthe tic and naturall)' occurring, of 
these \.\-~ II ·known antibiotics ( F'ig. 15-5). The nomenclature fOT ,his heterocycle is 
deriva! fro m lhe foc:t tha! (.')'elie amides are known as Jactmns. aod this particular 
s)'sle m results from c)'cli7.alion of a p-aminocarboxylic acid, thus ¡he p-Iactam 
llame. The notable propcrty of lhe p-Iactam, lis ease of hyd rolysis by aqueous aeid, 
aqueous base. alld enzymatic conditions, results from Ihe consiclemble stl'Uill ener
gy found in Ihis molecule. The four-membered ring distorts Ihe nonnal bond 
angles fOT carbon, bul addi tionally Ihe presence of lile sp2. carbonyl carbon adds lo 
this stmin. The hydrolysis of the j3-ladam (Fig. 15-6) is a significant problem expe
rienced by many of the penicillins, cephalosporins, and olher j3-lactam-containing 
antibiotics. 

e e 
H orOHIH~ 

!}-Iaclamase 
(Enzyme) 

• 

FIGURE 15-6. Hydrolysis of j3-lactams. 

FIVE-MEMBERED RING HETEROCYCLES 

Oxygen 

• NOMENCLATURE. Two common flve-membered ring heteroc)'cles are fumn 
and tetrahydrofumn (Fig. 15-7). With Ihis ring s)'stem, )"Ou need no! be concemed 
with official nomenclalure; Ihe comlllon or trivial llame \\~ 1I be used in nearly all 
cases. Substiluted fu mns and le trah)'drofumns are numbered starting ""ith the 
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FIGURE 15·1, f ive-membered oxygen containing heteroeydes and examples 01 drugs 
containing these rings. 

oxygen as tlle ] pos ition and nUlnbering the rtng such thal any substituents leceivc 
the nex! lowest number. 

A number of fumn-containi ng drugs can be faund, while \'irtually no puro 
tetmhyurofuran-containing drugs existo \Vhat appears lo be a tetrah)'drofumn is 
seen in Ihe rilJose.contalning anticancer and antiviral drugs. bu! Ihese sugars are 
actunlly mixcd aceta! structures . 

• PHVSICAL-CHEMICAL PROPERTlES. Although fumn looks ¡ike an ether, i l does nol 
bchave like o lle; its properties are more Jike Ihose ofbenzene. Fumo is an aromatic 
ringo \'ou may recall tllat aromatic rings are /lat molecules that conlain 4N + 21T 
declroos, in which N := 1,2, 3. etc. If one considcrs the 1T electrons or sp! clec
trons present in furan , it will be note<! Ihat furan contains four 1T electrons in the 
two double bonds and Iwo pairs of Sp2 electrons on Ihe oxygen. One pair of the 
electrons 011 mygen is in Ihe same plane wilh the four 1T clectrons of the rn"O dou
ble bonds, Ihus resul ting in a c10ud of six electrons located above and bclow Ihe 
plane of Ihe ring (Fig. 15-8). Furan Iherefo re has the properties of an aromatic 
compound: namcly, il is relatively nonreacti\'e under the conditions cncounle red in 
phannacy. On Ihe other hand. tetrahydrofuran has quite differenl properties when 
compared lo fu r.m. Tetrahydrofuran is simply a cyclic ether bul unlike its c10sest 
open-chain relat i\'c. diclhylcther, does not show partial water solubility; il is highly 
soluble in water. This is duc to the strong bonding between Ihe hydrogen of water 
and ¡he unshared pairs of electrons on Ihe ether ox)'gen (Fig. 15-9). 

Telrah)'drofuran is easily oxidizcd in ¡he presencc of air lo give pero.~ides and, 
l¡ke mosl ethers. aIro musl be protected from atmosphe ric oxygen. 
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FIGURE 15-1. 1r electron structure of furan. 

o 
: .0 . . 

O .' " 
H .... 'H ,,' "''ti "O'H 

FIGURE 15-9. Strong dipole-dipole bonding in THF leading to increased water 
solubility. 

• METABOllSM. Thc metabolism of furan and tetmh)'drofumn follow Ihe pattem 
expected for an nromatic compoulld and 3n clher, respectivc1r- W)¡ ile letrahydro
furan is relatively slable in vivo, furan may undergo ¡he expected aromatic h)'drox
ylntion (Fig. 15-10). 

Nitrogen 

o 
O 

• 
(30H 

O 

FIGURE 15-10. Metabolic hydroxylation of furan. 

• NOMENCLATUflE. T\\'o common fh-e-membered rillg helerocyc!es contailling 
nitrogen are pyrrole and pyrrolidille (Fig. 15-11 ). Bere again, Ihe comlllon name 
should be leamed; ¡he officiru name can be neglected since it is seldom used. For 
substituted pYIToles or pyrrolidilles, Ihe numbering starts with nitrogen and pro
ceeds clockwise or counlerclocbvise to give uny suhstihlenl present lhe next low
es! number. The pyrrole and pyrrolidine helerocycles are common feahll'Cs in 
many drugs and naturall)' occurring substances. 

• PHY5ICAl,CHEMICAl PflOPEflTIES. Pyrrole, like fumn. is nn aromatic com¡>ound. 
It is an aromatic compound Ihal is a \\'Cak base and, for our purposes, will be con
sidered neutral. This property can be explained by accounting for aH of Ihe nOIl
bonding electrons present in pyrrole (Fig. 15-12). Nitrogen's extra pair of electrons, 
which are usuall)' availuble for sharing and account for the basic properties of 
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FIGURE 15·" . Pyrrole and pyrrolidine and eX3mples of drugs containing these 
heterocycles. 

FIGURE 15·12 .... electron structure of pyrrole. 

¡¡mines, ¡¡re not availablc for sharing. This pair of electwns is pmt of the 'IT cloud of 
e lectrons. 

In the full)' reducc<1 hctc rocyclc, p)'tTolidine, one is dealing with a se<:onclary 
amine with properties c(¡uiva lcllt lo any o tiler secondary amine. Unlike pyrrole. 
with a pI(,. of lhe prolonated pyrrole of approximatcly OA , pyrmlidine is a strong 
base, with a p Ka of the alll1110 nium iOIl of appro.ximately 11 . As might be especled, 
pyrrol idine. with onl)' four enrbon atoms and the availability of an ullshared pair of 
electrons fOl" hydrogen honding, is quite 'V"d ter-soluble . 

• METABO Ll SM. The metaboli~m or pyrrole amI pyITolidine, as we11 as or pyrrole
and pyrrolidine-containing molecules. rollows the p..1ltem cxpected for an aromat
ic (.'() Illpound and a secondary amine, respectively. Aromatic hyd roxylation would 
be predit.:tcd fo r pyrrolc, while pyrrolicline could be expected to IIlldergo (.'()Iljuga
tion with glucuronic acid or sulfuric acid. Acetylation, a (.'()mlllon reaction ror see
ondary amines. might also be cxpected to ()(.'Cur (500 Fig. 10- 10. pagc 46) 
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Sul!ur 

• NOMENCLATU RE. Af; wilh Ihe previous oxygen ami nitrogen heleroc:ycles. two 
sulfur-conlaining heterocycles, thiophene IIl1d tetrahydrothiophene, exisl. Hefe 
again. ¡he <.'ommon nomendlllure is used in mos! inslances. With substiluted 
analogs. ¡he Jlumbering of Ihe rings starts with Ihe heteroatOlll , proee<.>ding either 
clocbvise or coullte rclock--vise, such thal any subslituent n,'(:ei\'es Ihe Ilext lowest 
number (Fig. 15-13) . \Vhile Ihe thiophene nudeus is common in drug Illolecules, 
Ihe tetrahydrothiophene is quite uncommon. 

4 3 

,O, 
S 
1 

Common: Thiophene Tetrahydrolhiophene 

IUPAC: Thiole Thiolane 

Sufentanit Methapyrilene 

FIGURE 15·13. Thiophene and tetrahydrothiophene and examples of drugs 
(onta ining the th iophene heterocycle. 

• PHYSlCAL-CHEMICAL PROPERTlE5. The properties orlhe flve-membered sulfu r
containing hele r()(:ycles are based upon Ihe proper TeCObrnitio rl of Ihe cI¡L~S of com
pounds lo which Ihey belong. 111iophene is an ¡¡romatie ring ami is the refore rela
tively stablc. while le lmhydrolhiophene is a thioelher. Unlike O.\)'gcn e then;. lhe 
Ihioelhen; are fairly slable compounds and, also unlike Ihe oX)'gcn nnalogs, Ihe sul
fur-conlaining compounds are less water-soluble. In geneml, the subslilution of 
sulfur for oxygen results in a significanl decrease in hydrophilic r.:hamr.:lc r and a cor
responding incrcase in lipophilic character. 

• METABOUSM . The predicled melabolic pntlem for Ihiophcnc is aromatie 
h)uroxylation, \\~th hydro."}'lation oc'Curring al any hydrogen-substitulcd position. 
For redur.:ed thiophenes, lelmhydrolhiophene. oxidation of sulfur would be pre-



TIle partially and totally reduced derivatives of oxazole are also shown. The nomen· 
dature is based upon the geneml rules presenteíl in Table 15-2. Depending 011 the 
substitution at the two position, o,;azolidille is actually a mixeíl acetal (R = H, alkyt or 
aryl; n' = H) or a mixed ketal (R .:: all.yl, al)'l: R' = alkyl or lU)'1) (see p."lge 36) 

• PHYSICAL·CHEMICAL PROPERTIES. 80th oxazole alld isoxazole are aromatie como 
pounds. The aromatie ""lr doud is macle up of two electrons from eaeh clouble bond, 
plus a pair of elt:<.1"rons colltribuled by Ihe oxygen alom. Since nitrogen is left with 
its unshared pair of eleetrons, both of these colll¡x.lUncls are ba.~ic. although they 
should be reúObrni7.e(! as weak bases (pK. < 6.0 of Ihe prolonaled nilrogen) (Fig. 
15.16). 80th compounru can be converteíl lo salts wilh iL slrong ncid such as 
hyclrochloric aeid. As Iheir hydrochloric salts, oxazoles and ismazoles would be pre· 
dicted to be water·soluble. 

2-0xaz0line and oxazolidine are also basic compounds bul prove unstable ill 
aqueous acid media. An example of such instabi lity is ShO\\11 in Figure 15·17. 

Basic nitrogen 

FIGURE 15-16. TI" electron structure of oxazole and isoxazole. 

, , 
o 
" • H-C-H 

fiGURE 15·17. Add catalyzed hydrolysis of oxazolidine • 

• METABOllSM. The ollly charncteristic metabolism of significanl'C is aromatic 
hydroxylation. In Ihe case of oxazole, the product formed exists ill the Wketo" fonll 
showlI ill Figure 15·18. 

G 
O 

Oxidase 
• 

qN 
~O>-OH ",="-

Figure 15·11. Metabolic hydrOKYlation of oxazole. 

rrghtcd malarlal 



Nitrogen and Nitrogen 

• NOMENCLATURE. Two important dinitrogen heteroc)'d es are found in medici· 
nal agents; these are imidru-.ole and pyrazole (Fig. 15-19). As with se\'eml previous 
e.~amples, the student should be fami liar \\ith the COlllmon name, since it is use<! 
in mosl cases. TIle importanl partially reduced and satumted analogs of imidazole 
are 2-imidazoline and imidazolidine, respectively. These compounds are numbered 
similarl)' lo thal shown for imidazole. 

There are a V'dfiety of imidazole-conlai ning drugs bul far fewer pyrazole
conlaining agents. 

2-lmidazolirlE! 
I , 
••• 

4 3 

5 (J> 2 

~ 
1 

Common: Imidazole 

IUPAC: 1,3-Dlazole 

I 
9 N 

O:¡N-t(N)\....CH:¡ 

~ 
OH 

Metronidazole 

[
NH 

N) 
H 

Imidazolidine 
---..... 

4 3 

5 é~_\~ 2 

1 

Pyrazole 

1,2·Diazole 

I 

Celecoxib 

CF, 

FIGURE 15-19. Imidazole and pyrazole heterocycles, reduction products of imidazole, 
and derivatives of imidazole and pyrazole . 

• PHYSICAl·CHEMICAl PROPERTIES, Pyrazo1e and imidazole are both aromalic 
<:ompounds that have one basic nitrugen and a neutral nitrogen. The aromatic 
nature arises from the four 11' electrons and ¡he unshared pair of electrons on Ihe 
·NH- nitrogen. Some care shollld be taken in specifying which nitrogen is basic 
since, in uns)'Jllmetrical deri\'atives, resonance pre\'ents one from isolating a 
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FIGURE 15·22. Structure of l ,3-thiazole and examples of drugs containing th is nudeus. 

• PHYSICAl-CHEMICAl PROPERTIES. The properties or thiazole are similar to those 
or oxazole. 111is compound is aromatic, and Ihe " itrogen in this compound with ils 
unshared pai r of e lectrons is basic. 

• METABOllSM. The metabolic properties are analogous lo those of Ihe other 
aromatic heter<x:ycles and consist o f aromatic hydroxylatíon al any of Ihe carhon 
hyd rogen locat ions. 

Complex Five-Membered Heterocycles 

• NOMENCLATURE. A series of miscellaneous heterocycles importan! to medici
nal che mistry are showll in Ihis section, a10ng with a few examples of drugs COIl
taining these heleroc)'cles. The 1.3,4-thiacliazole and 1.2.5-thiadiazole have 
nomencl:¡ture that is self-explanatory alld follows ¡he priority roles previously Ille ll
tiolled and Ihe abbrevialions for Ihe heleroaloms (a sulfu r, two nitrogens in a five
membered ring) (Fig. 15-23). 

Se-.'end t riuzoles ellist, in which ¡he ·"t.ri ~ indicales three, "az~ signifies nitrogen, 
and ~ole" inrucates a five-me mbered ring (Vig. 15-24). If ¡he three nitrogens are 
sylll!l)e trically arranged (at the 1, 3. and 4 positions ), the oompound can be identi
fied as s-Triazole (-s., fo r symmetric-.u), "",hile if not symmetrically arranged the 
compound is named lH -l ,2,4-triazole. One additional poly nitrogen-conlaining 
he te roc)'cle is tetrazole. 

The oxazolidinone and oxazolidindione nomenc\ature should be understandable 
based on Ihe oxazolidine nO!l)enc\ature explained earlier, with ¡he "one~ signifYing a 
carbonyl and -dione" representing Iwo (.·urbonyls al Ihe 2 and 4 positions (Vig. 15-25), 

One additional important heterocyc\e is tlle h)'dantoin nucleus. Here Ihe com
mon nomenclature replares Ihe official nomenc\ature of imidazolidindione. A 
number of ver)' important classes of drugs possess Ihese helefO(.yclic nuclei. 
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FIGURE 15-23. Structure of thladiazoles and examples of drugs containing this nudeus. 
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FI<iURE 15-2'. Structure of triazoles, tetrazole and examples of drugs containing 
these nudeL 
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FIGURE 15-25. Structu re of oxazol id inones, hydrantoin and examples of drugs 
containing these nuclei. 

• PHYS1CAl -CHEMlCAL PROPERTIES. The thiadia7.o1es, trirur.oles, and tetmzoles are 
typical aromatic Iludei tha! llave two (thiadiazole. hiazole) or thrce (te trazole) 
basic nitrogens in ¡he ringo Ir one accounts for Ihe electrons required fo r aro
maticity, il should be obvious which nitrogens retajn the electrons necessruy fO f 

ba.s icity, U ttle additional in formation is necessary, si n<.'e none of these collllXlunds 
has any unique physical-chemical properties tha! one needs lo be concemed with. 

The oxazolidin-2-ones are cyclic analogs of a class of compounds discussed pre
viausl)', namel)' Ihe carbamales. u ke thei r stmight-chain re latives, the oxazolidin-
2-ones are readily h)'uroly-L.C<i by lIcid o r bas ic media (Fig. 15-26). 

The oxazolidin-2,4-diollcs Jo have a chemical pmperty unique to the -im ide~ 

portion of Ihe stmcture (F ig. 15-27). Although an amide is neutral. ¡he addition of 
a second carbonyl covalently bonded lo Ihe nitrogen produces tlle imide fUllction
al gmup. which has acidic propcrties. Two e!t..'"C.1:mn-withdrawing groups on either 
.'l iJe of lhe -N H- group \\~thdraw Ihe unshared pai r of e lectrons on Ihe nilrogen as 
well as l ile e leclron paí r remaining after dissociation of lhe hydrogen. This allowli 
lhe hydrogen lo be abstmcted by a strong base, fo rming I1n alkaline salt Ihal is quite 
water-soluble. 

co, 

FIGURE 15-26. Acid- or base-utalyzed hydrolysis of oxazolid in-2-one. 
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FICiURE 15-l7. Salt formation at the ¡mide nitrogen of oKazolid in-2,4-dione 
and hydantoin. 

The final heteroc)'cle, Ihe hy(ItUltoin, is a cyclic urea, bul in addition il contains 
an ¡mide fu nctional group. 111e presence of Ihe hydrogen 0 11 Ihe ¡mide nitrogen 
again results in a l'Ompound with acidic properties. 

SIX-MEMBERED RING HETEROCYCLES 

Nitrogen 

• NOMENCLATURE. The importanl sL1[-membcred ring nit rogcn-<lOntaining hele
l'OCj'des are p)'ridine. Ihe aromatic compound, and pipe ricline, Ihe saluratoo com
pound (Fig. 15-28). While both (.'Ommon and IUPAC IlOmellclature is shown, in 
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FKiURE 15-21. Structure of pyridine, piperidine, and examples of drugs containing 
these nucle i. 
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mos! cases the COrllrllon name is used exclusively. 111ese two helenxyd es are com
monly found in a variety of medicinal agents. 

• PHYSICAL-(HEMJ(AL PROPERTlES. Pyridine, unlike ils earbon analog benzene, is 
quilewater-soluble. Theexplanation for Ihis fact lies in the avai labilityof an unshared 
pair of electrons found on Ihe nilrogen. This polar compound can hydrogen bond lo 
waler through Ihis pair of e lectrons. The availabilily oflhe e lectrons accoullts for Ihe 
ot he r property of pyridine thal makes il differenl from pyrrole. namely Ihe basicity 
of pyridine. Pyridinium ion has a "Ka of 5.36, which can be comp..1red wilh ¡he near
Iy neutml pYJ'role's p Ka of 0.398, rel pyridine is mueh less basie Ihan alkylamines, 
which llave pK;sof approximale ly 10 forlhe alkylammonium ions. Pyridine and sub
sliluled pyridines have approximately Ihe same basieity as Ihe aromatie ammonium 
ions such as ani line (pKa of ,1.6). Thus, il would be d ifficull lo predict a d ifference in 
basicity belween Ihe two nilrogens in Ihe following compound: 

• • 

On the olher hlUld, piperidine is nothing more than a e)'c1ic alkyl amine. It is 
quile basic, with a pKa - 11.3 ror Ihe pipe ridinium ion. Othe r than Ihe reactivity 
of pyridine ami pipe ridine tow,ml strong acids, olle should collsider ooth of ¡hese 
compoullds as relalh'ely stable. 

• METABOLlSM. Pyridine , sin(:e il is:m aromatie compound, ads like Ihe typical 
aromatic rings and u lldergoes hydroxylalion. Piperidine acts like a typical 5eC01ld
al)' amille ami would be predicted lo unde rgo conj ugation with glueurollie acid o r 
sulfurie aeid . 

Dealkylation resulting in ring cleavage woukl nol be expected lo o(:cur wuh 
piperid ine, since dealkylation OCCUTS primari ly wilh amines thal are substiluled 
with smaller al\...)'1 groups sueh as methyl or ethyl groups. 

SIX·MEMBERED RING HETEROCYCLES WITH TWO HETEROATOMS 

Nitrogen and Nitrogen 

• NOMENCLATURE. Seveml important he le roeycles are formed from "-\"0 nitro
gens in a six-me mbe red ring, and these are shown here with Ihe ir respective 
nomenclalure (Fig. 15-29). Once again. Ihe officialnomenclalure is usually neg
lect(;(1 il1 favor of {.'Omffion nomenclalure. 

• PHYSICAl-CHEMICAl PROPERTlE5. AH three of Ihe compounds shown in Figure 
15-29 have properties similar lo eaeh olhe r and similar lO Ihe properties of p)'ri 
dine. The (,'Ompounds are basie amI of Ihe same order of basicity as pyridine. $ince 
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Common: 

IUPAC: 

eN . ) 
N 

N o 
N 

Pyridazine Pyrimidine Pyrazine 

1,2-Diazine 1,3·Diazine 1,4·Diazine 

FIGURE 15-29. Structures of the isomer diazines. 

these com¡xJunds are aromatie, Ihey are also expected lo be relati \'ely nOll reactive. 
F'inally. parnllel lo Ihe solubility properties of pyridine. these compounds are also 
water-soluble. 

Pyrimidines"":"'l 

• NOMENCLATURE. Three pyn midine de rivatives that are importan! lo Ihe stmc
ture of D N A and RNA. as well as to Ihe structure of medicinall}' active agents, are 
shown in Figure 15.30. \\ 'hile official nomenclature can be derive<1 for Ihese com
poullds, il is replaced \\~ th the common llames presented. Thyrnine may also be 

H , 
Uracil Thymine 

(5-Methyluraci t) 

Ha o 

OH 

• 
• • 

S-FU Trifluorolhymidine 

Cytosine 

OH 

ARAC 

FIGURE 15·]0. St ructures of functiona lized pyrim idines and examples of drugs 
(ontaining these nud ei. 
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refe rred lo as 5-meth)'luradl. It is important to re<.'ognize Ihe numbering system of 
these he terocycles. A clock,vise d irection is chosen such t lml Ihe he te rontoms 
appear al Ihe 1 nnd 3 positions and Ihe carbonyls o r carlxmyl and amine are al Ihe 
2 ¡lIld 4 posilioJls. respectivel)'. If Ihe numbcri ng \Vere <:ounle rclock,\1se, Ihe sub
stilue nts on Ihe ring would be al the 2 and 6 positions. The p)'nmidine Ilucleus is 
especially im¡Xlrtanl in anlicancer and antiviral drugs . 

• PH'f5ICAL-CHEMICAL PROPERTIES. The subslihlled pyrimidines are complex 
mole<:ules because of Ihe nólture of Ihe subsliluenls. Uracil aud thymine 11m)' be 
ronsidere<1 lo l'Ontai ll Ihe neutral urea unil o r Ihe acidic imide mOiety, as shown in 
Figure 15-31. bul Ihey ean also be consiclered lo exisl in e ilher Ihe "kelo" fo rm or 
uenol" fo rm, as shown in Figure 15-32. The ~enol " form would be expected lo have 
the acidic propcrties of a diphenolie rompound and Ihe basie prope rties of a pyrim
idine . Since Ihe rom¡Xlunds prefe r Ihe ~keto" fo rmo they are usuall)' thought of as 
weak acids, bul Ihe weak acid-weak base properties of the ~enor fo rm mayaccounl 
for Ihe reduced solubility in waler of uracil and Ihymine. Cytosine. wilh Ihe 4-
amino subsliluenl and withoul an imide moie ty, mighl be e>'l'ecle<l lo be ¡I v,.-eak 
oo.. 

None of Ihe substituled p)'rimidines has un)' noleworthy instabilit ies. 

• • . '. • • 

FIGURE 15-]1 . Structural units of the tl raci l nudeus. 

"Keto" "Enol" 

FIGURE 15·]2. "Keto"- "enol " equalibrium of the uradl ring . 

• METABOLISM. 111e melabolism of Ihese unique pyrimidines is importanl fro m 
Ihe standpoillt of both biochemical utilization of Ihese compounds and dnlg 
metabolism of pyri midine derivatives. Figure 15-33 outlines a palhwuy thal COIl
verts urncil to a usefu l compollnd, llridylic acid. needed for Ihe synlhesis of RNA. 
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)) 
, 
H 

5-Phosphoribosyl-
• 

pyrophosphate(PRPP) 

o 

o 
)) 

" HO-P-O , 
OH 

He OH 

Uridine-5' -pyrophosphate 
(Uridylic acid) 

FIGURE 15·33. Metabolism of uraci!' 

In a similar manner lo tha! shO\m for urnci l. (,')1osine is conjugated with PRPP 
lo yield (:ytidinc-5' -monophosphale (Cl\'¡ P) or (.'yticlylic neid. 111ymine is metabo
li7.ed by conjugation. via a salvage pathw'll)', wi th PRPP lo Ihe thymine ribosyl-5'
phosphate. This form of thymidylic acid c¡m be ulilized in speciflc RNA molecules. 
The hiochemic¡¡lIy imlxHtant thYllline deoryribosyl-S' -phosphate is importan! in 
Ihe biosynthesis of DNA bul is derived (mm uridylic aeid, which is fi rsl t'Ql1\'erted 

lo deox)Uridylic acid and then ¡nlo Ihe deoxythymidylic acid (Fig. 15.34). 
An example of a pyrimicline-suhstituted drug and ils metaboJic p..1ttem is shown 

in Figure 15-35. 5- Fluorouracil can be conjugated wi th either ribase or deoxyri
hose, und the sugar is then phosphorylal(:(1 lo eitller 5-fluorouridine monopilos
phate (5-F U ~H' ) or 5·fl uorourirnne-2' -deoxyribosyl phosphate (5-FUO R). In this 
particular example, Ihe 5-FUMP is responsible fo r Ihe side efTects of Ihe drug, 
while 5- FU OH is responsible for the chemothe rapeutic action of 5-FU. 5- FU is an 
emmple of an ¡¡d ministered drug tlmt mus! be ~activated ri : tha! IS, il musl be con
verted lo an active drug lo produce its intended pharmacologic action. Drugs such 
as 5- FU are referre<1 lo as ~pro-drugs" since Ihey come before the actual Wactive" 
drug (5- FUOR ). 

O 

Uridylic acid • :X) Thymidylate 
• 

synlhetase O O 
" HO-P-O , " HO-P-Q , 
OH OH 

HO H HO H 

Deoxyuridylic acid Thymidylic acid 

FIGURE 15·34. Biosynthesis of t hymidylic <leid. 
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8arbiluric acid 

• • • 

Barbiturale 
." , _. I 

° 
N· H 

"'-N""O , 
H 

Phenobarbital 

HaC. 
CH-CH2- CH 

H,c' 

Amylbarbilal 

FIGURE 15-36. Structure of barbituric acid and examples of drugs containing the 
barbiturate nucleus. 

HO HO 
fN 

OH 

:eN" ~y'to~ • • HiN 
~ NÁO 

• H I • 
HO "'NJl..OH 

• 
HO "'NJl..OH , , H " 

Trioxo Dioxo Dihydroxy Trihydroxy 

fiGURE 15·37. "Keto "·" enol " equilibrium of barbituric acid. 

AY-t 
O:J... N- OH , 

" 
FIGURE 15-38_ "Keto "· "enol " equilibrium of 5,S-disubstituted barbituric acids. 
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NaOH 
• 

o 
N, 

• HCI 
H 

FIGURE 1S-39. Salt formation of 5, S-di~ubstituted barbituric acids. 

SATURATED SIX·MEMBERED HETEROCYCLES 

• NOMENCLATURE. Two important saturated heteroc)'c1es that appear in drug 
mole<.'Ules are piperrodne and morpholine (Fig. 15-40). 111e common llames are 
used in nearl)' ,'111 cases when referring to these nudei. 

H 
• 

c") 
N 
• 
H 

Piperazine 
• • • • • 
I ° 

y COOH 

Ciprofloxacin 

I 

'C) 2 
5 N 3 

• 
H 
4 

Morpholine 
• • • • • 
I 

C O'y",," 

N"'CH, 
• 
H 

Phenmetrazine 

FIGURE 15..tO. Suucture of piperazine, morpholine, and examples of d rugs (ontaining 
these nuclei. 

• PHVSICAL-CHEMICAL PROPERnES. Since these compounds are t',.,clic fonns of a 
diamine , pi(>era:dllc. and a secondary aminc plus 1m e lher, morpholine. Ihe pmp
ertics are Ihe sume as those reviewed in Ihe chaplers o n these res¡>ective function
al groups and need not be discussed al this point. 

SEVEN· AND EIGHT·MEMBERED RING HETEROCYCLES 

Nitrogen 

• NOMENCLATURE. Two heterocycJes that complete our review of monoc·yclic 
heleroc)'cles are hexahydroazepine and octah)'dr0a7.ocine (Fig. 15-41). The fully 



o Q 
H 

IUPAC: Hexahydroazepine Octahydroazocine 
, , , , 

1 1 o 

-0-0 )lO '" I H,c N~ H~ ~ b ~-~ N "-HO 

Tolazamide Pentazocine 

FIGURE 1s..41 . Structure of hexahydroazepine. octahydroazocine, and an example of 
a drug containing the hydroazocine nucleus. 

l'ef.luced azepine anu azocine appear in a number of medicinal agents, and in acldi
tion Ihe ar.epine is part of a tricyclic ring s)'stem thal \ViII be discussed later in ¡he 
chapler. 

• PHYSICAl·CHEMICAl PROPERTIE5. 80th hexahyclroazepine alld odahyclroa. 
7.ocine are eyclic secondary amines thal are basic compounds and act like ortlinal}' 
alkylamines. 

BICYCLlC HETEROCYCLES: FIVE-MEMBERED RING PLUS 
SIX-MEMBERED RING 

One Nitrogen 

• NOMENCLATURE. An importan! bic)'dic ring system containing a single nitro
gen is indole. This nucleus is presen! in Ihe amino acid tryptophan and is found in 
many alkaloids. Less importanl from a medicinal standpoint is the isomer or índole, 
isoindole (Fíg. 15-42). 

• PHYSICAl-CHEMICAL PROPERTIES. Inclole ís an aromatic compouncl with delo
calil'..ation of the electrons across both rings (Fig. 15-43). Thus, like pyrrole, the 
ben1.opyrroles require the Ullshared pair or electrons on nitrogen to participate in 
the deloc-.ui:t.ed doud of electrons. The result of this delocalil'..ation is tha! índole is 
a weak base and for our purposes will be considered neutral. 

Indole and dnlgs containing the indole nudens are easi!y o:ddized when aIlm .... ed 
to stand in contact with airo An indiculion of this reaction is the darkening of the 
color of the compound. It is best if inclole-containing drugs are protected from 
atmospheric oxygen by storing under Jlitrogen. 
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50)' I 2 
6 ~ N 1 

7 H 

Camman: Indole 

IUPAC: Benzolblpyrrole 
;' . 

t 

I ' N 
H 

• • • 

Tryplophan 

• • 
• '. 

eCOH 

, 3 

5O:~ 
6 '" -

NH 2 

7 , 

lsoindole 

Benzo[c]indole 

LSO 

FIGURE 1542. Structure of ¡ndale, isoindole, and e llamples of compounds conta ining 
these nud e i. 

Neutral nilrogen 

FIGURE 15-43. TI electron structure of ¡ndale . 

• METABOLlSM. Since indote is an aromlltic nuclcus. il is cllpectcd tha! aromat· 

ic hydroxylation would occur. "'los1 indole-containing drugs are substi tuted al Ihe 
3 positio n. and Ihe hydroxylation OCCllrs al the 4-7 posilion of Ihe molt.,<;ule. 

Two Heteroatoms 

• NOMENCLATURE. Three bicycJic hctcroc)'des tha! L'Olllain twa hcleroatoms are 
shown in Figure 15-44. The commOTl nomenclature is basce:! upon liJe Ilallle of tlle 
five-mcmbc red rillg, and since il is fusc<1 to a be nzene ring, they are rcferrcd to liS 

benz(o) (Wo~ is droppe<1 when foll owCtI by a vowel) alld then the name of the fh-e+ 
membcrcd ring heterocycle. The numbering proceeds as shown. Th c bridgehead 
positiolls (e.g., tilO IXlS it iollS whcre the t\\'o rings jo in ) are no! Ilumbcrcd 1>t;,'C'dll5e 
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• 3 

'O'" , , , 
, H 

Benzimidazole 

Omeprazole 

• 3 

'O'" • O , , 
BenzQJl;azole 

• 3 

'0:', ' , , , , 
Benzolhiazol& 

Elhonolamide 

FIGURE 15-44. Structures of benimidazole, benzoxazole, benzothíazole, and examples 
of drugs containing these nudei. 

the curbons al Ihe bridgehead are already fu tly substitulOO. In cases in which lhe 
benzene ring is reduced, ¡he briclgehead rosilion can be numbeTe<! al Ihe 3a and 
7a positions sílice Ihey follow the 3 and 7 positions, respective1r-

• PHYSICAl-CHEMICAl PROPERTlE5. 11le pmperties of the benzimida7.o1e, ben
zoxa7.ole, and benzothiazole do nol differ significantly fmm ¡he properties of ¡mi
dazole. o.~azole, or thiazole. AH three compounds are aromatic, and al! ¡bree have 
a weakly basic nitrogen in ¡he molecule. 111e only property thal does change is ¡he 
fact thal Ihe molecules are less water-soluble, sínce each has fOU T additional carbon 
atoms present o 

• METABOllSM. 11m predicted melabolism of ¡hese helerocydes is aromatic 
hydro.")'lation. The hydroxylation can occur at any of the positions occupied by 
hydrogen (2. 4. 5, 6, or i positions). 

Four Heteroatoms 

• NOMENCLATURE. An importanl bic)'dic heleroc)'de is Ihe purine nuclew (Fig. 
15.45). The purine can be Ihought of as a pyrimidine fused lo an imldazole. The 
numbering follO\vs Ihis type of analogy. The sb:·membered ring is numbered fint, 
starting with olle nilrogen atom and proceeding counterdockwise completel)' 
around the ring. including Ihe bridgehead positions. This is then foIlO\~'ed by numo 
bering Ihe fi\'e·membered ringo 

111ree common substituled purines should be familiar 10 Ihe reader and are also 
showll in Figure 15-45. They indude the 6-aminopurine (adenine), 2-amin0-6-
hydroxypurine (guanine) (which actuall)' exisis not in ¡he "enor bul ralher in Ihe 
"kelo" fonn ), and 2,6-purinedione (xanlhine). AII ¡h ree of ¡hese compounds are 
common metabolites found in Ihe human body and are importanl nuclei in a lIum· 

ber of drug molecules. 
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Adenine 
(S-Aminopurine) 

• • • 
• • 

6 7 

1 N:'):' N , 1; B 
2 ~ N N , H 

3 9 

Purine 
.. ~ ' . . - . . , , 

I 
• • • • • • 

Guanine 
(2-Amino-6-hydroxypurine) 

• • • . ~ 

Xanlhine 
(2,6-purinedione) 

fiGURE 15-45. Stroctures of purine and the biological1y significant substituted purines . 

• PH YSICAl·CHEMICAL PROPERT1E5. Pu rine is ,'In aromatic l'Ompound l'Ontaining 
Ihrt:e hasic nitrogcns. Bre.n';sc of Ihe ability of this compound lo hydrogcn bond lo 
.... 'ater through Ihe unshared paír of elel.1rons on Ihe nitrogclls, Ihe compound is 
highly soluble in wate r. With fun ctionalization of Ihe punne ring, as in Ihe case of 
adcnine, guaninc. amI xanthine, Ihe water solubili ty decreases. This is probably dile 
lo intramola :u lar interactions, which will be discussed in Chaple r 18. Le! il suffice 
lo su)' tha! intramolecular intemctions such as ¡hose showll in Fib>1l rc 15-46 
decrease the attractions tha! can occur \\~th water. f inally. xanthille has both hasic 
prope rties due to Dile of the nitrogells in the imidtl7.ole ring and acidic properties 
(Iue to Ihe imide NI-! in Ihe pyri midine ringo 

FIGURE 15·4fi. Inlramole<:ular bonding present in adenine and guan¡ne. 
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8 1 
Ha 7 O 

" I 2 ..... - " I -- , 8 -- O 5 4 

Gommon: Coumarin Warfarin 

IUPAC: 2H-Benzopyran-2-one 

FIGURE 15-50. Structure of coumarin and an example of a drug containing the 
coumarin nuch!us. 

• PHYSICAl -CHEMICAL PROPERTlES. Tha coumann molecule contains an 
intramolecular ester known as a lactone. Lactones e~rience the same types or 
instabil ities as esters. Lactones are prone lo hyrlrolysis catalyzed by either acid 
or base lo give a carboxylic acid and phenol (Fig. 15-51) (see Chapler 12 and 
Fig. 12-2) 

'""o e e 
H or OHIH2O 

• 

H 
• 

~0900H 
~ 

FIGURE 15-51. Acid- or base·catalyzed hydrolysis of (ournarin. 

• METABOllSM. Estemse-catalyzed h)'drol)'s is of coumarins WQuld be e:<pected 
lo occur in the body, the product being the more soluble carboxylic acid shown in 
Figure 15-51. 

Two or More Nitrogens 

• NOM ENCLATURE. Two additional bicyclic heterocycles tha! serve as Iludei 
for sever.kl synlhe tic drugs and natuml products are quina7.0line and pteridine 
(Fig. 15-52). 

• PHYSICAL-CHEMICAl PROPERTIES. 11le properties of quin:u.oline and pte ridine 
are si milar to Ihe monOC)'Clic su -me mbered he te roc)"cles. 80th compounds are 
aromatic and possess basic nitrogens. Uke pyri rune or pyrimidine, Ihe nitrogens 
are weak bases nnd therefore foml snlts in the presence of a strong acld. 

• METABOLlSM. The melabolism expected for both quinawline and pte ridine 
is nromntic hydroxyl<ltioTl. 111is can occur at any of the positions occupied by a 
h)"drogen. 
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8 ' 'ce") , I N 3 
8 , . 
Quinazoline 

, , , ° I r Jl..,-O, 
N N.) U 
"r 
N 

NH, 

Prazosin 

8 , 

, (N:eN") , 
~ N3 , N 

5 • 

Pteridine 

H,N 

Trlamterene 

FIGURE 15-52. Structure of quinazoline. pterid ine, and examples of drugs contai ning 
these heterocydes. 

Two Nitrogens Plus Sulfur 

• NOMENCLATURE. While there are many additional bic)'clic six-p lus-six helero.. 

cyclics containing a variety of hcteroalollls with various armngemcnts of Ihe hel
e roaloms, one additional lIuclcus wo rth Illc nlioning i5 the ben:rothiadiazinc-l ,J
dioxide shown in Figure 15-53. This nucleus i5 important as il serves as the b.1Se for 
Ihe Ihiazide diuretics. 

, 
8 0... ,.o 

'OS'NH 2 
I ~ 3 

• N 
5 • 

l,2,4-Benzolhiadiazin-l ,1-dioxide 

Chlorolhlazide Po/yIhiazide 

FIGURE 15-53. StnKture of benzothiadiazinedio)(ide and eumples of drugs 
containing this heterocyde . 

• PHYStCAl-CHEMICAl PROPERTlES. A n,'(:ognition of the fu nctiollali ty of this 
nucJeus dictates the properties of the molecule. Present in the bcn7.0thindiazine 
are a basic Il itrogen and a cyclic sulfonamide (Fig. 15-54). The bnsic nitrogen is a 



a benzene ring (~benw~) has been fused lo a seven-mcmbercd ring (~pine~), whieh 
in tum contains two nitrogens (-diaz-). The 104- designales ¡he location orthe h\lO 
nitrogen aloms. Si nce a sevcn-rnembercd ring can accommodale only tluce double 
oonds, Ihc 3H tclls indirectly Ihal wilh a h)'drogen al Ihe 3 position, Ihe double 
bonds are al Ihe site of ring fusion as well as al the 1,2 and 4,5 positions. An alter
nate armngement of dOllble boncls is shown for 1 H- IA-benzodiazepine. \Vhilc 31-1 -
1 ,4-benzodiazepine is Ihe basie nucleus for Ihe drug ehlordiazepoxidc, mosl of ¡he 
benzodiazepines fall inlo Ihe class of 1.3-dih)'dro-21-1 -1.4-benzodiazepin-2-ones. 
This heleroc)'cle has an amide group presenl al Ihe 1,2 position, with Ihe carbonyl 
r one") being presenl al the 2 position . The numbering system for Ihe benzodi
azepines is as shown. 

• PHYSICAl-CHEMICAl PROPERTIES, Few wslinclivc properties of the benzodi
azepines need concem uso nle nitrogen al Ihe 4 position is a basic, bul only weak
Iy basic, nitrogen. Sall fonnalion al this position lo gi\'e a water-soluble salt is usu
al]y nol pmcliced. probably because of Ihe wealcness of Ihis base. nle nitrogen al 
Ihe I posilion is weakl)' basie in ¡he 3H- l .4-benzodiazepine and neutral in Ihe 
amide 1 .4-benzodiazepin-2-one structure. 

• METABOllSM. Extensive data are a\'llilable on Ihe metabolism of Ihe benwdi
azepines. In many cases. Ihe melaoolism involves the additional substituents nor
mall)' attached to Ihe benzodiazepine nucleus. Metabolism of spccific drugs will be 
discussed in Ihe medicinal chemistry course. A common mctabolic process thal 
involves Ihe 1.3-diIJ)'dro-21·1-1.4-benzodiazepin-2-one nucleus is h)'droxylation of 
Ihe 3 position. This is scen \\~Ih many of Ihe anti-am:iety drugs. 

TRICYCLlC HETEROCYClES 

• NOMENCLATURE. A wide variety of tric..'ydie heterocyd es. some of which are of 
medicinal signifieance. lIIighl be presenled. Three represenlalive nudei are shown 
in Figure 15-56: phenolhiazine, dibenz.azepine, and acridine. The nomenclalure 
and numbering of Ihcse hcteroc)'cles are as shown. Nole that lIle numbering sys
tcm for each of Ihese colllpounds is unique. 

• PHYSICAL-CHEMICAl PROPERTIE5. nle phenotlliazine nucleus contains a nitro
gen Ihal should be considercd nearly neutral. T\\."O ammatic rings atlached lo a 
nilrogcn. each wilhdrawing electrons. reduce the basic property signifiC'.mtl)'. In 
mosl cases, this nilrogen will not fonn a salt wilh aeid. The same reasoning holds 
for Ihc nilrogcn in 5H-dibcnz[b,f]azepinc. Acridinc, allhough a v.'Cak base, can 
foml salts \\~Ih ti slrong acid. 

An inleresting physical property of ¡he phenolhiazine nucleus is ¡hal Ihe mole
cllle is nol nat (Fig. 15-57). The shape of this lIIolecule is IhoughllO alTeel ils bio
logic activity, and Ihe amount ofbend fm m planarity therefore ma)' be importanl . 

A chara<:tcrislic of Ihc aclidine nuclcus is ¡he fad thal Ihe molecule possesses 
color. Thc nature of the color depends upon Ihe subsliluenls added lo Ihe thrce 
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fiGURE 15-5fi. Structure of representative tricydic heterocyeJes and examples of drugs 
contain ing these heterocycles. 

FIGURE 15·57. Conformational structure of phenothiazine. 

rings. The rad thal a molecule l>OSsesses color ¡ndicotes a highly conjugated mole
cule with a1temating single and double boncls. With three colljugated rings, a re]-
10\\1 coloration is 5ee1l • 

• METABOllSM. The charncle ristic metabolism found in all three of Ihe tric}'c1ic 
compounds i5 aromatic hydroxylatioll. Since ¡he medicinally userul agents have 
substitution on these Iluclei. the substitutioll will influence ¡he si te of hydro.~la
lion. 

An additional metabolism comlllon lo the phenothiazine nudeus is oxidation of 
Ihe sulfur to the sulfox¡de or sulfone. This reaction can be expected for any 
Ihioethe r and was discussed previously (see Fig. \4·2) 
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Oligonucleotides and 
Nucleic Acids 

(H A PTE R 

By fur Ihe most importan! chcmiC'dls in all living celts are the lIudeic acids cleoxyri
bonucleic acid (DNA) ane! ribonuclcic acid (RNA). These [)()Iymeric molecules are 
the SOtlTceS of al! infonnatioll needed ror the construction of a living organism and 
the produclioll of the proteins 11m! nm the organism, respecth'ely. DNA found in 
the nuclells of eukaryotic cells is a double-stmnded polymer thal nmkes up lhe 
genes of an organismo DNA uncoils ¡lito a "scnse" strand of lIucleic acicl and an 
-antiscnse" stnmd. Tlle -antisensc" sl rand is transcribed iuto messenger RNA 
(mH NA), wllich has the s.1.me se<lucnce as the -scusc" stmnd of D NA. The mUNA 
[caves ¡he lIud cus and in the ribosomc ser"cs as the template dcfl ning Ihe 
sequenl.'C for protein synthesis. Thus, DNA and ils messcnger RNA prescribe the 
l'Ollstruction of all of lhe proleins of Ihe body tha! carry out lhe daY'lo-day func
Iíon of Ihe ri \~ng organismo 

• NOMENCLATURE. The h\'o nuclcic acids, ONA and RNA, are madc up of four 
helerocydic bases: ~,'uanine , adenine, and C)1osine (common lo holh DNA ami 
RNA) and untcil or Ihymine, presenl in RNA and ONA, respectively (Fig, 16- 1). 
As discusscd in Chapler 15. b>'Uanine ami adenine are pmines, while cytosine, 
umdl, and thymine are pyrimidines. Two l>entoscs are prescnl in Ihe nucleic acids, 
and Ihcse !>enloses are ribose or deoxyribose in RNA or DNA, respectivcl". \Vllen 
Ihe !>enloses are attllched lo lhe N-9 posilion of lhe purines or Ihe N- I pasition of 
lhe pyrimiclines, lhe resulling product is !lamed a ,wdeoside. The sufHx ~·side~ 
indil,:ates Ihe presence of a sugar. Allachmenl of Ihc sugar lo lhe bases occurs al 
,he l ' !Xlsition of the sugar. 111e !inkage beh\'ccn ¡he sugar and Ihe heteroc)'dic 
base is throllgh an acelar fu nctional group. Finany, a phosphoric acid is added lo 
Ihe 5' position of Ihe ¡>enlose lo give Ihe Iluclcolide. The phosphale atlachment lo 
lhe sugar is m nsidered an eslcr group. Nucleic acids rcsull from Ihe polymeriza
lion of nuclootidcs through este r fomlation of Ihe 5' -phosphate 10 Ihe 3' alcohol of 
lhe pcnlose (Fig. 16-2). TIle continuous chain of !>enlose-3' ,5' -dicster is presenl as 
the backbone lo Ihis pol)'mer. 

An oligonucleotide is n short-chain IXlI)'Tller of Ilucleotides \\~ Ih Ihe 5<Ulle ,Im.oc 
comlXlnents: base, sugar, arld phosplHlte esler. TIle significarlce of oligonuclt."Otides 
¡s thal thcy represenl a new approach lo drug lherapy, and such agents are referred 
lo as ~anl¡sense dmgs.~ 511ch dmgs are desib"led lo block prolein s)'nthesis in dis
eases ,lSsod aled wilh an abnormal protci rl and ovcre."pression of a normal prolein . 
The anlisense <img is designe<1 lo inteT;lct \\~Ih mRNA through Watson-Crick b.'L~e 
pairing, lending ul timalely lo Ihe blockage or lenllillation of the actioll of Il1 RNA. 
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FIGURE 16-1. 5tructures of components of nucleotides. 

The nomenclature used to identify tile length of an oligonucleotide is to use an 
Ambie !lumbe r corresponding to the number of Ilucleotides present, follo ... "oo by 
··mer." TIlUs, the presence of 21 lIucleotides would be to indiC'.lte the compound as 
a 21-mer oligonuck'Otide . 

• PH YSICAl -CHEMICAL PROPERTIES. Tlle n lOS! significan! ph)'Sical-chemical prop
erties possessed by oligonucleotides and nucleic acids are their h)'clrophilic-
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00 
x = H (ONA); OH (ANA) 

o x .. o- p- o , 
Base '" guanina, adenine, cytosine. ce 
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Base 

o 

x 0-· ···· ·· .. 

FIGURE 16·2. Structure of "ueleie acids. 

lipopllilic properties and the ability of Ihe variOIlS ba.,es to recognize ench other 
through hydroge n bonrnng. The bad:bone of Ihe nucleotide diesters is hydrophilic 
in nature. Al biologic pH , Ihe phosphate diester is in an ionie state enpable of ion
cli¡XJle bonding to water, and Ihe pentose has hydrophilic characte r. The bases are 
usually conside rcd hyd rophobic ill nature (Fig. I6-3). 

The mas! IlIIUSUal charactenstic of Ilucleotides is Ihe ab¡lity of the \~.trious bases 
lo base pai r through hydrogen bonding. The Watson-Crick model states tha! a gua
nine \ViII base r aír lo a cytosine through linee hydrogen bonds, ""hile an adenine 
\vill base pair lo thymine Ihrough IWQ h}'drogen bonds (Fig. 16-4). This base pair
ing in DNA Ihus resulls in Ihe double heli:<, in which Ihe ratio of guanine lo cyto
sine is a1ways 1 and the ratio of adenine lo Ihymine is always l . Because of Ihe base 
pairing of Ihe hvo strdnds of DNA, the hydrophobic bases are oriented lo Ihe inside 
of the doubte heli:< and Ihe h)'drophilic backbone is orienled lo Ihe outside of the 
heli:<o 

Unlike DNA, HNA lends lo exisl as single strands wilh intennitlcnl inlmmole
cutar base pairing, resulling in the fonnatiOIl of loops in Ihe slruclure. 

" - .. --p-O , 
0 0 o 

X " O- p-O , 
00 

- - .. - .. -. --. - ~ ', Lipophilic . , .' , 

, 
'0 

. , , , , , , 

0- -- • ...• 

FIGURE 16·) . LipaphUic-hydrophUic part¡ons of an otigonucleotide. 
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FIGURE 16-4. Base pairiog of thymine m lo adenine (A) aod guanioe (G) 10 
cytosine{C). 

The design or oligonucleolide dnlgs (anlisense drugs) is b.'lSed upon the rtlct tha! 
deoxyribonucleotide anaJogs can base pair lo complemenlary areas in mRNA and 
as a resul! can bind lo a specific regioo or the mRNA lo disrupl prolein synlhesis. 
This does require that one identif'y stretches of mRNA that are not base paired and 
that the chosen mRNA be associated with the aberrant protein. 

Oli/:,'Onucleotides presen! an in vi tro stabili ty problem in that they are prone lo 
both acid- tlnd base-catalyzed h)'drolysis. The site mast likely lo undergo hydrolysis 
is al Ihe phospho diester bond. TIle hydrolytic process leads lo ronnnlion of oligonu
cleotide frngments, wilh a phasphate esler remaining al either Ihe 3' or 5' position 
or the pentose. An interesling complication to the base-catalyzed hydrolysis of 
ribose-containing oligonucleotides has been seen. The ribose oligonucleotides are 
more likely lo undergo base-calal)'7.ed hydrolysis than their deoryribose counterpart 
due lo Ihe participation of the 2' -OH in ¡he h)'drolysis reaction (Fig. 16-5). 

HO o 

'. 

"" Q •••••••• 

FIGURE 16-5. Base catalyzed hydrolysis of a ribose otigonucleotide. 
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FIGURE 16-6. Metabolism of an oligonucleotide by endonuclease. 
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CHAPTER 

Proleins 

Anotbc r of Ihe importan! macromolecules present in biologic syste ms are Ihe poly
mers composed of ¡¡mino aci(l~ ami termetl prolellls. Derivoo from Ihe Greek word 
protdos r of Ihe firsl order~), proteins huye a1ways occupied a significan! niche in 
biochemistry instruction. From a pharmacologic stanclpoint, proteins have been 
f(!<.'ognized for Iheir importance as e nZ)'mes catal)'zing Ihe reactions of the cell. 
They serve as key (;omponents of many. ir no! most, drug receptor si tes. They have 
al1 importan! role in drug transport , und Ihey have biologic activity as hormones. 
111ese naturally occurring malerials ma)' he relatively small mok"Cules consisting of 
a fe'lv ¡¡mino acids (Fig. Ji-l) lo extremel)' large-molecular-weight (:ompounds 
made up of hundr(."(ls of ¡¡mino adels. In Ihe past, medicinal chemistry coverage of 
proteins has been limite<! because only 11 few protei n drugs were available and the 
complexity of Iheir synthesis, purification, chemistry, amI administmtion made an 
in-depth discussion difficlllt ane! unprodllctive. Wilh Ihe ret.-enl discoveries in 
recombinanl DNA lechnology, methods in hybridoma lechnology, aulomaled pro
tein synthesis, tlnd newer methods of drug delivery. however. proleinaceous drugs 
are now nol only possible bul in ftlct have begun lo appear on the market, with the 
expectation thal scores of addilional drugs will appear in Ihe near fulu re. As a resul l 
il is extremel)' important lO be fami liar \\~th the basic chemic'oll features of protein 
stability in vitro as well as potential proteill melabolism . 

• NOMENCLATURE. Naturally o(:curring proteins ¡¡re made lI1' of 20 amino acids. 
These 20 ¡¡mino acids are linked through amide bonds inlo a polymeric structure 
calle<1 a polypeptide or Ihe protein. The armngement of Ihe amino tlcids within Ihe 
protein is determined by Ihe org .. nisnú DNA stmcture , as translated hy messen
ger HNA (mHNA). The amÍllo acitls making up the protein ma)' be neulml, aCiclic, 
or basic amino acids (Tabte 17-1 ). 

The arr.mgement of amino acids in Ihe protein gives the primal)' slnlcture of ¡he 
protein. The ¡hree-dimensional structure of a prolein (tImt ¡s, how it is .. rmnged in 
spm.-e) \\~ll define Ihe prolein 's secondary, te rtiary, or qualenmry strueture, The spa
tial arrangemenls ofa protein arediscussed in detail in Fayes Prillciples ofMedicillol 
Chemistnj , Chapler 6. The presentation of a prolein structUTe may appear in \~lriOllS 
forms. examples of which are shown in Figure 17- 1. Commonly, Ihe st ruclure is 
ShOWll using ¡he abbreviations for the various .. mino acids, since Ihe othe r represen
lations are difficult lo interpret ami lo draw. 

, 
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Wire frame represenlalion Bal1-8~stick reprlllsentation 

H 

s S 
o o 

"ti, 

I I 
Cys· Tyr·PhI.Qln·Aln-Cys·Pto-Alv·GIy·N~ 

Word abbreviation structure 

Structural representation 

fiGURE 17·1. Various representat ions o, arginine vasopressin (AVP), a nonapeptide . 

• PHYSICAl-CHEMICAl PROPERTIES. Although several unique physic-.J-chemical 
properties are associated with proteins. sorne properties are predictllble based 
upon Ihe properties of tlle monorners thal mllke up ¡he polymeric macromolecules. 
The individual units Iha! conslitute ¡he structure of proteins are the 20 amino 
acids, 19 of which are chiral molecules possessing the L-configur.ltion. Amino ¡¡deis 
are chamcteris¡ica1ly hydrophilic; ¡his same property is found in proleins. Because 
of this hydrophilic nalure, proteins tend lo show poor penetration through 
lipophi]¡c membranes, such as ¡he intestinal lining, cell membmnes, and blood· 
bmin harriero 

Chemical instability of proteins follows a pattem rela!ed lo ¡he functionality of 
the individual alllino ¡¡dds present in the protein. T11e general types of chemical 
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Table 17-1 . STRuaURES OF NATURAL 
AMINO ACIDS 

R ""'" 
H,.N)<'H 

Amlno acld Abbreviation StfUClure 
R. 

Neutral: , 

Glycine GIy. G " 
Alanlne Ala, A "", 

e", 
IsoIeucme He, I 

, 
C,Ha-C-

" 
LelJClne Leu,L 'i"' 

HJ;-C-CHt~ 

Vallne Val. V 
l?<, 

H-JC-C-

" Cysteine "",C HS-CH._ 

Methlomne Mel, M ~-S-CHt CHt-

""00 Ser, S HO-CHt-

Threoolne Thr, T HJ;-CH-, OH 
O 

Asparaglne ""', N 
.. 

HzN-C-C~-

O 
Glutamlne Gln, Q 

.. 
H~-C-(CHm 

Phenylalanine Phe, F o-CH2' 

CH~_ 

Tryptophan Trp, W CQ 
Proline Pro, P QyOH 

Acidic: 
~ O 

O 
Aspartic &cid Asp. O 

.. 
HO-C-CHt~ 

O .. 
GlutarniC acid Gtu, E HO-C-(C~Iz' 

Tyrosll'l& Tyr, Y ""-o-~" 
BaSIC: 

Arglnine Arg, A 
~HH 

Hi"-C-N-(CHili-

lysloo lys, K ~N-(CHv.-

His, H 
"'r'CH,,-

Histidine "" '-, 
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reactions seen in proleíns consist of oxidation-reduction, deamidation . h)'drolys ís. 
and racemization reactions. 

Oxidalion Reaclions. Tile ¡¡mino ¡¡cids most prone to midation reactíons con
sisl of methioníne (Met). (;ysteine (e}'s), histirnne (B is), tryptophan (Try). and 
Tyrosine (Tyr). The amino acid methionine contains a thíoelher f¡mctional group 
(Fig. 1 ;-2). 111is uníl is readíl)' oxidi1.ed by mild oxidi7jng agents. such as h)'drogen 
peroxide, as well a.~ o~)'gen in the ¡Ii r, ane! represents 11 potentíal problem for stor
age of proteins. 

111e amino acíd (.)'Steine contains the thiol functional grollp. which is also read
ily oxidized to any of a number of oxid .. 1tion states, depending on the strength of Ihe 
o.'I':idizing agen!. Potentially the simplest oxidaríon may be Ihe CQTlversion of Ihe 
thiol to a disulfide «:ystine). a react ion th¡¡! occurs in the presence of oxygen and 
metal ions (Fig. 1;-3). 111e Illverse of this readion (that is , the recluction uf a disul
fide linkage of ('·)'1itine) may also occur readily during protein isol¡¡tion ami purifi 
calion. Sim:e intmmolecular and intermoleeular d isulfi<lc bonds are common in 
proteins, a reduct íon of the disutfide bond will result in significant changes in ¡he 
physical-chemical properties of the protein as well as the biologic aelivi!)' of Ihe 
protein . 111e disulfide bond fol'(.'t!s the protein lo adopt a specific shape, a/l(l thus 
breaking this bond allows the molecllle to ~unfold ~ and take on a new shape, which 
resul ts in totall)' d ifIe renl properties. Disulfide bonds are qui te c;ommOll in biolog
iC'dlly active prole ins includíllg molecules such as vasopressin (see Fi~. \i- I), 
somalos!atin. oxytocin, parathyroid Ilormone, ami insulin. 

111e oxidation of histirnne, tryplophan, and tyrosine has been reporte<! to oc'Cur 
\\'itli a V'driety of o:.:idi¡ooing agents. In those cases in which oxi<lation occurs. it is 

HAor 
• 

Air 

fiGURE 17-2. Qxidation of methionine. 

Disutlide 
, 
s 

Oxidatioo 
• 

• , 
s , 
9H~ H 

CH- C-N-R' , " 
R-C-NH Q 

" O 

fiGURE 17-1. Qxidation of cysteine, reduction of cystine. 

e ;¡pynghted matenal 



Ihought that the IlrOmatic ring is cleaved, bul structures of the breakdown products 
have nol been characterized. With histidine and tryptophan, il is postulated that 
the producls of oxidation are aspartic aeíd and N-fonnyl kynureníne, respectively 
(Fig. 17-4). 

Deamidation Reactions, A comlllon in vitro reaction of asparagine (Asn) amI 
possibly of glutamine (Gln) is Ihe hydrolysis of the side chain amide. Thís reaction 
has been investigated extensively for aspara~ .. ine. wilh Ihe nature of the products 
being influenced. by Ihe pH of Ihe medium. If Ihe pH is strongly acídic, a simple 
hydrolysis oc'Curs, resulting in formation of Ihe aspartyl peplide (Fig. 17-5). \Vhen 
the protein is slon.-d al neulral or alkaline pB , not ol1ly is the asp;.utyl pcptide pro
duced but in addition the isoaspartyl peplide can be isolated. This reaclion has 
been shown lo proceed through a cyclic imide intenneruate thal opens readily lo 
give Ihe hIlO possible products (see Fig. 17-5). 111ese changes can be expeded lo 

o 
H " 

~CH:2.C-C-QH 
HN "'<::¡, ' 

\::N NH2 

Histidine 

O 
H " CH2-C-C-OH 

"''''y-~, NH2 

--'V--~ 
Tryptophan 

[O[ 
• 

[al 
• 

o O 
" H .. 

HQ- C-CH2- C-C-OH , 
NH, 

Aspartic acid 

O O 
" H " 

crC-CH2-C-C-OH 
[ " , NH, 

¿; 
N- C-H 
H " O 

N-Formyl kynurenine 

FIGURE 17-4. Oxidalion of histidine and tryptophan. 

pH <5 
• 

pH > 7.0 

O 

N-A 

O"C·OH 
, 

tH 9H:2 H 
N-C-C-N-R 

H " O 

Aspartyl peptlde 

FIGURE 17-5. Deamidation of asparagine-<:onta ining protein at acidlc or basic pH. 
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have a profound cfTai on the physiC'oll-chemical propert ies and Ihe biologic activ
ity of ¡he mooified prolein. 

A similar process can be in ... vked for hydrolysis of Ihe glutamine side chilln. bu! 
al presenl Ihere is Hule supporti\'e ehemieal evidence lo suggest thal this reaction 
is a serious problcm in vi tro. 

Hyd rolysis Reaction. Hyclrol)'sis of peptide oonds in a protein genernlly does 
no! occur. The ty])ical amide bond is relalively stable \\~ th one ex<:eplion. An aspar
lale (Asp) n:sidue ill Ihe protein greally increases Ihe polenlial for h)'drolysis of Ihe 
peptide al Ihe N-terminal wuVor C-Ienninal position uf Ihis ami no acid al aadie 
pH. The presencc of a side ehain earboxyl is important since IJ¡is group assists Ihe 
h)'drolysis renction, as shown in Figure 17-6. The hydrolysis obviously results in 
clestnlction of Ihe prolein. 

RacemizatiolJ Reaction. Nineleen of Ihe 20 amino acicls <:ontain a chirnl cen
ter Ihal in theOl)' coulcl be nl(.'emi".et! under basie conditions to lhe D-enalltiomer, 
tilias result ing in a protein with large difTerences in ph)'sical-chemicul properties and 
biologic activities. Mosl amino acids appear lo be relali \'ely slable lo racemiZ:ltion, 
although sorne evidence suggests Ihal aspartale residues rna)' rol(.--emi"..e through a 
cyclic imide (Fig. 17 -7). nlt~ fonnation of Ihe (.'}'Clic imide increases Ihe ease of pro
ton remO\~oll al ¡he asymmelricclIrboll, which upon reprolonation leads lo fonnation 
ofboth isomers. Presumably resonance slabiliZ:ltion of Ihe a-carbanion in Ihe imide 
plays an importanl role in the racemization reaction. 

Conformational Changes. A unique property found in proteins. bul not com
monly found in Ihe low-molecular-weighl compounds previously dealt with, is Ihe 
high degree of inlramolecular and intennoleculnr bonding thal occurs in proteins. 

O':-C,OH 
, 

H C¡:H2 " ¡ R- C-N-C-C - N- R' ¡ " " " O O 
O O 

R O " O X;o 
-J-- N 

N- R' R..Jl~ N-R' 
HO " O HO " 

1"" "" I 
O':-C,OH 

O':-C,OH 
, 

, H C¡:H2 
H y H2 H H2N-R' 

R-C-OH R-C-N- C- C-QH + H-N-C-C-N-R' + .. H" 

" " " O O 
O O 

FIGURE 17-6. Hydrolysis of aspartate-(ontaining protein. 
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• 

o 
H • .....l! 

R-N :~ 
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o 

o 

FIGURE 17-7. Racemization of the aspartate residue in proteins. 

llw amide functionru groups found in prolein can act as both a h)'d rogen donor and 
a hyrlrogen :1(.'Ceptor, leading lo nydrogcn bollding. Ir Ihe h)'droge n bonding OCClll'5 

intramok"Cularly ootween Ihe first and fourth peptide bond, Ihe Q-heli:o: oonfonna
lion results (Fig. 17-8), hui ir ¡he hyd rogcn bollding occurs intermole<:ularly (or 
intramolecularly with ¡¡ d istanl portion of Ihe same protein), ¡he ~-sheet conforma
lion is found (Fig. 17-9). The (:onformatioll of Ihe prote in result ing fmm ¡he spatial 
arrallgement and. interactions due lo ncarhy amino acids is refcrred lo as the sec
ondary slructure of Ihe protein. This scx:ond.ary structure for the protein leuds lo a 
great deal of rigidity. bul u rigidil)' Ihul can be broken b), temperature variations, 
changes in pB. or ille presen<''eof organic solvenls. Molecules Ihal are <.'Oiled or tight-
1)' packed due lo hydrogen bonding have differe nl physical-chemical and biolq,tic 
properties than their nonbonded (onn. Another phellomenon seen with proteins is 
lhal they fold in such a W:I)' that Ihe h)'drophobic groups are buned in the interior of 
Ihe polypeptide, while the hydrophi lic groups are on the surface oflhe protein. 111e 

Inlramolecular H·bonding 

FIGURE 17-&. H·bonding resulting in an o.-helix protein structure. 
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fiGURE 17-10. Reduction of the disulfide bond in a protein and oJtidation 01 the thiol 
to the disul1ide. 

varíety of peptidnses, such as trypsin, chymotl)'Psin, elaslase, ¡md c-oHboxypepti
clase. Commonly found in Ihe small ¡ntestine, these peptidases can (,'Ompletely 
degrade prolein wi thin 11 few minutes. Bu! additionally. peptidases or the ir pre<:ur
sors may be found in ¡he blood, in nerve synaptic regions, in Ihe skin, alld in fad 
in mos! Iluids and tissues of ¡he body. n lerefore , Ihe r ... p id me labol ism of peptides 
can be expected, wi th Ihe resulting tennination of biologic activity. 

A va.rie ty of aminopeptidases. carboxypeptidases, and deamidases altack alld 
hydrolp.e amide bonds. TIlese enzymes may be highly selective ror specific amino 
acids or oombinations or amino acids. Table 17·2 lisis the selectivity ror se\'e ml 

Table 17-2. PROTEIN HYDROlYZING ENZYMES 

Enzyme 

Trypsin 

Thrombin 
Chymotryp5ln 

PePSifl 

Cart:!oxypeptlOase A 

Carboqpeptidase B 

Elastase 

Selectlvity 

Cleaves on calboxyl skle of lyslne an<! arginine 

Cleaves arglnl08 an<! glyc:lne 

Cleaves on carbo_y! side 01 aromalic: amino 
aeids (Tyr. Trp. Phe) and methionifl8 
Cleaves tyrOSlfle. tryptopnan alld phenylalanine 

Cleaves C8Jbox~'lerminal peplldes (Iaster Iof 
aromalics alld bulky alipnatlC amino aeids) 
Cleaves argllllfle alld Iysme 

Cleaves amide bond5 01 5mall and uncharged 
amlnoacids 
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Cafboxypeptldase (2) 

S S n 
I I 

Cys-Tyr - Phe-Gln-Asn-CYs-Pro-Arg- Gly -NH 

TI TI ' 
Carboxypeptidase (3) Trypsln (1) 

s S 
I I 

Cys-Tyr-Phe-Gln-Asn-Cys-CQOH + Pro + Arg + Gly-NH: 

Pressinoic acid 

FIGURE 17-11 . Intestinal metabolism of arginine vasopressin. 

s S 
I I 

Cys-Tyr -Phe-Gln-Asn-Cys-Pro-Arg-Gly-NH2 

U U U U 
1 2 3 4 

N-Terminus aminopeptidase 

HOOC-Cys - S- S 
I 

H2N-Asn-Cys-Pro-Arg-Gly-NH2 + Tyr + Phe + Gln 

fiGURE 17-12. Brain synaptk metabolism of arginine vasopressin. 

common enzyrnes. In general, aminopeptidase clea\"es proteins stmting al Ihe N
lenllina] amino aeic!. carboxypeptidase cleaves amillO acicls from the e-terminal 
end of the peptide, and deamidases h)'drolyze simple unsubstitutCíI amides. As all 
ex.'1mple of the metabolism of a naturol proteín, Fibrure 17-JI oullines Ihe metab
olislll of arginine vasopressin in intestinal juice, while Figure 17-12 indicates Ihe 
metabolic rate or arginine vasopressin in bmin synapses. 
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CHAPTER 18 . PREDICTlNG WATER SOLU81llTY 

Garboxylic acId 

------ -

Tyrosine 
(Solubility in H~ 0.45 g/ lOO mi al 25'1 

H <.? 0 0 

Ú
CH;¡-9-C-O Na 

00 I NH;¡ 
No O 

Very soluble Very soluble 

FIGURE 18·1. Soubility of tyrosine in water, aqueous base, and aqueous acid. 

present: a phenol, an amine, and a carboxylic acid. By a simple summation of the 
waler-solubilizing polenlial of each fu nctiona! group. olle would predict that the 
phenol would solubilize 6 or 7 carbon atollls, the amine 6 or 7 carboll atoms, and 
the carboxyl5 or 6 carbon atoms, giving a total 50lubilizing potential of 17 lo 20 car
bon aloms. Tyrosine contains nine carbons, yel the moleeule is soluble lo Ihe exlenl 
of 0.5%. The explanation for this lack of water solubility can be understood if one 
recognizes the possibility of intramolecular bonding. The amino llcid can exist as a 
zwitterion (see Fig. l8-l). The charged moleeuJe exhibils intrJlllOleeuJar ion-ion 
bonding. which destroys Ihe ability of Ihese Iwo functional groups lo bond 10 waler. 
11le phenol is nol capable by ilself of dissol\~ng the molecule. If the ¡ntramaleeu
lar bonding is destro)'ed by adding either sodium hydroxide or hydrochloric acid lo 
the amino acid, the resulting compound becomes quite water-soluble. 

Most functionaJ groups are capable of showing 5Oll1e inlra· and intennolecular 
h)'drogen bonding in a polyfunctiona! molecule, which deereases the potenlial fo r 
promoting water solubility. How much weight should be given to each such inter
action for indh-idual functional groups? This is a difficult questioll lo al\Swer, bul as 
a general rule, if one is conservative in the amount of solubilizing potential that is 
given lo each fu nctiona! group, one will flnd tha! fairly accurate predictions can be 
maJe fo r polyfunctionnI molecules. 

In Table 18-1, the various fund.iona! groups thal have been discussed are lisled 
with the solubilizing potential of each group when present in a Illonofunctional 
molecule and in a polyfllllctional lllolecule. This latter value will be the more use
fu i \~.llue, since mos! of the moJecules Ihal we discuss \\~II be polyfundional. 

Sever.ll e.~amples will help demollstrate this method of predicting water 5Olu
bility. In the flrst example, Figure 18-2. one should recognize the prescnce of hIlO 
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result. It tums oul thal the molecule is '",aler-soluble. 111e use of Ihe more liberal 
estimate to obtain the corree! results is acceptable in this case because the mole
cule contains only amines tha! act a1 ike, not creating any new inter- and intmmol
ocular bonds, Probably ruso importan! for Ihis molecule is Ihe fact Iha! both amines 
are terti:uy amines, anel tertiary amines canno! dipole-dipole bond to each other. 
and Iherefore inlennolecular bonrnng is quite unlikely in Ihis molecule. 

With pant-dimethylaminol>en7.aldehyde (see Fig. 18-2), a nine-carbon mole
c\lle, Ihe liberal estimate would predict solubility. sínce the amine is capable of sol
ubilizing up to se\'en carbon atoms and an aldehyde could solubi lize up to llve 
C'drbon atoms, On the olher hand, the consef\lllive estimate \\-"Quld predict insolu
hil it}', with the amine worth three and the aldehyde worth two carbon a!oms. 111is 
mole(.'Ule is lisled as slightl)' soluble. a result Iha! falls hetween ¡he two estimates, 
This simpl)' shows that these are on1)' predictions and, \\~ th borderline compounds, 
ma)' lead to inlJC(.'Urate results, 

The next examples sIJown in Figure 18-3 lead to a more accurate prediction , In 
the II rsl (!()1ll!X)und in Fi¡,rure 18-3, olle should recogllize Ihe presenoo of Ih ree 
ethers. a phenol. ami a tertiary amine. Using ¡he Illonofunctional solubilizing 
¡X)tential. one \\"Quld expect enough solubility from these groups lo díssolvc this 19-
carban compound, since each elher would be assigned 5 carbons, the phenol 7 (:ar
bans. alld the amine 7 C'drbons \\Urth of solubi lizing potential. If one uses the more 
consef\~dli\'e estímate, which lakes into considcration Ihe ¡nlm- and intennolecular 
bonding, howevcr, ench ether contributes two carbons worth of solubility, while the 
"henol and ¡¡mine contribute th rL"'e nnd fOUT C'drbons worth of solubilizing poten
tinl, respectively. The prediction now is that the molecule is ill!ioluble in wlIter. and 
this tums out lo be the case, 

The SCl-"Qnu structure in Figure 18-3 has two esters, :ln ether, and a tertiary 
amine. Once the funclional groups are identilled, one needs onl)' lo assign Ihe sol
ubili7ing potential to each group. Again. Ihe monofund ionru potentials are inap-

Etn&r_ ~ 
Phenol . t«) 

5+5 + 5+7 +7 _29 

2 . 2 + 2 . 3 + 4_ 13 

Wa1er lnaotubIe 

! c",-c-o 
Est8f 

o • C",- C-

"'M 

3 . 3 .. 2 . 3_ 1\ 

water Insolroblt 

FIGURE 1&-3. Predict ion of water solubi1ity of organic molecules u$irlg monQo and 
polytunctional estimates for the funct ional groops. 
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propriate since this is a pol)'fu nctíonal molecule, and if used would have resulted 
in a prediction of water solubilit)'. Using the polyfunctional solubilizing potentíal 
gives the more accura te prediction of the molecule being wate r- insoluble. 
The pol)'funt'tional potential is more appropriale since tllis molecule would be 
expected lo have both intmmoleclllar and intermolecular bollding. 

Additiollal examples of the empiric approac}¡ lo predicting water solubil¡ty can 
be found throughout Ihe Funclional Group Analysis Workbook. 

ANALYTIC METHOD 

Throllghollt this prescntation, emphasis has been plHCed on Ihe W'.lter-solllbi!izing 
properties of the (.'ommon organic functional groups. TIlis is restatoo in Table 18- 1 
with <:'.lrbon-solllbilizing potentials for each fu nctional group; the use ofthese \'alues 
was demonstrated by Ihe examples shown in Figures 18-2 and 18-3. While this 
appro.'lCh is empiric, others ha\'e attempted to derive an !lnalytic method for caJ("u
lation of waler solubility. Qne sllch mHlhematical approach is based upon Ihe partí
tioning of a drug between octanol (a standard for lipophilic media) and water. TIle 
base-ten logarithm of the partition coefficients is defined as log P. \\'hile the meas
ured log P "HInes are a measure of Ihe solubility chamcteristics of the whole 
molecule. one can use fmgments of the whole molecule and assign a specific 
hydrophilic-lipophilic value (deflned as 1T value) to each of these fragments. Thus, a 
calculaled log P can be obtainoo by Ihe sum of Ihe hydrophilic-lipophilic fragmenl5: 

eonc. of Drug in Octanol 
log p = 

Conc. of Drug in Waler 

log Peale = I1T(fmgmenls) 

(Eq. 1) 

(Eq. 2) 

To use this procedllre. the student mus! fragment the molecule ¡nto basic units and 
assign an appropriate 11' \"alue (:orresponding lo the aloms or groups of a!oms pres
en!. Table 18-2 lists the commoll fragments found in orgllnie molecules and their 
1T values. Positive \'II1ues for 11' mean that the fmgment, relative to hydrogen, is 
lipophilic or fa\'ors solubi lity in octanol. A negati\'e va.lue indicales a hydrophilic 
groU» and tllus an affinit}' for waler. While Ihe environment of the substihlenl can 
influence the 11' valuc, such changes are small. and for our purposes this factor can 
be neglected. 

Through the examination of a large number of experimelltally obtained log P 
and solubility "alues, an arbitral)' standard has been adopted whereby Ihose chem
kals \vith a positi\'e log P wlne o\'er +0.5 are considered wate r- insoluble (Le., sol
ubili ty is < 3.3% in .... 'aler- a definition for solubility llsed by Ihe USP). Log P w l
ues less Ihan +0.5 are considered w·ater-soluble. 

This method of ealculaling water solubili ty has proved quite e fTective with H 
large number of organic molecules containing e , e l, N, and 0 , bul se\'er.ll addi
tional factors ma)' llave to be collsidered for specific drugs. A complicating factor 
is the inflllcnce of inlramoleclllar h)'urogen bonding ( I~I Ji B) on 1T va.lues. As dis-
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Table 18-2. HYDROPHllIC-lIPOPHllIC 
VAlUES (71" VAlUES) FOR ORGANIC 
FRAGMENTS 

Fragments I! Values 

C (allphatic) .0.5 
C (alkene) .eJ.33 

f'henyl +2.0 

CI (halogen) .0.5 

S .eJ.0 

N (amine) ·1 .0 

O (hydroxyl. pheflol. elher) -1.0 

OzNO +0.2 

OzN (aliphatic) -0.85 

02N (aromatic) -0.28 

O:C-O -0.7 

O'C-N (otMr than amine) .(J.' 

IMHB 

SoIubility 0.2% 

Cale. 109 P without IMHB 

Phenyl. ................... . +2.0 

O-H .. ...................... . -1.0 

O=C-O .................... -0.7 

Tolal. ..................... +0.3 

Predictlon Soluble 

+0.65 

O O-H 'c' . __ Intramolecular , - 1 A : H-bonding lJ O-H 

Cale. 109 P with IMHB 

Phenyl. .................... +2.0 

O-H ......................... · 1.0 

O=C·Q .......... .......... -0.7 

IMHB ...................... +0.65 

Tolal... .................... +0.95 

Prediction Insoluble 

FIGURE 11-4. Calculation 01 water solubility of salicylk acid w ithout and with the 
intramolecular hydrogen bonding (IMH8) factor. 
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Procaine 

Phenyl ..................... +2 .0 

6 • e @ +0.5 ........... +3.0 
2 · N @·1.0 ........... · 2 .0 
o=c·o ... ... ........ ...... · 0.7 

TolaL ................. .. ... +2.3 

Prediction Insoluble 

FIGURE 18·5. Calculation of water solubility of procaine. 

cussed in lile previous empirie appro..'lCh lo predicting wlIler solubility, 1/1.-1 H B 
would be expected lo decrease wale r solubili ly, and Iherefore where 1M H B exisls, 
a 7l" \~ll ue of +0.65 is added lo Ihe calculations. An example of using Ihis facto r is 
showTI for sali<'j'lie ¡¡cid (Fig. 18-4). 

The lag P "alues of a drug with acid or base characte r are inf1ue n<:ed by Ihe " Ii 
of Ihe med ium in which Ihe drug is " laced. This is not surprising. since ¡¡cid or b:lSe 
groups will become ionie linder appropriate conditíons. Although Ihe 7l" V"dlues 
given in Table 18·2 were oblained under conditions in which Ihe amine, phenol. or 
earboxylie acid are un.ionized. whieh would allow nn nccurale prediction of lag P, 
observed lag P's al \~lriOll S p¡'¡ \~¡]ues may nol be accurale fo r waler prediction. TIle 
expe rimenlallog p's faund for proc-dine are - 0.32 (pH 7) and 0.14 (pH 8), both of 
which would lead to Ihe prediction that pfO(.1Úne is waler·soluble. In fael , procaine 
is soluble to Ihe exlent of O.5% al pH 7. The calculated lag p :: +2.3 (Fig. 18-5) 
correelly prediels Ihal procai ne is water·insoluble. 
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Stereoisomerism -

Asymmetric Molecules 

APPENDIX 

A caroon atom with four different substituents does nol possess aplane or poilll 
of s)'mmetI)' and therefore is un asymmetric molecule. A carbon atom with two or 
more of Ihe sume substiluents has either aplane or point of symmetry resulting 
in a symmetric molecule (Fig. A-l). For 2-methyl-2-butanoL carbon aloms 2, 3, 
and 4 ami lhe OH lie in a pIune wilh Ihe methyls and hydrogens S)'Inmetrically 
[ocate<! hefore and behind Ihe plane. This compound has aplane of S)'fll mctry and 
is therefore a symmetric molecule. On the other hand, 2-butanol does not have a 
plane of symmetry, is asym metric, aud consists of rso molecules or a pair of enan
tiomers. The second enanliomer can be casil)' generale<! by reflectillg ¡he mole
eule in a mirror, as showll in Figure A-2. Ir Ihe mi rror image is rotale<! 180°, one 
can see Ihal the enantiomers are not superimposable. 2-Butanol is said to be a 
chiral molecule with two enantiomeric forms. What is Ihe significance of chinlli
ty? The two enuntiome rs have the same empirical fonnu la, and mosl physic-.tl
chemical properties are Ihe same. The exception is Ihal a chiral method of iden
tification sees lhe two molecules as dislinctly different . A common melhod of 
identifying enantiomers is by using plane polarized light . Qne of the isomers, 
when pla<.w in a polarimeter, rotates lhe plane of polarization lo the right (dock
wise), is said lo be denrorotatory, and is labelecl tlle el isomer or (+ ) isome r. 11m 

OH , OH , 
CH3- C- CH2 CH3 , CH3- C-CH2 CH3 , 

H CH, 

OH - H_-, 
I I 

•. C.... ......~\. 
CH " .... ~ ..... i _,-

CH3H'" \: H H 
H 

FIGUREA-l. Structure of the asymmetric 2-butanol and the summetric 
2-methyl-2-butanol . 



OH 

.. b /CfiJ 
H" , ........ CH2 

CH, 

Aolation 1 

FIGURE A·2. Enant iomers of 2-butanol. 

othe r iSOlllc r clmses a counterclockwise rotation of Ihe plane of polarizatíon and 
is ,hus Ihe levorotatory ¡somer, abbre\~ated as Ihe 1 ¡sorner or (.) ¡somero The 
degree of rotution is Ihe same for both enantiomers bu! in opposite directions. 
The fnct tlm! enantiomers can bend plane polarized lighl has caused such com
pounds lo be refe rred lo as optically acth'e ¡some rs. Ir a compound exists as ¡Ul 

equal mixture of both ¡some rs, ¡he material is said lo be race mic, with a ne! rota
tion of polarizlltion of rem. Othe r chiral substances, importanl lo medicinal chem
¡SI!')'. tha! can ofl en dirtinguish between enantiomers \Vi th profound difTe rences 
are biolo¡,>ic enzymes. Sin<.'e e nzymes are proteina(:eous, lhey are made up of 
lL lll ino acids. which are chiral compounds. In Ihe human bod)'. enzymes are con
stmded of a -amíno acids. Man)' chíml enzymes read: selectível)' wilh one of lhe 
enantiomers of a chír.J drog, producing a biologic response. 111e second enan
tiomer may have Hule or no biologic activity. Dne must recognize lhe present'e of 
a chiml t'enter in a dmg molecule and appra.;ate the importance of this property 
as it alTects biologic activity. 

Finall)'. another aspect of a chiml t'ellter should be reviewed. The direetion of 
rotation of plane polarired light is a relative property and does not indicale the 
absolute configumtion around Ihe chiml center. 111e Cahn-lngold.Prelog ~ RH and 
~SH nomenclalure is used lo inWC'dle absolute confibruration. A sel of arbitral)' 
sequence mies assigns lo Ihe aloms around Ihe chirnl center priorities of 1 Ihrough 
4, with number 1 being Ihe highest priority. The Illolecule is Ihen rotate<! so that 
the number 4 group is placecl behind Ihe remaining three groups and farthest from 
the ere. Dne lhen noles the direction in which lhe ere travels in going from I lo 2 
lo 3. If Ihe direction is c1ockwise. the molecule is assigned Ihe absolute t'OlIflgurn
lioll of R. wh¡le if Ihe direction is oounlerclockwise lhe cenler is assigned lhe S 
absolute t'Onfigurnlion (f ig. A-3). \Vhile man)' sequence rules are used fo r the 
Ilmn)' dilTerenl functiona! groups em.'Ountered in organic chemistry. Ihe olle that 
suffices for must silualions is that Ihe alom wilh a higher atomic Il \l lllber precedes 
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= 

.... 
" .' 4 
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" ~'" 2 

3 9 
1 

Eya 

2 9 
1 

Eya 

1 3 

R 
(Eod View) 

3 

1 

S 
(End view) 

FIGURE A-J , Cahn-Ingold-Prelog method of assigning absolute configuratíon. 

CH3 (3) 

J (2) OH 
..¡,,- ['c-

(4)H HzN 1I 

(1) O 

3 

1''-' 

FIGURE A .... (S)-2-aminopropionic add [(S)-alanine). 

2 

a lower atomic numbcr afom. Thus, for the amino acid ruanine sho\Vn in Figure A· 
4, tIJe N (atomic No. 7) has higher pliority than e (atomic No. 6), which has high
e r priori ty than H (atomic No. 1). To differentiate between Ihe C H3 and ¡he 
COO¡.¡ group. one musl go to tlle atoms attache<! to ¡he caroons, rmd Ihe O (alom
ie No. Bl has priority ovcr H. 
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Acidity and Basicity 

APPENOIX 

• • 
Throughout Ihe book, considerable emphasis has been placed on Ihe physical
chemical properties of Ihe various functional groups. Dne of Ihe major physical
chemicat properties emphllsized has been thal of addityAlasici t)'- Ir a fu nctional 
group is acidic, conversion of tha! group lo a sal! thal can dissociate in water dra
matically improves water soluhility through ion-dipole bonding. In a similar fash
ion, ir a functional group is basic, il can be collvertoo lo a sal! by treatment \\~th an 
acid. Ir Ihe sal¡ dissociates in water, wate r solubility will be ¡nerease<! through ion
dipole bonding. SiJl<.."e \\'¡tlcr solubili ty is quite importanl for dmg delivcry. il is fel! 
tha! a short reviev,' of ¡he concept of aciclity anel basicity is calle<! foro In addition, a 
compilation of Ihe importan! acids and bases, drawll fmm this book, will be pre
sente<1 in this appendí.'!:. 

OEFINITIONS OF AClOS ANO BASES 

,\ lthough then: are several definitions ror acids and bases, tbe most useful for out 
purposes is the Bronsled-Lm"I)' definílion. According lo this definilion. an acid is 
de ll.ned as an)' substance tha! can donale a prolon: a base is a substance Ihal can 
m:cept ;\ proton. Shown here is the reaetion of HX with wate r. HX is donating a pro
Ion lo water, ami I-IX is the refore an acid. B)' virtue of Ihe rael that water is aa.-ept
ing the proton. w;\te r is a base. The anion, X- , fonnee:! from Ihe acid, HX, is also capa
ble of accepting a proton and is thus defined as tbe conjugate base of I-IX. In a simi
lar man ner, the hydronium ion, 1-1 30 +, is a conjugate acie:! of the base wale r. In this 
readíon, the re are two conjugale acid-base pa irs: the conjugate acid-base pmr made 
u!, of !-lX ami X- ane:! Ihe conjugate acid·base p..1.Í r made up of 1-1 20 and l-hO+. The 
Bronste<I-Lowry definilion of acids ami bases nccessi tates Ihe concept of (.'onjugate 
acid-hase pairs. Indeed, an acid (or base) cannot demonstrate its acid ic (or basic) 
properties unless a base (or acid) is present. In Ihe example show11, HX cannol 

e '" HX + H,O • H, O + X • 

Acíd Ba" Conjugate acid Conjugate base 

I I I I 



RELATlVE STRENGTHS OF ACIOS ANO BASES 

The slrength of fin acid depends on its ability lo donate a proton. The slmng acicls 
have a strong tendenty lo give ur a prolon, while ¡he weak acids huye hule len
de n<.y lo give up a proton. Virtually all organic compouncls could be considered 
acids. A compound ]¡ke methane (C I-4) can give ur a protan when treated \Ilith a 
sufficiently strong hase. HO\vever, when dealing with \\~\Ier as Ihe phannaceutiC'dl 
salven! am1 with Ihe intention of creating water-soluble salls, Ihe lis! of acids is 
greally reduced. Thus. Ihe alcohol fum:;tional group. which un organic chemisl may 
consider un acie!, from our standpoint is l'onsidered a neutral fu nctiana! group. The 
same limilations musl be plact.-d 011 ¡he base. Many oompounds thal a chemist 
would COllsider basic will nol give stable salts when plaeed in water. Therefore, the 
dnLg list ofbasic fu nctional groups is quite limited. 

Strong acid: HX + H20 

Weak acid: HX + H:P 

® 
H,O 

® H,o 

+ 

+ 

e x 

e x 

The discussion of the re lati\'e strenh>1h of ¡m acld reall}' becomes a discussion of 
Ihe nature of the disSQl."Íation equilibrium for Ihe acld in water. A strong aeid is one 
that has a strong lendency lo dissociale. The strong acids commonly use<! in phar
mac)' are near!}' (.'omplete!y russociated in \\~Ite r (e.g., H2S0-4. He !, HNOJ) . If a 
compound is 11 strong aeid, Ihen its conjugale base is weak. The weak acids are 

HCI + H:P 

SIr009 acid Base 

- ® H,o + 

Weak conjugate Weak conjugate 
acid base 

those compounds Ilml have a poor tendency lo dissociate in waler (e.g .. carboxylic 
aeids. phenols. sulfonamides, imides). Such compounds are clllIra<.'terized as ha\'
ing relatively strong (:onjugale buses. In all cases, the c<¡uilibriULll will tend to favor 
111t: clirection that gi\'es Ihe weakeT acid and Ihe weaker base. 

o 
HJC-C'OH + H:P -
Weak acid Weakbase 

® 
H30 + 

Strong conjugate 
acid 

9 e 
H,e-C-O 

Stroog conjugate 
ba .. 

In a similar fashion, the Telati\"C strength of a base clepends upon Ihe ability of 
Ihe chemicul to give up a h)"droxyl or Ihe tendency lo accept a proton . Table B-l is 
a listing of commOIl acids and bases in order of acidity. The table actually becomes 
<''OllIpressed when water is specified as OUT solvent. AH of the aeids abo\'e the 



Table B-l. ACIO· 
BASE CHART 

ACIDS 

H,so. 

HG' 

HNo, 

Ha00 , 
o o 
e RC"," e , , 
e ,.oH e 
a a , 

RSDt-l~ 
, 

, 
o o 
9 O H O 9 

-~-.-~-
B H,o A 
a e 
e ArNH2 ; , d 
e NH , 

R-~-NH2 , 
t Y 
Y .'JkyI-N~ 

NH 
RHN-8-NH2 

NaCH. KOH 

BASES 

hydronium ion show a reduction in apparenl acidity because of Ihe leveling effe(:1 
in water. Since the strong acids (e.g. , H2S0~ , He l , HN03 ) are nearly completely 
dissociated in water lo form h)'dronium ions. their acidities become equal in waler 
and the hydronium ion becomes Ihe strongest ion. The leveling effect also affects 
slrong bases. In water, Ihe strongesl base that can exisl is Ihe h)'droxide ion; there· 
fore, sodium hydroxide and potassium hydroxide, whieh completely dissociate, 
become equivalent in basicity. 

A brief reminder aboul Ihe acid-base properties of water, whieh can ws.sociate lo 
form hydronium ion and h)'droxide ion. is shown. The h)'dronium ions (lml hydrox-



ide ions fonned by Ihis dissocialion are present in equal concentral ions (¡.e., Ihere is 
no cxcess of cilher hydronium ions or h)'droxide ions). Hence, wate r is neutral. 

H;P + H;P • 

Base 

'" H, O 

Conjugale acid 

• 
Conjugale base 

REACTION OF AN ACID WITH A BASE IN WATER 

TIJe reaction of IIn acid wilh a base in water is known as a neutmlization reaction, 
when a strong acid rea<.ts with a strong base, one actual!y flnds lhal lhe reaction 
consists of hydronium ions formed by Ihe acid reacting wilh Ihe hydroxide ions 
formed by Ihe base. The neulralizalion rea<.tion between a strong acid and a slrong 
base resu!ts in an aqucous so!Ulion tha! is neulral. TIle anion of an acid and Ihe 
calion of a base do no! reae! wilh each ot he r bul are simp!y present as a sal\. TIle 
silualion is nol lhe same when a weak aeid is ne utmlized by a strollg base. In Ihe 

HN03 • H, O • 
• '" H,o • 

0 
NO, 

K
9 0 

KOH + H,O • • OH • 

'" 0 '" 0 '" 0 
H, O • OH • K • NO, , 2 H,o. K • NO, 

acid-base reac:tion between acetic acid and sodium hydroxide, s<xlium acelate, Ihe 
weak conjugate base of acetic acid, alld waler, ¡he weak conjugale acid of lhe 
h}'droxide ion, are fo rmoo. TIle sodium acetate will partially dissociate in water, 
hO\\'(.' ... er, to aITord acetic aeid and hyd roxide iOIl. This will resull in a slight excess 
of hydroxide ion in so!ution whe n Ihe ~neutralization· reaetion is ~:omple le, and Ihe 
p B oflhe solution will be greater than 7, or alkaline. 

• 

Weak acid Slrong base 

-• 

Sa,. Acid 

o '" H:P + CH~OO Na 

Weak aeid Weak base 

+ 
e 0 

OH + Na 

Conjugate acid Conjugate base 

An analogous si tuation occur.; in neutralizatíon reactions between weak bases 
and strong acids, except thal the final solution is acidie. In this example, the dísso
ciatíon or Ihe salt rormed during Ihe neulra.liZ,'ltion reaetíon produces hydronium 
ion. 11m result ing solution from this neutraliz.1lion reaction will Ila\'e a pl l less thall 
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7 (acidic), in Ihal lhe slrength of lhe h)'dronium ion is more acidie Ihan lhe amine 
is basie. The amounl of hydronium ion formed depends on Ihe extenl of dissocia. 
lion of the amine sall. 

• 

Weak base Strong acid Weak acid Weak base 

-• 

Add Base Conjugate base Conjugale acid 

This COIK'CJ.ll is quile importanl if olle considers whal happens lo Ihe pH of water 
if a sodiulll or pOlassium salt of nn organic aeid is dissolved in waler. The organic 
anion is Ihe (:onjugale base of a weak aeid, and when placed in water lhe pI-! of lhe 
solution be(:omes alkaline. Another way of (;onsidering lhis is Ihat , in water. one has 
¡he salt of a weak aeid and a strong base. Since ¡he strong base is farther up the pI-( 
scale than ¡he weak acid is down ¡he scale, Ihe ne! sum oflhis is Ihal Ihe pH remains 
greater lhan 7 (F'ig. B.2). When a sulfate , chloride, or nitrate salt of an organic base 
is dissol\'ed in water, one has 1I sah of a wellk base and a slrong aeid. The slrong acid 
is farther down lhe pH scale Ihan ¡he base is up Ihe scale, and ¡he pB of¡he solution 
therefo re is below 7. Using Ihisconcept, oneC"dn successfully predict Ihe p I-! of many 
salts aft er dissolving ¡he sal! in water (Table B·2). Tlle clue lO predicting the correct 
answer is in being able lo recogni7.c whether one is dealing wilh sruts of strong llcids 
and weak bases or weak acids and strong bases. A rule of ¡humh ¡hal is most hclpful 
is thal Ihe strong ncids are h)'drochloric, sulfuri c, nitric, perchloric, and phosphoric 
aeid. All other acids are wcak The strong bases are sodium hydroxide :md potassium 
hydro.'tide. AH oIher bnses are weak. 

Satt 01 a strong base and a weak acid. 

pH 7 ---+1- PH7

T 
pH 7 • PH 7 l 

Salt 01 a strong acid and a weak base. 

FIGURE 1·2. Diagramatk representation for predicting pH of an aqueou5 media after 
addition of a water soluble salt to water. 

e ;.pvrlghted material 



Table C-' , METABOLlC OXIDATION/REDUCTION REACTIONS 

CHAPTER 
SUBSTRATE ENZYME PRODUCT REFERENCE OCCURRENCE 

Alkane CYP450 Ak""~ 2 Uncommon 

Alkene CYP450 Perox¡c!e , Uncommon 

Aromallc nng CYP450 Phenol 4 Commoo 

Alcohol AOH Aldehydelketone 6 Commoo 

Ether CYP450 Ph.""" 8 Commoo 

Aldehyde 

Ald.:>hyde!kelone ADH '"12" akohoJ 9 Uncommon 

Aldehyde Aldehyde CarboKYItc aCld 9 Common 

dehydrogenase 

,. Amlne CYP4SO Aldehyde 10 Common 

ZOf3" AfT1lne CYP450 , °12' amlf'le 10 Commoo 

'MO HydroKYlamines Common 

3" Alkylamlne 'MO N-olUde Common 

Esterlamldel Hydrolase CarboKylIC acld 12 

carbonate/carbarnale 

ThiOether CY/'4SO SUHOlUdel 14 Uorommon 

SuHone 

'MO SulfolUde/ 14 Common 

Sulfone 

ThioJ 'MO Dlsulflde Common 

nisms of enzyme inhibition, a "clmg-dmg" inlemction will oc'Cur, Anolher mecha
nism of Mclmg_dmg- intemction occurs if a particular substance ClIU induce an 
increase in activily of a speciflc CYP450 enzyme, This Iype of "dmg-dmg- inleme
Hon \vill lead lo an unexpecled decrease in Ihe leve ls of a particular dnlg, thus 
reducing ¡he biologic effectiveness of Ihe drug (See Foye's Prillcil'{es of Me({ici,w{ 
C}¡emistry , 5lh ed. , Chap. 8). 

D, 
CYP450 OH 

• • D, 
K, 

D, 
CYP450 OH 

• • D, 



AlDEHYDE DEHYDROGENASE 
There are a lIumber of enzymeli wilh Ihe abili ty lO calalyze Ihe oxidalion of an alde
hyde lo the corresponding carbo)()'lic acid. Such enzymes are collectively eatego
rired as aldehyde dehydrogenases. IIIc\uded in this group is Ihe enzyme ADH. 
These enzymes are commonly found in the cytoplasm. 

Hydrolase Enzymes 

Anolher collection of enzymes are Ihose Ihal generically may be caUed hydrolases. 
These enzymes altack Ihe functional derivativcs of carbo)()'lic acids, leading lO 
hydrolysis. Eumples of sueh enzymes are carboxyeslerases, aryleslerases, 
eholineslerase. and serine endopeptidases. These enzymes are found in a \vide 
\"ariety of tissues and nuicls. The hydrolase enzymes lend lo be more efTective in 
hydrol),zing eslers Ihan ami des, hui amidase enzymes do exist Ihal break down 
amides lo a carbo)()'lic acid and an amine. 

Amide h)'drolysis lends lo occur more commonly with highly lipophilie amides. 

Conjugation Reactions 

phase 2 reactions consisl of reactions in which new ehemieal bonds are fonned 
belween an organie functional group and a substrale such as glucuronie aeid, sul
furie acid, acelie acid, or melhyl groups. Generally, one Ihinks of a conjugation 
resction as one Ihal leads to metabolites \vith increased .... 'aler solubili ly, bul ir one 
considers acetylalion and methylation as conjugalion reactions, it can be seen thal 
\\'aler solubility may actually decrease. AIso, it has been generally thought thal con
jugatioll of an organie functional group leads lo loss of biologic activity, bul recenl 
examples have shown that in same cases Ihe conjugates have increase<! activity. In 
mos! cases the conjugation reactions require the action of a cofaclor lo complete 
the reaction. The substrate ancl an endogenous molecule are brought together, 
leading lo Ihe fonnation of a new ehemieal bond. A phase 2: conjugalion reaction 
can follow an initial phase 1 reaction, bul il is no! uncommon for a phase 2 reae
non lo occur as Ihe only metabolic reaction. Also, il is possible thal multiple con
jugalion reactiollS can occur lO !he same subslmle, although !his is unlikely sillce if 
the water solubility of lile initia1 conjugation melabolile is high Ihe procluct will be 
rapidly excreted. thus preventing further metabolismo 

GLUCURONIDATION 

Glucuronidation consists of tlle addition of D-glucuronic acid lo a variety of sub
stmles, including alcohols, phenols, primary and secondary amines, and carboxylie 
acids (Table C-2). The glucuronic acid is lransferred lo the subslmle from Ihe 
coractor uridine-5' -diphoso-a-D·glucuronic acid (UDPGA). The enzyme respon
sible for catalyzing Ihis reaction is a UDP-glucuronosyl tmnsferase, which like the 
CYP450 represents a family of enzymes. These Imnsferases are found in ¡he endo
plasmic reticulum of Ihe liver alld in epilhelial ceUs of Ihe inlestine. As would be 



lable C-2 . METABOllC CONJUGATlON REACTIONS 

CONJUGATION 
REACTION SUBSTRATE 

GIUCUfOnldatlOn 

Alcohol 

eh""" 
l°I2°Amlne 

Carboxyllc aCld 

Sulfatlon 

Alcohol 

eh."" 
IOI2°Amlne 

AcetylallOn 

Arylamlne 

l°Alkylam,ne 

Methylatlon 

Ak_ 
Phenol 

lh" 

o 

o ~ coo HN I 

~H ~ 90 O"'N 
He o-p-o-p-o-~ 

"" o OH O O 

NO OH 

Uridine·5'-diphoso-a-D-glucuronic acid 
(UOPGA) 

A-X-H + UDPGA 

(X . O, N,S, o·e) .. 
O 

CHAPTER OCCURRENCE 
REFERENCE 

6 Common 

7 Common 

\O Common 

11 Common 

6 Common 

7 Common 

10 Uncommon 

10 Common 

10 Uncommon 

6 C~~ 

7 Common 

Common 

Hydrophilic groups 

• 
H 

OH 

Glucurooic!e 



expected, glueuronidation \Vill greatly improve water solubility of the Illetabolite 
through the presence of multiple alcohols alld the carboxylie acld group present in 
the glueuronide. The latter group may be partially ioni7.oo al physiologie pH. 

SULFATtON 

Sulfation consists of the addition of sulfurie acld lo a variety of suhstmtes, includ
ing alcohoIs, phenol, and lo a lesser extenl primary and secondruy amines (see 
Table C-2). The sulfurie acld is transferred lo the subslrate from the cofactor 3'
phosphoadenosine-5' -phosphosulfate (PAPS). The enzymes responsible for cat
alyzing these reactions are again a fami ly of transferases. the sulfotransferases. 
111ese transfemses are found primarily in hepatic tissue. \Vater solubilit)' of the sul
fate conjugate is greatly inereased since the sulfate is nearly completely ionized at 
physiologie pH . 

o tJX~ o g 9 N N 
O-S-O-P-O-~ 
"" O O O 

HAP-O OH 

3'-Phosphoadenosine-5'-phosphosutfate 
(PAPS) 

A- X- H 

(X_O. N ) 

ACTYLATlON 

+ PAPS • 

( Hydrophilic ion-dipole 

o g 
O-S-X-R 

" o 

Sulfate 

Acetylation consists of the addition of an acelate to primal)' aryl amines (common 
reaction) and lo a lesser extent primary alkyl amines (see Table C-2). The acetate 
is transferred lo the substrale from the cofactor acetylcoenzyme A (a<.'Ctyl-CoA). 
11le ellz)'JJles responsible for catalY"Ling these reactions are again a fam ily of trans
ferases, the N-a<.'Ctyltransferases. TIlese transferases are found primari ly in hepat
ie tissue. Depending on the genetie makeup of the palienl, Ihe acetylation may be 
a fast reaction or a slo\V reaction. Slow acetylalors \\;11 have higher blood leveIs of 
the substrate. while fast acetylators \ViII have higher blood levels of the melabolite. 
Acetylation products usually show a decrease in water solubili ty. 

rrghtcd malarlal 



NH, 

o 0 t~N~ 
9 <?H9H:l 9 9 N N 

HN-C-C-C-CHrO-P-O-P-O-H;¡C 
'H' "" O 
c~ eH:, o o 
I H 
~-C-N-CHzC~-S-C-CH3 o (3 H;AP-O OH 

Acetylcoenzyme A (AcatyICoA) 

R 

+ AcetylCoA • 
A Hg 

A'---V-N-C-CH3 

Acetylated metabolite 

METHYLATlON 
Methylation consists of Ihe addition of a methy! group to primaril)' alcohols, pile-
1I01s, amines, ane! thiols (see Table C-2). The methyl is transferred lo lhe substrate 
from ,he mfac.1or S-aclcnosyl-L-mcthionine (SAM). The cnzymes responsible for 
catalyzing Ihese reaclions are again a ramil)' of 0-, N-, and S-mcthyltransferases. 
Methylation products usuall)' sho,," a decrcase in water solubility. Methylation reae
tions are quite oommon with endogenous substrJ,tes such as norepinephrine and 
dopamine and drugs tha! llave structural similari ties lo Ihe natural endogenous 
metabolites. 

HO "" 
S-Adenosyt-L -methionlne 

(SAM) 

~I 
~ HO 

OH 

OH 

NH, 
+ SAM • 

HO 

OH 

m 
No;, HO 

OH 

Methylation 

OH 

NHC~ 

I 

rrghtoo matmal 



Page rlUmbers in ¡talíes í",licate figures: those folkMoed by I indicate lables. 

A 
Acetal . 35-36. 36 
Ace!ic acid. 48 
A""tone. 34 
A""tylaliOfl . 78, 1461:. 147- 148 
Acid 

defined. 26 
reaction of "ith base in w,.ter, 1J6..-137. 13& 

Acid ·base chart. 1351 

Acid.b,ose pai ro conjugale. 132-133. 133 
Acidic organic f" nctioo grotrps. 138-139. 139t 
Aci(~ ty. 132-140 

of carboxylic aciw • .52-.53 
dcfined. 132-133 
of phenols. 26-27. 27. 28 
of pipt'ridine. SS 
rdat;" ... slrengtbs of. 134 
of .u1fonamid .. 'S. 68 
in wdler solubility, 12.8. 128 

Acridine. 1Q.1-H15. 105 
Adenioe. 97-99. 98. 99 
Alcohol dchyd rogenase. 144 
AIcohoIs. 21- 24 

boiling poinls of. 2.2t 
metabolic o.tIdationlreduction 

reactions of. 1431 
nomend~ture of. 21, 2/ 
ph)"5ical-chelllical proJle rties or. 21- 2.1 
sol ubi~ty or, 122. 1241 

Aldebyde dehydrogerwe. 145 
Aldebydes. 33-37 

lll-elllbolic oxidatioofrednction 
re-..ctions of, 143t 

rnetaholísrn or. 37. 37 
nornendatul"e of. 33. 34 
pl')"5ical-clrelllic'.ll prollen ies of. 33-37 

Alkanes. 6d.O. 
]"oi]¡ng point. or. 7t 
rnet~boIic oxidalion/reduction 

reactio"" of. 143t 
metabolís", or. 1)....10. ID. 
nornenclatul"e of. fi. 6 
I'l')"ic-.ll-clrelllical prol'ertie.of. 7-9. 8. 

Alkene isorners. 14-15 

Alkenes. 11- 15 
C)-ck>alkanes.I ..... I.5 
met~bolic o.t1datioolreductioo 

reactions or. 143t 
rnt.'1abollirn of. /3. 13-14 
oome nclatul"e or, 11, 11- 12 
ph)'$icaJ-che'n~1 properties or, 1Z-13, /3 

Amldes.59. 59-60 
metabolic oxidatioolredtM:tioo 

reaction5 or. l4:k 
oomenclature or, 59. 59 
plr}'$icaJ-chemicaJ propenies uf, 6 1-62 

Amidines, 64--65 
Amines. 38-48 

al k)"1. 41 
aromatic. 41 
metaholic o:ridIllio.vrec.\uction reactions of. 

''''' metabolio;m or. '11 16 

nomendature or. 38. 38-39 
ph)'$ical-<:hemical properties of.·)9 41 
quatemary amrnonirrm $alb:, 45-47 
solubilityof. I23-125, /N, 12'i 

Arnino acic.ls (5« litro Protein) 
conformalional dlllng<..'S. 117- 118. //8. 119 
deamidation reactiolls or, 1/6, 116-11 7 
h)tlroIy!lis reaction or. lIi. 11 7 
OlIida!io!l reactions or, / 1 S. 11S-116 
in proteins. 112 
racemization reaction or. 11 7. l/8 
stroctures of \"arious, 1141 

Amylbarbital . 93 
Anisole. JO. 32 
Anthracene. /6 

Anlisensedm!l'.l06-lQi . 109 
ARA C. 89 
Arachioonic acid, 50 
Arginine, 64. 64 
Arginine \"3SOpTeSsin (AVP). 113. 121 . /2/ 
Ammatic h)'droC".rrbom. 16-18 

rnetabolism or. 17. l i _18. /8 
nornenclature of. 16, /6 
plr)"sical-chemic:.r1 prollerties 0(. 16-17 

Al)"1 srrlfonamide, 66-68 



A!)iamirlC. 70 
ASJlartate, 117, 118 
A'Y'nm~'¡ric ,noIe<;ulcs. 129-131 
At0f'01l.'ltat iu. 78 
A'I'I'. 99 
Aziridines, 73-7" , 74 
AZT.76 

B 
Harhiturates. 92, 93 
Barbituric ;¡cid. 9-2, 93 

"~ defined. 39 
rt'".ldion uf an;¡cid "ith. in "'ater. 

136-1 37. I38t 
5trcngth of a. 39-40 
strong. 39-40 
wt:ak, .w 

B~ic organi(, fundion groups, 139- 1"0. 1401 
Basicity, 132-140 

of amidines, 65 
of amines. 39-42. 40. 41 
of carooxyli(, ¡¡<.id:!. SJ-.,504 

defl 'w.-d. 132-133 
ekctrous amI. 40. 40-41 
(>f SU"llidincs, 64--&S 
of pyridine, 88 
rcLo.th.., strcngths o f. 13ol-1M 
in "'ater 5Olubility. 128. /28 

Benzent:. 16 
BcnZ¡m¡dazole, 97 
Bcmr;odial'A.'pinl'S. 103. 100-104 
Benzop)Tr'OIes, 1/:5.-96, 96 
Bem:othiadiazine- I.1.dioxide. l02, 102-103, 103 
BenzothillZole.97 
Benu"'lzo\e. 97 
flt:ta·ladam. 59,~. 74-75, 75 
BÍl)'Clic hcleroeydel 

fl\'c-membered ring plu$ six-membered 
rinSo 95-99 
four hd.e1'OOtoms. 97-99. 98. 99 
nilrogen, 95-96. 96 
two hetetootoms. 96-97. 97 

s[x-membered ríng plus 5co.en·'rlCmbered 
ri ng. 100-1Q.1 

six-membered ring plus si,·membered ri ngo 
100-103 
nilrogen, 100, 100-101, 10'1 
IU}gell , 100-101 , /01 
sulfur, /02, 10'2-103, 103 

lloiling JIOÍ nts 
of alrohols, 22t 
of a1dehydes. 33, 35t 
of all«",e •. 7t 

01' amides , 60t 
of' amines, 39. 40t 
01' earboxyllc acids, 51-52 
of' eslers. Si . Sil 
01' ketones, 33, 35t 
or phenols. 2& 
of \-arious earbo"ylic ac:tds, "91 

6onding. 1.=5 
ro>*nt. 2. J 
dipole-dipole. t 2==:!. 
hydrogen. 2. 2"J 
ion-dipole. f. <bS. 

ionic attmction. ª' J 
2-Bromo-4-mclhylpenlane, 19 
II· Bulane. §. I 
ÍJ(I· Bulane. 6 
2_Blltamme, J.I 
cir-2-Butene, 12 
t ....... ".2-Bute'IC, 12 
Bulylbarbilal, metabolism or, l.U 
ÍJ(I.Butylene , 1I 
I. Butylene. /l 
I.Butyleth}imethylamine, 38 
".BUI)iiodide.19 
t-Butyl are!lIte. 56 
t.Bul).J pllen)'1 earbon.;r.te, 6l! 
ICrt·Snlyl aloohol, 21 

e 
Canth¡ne, 97-99. 98, 99 

Caproic acid. 48 
ClIrbamates. 62-64, l24t . 14Jt 
CarboIic lIcid. 25 
Carbon tetnochJotide, 19 
Caroonalcs, 62-&1. 1241. 143t 
CarIxuyIic acid", 48-55 

aubooyl, 51 
fut>ctional deri\'at r.'eS of. 56-65 

amides. 59, ~ 
amidioos Illld gnanidines. 64-65 
carbonates, c-.ubamato:s and ureas. 62-&1 
esteQ, 56-S8 

h)uroxyl.51 
metabol .. m 01', S'. "5, 55 
nomend.ature oro 48, 48-51 

physical-chemk-a1 properties or. 51-54 
CatedX>l. 25 
CerUzoxime, 84 
Ccleoorih. 82 
Cephalosporin. 75 
Chemical reacthity 

of aldehyde$, 34-3.'i 
of ketones, 34-3.'i 
of phenol., 28 
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~'.~O~Ex~ ____________________________________ -"1iDI 

Chemic;ol stabi!ity. of alkal\eS. 9 
Ch¡raI....,,,llI.'r, 130-131 
Chino! molecules. 9 
ChiraUIy. 129-130 
Chlonl~, 103 
Chlorofonn . / 9, 20 

midltion or. 20. 20 
Chlonxtuinc, 100. 100 
ChlorothilWde. 102 
Chlorpromazi ...... 69, lOS 
Chlor.':O.'<llWOe.97 
Cimetidine. 69 
Ciprofloxac;n, 9-1 
Clemastin.e, 78 
eoenzyme A lCoAl. SS 
Confonnatlonal ¡sornen. 14-1~, IS 
ConjuglIle ,.,;d·biue pon'. 132-133. 1J3 
Conjugation reacI>cHu. 145-148. J4&: 

a<.'et)ialion, l4&:. 147_ 148 
of amines. 45-46. -16 
oC c:.orboxyl;c 1Ó1s, S I SS 
glucuronidation, 145--147, 146t 
Ill(.'lh)'tation . 1461. \<&8 
~lllratio". l4&: . 147 

(A)u~n, 100- 101 . 101 
CP450and,142-143,143t 
Q-Cresd, 25 
CycloolkaJ_. 14-15 
C)'clohellallll.'. 14. l4 
Cyclohe.anol, 26 
CyclOI>eutllrlc. 14, 14 
Cydopropane. 14, /4 
C),,',-';nes. 1/5, ] 15- 116. 119 
91idioo-5' -mooophosphate (CMP), 91 
Cytid)"lic atid. 91 
C)1odtrome P450. 17, 141 - 143 
C)1osi" ... 89. 89-92 

D 
Dea!l.)iation 

01' amines. H '15. 142 
of ethers. 32, 32, 142 
metaholic. 32. J2 
uf plperidi....,. 88 

Deantidatioll reactlons. 111 amillo ac!ds. 116. 
116-117 

Demeth}'lalion. of am;'lelI. 44 
Dem)-adenylate. 99 
De<t.,,,rid)i ic ¡¡¡cid. 91 
Desimipr .. mine. 44 
Diamine oxkla.w: (DAO ), 45 
Diazepam. IOJ 
Diazint!S. 88-89, B9 
Diben~lle$. 104- 105. 105 

. . , 
ocid. 

[)ocosahe>aenoóc:ocid (o IlA). :SO 
Drug-drug Interactloos. 142-143, 14Jt 
Drug ¡nte ractions. cytochrome P450 alld. 

142-143, 1431 
Drug nlelaholinll, 141_148 

deflned. 141 , 
Eicmape11laeno;c acid (EPA), SO 
Electroo'l, ooicity and, 40, 40-4 1 
Enallttome ric form'l. of molecules, 9 
Ellalltiomc n. 129-- 130, 1JO 
EnZ)meJ 

mctaholic (~ MetuhoIic etlzynlell) 
prnteill hydrolyting. ll!l-12 1, Il!Ot 

Epoxldes. ti. 71- 73 
EiIX'lltial fatty acim. 50 
F.$lenlSe. 64 
Eslen. 56-S8 

lnelaholic midati<>rVn!doction ,eo .. tioo 5 01'. 

"', 
metabolism of, 58. 58 
IlQn"'nclatu .... 01'. ~, .:s6 
pllysical-cllemic-.J propertie$ oí, .56-58 

Ethallil. 34 
Ethane. 6. 
Ethanoó(, ackI, 48 
Ethallol. 2/ • .52 
Ethcn. 30-32 

metabolic o.údationlredoction mlCliOIU or, 

"" met~~nloL32, J2 

oo"".,..,.,w""" oro 30, JO 
ph)'JiciI-chcm¡"',¡J properties 01', 31)..31 

Ed""}<ethllne. 30 
Ethotmbmide. 97 
Edl)" alcohol. 2J 
4-Edwl-2. 7 -dinJeth\ioctane, 'l 
Eth)i OOplOp)'1 carbonate. 6!! 
Ethylchloride. /9 
Eth)'lene. 11 
Ethylene dtloride. 19 
Eth)imeth)umine. 38 
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Eth~i",edl>-k.·tloer, 30 
Eth~imeth)iket()lIe, J4 

F 
Fi\'e-membered ring t ... -teroc)'CIes 

ni trogen, n_18, 7S 
OX)-gen, 15-TI, 76 
sulfur, i9-81. 80 
with two or more hetcrootorns, 80-81 

fu"'n nlOl'lOO:l)o'!,'Cna.se, 144 
FhlCOl1a7..o1e, 85 

phosphate 

S. Flool"Otlridine rOOllOf'hospllate (S.FU M PJ. 
91 . 92 

J-'ormaldehyde, J4 
Formamide. 60 
Fonnic acid, 4S 

Fou.-membered ring hetcroc)'ck1, 74-75, 75 
5-FU. 89. 91 
FUraIl •• 75-77. 76 
FUl"06Cutitle, 76 

G 
GllICIln.>nic acid. 36, 36-37 
Gh..:.,'ronidatiOIl, 145-147. 1461 
GlIanidi...", &1-65 
Gua"il~. 97-99. 98, 99 

H 
lIalogenated hydrocarboos. 10.-20 

metaboli,m or. 20 
.... menclatllre of. 19. J9 
ph)'JK:-,¡]-chemical properties of. 20 

lIemlllcelal. fonnation ~OO instllbility. J5 
Hemíkctal . fonnation aoo ínstability, 36 
n-lIcplnne. Z 
Heteroatom 

define<!, 71 
preruccs fol'. 721 

li eteroc)'cles , 7 1- 111 
bic.yclic (5« Bk)'Clic hetel'lX.)'Clesl 
defined.71 
fl\'e-membert.,<l ringo 7.;....so 

oomplt..... 84-87 
nilrogen. 77- 78. 78 
OX)w;n, i5-i7, i6 
sulfur. i9-8 1. 80 
"ith Iwo o. more heterootoms. 80-87 

rOl,r.l1lembered ring. 7 ..... 75, i'S 
_..", and eigl' t.m"mbcred ri ng. 9 1 95, 

95 
si:o:-Ulembered ringo 87. 8i-SS 

s¡ot urated, 9-1 . 9-1 
"ith two heteroatoms, 88--94 

surrl.le5 for, 72t 
th ree-membered ri ngo 1 1- 74 

nitrogen, 73-74, 74 
OX)gen, 7 1- i3. 72. i2t. 73 

triL)'clic. 104-105, 105 

Ilcnh)'dr"OllU'plne. 9 1 95.9$ 
.. " .... noic acid. 4S 
lI istidine, 115-116. 116 
Hydan toin nudeus. 84 
lI)'danloins. 86. 86-87. 87 
H)-df'OC'llrbons (5« AromR~ h)-dnx-arbon$; 

lIa10genaled hytlrocarbons) 
Hydrochloric.,;d. 42 
lIydrogen booding. t 2::3 

of ami .... acids. / IS . 118--119. /19 
of carbox)'lic acids. 51-M 
between eti'wlol and ",ate •. 22. 22 
intramolecular, 126. /27. 1.28 

II)-drola.se enz)'me •. 14S 
1I)-drol)'Jis 

ofbeta-l.actaru. 75. 75 
of peptides. 110.-121. 120t 

1I)-drol)'Jis~. of amino IlCids. 117. 1 J7 
Hydrophilic-lipoplúlic\-aJues. I26-I28, 127t 
lI)'tlrophilic moIecule. deflr>ed. I 
H)-drophobic 1TM)\ecu1e. deflned, I 
1I)-droquillone.2.5. 
Hydroxyla.mine. 70 
" ydtm)iation,17. 17 

aroonatic, 99. 99 

L 
2- lmidazoline. 82. 83 
ImidazoLe, 82-83. 83, 8-1 
1midawlidine.84 
Imldazoliroe. 82. 83 
Imipramiroe, 44, 105 

hodole.96 
Indul-ed dipole attr.lCliOll. 2. 
Intennolecular oonding (Su Bonding.) 
luten>atio,1aI Union or Pure !lnd Applied 

OlCmist..,.. (JUPAC) (5« al.Jo speeirlC 
organic groIlp) 
r.ome,lclature or. ~ l 

Inlramolecular h)'drogen booding (IM tI B), 126. 
/27. 128 

lon..wpole bandíng. t..b5 
looic attraction, ::t J 
lwindole, 95-96. 96 
hom"I'5, 12.. 129-130 
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ImroclucdDn w IJlóclicin¡¡1 DrgOlnic C[¡ófIli;;u / 
FOUATH EDITION 

ru.a l. lIIIke, II1II, N 

Easing the trensilion from general organic chemistrv. this self-paced 
review provides background material for formal pharmacy caurses in 
medicinal chemistry. Upon successful completion of the review. students 
witl be abre to: 
• Draw a chemical structure of sim ple organic malacures given a common 

or cfficlal chemical name 
• Identity t he functional groups given the chemical st ructure 
• Predict the solubility of a chemical in aqueous aeld. water, and 

aqueous base 
• Predict and show with chemical structures the chemical instabilities of 

e8ch organic functional group under conditions 5uch as air, light, aque
DUS acid or base. and heat 

• Predict and illuslrale wilh chemicaJ slruclures the metabolism of each 
organic functional group 

The faurth edition outlines functional groups common to organic chem
istry and reviews general tapies of nomenclature, physical and chemical 
properties, and metabolism. 

New to this edition is a companion CD-RQM featuring practice questions 
for each chapter, with a detailed, progressive discussion of the process 
used lO answer each question and animated presentations of the involved 
drug structures- perfect tar the classrooml Appendices on 
Stereoisomerism, Acidity and Basicity, and General Oru9 Metabolism are 
also included. 

n's medicinal arganic chemlsb'Y made simple! 
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