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Preface to the Twenty-First Edition 

For m·er 100 ~-ears and throughout :.W previous editions, Rem­
ington.· The Scien('(? and Pmclice of Pharmacy has stood a_s the 
definitive text and 1-cference som·cc of all aspects of the science 
and pra tice of phannac~·. In this new edition, you will find a 
text that is practice-oriented while maintnining its tradition ­
alh· reliable coYerage of scientific aspects . The 21'' edition 
k~ps pace with the changes in pharmacy curriculum and pro­
fessional plrnrmac~, practice in general. 

In the years since the first publication of Remington's 
Pharmoceuticnl Sci<mces. there have been many changes in 
the field of pharmacy and pharmacy practice. Although this 
edition of Remington maintains the general philosophy of pre­
,;ous editions. se,·eral changes have been made to present 
fresh and new information and to take advantage of the 
adrnnces made in recent years . Each section of the book has 
been critically reviewed and revised to refl ect the emerging 
trends in the field. The overall organization of the book is the 
same as the previous editions. 

The biggest change in the 21st edition is in the Pharmacy 
Practice section. This section has been reorganized and 
expanded to reflect the changing realities of comtemporary 
practice. The integration of new scientific information into clin­
ical practice is often difficult. and one of the key purposes of this 
section is to help clinicians translate these scientific advances 
into clinical practice and care of patients. This section brings 
the reader up to date on the latest trends and approaches. New 
chapters have been added that cover the a reas of: 

• The application of ethical principles to practice dilemmas 
• tatistics applied to pharmacy practice 
• Technology and automaiion 
• Professional communication 
• Medication errors 
• Re-engineering pharmacy practice 
• ~1anagement of special risk medicines 
• Special ization of pharmacy practice 
• Disease state management 
• Emergency patient care 
• Wound care 

The Pharmaceutical and Medicinal Agents section is the 
most very useful part of ihe book in terms of core drug infor­
mation. For this <edition, we've added more than 100 new drug 
monograph , and the previou~ly existing material has been up-

dated. We rea li ze that this is a section that is nearly impossible 
to keep current, and we've tried to include as many new drugs 
as possible. Beca use of space constraints, we were limi ted to the 
most important or most widely used drugs. 

Another significant addi t ion to th is edi t ion is the expansion 
of the Phannacodynamics a.nd Pharm.acokinetics section to in­
clude the new, growing area of Pharmacogenomics. This chap­
ter highlights many of the important advances including: prac­
tica l applications and technological considerations, molecular 
diagnostics for optimi zing drug therapy, a nd pharmacoge­
nomics and drug development. 

Many people were involved in creating this edition. I am 
grateful to all the Section Editors and authors for their skillful 
review of the literature and for incorporating their own unique 
perspectives and experience into their chapters. With this edi­
tion, we welcome five new Section Editors . They represent a 
wide geographic diversity and spectrum of experience. We also 
have approximately 100 new authors who represent over 32 
universities as well as positions in governmental agencies and 
private industry. 

I also gratefully acknowledge the extensive contributions of 
the authors and Section Editors of previous editions of Reming­
ton for laying the foundation for the current volume. I recognize 
that we all stand upon the shoulders of giants and are sup­
ported by those leaders who taught and inspired many previous 
generations. 

I especially thank Alfonso R Gennaro, PhD for bis continued 
support. Dr. Gennaro was Remington editor for the past four 
editions. No one is more familiar with Remington than be is. Dr. 
Gennaro has been instrumental in the creation and review of 
the drug monographs. Ensuring scientific accuracy is critical in 
a book such as Remington, and be bas been very generous with 
his time and expertise in this area. 

A heartfelt thanks also goes to Mr. John Hoover, author and 
indexer, who has been involved with Remington since the 1960s 
and has provided editorial guidance at every step of the process. 

It is a pleasure and honor to work on a book with such a long 
and rich tradition . 

Randy Hendrickson 
Editor 

xvii 
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It is not the purpose of this chapter to provide a fundamental 
~t of organic chemistry. Readers are experted to have 
pursued the usual basic courses in organic chemistry and be 
cognizant of the ,-arious ad'\"'anced texts and other readily avail­
able works of reference. <See Bibliography) Accordingly, this 
chapter is restricted primarily to a listing of the more promi­
nent structural types of organic compounds, a brief presenta­
tion of the '\"'&rious nomenclature systems and of the major 
chemical daslle6 of official CUSP/Jl."F) pharmaceuticals, followed 
by a diacussion on the identification of organic functions] 
grvups and the possible assignment of an approximate acidic, 
basic. or neutral value to these groups. A detailed treatment of 
the indi~-idual pharmaceuticals is provided at other locations in 
thifi book lrefer to the index). 

TYPES OF ORGANIC COMPOUNDS 
A comprehensive understanding of organic chemistry would be 
estremelv difficult were it not for the fact that the hundreds of 
thouund11 of known compounds fall conveniently into a very 
much smaller number of general types based on molecular 
IIU'UCtW'e. Similarities and drlferences among the physical and 
chemical properl.&e& of the diverse compounds thus become 
more apparent and understandable, and this is U&eful both in 
providing explanations for observed phenomena and in making 
~ns for possible applications of known compounds and 
compounds pro~ for synthesis. 

Orgaruc compounds may be classified in many ways, the de-
6 ired intricacy of any part..icular liCheme depending on the pur­
p!Mie of pe:,rforming the cla.&sificauon. Thus, for one purpose it 
inay 11ufficie to ronsLruct a smgle, broad cl8.JIS of hydroxy com­
pounds, while for other purpose6 it 1s des irable to subdivide thi_s 
bro&d cla.t.s into alcohols and phenols and perhaps even subdi­
vide tht,ee furu--.,r into subclabses of alcohols BJJd phenols. It is 
appropnate here, for purpoi,i:ii of converueot reference, ~ list 
thotoe typt,6 <if' compounds most co~monly encoun~ red 10 t~e 
sy.tJtA.matic study of org1rnic chem.llitry and Lo display their 
gen,,nil <type> form ulai;. T hi: types of coml?<>unds that ar~ perti­
nent ~peciaUy w pharmacy, are treated m greater detaJI lat.er 
in the chapter where epmplei; of official drugs belonging t.o 
each clai.s ali,0 an provided . 

To eohan~ the utility of t hi.s du.p!A::r BB a r1:ferf!nce tool, the 
lil>ting in Appendix A i11 alphabetical _rather t han ~y any 
chemical clJu.i;ificat.iun DCheme. J>refaton ly, the followmg ex­
plaruiwry fllM:jl a.re provickd . 

Unlesa otherwi.e &pt,cified, the form-ula.u ,huwn an, for com­
pounds oc,ntaining only one uf t h.I, parti<:ul&r functl!Jnal group11 
involved. J'ormulrui for c:omi,oundll oo~t..11t1ing m1Jre th&n one of 
the 11ame functional group c11n be; denved ea11ily. 

Naturally occurrir,g d&l>M:11 vf compounds i; uch WI carb1,hy­
drates, proteinB, aslkaloid11, glyoo11idt<S, or lipids "'" O/Jt lrt!&t.cd 

386 

. ' 

.:,_.r--- ....... ' 

~'- . 
. . \ ' 

as types of compounds in this classification. A separate, more 
detailed presentation of these is provided in C h a pter 26. 

Although a few heterocyclic t ypes su ch as imines (a zacyclic), 
anhydrides of dibasic acids (oxacyclic), Iactide s (dioxacyclic) au­
tomatically enter into the listing, it will be obs erved that parent 
beterocycles in general (eg, thjophene, pyridine, dioxa ne) are 
not included. Heterocycles represente d in official drugs are 
listed later in the chapter. 

In type formulas, such as in Appendix A , th e symbol R is 
employed conventionally t.o denote a hy d roca rbon radical. Un­
less otherwise specified, it may be aliphatic, alicyclic, or aro­
matic, and its valence varies to satisfy t he r e quirem ents of its 
attachment to the rest of the molecule . T h e degree of saturation 
in R does not enter int.a the scheme. \Vhen a formula contains 
more than one R, the radicals may be ei ther ident ical or 
different. In a few ins ta nces it is possible, that even if two 
monovalent Rs are replaceable by a sing le d ivalen t R , the same 
type of compound is r e ta ined , as wit h aliphatic ketones 
<l¼C=O) and cyclic ketones (R=C=O). 

The type formulas assume a u seful broader meaning if R, in­
stead of being restricted to designate on ly a h y drocarbon radi­
cal, is permitted to (1) be a residue fro m a heterocycle and (2) 
carry substituent groups. The la t t er d efinition a u tomatically 
exte~ds the lis ting to embrace polyfunction a l com pounds, but it 
also introduces the complicating feature of the order of pn!ce­
dence offunctional groups. This matter is d iscussed la ter in the 
chapter. 

Unless otherwise specified, the symbol X s tands for a mem­
ber of the halogen family. In add it ion to the type formulas, one 
or more specific examples of each ty pe of compound also are 
provided, showing how the formulas usually a ppear in some­
what condensed form and illustrating t he manner in which lhe 
type names become parts of individual compound names. How­
ever, it should be remembered t ha t , a lthough correct, such 
names are not always t he preferred n a mes i n mode rn nomen­
clat ure practice. 

. A linea: formula with a horizon tal Ji ne above th e symbols in­
clicates a n ng structure; t he line is a bond join i1_1g the two atoms 
at each end. For example, CH2Cl hCH,,CH 2COO is 6-valerolnc­
tone. The oxygen atom on the right end is bond<.ld to the carbon 
atom on the Jell. end, forming a 6-mcm bered ring. 

The onl y fonnulas and structures that wi ll he de p icted will 
be those of pharmaceutical interest. 

NOMENCLATURE OF ORGANIC 
COMPOUNDS 

I_n the curly dccadtos of organ ic; chemistry, newly d iscovered 
compounds comm1Jnly were provided with names wh ich inct·. 
cated 1.<1ther t he sou rce or som e outs t andin g p roperty of th~ 
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compound. Thus, marsh gas, wood alcohol, salicylic acid, ca­
daverine, morphine, chlorophyll, and thousands of other simi­
lar names were invented. As more and more compounds were 
isolated or synthesized, it became apparent, however, that 
some sy11tematic manner of naming organic compounds in 
terms of their structure would have to be devised. Early sys­
tems of nomencla ture, while adequate for the period in which 
they were invented, soon required modification as the number 
of known compounds increased. The result has been that the 
system (or rather the combination of systems) now in use 
represents an evolution covering many decades. 

That a truly effective sys tem of nomenclature is bound to be 
very complex becomes obvious when one reflects that it must 
not only

0

discriminate, unequivocally, among the many millions 
of compounds already known, but also must allow adequate 
provision for encompassing new compounds, which are being 
synthesized by the thousands each year. Funda mentally, there­
fore such discrimination means that each s pecific name coined 
thr;ugh the system must a ccount for (1) the quantitative ele­
mentary composition (molecula r formula) and ( 2 ) all of the 
structural features for one, and only one, specific compound. 

The IUPAC and CAS Systems of 
Nomenclature 
Of the various comprehensive systems which ha d been pro­
posed, and used to a varying extent, the t wo most widely em­
ployed and most thoroughly updated through revision and 
enlargement are those devised by the International Union of 
Pure and Applied Chemistry (IUPAC) a nd the Chemical 
Abstracts Service (CAS). Each of these systems represen ts an 
implementation of the rules devised by the IUPAC Commission 
on the Reform of the Nomencla ture of Organic Chemistry, 
which has been engaged actively and continuously in the sub­
ject for many decades. 

The two systems are identical in many respect s. The CAS 
system intentionally departs from t hat of IUPAC wherever 
such departure contributes to the main purpose of Chem ical 
Abstracts-indexing the world's chemical literature . Recogniz­
ing the desirability to maintain compatibility between the two 
systems, however, CAS identifies each such departure and dis­
plays the alternative IUPAC treatment. 

Because of the d ifficulty in converting many structural fo r­
mulas into unique, descriptive names, CAS now assigns a 
~egistry Number to every chemical compound (organic and 
inorganic). All editions of the USAN (see Chapter 27) and com­
mencing with USP XIX and NF XN, all monographs for pure 
chemical entities carry the CAS Registry Number, which 
uniquely identi fies every compound. In t he same editions of USP 
and NF, "New Chemica l Abs tl'acts Names» were assigned. Also, 
CAS has completely revised the older system (which parallels 
IUPAC rules) so thflt computer sea1·ch es may be made using 
nomenclature fragments, rather thnn topological features, to lo­
cate moleculnr frngmcnls ns well as complete molecules. 

It obviously is inappropriate nnd space-prohibitive to in­
clude in this text a d iscuss ion of the multiplicity of deta ils in 
either of these two systems. Suffice it to state that, from a s truc­
tural viewpoint , each system adcquatt•ly must describe for each 
compound tho following: 

f0mpos1t10n and confib'lll'ation of tho carbon skele ton 
s''terruptions of tho carbon skeleton by hetcro:noms 
/ate of hydrogenatton of tho skc>lelon 
rescnce and location of subsutuonts, ie, a toms or groups of atoms 

f'c· (rad,culs) fum·tiomng in pluco of hycll'Ogen 
atures of Slert."oisomon ~m 

'rhe rc1tclor desirous of the dolnils of tho systems should consult 
1
~0 con tinuing serios of re ports issued by the lUPAC Commis­

sion on the Nomcncluluro of Orgnnic Cht>mis try, and the CAS 
~.ublicntion en li lied 7'hc Naming and foclt•.\·ing of C(iemic·al 

0111JJ0 wu/s from Chemfrol Abstracts. Tho lnttcr, which fi rst 

CH.An1~ 2S: OIIGANIC PIWIMACEUTICAL OtEMISTIIY 

appeared u an introduction to the IUbjec:t inda oholume &8 
of CMmical Almracta, has undergone YffY atenaive revision 
and enlargement. The introduction to the IUbjec:t index o(wl­
ume 66 provides a useful SUIJIDl8ry treatment. The publication 
of the American Chemical Society, TM Ring Inda, ahlo oft'en a 
very detailed systematic presentation of cloaed-cbain aystem8 
identified through the literature up to 1963. 

Because of major changes in nomenclature and indexing 
procedures, mainly dictated by computerization of nomencla­
ture and two-dimensional structures, each quinquennial index 
to CMmical Abstracts is accompanied by an index guide that al­
lows the user to follow the transition between the old and new 
(or modified) nomenclature. 

Three general features common to both systems deserve spe­
cial comment, specifically the employment of trivial names, the 
order of precedence of functional groups, and permissive ambi­
guity. 

TRIVIAL NAMES-A trivial ruune is one that does not de­
scribe a compound rigidly in terms of the absolute strudure no­
tations embodied in the system, but rather bas earned world­
wide recognition as being specific for that compound. Acetic 
acid (for ethanoic acid), purine (for 7H-imidazo[4,5-d]pyrimi­
dine), and pregnane (for I0l3,1313-dimethyl-171J-ethyl-9a,14a, 
5f3,8l3-perhydrocyclopenta[a )phenanthrene) are common exam­
ples. Without allowing for the judicious employment of such 
trivial names , any scheme of nomenclature would be hopelessly 
complex and of little, if any, practical use. On the other hand, 
the wholesale, indiscriminate admission of trivial names to a 
system equally is disastrous. 

Arriving at a satisfactory compromise between these two ex­
tremes obviously requires detailed deliberation, and the com­
promise position taken by IUPAC also has been adopted by CAS: 
trivial names admitted by IUPAC are also those admitted by 
CAS. However, with the advent of computer techniques, long or 
unwieldy names are handled with relative ease. Thus, trivial 
and systematic names are assuming equal importance, because 
a trivial-name index cannot be computer-searched to locate frag­
ments of two-dimensional structures as these fragments are not 
eviden t in the name. But with long, systematic names, every 
portion of a parent molecule, substituent, functional group, and 
so on is apparent in the name and will yield to the computer 
search. 

PRECEDENCEORDEROFFUNCTIONALGROUPS-­
An order of precedence (priority) for functional groups is neces­
sary to manage polyfunctional compounds systema tically. As a 
simple example, in the absence of a sys tematic method, the 
compound NH2CH2CH2CH20 H could be named either as an 
aminopropanol or as a hydroxypropylamine. But in the order of 
precedence, hydroxyl is higher than amino and, because the 
system requires that only the function of highest priority shall 
be represented by the suffi.~ part of the name, the systematic 
name becomes 3-amino-1-propanol. The order of precedence of 
functional groups is described clearly lsee Table 1 of the intro­
duction to the subject index of Chemical Abstracts, volume 66, 
or the 11th Collective ltidt!":r:, volumes 96 to 105, Appendix IV, 
Chemical Substance Ind.ex Names) and is identical in both the 
IUPAC and CAS systems. 

PERMISSIVE AMBIGUITY-Ambiguity (lack of complete 
structural specificity) is permitted to the extent tha t it reflects 
s tructural features of a compound that either are 1.lOknown or 
have not yet been incorporated into the system. Prohibition of 
such ambiguity would disallow the cata loging of a very signifi­
cant percentage of known compounds, especially among those 
that involve features of stereoisomerism. 

Compendia! Nomenclature 
The hwk of adherence to the principles of systematic nomencla­
ture, in both the commercial and aca demic worlds, has led to a 
multiplicity in the types of chemical names in actual use. It is not 
at a ll w1usual to find a specific compound referred to by several 
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cJUrennt --. each o1 which is Cllllftct chffliiea]]y. Thia. or 
CICIUl'lll.cnetN a wr,,conlilllfd aw that. ifit peniltl in the in• 
dmne literature. often nndera lll!IIJ'Chmg via nomenclature ex­
tranel.)-dif6cah. and ~tly. im,-a"ble. It is forthia reaaon 
that, wt.me.a ,-il>le, Clwmical ~ tnnslat.ea the non­
S)'lltematic_ ~ or the author into ita CAS equn-alent. 

Recognizing~ ach-an~ or adhering to a standard ~"S­
tiem ofDOmHclature, the official compendia <USP/1'T) elected 
t.o adopt names s-fffnd by CAS. The principle of operation is 
simply that eithff the title or one or the subtitles or an official 
dwmic:aJ mWlt be the CUJTl'ntly pn!ferred CAS name. It ia .,'1!11 
to ~-e that the lltructuJ'al relationships established on the 
bui1 of the principal functional group automatically may hide 
relationshi~ invoMng functional groups of lesser priority (eg, 
ampMtam~ 1& named as a derivative of phenethylamine, 
..-hereu bydroxyamphetamine becomes a dem·ative of phenol; 
similarly, lllllfamerazine is named a11 a derivative of 11ulfanil­
amide. w.-hereas phthalylsulfacetamide become& a deriYative of 
pt,tbalaoibc aod I. Beguming ~;th USP XIX aiid 1'T XIV each 
monograph eames the "new CAS name" along .,;th the CAS 
preferred name currently in use. Also included is the Chemical 
Abstract& System &grstry Number. ~·hich pl'"O\-ides a unique 
identifier and simplifies locating a specific compound or drug in 
the literature, especially using a computer search. 

01emical Syllables 
In addition to what.ever numbers, numerical syllables, and iD­
di,;duaJ Gnek and English letters are required, Eystematic 
chemical namei. consist of a collect.ion ofsyllables. each of which 
carry a chemical connotation of some sort. Many, such as 
chloro-, hydroxy-, and methyl-, clearly indicate specific ele­
ments or radicah;. 

Many others, &uch as andro- (from the Greek, "man"), talll'O­

(Latin. "bulrJ. neo- (Greek, "newwJ, or pseudo- or Iii (Greek. 
-ra1i;e~,. are of no chemical sigruficance from a structural ,'iew­
pou11, but often are very useful in fonning the so-called trivial 
or common names for complex mol,;cules such as androst.erone, 
tau.roc:bolic acid. neoant.ergan , pseudoglobu.Im-the correct 
chemical namei. for thei.e structures are often extremely cum­
benome. Becaw;e of the.tr lack of structural chemical signifi­
cance, however, Lhetie will not be ruscw;sed further here. 
~ third group of these syllables cons1i;L& of miscellaneous 

prefixei; and liufi"aes and lii of sufficient importance to warrant 
abbreviated treatment, becaw.e, like those of the first group, 
Lt- have 1111.rucLural s1gruficance and often constitut.e a neces­
lt,lil')' part.of 11ystemauc cbt:m1caJ names. A list of the more com­
monJy encuuntt,red on"'6 of tJw; group is provided in Appendjces 
Band C. Many ofthe&e have multiple mtanings, and the defi­
nition.ti giv"n ht,rt,m reprew::ot the most common sense in which 
they are w.t:d w urgamc cht:mu,Lry. Thu5e shown in it.alics are 
u,;c,d oommonJy in 1t.ahcw,d form and/or encloStd in parenthe­
- whtn uw,d tn orgamc nomenclature. It al&o must be re­
rneml.ered that t.ru, s,rnc.u,t, mearungs bhown here do not always 
apply 1-0 trivial na,n.,i; (tg, thtc meaning of -ene or of -ylene does 
not apply \.0 acetylene; 11imilarly, the meaning of -ol <alcohol ) 
dc,ei; nut apply tu l-..e1.u,IJ. Caution always muJ>t be exercise:d in 
attempt,mg to 11t.u.ch 111gn1ficana- t.o the various parts of such 
c;ummon T.lllJileS. 

The 1,y1otemat.ic t.reat.ment of cyclic i;ylitefDll uses a generous 
miliCellany of 11yllables with 6JJ&ifiC mtaningM; for listings and 
explanatautlll, cor,&ult thi, l iing Index i,,nd Appendix E. 

RADICALS AND GROUPS IN ORGANIC 
CHEMISTRY 
Through the conccs,t and u1,1, of radici.111 11nd gmupH, a J11gical 
and very helpful cla&sification of the huge numl.11:r <,( organic 
wmpound11 iJJ pusi;il,le . . furthermore, knowledge uf the dmnii­
cal propt,rt.ie¥ of wmmorily uS<;d individual rad1tal11 mak.e11 p<111-

llible either a prediction or an explanation of the chemical 
properties of compounds because, in general, the chemical prop, 
erties of a C!Ompound are completely or partially the combined 
properties of the radicals present in the molecule. 

Seven.I hundred different radicals have been recognized, 
named, and classified. A comprehensive list ordered by both 
names and formulas is published periodically as part of the 
Coll«tit~ Index to Chemical Abstracts, as Appendix IV, in the 
Chemical Substance lnciex Names found in the index guide for 
volumes 96 to 105 of Chemical Abstracts. 

For purposes of convenient reference, a list of radicals and 
groups frequently encountered in pharmaceutical chemistry is 
provided in Appendix D. Classification into chemical types has 
been sacrificed in favor of an alphabetical arrangement. In­
cluded in the list are many inorganic radicals that frequently 
are present in organic combination. 

Chemical Notation Systems 
The complexity and the cumbersome nature of modern organic 
chemical nomenclature have encouraged attempts to develop 
"shorthand expressions," variously referred to as notations, 
ciphers, codes, and alphamerics, which for certain purposes 
would be more convenient to use than the chemical names. 
Several systems have been proposed (eg, the NAS-NRC provided 
a comprehensive review of the history of the various systems), 
although none have fully survived. ln general , t hey involved 
assigning chemical meanings to the ch aracters usually 
available on, or readily adapted to, a s tandard typewriter or 
computer keyboard and devising rules for the ir use in 
constructing the notations. A recent addition to the nomencla­
ture/notation foray is SMJLES, an acronym for Simplified 
Molecular Line Entry Specification. This i s a valence model of a 
structure, not a computer data structure, and is relatively 
simple to master. (A tutorial is available at http://www.day• 
light.com/.) 

Final assessment of the overall utility of notations bas yet to 
be made; they particularly are appealing because their brevity 
/compared with descriptive chemical n omen clature as illus· 
trated in Table 25-1) greatly increases storage efficiency in 
printed indexes and computer memories and facilitates com· 
puterized searching. In addition , they automatically avoid the 
troublesome "trivial name feature" en countered in practical 
nomenclature. However, they are not pronounceable words and 
do not eliminate the need for descript ive chemical nomencla­
ture in the written and spoken word. 

Several of these notations have been found useful for re­
trieving compounds on a structural basis from specialized files 
of compounds stored in computers using the same notations. The 
extent to which techniques for accomplis hing such retrieval may 
be applied usefully tQ a file comprising t h e uni verse of chemical 
compounds is the subject of considerable in ten•st. a nd study. 

Special typewriters have bee n devised whereby s tructural 
~ormulru, may be coded directly on punched tape a nd a lso stored 
m the memory of a computer in the form of a matrix (a con nee· 
tion table of atoms) that can be searched at. nny future time on 
an atom-by-atom basis. This technique permits re trieval of 
compounds on a hjghly intimate strucLural I.Jasis that need not 
involve either nomenclature or the abQve-mentioned notations. 
AuxHiary devices exist. for regenera ting t he actual s tructural 
f~rmulai; of retrieved compounds ei ther by actual prin t.out or by 
display on a computer monitor screen. 

Table 25-1. Illustrations of Notation Brevity 
0f~(RIPTIVE CAS NAME 

1-Chloro-3-methylbutane 
4-Aminobenzolc acid 
1-Naphthalenemethanol 

SMILES NOTATION 

CICCC(C)C 
Ne 1 ccc(C(= O)O)CCI 
OCc 1 c2ccccc2cc 1 
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Organic Chemical Literature 
The constantly accelerating rate of research and development 
during the past five decades has created severe literature prob­
lems not only in the areas of basic chemistry but also in the 
othe; fields of science and technology where chemical informa­
tion is primarily applied, rather than generated. The history of 
Chemical Abstracts (CA) illustrates the magnitude of this so­
called "information explosion." Commencing in 1906, the 
Chemical Abstracts Service (CAS) required 32 years for CA to 
produce its first million abstracts (1938), b~t onl_y _17 years for 
the second million (1955), 8 years for the third milhon (1963), 6 
years for the fourth million (1969), 5 years for the fifth million 
(1974), and somewhat less than 5 years for the sixth million 
(1979). By late 1983 the seventh million was surpassed, and the 
8-million mark was reached in early 1987. Over 10 million 
abstracts were published by the end of 1992. One prediction 
suggests 20 million abstracts will be achieved by the year 2005. 

Currently, the volume of chemical litera ture is so great that 
many libraries simply do not ha ve enough shelf space to accom­
modate bound volumes and have resorted to microfilming, mi­
crofiche or, more drastically, cancellation ofhardcopy in favor of 
electronic journals. More important is the fact that selective re­
trieval of information from the hardcopy literature has become 
an extremely arduous t ask. As a consequence, various indus­
trial, academic, a nd governme ntal institutions (several phar­
maceutical firms actually pioneered the effort) have developed 
computerized systems of s torage and retrieval of those kinds of 
chemical information pertinent to their specific interests. 

Currently, Chemical Abstracts may be searched via S ciFinder 
or SciFinder Scholar and information may be found at the web­
site www.info.cas.org. This faci lity allows a very ra pid and thor­
ough search ofCAS to date; the current information is available 
on computer even before the printed copy reaches the subscriber. 
The Institute for Scientifi.c Information (]SI) in Philadelphia also 
has computerized its abs tract journal, Index Chemicus, a text 
and substructure searcha ble database which h as several million 
compounds in its regis try, and is adding new compounds at a rate 
of about 200,000 per year (See www.isinet.com.) Computer pro­
grams are available to customer s that provide the capability to 
search and retrieve compound data either on the basis ofstruc­
~ural features, or prope rties, a pplicat ions, and bibliographic 
information. 

The huge and continuing flood of published literature also 
has taxed severely the a bilities of abstracting services to keep 
current. The magnitude of the t ask is illustrated by the 
experience of CA, which shows that the a pproximate number of 
papers and patents abstracted annually increased from 50,000 
ID 1950 to 120,000 in 1959; 230,000 in 1968; 400,000 in 1973; 
over half a million in 1978; approached 750,000 in 1983; and ex­
cee~ed 1 million in 1988. T he lag between publication oforiginal 
articles and that of t heir abstracts has been s ufficiently severe 
to foster the production of various so-called "current awareness 
~ools• and specialty publications such as Index Chemicus and 

urrent Contents of IS/ and Chemical Titles, Chemical-Biologi­
:l~ctivities (CBAC), Polymer Science and Technology (POST), 

h~tc Journal Abstracts (BJA), and CA Condensates of CAS; 
w ich also are computer-based publications. 

ORGANIC PHARMACEUTICALS 
ihe conlrast between the drngs of today and those of yesterday 
l~e~ dramatic one i!' severa l respects. A cent ury ago, hu~ans re­
th almost exclusively on nature to produce the orgamc drugs 
la ey needed, and the contributions of pharmacy were con.lined 
fo rgely to the preparation of extracts, tinctures, or other dosage 

Plrrns of the crude drugs and to the isolntion of act ive princi-
es esp • II lk • S ec1_a Ya . aloic\s 11nd glycosicles. 

rat ~11thet1c drugs began to nppear a t a noticcnbly accelerated 
la e in tho 1920s, und this gene rally is attributed to tho very 
Wrgf expansion of tho American chemicnl industry fostered by 

or d Wnr I. Many obsot·vers view the mlvent of the sulfa dntgs 

CHAPTER 25: ORGANIC PHARMACEUTICAL CHEM1S111Y 3N 

in the early 1930. •• the beginning or the modern era ol ayn­
thetica. 

The great majority of new basic drup an, distinct organic 
chemical compounds. Most of these are products or synthetic or­
ganic chemistry, although 80me, auch aa taxol, ACTH, and 
many of the antibiotics, hormones, and anticancer drugs are 
products of natural origin. Even with drugs or the latter group, 
however, the chemist has played a very important role in de­
vising processes to produce them economically, not only in the 
large quantities required, but also in a sufficient state or purity. 
He also has succeeded in the deliberate chemical alteration of 
these naturally occurring compounds and produced derivatives 
that are either more potent or superior in some other respect 
(eg, dehydrocholic acid, dihydroergotamine, fiuorocortico­
steroids, semisynthetic penicillins, methyltestosterone). 

Such molecular modification of known pharmacodynamic 
compounds, both natural and synthetic, constitutes one of the 
main kinds of research effort in the field of chemotherapy. Al­
though it is true that such effort frequently results in cluttering 
the market with drugs that may not be superior to those being 
imitated, nevertheless, a critical review of the results achieved 
over the past half century provides abundant evidence that the 
effort yields a gratifying pe.rcentage of new, highly beneficial 
drugs (see Chapter 28). Many of the new admissions to the offi­
cial compendia are of such genesis. 

Chemical and Pharmacological 
Classifications 
During the early years of the modern era of synthetic organic 
pharmaceuticals, it was common to classify these new drugs on 
a chemical basis. This was logical, not only because they were 
fundamentally the products of chemical research but also be­
cause the sciences of pharmacology and biochemistry were still 
in their early s tages of development. Indeed, the ever-increas­
ing need for more precise knowledge concerning the efficacy 
and safety of new drugs has fostered, to a significant degree, the 
rapid growth of these sciences to their present impressive sta­
t us, and will undoubtedly continue to do so in the future. The 
most comforting result is that these complementary efforts con­
tinuously are providing medical science with better tools and 
knowledge to th e end that effective prevention and treatment of 
human physiological and psychological ills constantly are be­
coming more and more of a science and less and less of an art. 

The guiding hypothesis underlying all efforts to classify or­
ganic pharmaceuticals on a ch emical basis is simply that some 
correlation will exist between the chemistry of the compounds 
and their actions and uses as medicinal agents. Early efforts to 
discover useful correlations were based largely on gross struc­
tural considerations with particular emphasis on the presence 
and location of chemically active (functional) groups. In a more 
sophisticated form, such efforts continue today, and the net 
result has been tho accumulation of a very large body of 
knowledge on the broad subject of drug action. This knowledge 
materially s trengthens the belief that the pharmacodynamics 
of drugs ultimately wi 11 be explicable in terms of their chemical 
characteristics. It also points indisputably to the fact that a 
complete understanding of the mechanisms of drug action is far 
in the future a.nd that it will involve much more information 
than presently can be visualized from structural formulas and 
molecular models. (Refer to Chapter 28, Structure-Activity 
Relatior1ships a11d Drug Desig11.) 

It has become clear that the pharmacological actions of 
drugs must be viewed as functions of the total molecules. For 
example, all barbituric acids contain the malonylurea frag­
ment, but the relative actions of the different barbiturates vary 
widely with respect to quantitativeness, onset time , and dura­
t ion, depending upon substituents at the 1, 3, and 5 positions 
(Chapter 80, Sedative and Hy p11otic Drugs). The official sulfa 
drugs provide another example. The antibacterial portion com­
mon to all sul fas is the parent compound sulfanilamide. but 
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ct.nal altaations at th.1'" ancl N4 positions produce derive• 
ti-. that dil&!r i111portantly in tMir actions ancl chemothera· 
Pftl1ic ......... 

Depa~ af pharmat-oJacica activity on total moJec:ular 
~ CilllllJDGllly ii mclfflt with drugs that are pol)i'unc­
tianal fraaa •chemical \VWJIIIUll. Thi! sulfa drugs provide a good 
.....,_aftbisuelimination « either the amino orsulfonamido 
JICll'tions. • "-a c:hanp in their J'elative positions, results in 
• af'lillctaiostatic: llt'tmty. Similarly, aspirin loses its anal­
Citic accioa if' either ita carboxyl or am.oxy group is remO\'t!d 
mm~ urif'fh. reJation of these groups is other than ortho. 
. Similar -,,ende..te is mmmcm in the area of stereochem• 
Btly. 'l1iua. the mans form of diethylstilbestrol is estrogenically 
)IClteat whereas the cite form is not. This is reminiscent of the a• 
and~ or estradiol, the latter being about ten times as po-
11ent ~ the funner. As an ~pie involving cliastereoisomers, 
the wi_dely different mydriatic and pressor potencies of 
e,hedrim and ,-udoepbedrine might be cited. Similar differ­
--iD pbysiologica] activity also are commonJy observed be­
tween eDantiomorphs. Thus, the D- and L-ephedrines differ 
~ in mydriatic and pn!SIIOr potencies; the D- forms of 
the a-amino acids are ,-utly inferior to the i,. forms as nutri­
ent&, and (-~ is more than 20 times as potent a 
Bympetbon,iJnetic a,ent as the ( ~ ).form. 

Fnmi the JIN!0eding chacussion, it is clear that difficulties 
~-be enc:oaut.ered whenever one attempts to classify organic 
-..-Oil a cbemical basis and obtain a s~'Stem that simultane­
:-.r ~ theee drugs on a pharma"i:oiogical basis. AA will 

NeD ID ~llelll parts of this text, drugs that fall into the 
lallle dlemical eat.egor,· oft.en display, collectively, quite a nwn­
:,::C~ actions. C.Onversely, drugs of widely different 
. cbaracteristic& &equently provide the same kind of ac-

b_an wi_len med as medicinal agents. Since, from a practical 
~ theae agent.& are important because of the actions 
~~ Cirre&pective of their chemical composition ), in 
~ c:bapte,.s ofthi& text drug monographs are grouped 

Pl"elelU«l on a pbarmacologica1 basis. 

HETEROCYCLES PRESENT IN OFFICIAL 
PHARMACEUTICALS 
~Y impo,!'tqt biochemical compounds and drugs of natural 
~ Clllllt.am beten,cyclic ring structures. Numerous exam­
!'.m;::W-· IUilcmg the carbohydrates, e1>sential am ino a cids, vi­
~-..'..~01ds, glya.sides, and antibiotics. The presence of 
:-"":'' "'--.>C 111.ruct.uret; ID i;ucb diverse types of compounds is 
indicahtJ":e lit~ngly of the profound effl:Cl.6 such structures ext-rt 
on P ysiol<,gjca) activity, and r<,eognition of this is reflected 
~~:tntly in effort£ t.o fin d w.eful synthetic drug s. Examples 
inc u re6t:an:h4,i; lradmg to a w1dt, variety uf modem drugs 
l uc~ u chlordiuepc,ride <tranqu1hu,rJ, methazolamide (car­
b<.ruc anhJ draM, m lub1t.or 1, gw.ni,thidme (antihypert.en sive), 
&tano:wlol <anabo~c1, d...i,bV~e <l1:pros1.at ic1, cyclc,phosphamide 
and th,~t.epa 1Blltmevpla,,t1c.,,, hydrochluroth ia z1d1: !diure t ic 
and ant.1hypen.em,ive1, im1pram ine I &nu di,pre i.santJ lucan-
thone ~anUlichltitot;omaJ J, 1md m&ny otht:n . ' 

Al'> ~ to be t-xp,,<.1.ed, i hli, tr1:11d in rt:ht:&rch is r i,f'lecit:d in the 
changi:°g char&eu,r of t.ru, <-<,nttui.. of official drug compendia. 
lntt,ns111e rl:W:&.rch 11'.l d1ver1>t< h1:<ttro lll'eal! continu1:s t.o ywld 
new _ou,diciruJ &gent.I!, &r,d Api,t,nd.Jx E i,; dt:Higned v i portray 
part~Jy t he iipt,C:1.rum of hettrocy d1:s preeently reprel>(:n \.ed in 
US P/!'.Y drugs. The cllll>s1ficat1<>0 u; pat.ttrnt:d afttr that em­
ploytd in the Ring / tUiPx and in (;Jll!,,,ucil AL.tr<UIN. 'J'l1e ringH 
are presen!A:d in tht: ordi,r of m crtai>i ng eum pit-xi Ly. The 1,.-,Jdfaui 
figures show the tot.a.I n u m1"'r of av11n» m the r ing~, a nd the 
nwnberorboldface figurE:a m d 1c.stt1o Liu: numl,.,r<if n ngi; prl:M,Jlt 
in the systt,m6, AJ!J b n examplt:, I.he nut.at 11,n 5, 6 indiustc,h a KYS• 
tem composed of t wo ringe, one of which c,,utamK fi vt: 11Vm1w 
while the othe r on e e<in uun e ~ix awrru;, Thi, noL&L11,ns, tiud1 1111 
CaNS.C6, portray the kin d 11nd n umber of all,nu, preJ;cnt in the 
ring or rings. AtibOC'Ult.ed with t:.ach of t hei,e formulaw &re th" 

graphicformulasandRing Index names1 of the individual hete­
rocycles and, in italics, one or more examples of official drugs (or 
the portions of them) containing these heterocycles. 

Structures and numbering schemes2 are according to the 
Ring Index and thus do not portray any inherent features or 
stereospecificity.3 It will be observed that some of the names for 
the heterocycles are trivial (eg, pyrimidine, nortropane) while 
others are rigidly systematic. Trivial names are employed in the 
table v.·here'l--er advisable; ie, wherever, through continued use 
they have become recognized by chemists (as reflected by IUPAC 
adoption and Chemical Abstracts indexin g) a s denoting the 
structures to which they refer. In all other instances, systematic 
names must be used to distinguish between the h eterocycle of in­
terest and its isomeric forms. Presentat ion is exclusively on the 
basis of the most complex ring •system" contai ning the hetero 
atom or atoms; the term "system" meaning either a single ring or 
a combination of rings of the fused, bridged, or spiro tYPes. For 
example, quinine is presented only as a quinoline derivative and 
not also as a pyridine derivative, even though quinoline also is a 
benzopyridine. Similarly, caffeine is presented only as a purine 
derivative and not as either a pyrimidine or an imidazole deriva­
tive, even though purine also is an imidazopyrimidine. 

In a complete presentation of this type, drugs containing two 
or more separate hetero ring systems would appear under each 
of the systems; eg, quinine would emerge both as a quinoline 
and quinuclidine derivative. Wherever possible, only that por• 
tion of the official title is u sed that embraces th e heterocycle; 
eg, thiamine is used instead of thiamine hyd roch loride. 

The final volume (IV) of the R ing Index was p ublished in 1964 
and index numbers are no longer assigned to ring structures by 
CAS. Identifiers for all compound types (including ring systems) 
have been organized into a Parent Compound Handbook, pub­
lished by CAS, which consists of the following index categories. 

Parent Name-This includes the names of all parent compounds 
and undefiDed natural products a rranged in alphabetical order. Com· 
plex parent n ames a.re permuted so that root t erms, buried 1.n the 
names, may be located . 

Parent Formula-Compounds a re arranged according to the Hui 
system (carbon first, hydrogen second, with other elements following m 
alphabetic order), but omitting hydrogen atoms m the molecular for­
mula. Ring systems are grouped in ~he same fashion as the R,ng Index 
(see Appendix E) under the appropnate mole~ular forn_,uln. . 

Re1P5try Number-These are arranged rn a scendmg CAS registry 
number order with associa ted Parent Compound ldent1[iers. 4 

- Stereopare nt,-This cons is ts of CAS Index Parents whose names 
imply 61.ereoch~mjst ry and whose structures a re known. The arrange­
ment is a lphabetical Wlth CA references for undefined or partially de• 
fined natural products. 

' Heterocyclic »trueturu oil.en ore synthesized actually or theuret,cally by rel• 
allvely o,mple chemical operat1on8 such as condenijat1on or dehydrogenation 
of ali phat.ic at.rucLur~s. Bl--cause of t-ht&, mnny authori, p r l"'for lo nnme such 
compound• ,n a manner designed t.o disclose lhe relnho11•h1p LO the ohphat• 
,ca, rather th.on employ H111g fod,x or CAS nomenclature, us •• used in 

Appenduc D 
2 Ext.rcme cauttoo mual be exe re1sed 1n ,nt,erpret1ng J>f!ftl hon numbun; (lo­
ca.ntsJ as. g1Ven t.he 1urn1e oompc,und by different. t.exta, rcl,~11.•nce works or au• 
thors. The .-11,uauCJn often exu,t.8 m which t wo d1ff'crent. nu!nhcnng srhemea, 
through long<anlmucd Uhuage, have become Pslnhln,hed hrmly for a parllc· 
ullif ring •Yet.cm Thiil leads w the U'>I' of d1fforent number• a• locnm~ m an 
ulhcrwiw idenucal p.ur of na me• for the some cum pound Al.o, a uthors fru­
quent.ly a-ndut.:c tn Lhe n:pr~hcns1ble pructacc of 111venhng Lhc1r own oum• 
b.,nng..:h""""'· 
"'l'he /111111 /nckr, 2"" ed, Waslungt.on DC: Am~n cttn Clwmi,·a l &x 1ely, 1960 
and •upµlemcnlJI, All>O, fur each annual, qu1nque11111ul and dcccnruul Index 
1.o ( _..'Jw11w:ol Ab1ttt l'a<.lt1 . 

'An 1dent1li•r w n•1•t• of u 6-leU.cr rode through wl11ch 11n cnlry may be 
found 1n th• l'urent Conipuuud ~•,1e. Euch 8f!Cl1on of th•• file is as•1g11cd • 
rung• ur 1rtt1111firr. oL which lhu IYJ>il or puront muy ba rec.:o11mzed. Th• 
rim~,-• ar~ 
IJBHUIJ u., Hl'ZZY 
B<1FJUJ! u., IJZZZP 
r;uww w 1>:t.zzn 
l•llBllJo wZZZZli'. 

Cug~ parcnlw 
At.yd ic 11t.crco punrnta 
Cyclic 1tWrl!O purt-ntw 
Jt111g pun•nlw 
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Rini Analy•I-Thi1 includes ring 1ystema only, arranged by the 
clauical Ring Inda 1ystem and st.ates the CA name and PatTnt c,,,,.. 
pound Identifier. 

Rini Subatructur&-Rings are lis~d ~~; . . 
A component ring formula for each md1V1dua! nng system hsted 
in the Ring Analysis Index, arranged accord mg to ~he Hill sys­
tem but not including hydrogen atoms. All entnes are per-
mu~d to allow searching on any atom. . . 

The current CA index name of a rrng parent and cyclic 
stereoparent; a Parent compound Identifier . . 

ACIDS AND BASES 
Organic pharmaceu~i~als are o~en co~plex molecules that 
have a variety of ac1d1c and bas_1c functional groups. -~e be­
havior of these groups in an aqueous environment will influ­
ence the activity of the drug, its t ransport through the body 
and its passage from one body compartment to another. There 
are two main theories of acids and bases, the Bronsted theory 
and the Lewis theory. According to the Br0nsted theory an 
acid is a group that can donate a proton (a hydrogen ion), and 
a base is a group that can accept (bond to) a proton. Because 
8 proton has no electrons, the base must be able to provide a 
pair of electrons to form a new bond. A Lewis acid is a group 
that can accept an electron pair and t herefore mus t have an 
empty orbital. Groups that can donate a? elec~ron i:iair are 
termed Lewis bases. In this chapter the d1scuss10n will focus 
on Br0nsted acids and bases. See also Chapter 17 Ionic Solu­
tions and Electrolytic Equilibria. 

Groups which function as acids must have a proton that can 
be removed in the presence of a base. In the laboratory ex­
tremely strong bases can be used in nonaqueous solvents to r e­
move protons from alkyl groups and aromatic rings. Alt~10ugh 
such reactions are extremely important for drug synthesis, the 
concern of this chapter is with drugs in an aqueous environ­
ment. In water, the strongest base that can exist is hydroxide 
ion, OW, while the strongest acid is the hydrated proton or hy­
dronium ion, H30 ' . Although there a re several exceptions, 
most hydrogen a toms bonded to carbon are not su fficiently 
acidic to be removed in aqueous solution. In general hydrogen 
atoms bonded to 0 , N, S, and sometimes P (in general, any elec­
tronegative atom) are-potentially removable in aqueous solu­
tion. When an acid donates a proton, a new species called the 
r:on1ugate base of the acid is formed. 

aeid conjugate 
bnsc, 

which has a charge one unit lc~s than that of the acid from 
which it is derived. Thus, acetic acid, which is electrically neu­
tral, dissociates to a proton and its conj ugnte base, acetate ion, 
which has a charge of - 1. An equilibrium is established be­
tween the ncid and its conjugute base. The equilibrium con­
stant, which is known as the acid dissociation constant (I<,.), is 
a property of the acid in question. Because K. values generally 
are exponential numbers, it is convenient to use - log Ka which 
1srererrcd to as the pK. oft he acid. In water, the pl<,. scale runs 
from O to 14 with the lowest values corresponding to the 
ilrongest acids. Refer to Chapter 17 for a more extensive treat­
ment of this concept. 

Dasie gl'oups require a pair of electrons, which are used to 
bond with a proton. This electron pair can be either an u n­
shared pai r or a fo rmal negative charge. Buses such ns amm?· 
ma or amines bond with protons using the lone unshared pair 
of electrons on the nitrogon atom. Other bnscs, such ns hydrox­
ide, use the electron pair mndc nvnilnble by dissociation of the 
cation, lo bond with protons. Whon a neutral base acrl'pts n pro­
ton nscharge increnses by one unit nnd a new spl'cies is formed, 
r"li~d the co,l)ugate ncid of Lhe baso, 
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:1''11:, + e• ~ -,..14• 
base conjuple 

acid 

Ammonium ion ( + 1 charge) is the conjugate acid oC ammonia; 
water (0 charge) is the conjugate acid ofhydrmide ion. The equi­
librium constant for base dissociation is called the Ki, oCthe hue. 
In water, the pKi, scale extends from Oto 14 with low val-.-~ 
resenting the strongest bases. There is a relatiomhip between 
the pK. of an acid and the pKi, of its conjugate base in water. 

pK. (acid) + pKi, (conjugate base) = 14 

A similar relationship holds for bases and their conjugate acids-

pKi,(base) + pK_(conjugate acid) = 14 

Acids are in equilibrium with their conjugate base forms. One 
of these species will be charged and the equilibrium ratio, 
therefore, will determine the extent to which the molecule is 
ionized in solution. This has profound implications in medicinal 
chemis try because the extent of ionization of a drug in the body 
will affect its transport from one compartment to another. Ex­
amination of the expression for acid dissociation shows that the 
equilibrium constant 

K. = [A-][Wl/[HAJ 

Taking the logarithm of both sides of the equation gives 

log K. = log [A-] + log [H ·1 - log [HA] 

Multiplying both sides of the equation by -1 gives 

- log K,, = -log [A- ] - log [H·J + log [HA] 

S ubstitution of pK. for - log K. and pH for - log [H+J gives 

pK,, = pH + log [HA]/[A - 1 

This is known as the Henderson- Hasselbalch equation and 
gives the relationship between the pK,. of an acid5 and the ratio 
of its acid form to conjugate base form at a given pH. It is im­
portant to remember that while pl(,. is a property of the molecule, 
p H is a property of the medium (solt-ent). In this case (for elec­
trically neutral acids) the ratio [H..\.J/1:A - 1 is the ratio of [non­
ionized]/[ionized) species. 
A more general form of the equation can be expressed as 

p.K,. = pH + log [acid form]ll.conjugate base form] 

Thjs is easy to remember because the base goes in the base­
ment. For charged acids, such as conjugate acids of amines, the 
equation appears as 

p.K,. = pH+ log [BH• lilBJ 

Here, the ratio [BH 'J/[B) equals the ratio of [ionized]/ 
[nonion.izedJ species. 

The Henderson-Hasselbalch equation allows for calculation 
of the percent ionization of an acid at a given pH. This can be 
calculated as 

% ionization = 100 [ionizedJ/((ionized + non-ionized)] 

An example of a Henderson-Hasselbalch calculation using phe­
nol as the acid at pH 7. 

phenol phenolate ion 

•tn medicinal chenustry only pK. is ~gnized to eliminate confusion. Thooe 
compounds with a pK. gre11ter than pK. are bases; the greater the PK., the 
stronger the base. Henceforth, only pK,. will be used. 
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pK., (phenol) - 9.9 
9.9 • 7 + log [PbOH}l[PbQ-J 
2.9 • log IPbOH}'[PhCrJ 
794 • (PhOHJl[PhO- J 

'l'bu. the ntio of' ~ol to phenolate ion tPhO-) al pH 7 ia 
?k:1, the Cllllllpound u larply non-ionized. The percent ioniza­
tioa is eakulawcl to be 

4l ionization• 100[11(1 + 794l] 

4l ionization-= 0.126«1- at pH 7 

A aecond example ii pnl\;dNf for the extent of ionization of ani­
ml!' ~t. pH~- Aniline}Ph.''R2 \is a hue ";th a pK,. of 4.6 for the 
anili~um _ion (Ph.'i:Hi ). Using the Henderaon-Hasselbalch 
equabon gi,'fl 

aniline 

4.6 -= 7 • log [Ph.,"Ha l/fPh.'l\"H2J 
-2.4 ~ log fPh.'l\"H; ll{Phl'l."H2] 

0 .004 "' [Ph.,"H; i1PhNH2J 

ailinium ion 

The ratio of ionized to non-ionized aniline at pH 7 equal& 1:251. 
The percent ionization at pH 7 is 

'N ionizauon = 100 ll/(1 + 251 )) 

'k ionization "' 0. 4,;. at pH 7 

Some compound& have several acidic or basic groups or a com­
bination of acidic and basic groups. ln these cases, the pK., of 
the strongest acid is w;ed for Henderson- Hasselbalch calcula­
tiOD6 becalllil' this is the group that will dissociate most readily. 
It alac> should be :rec::ogruzed that compounds that possess qua• 
ternary ammonium groups (N attached to four alkyl or aryl 
groul)fi but not hydrogen) have a permanent + 1 charge which is 
unaffected by the pH of the medium. Such compou.nds will 
alway• be 1 OO'l 10ruud and calcu)lltion of the extent of ioniza­
uon of the molecule it; unnews..ary. 

It v.aa; &i.au:d previou..ly I.hat in an aqueous environment hy­
drogt,n aLolDli attached LO 0, N, S, or P may l,e acidic and that 
an equililmum u; etit.ablu;ht,d l,etween the llCid form and il.6 con­
j~ btie. Groups UWl 61.abiliu Clowe r the t nergy of) the con­
Jupu, baae will cinve the equ1libnum farther t.o the right and 
th,i,reby incn,ai.e the 11trength of the acid. Such groups stabilize 
the wnJugaLe bli..e by providing a mechanism for the d1SJ)f'rsal 
of any ckvelopwg w,gati ve charge. E)cC'tronic effoctil from func­
t,oru.l gn;,u~ will thtrefore have an effect, on tht slrt,ngth vf 
orarby acicLc and Liu.,c ,;it.es . 

Thi, el..ctron1c tfft:CUi of functional groupii can be d1V1ded 
int.o {U!lti, uui uctwe, and rU-01wria effo,cUi. The nature of the.e 
.,m,e1.- and bow t.hey are Lali,n~ . u; t.he deciding faC"tor for the 
type of el,,droruc efff:(.-t expruo,td by en individual functional 
group. Fulti •·ffi•clll are througb-.paei: effoclAI un pol11ri7..&.l,ihty 
di.IE: t.o eltoetroru:gat1v1ty d1fl.-n,n<:eti. 

fu•ld •·lfl·<1 

Polaritability i1 the ease of distortion of the electron cloud. At­
tachment of a highly electronegative atom to a system will draw 
electron density toward that atom, thereby rendering other por­
tions of the molecule positively charged. Field effects tend to de­
cree• \\ith increasing distance. Inductive effects are the polar­
ization ofbonda as a result of electronegativity differences. 

+--­c-c-c-x 
666. 66. 6. 

Inductive effect 

Thus an electronegative atom polarizes the bond attached to 
it by increasing the electron density in its vicinity. The opposite 
side of that bond acquires a degree of positive charge. This in 
tum polarizes the adjacent bond, and so on. These effects, 
11·hich are transmitted through bonds, als o decrease with dis­
tance from the electronegative atom. 

Resonance effects involve the actual movemen t of electrons 
through a ,r-bond system. The ,r-bond syst em acts as a conduc­
tor of electrons, much as wires conduct the flow of electricity, 
which can be moved in either direction dependin g on the needs 
of the system. This is especially pTominent in conjugated sys­
tems (those with alternating double and single bonds). The 
movement of electrons through a conjuga ted system allows for 
charges to be dispersed over several a toms (deloca lization). 
This lowers the energy of the sys tem rela tive to an i solated 
charge. In contrast to field and inductive effects resona nce ef­
fects decrease much more slowly with dis tance•. Stabilization 
incre~s as the number of atoms over which the charge is dis­
persed_ mcreases. Resonance effects generally contribute more 
extensively to the overall electronic effect of a functional group 
than do field or inductive effects. 

Among the functional groups which are cla ssified a s being 
electron-withdrawing are the carbonyl-based grnups Caldehy­
des, ketoaes, esters, carboxylic acids , amides, etc), nitro, nitrile 
(cyano), sulfmyl, sulfonyl, halo, quaternary ammonium, triflu­
O_l'Qmethyl, vinyl, ethynyl, and phenyl. T he re lat ive contribu· 
bons of field, inductive, and resonance effects to the overall 
electronic effect of these functional grou ps is discussed below. 

The carbonyl group (=C=O ) is a n in tegrnl part of a large 
number of functional groups such a s ketones, carboxylic acids, 
amides, esters, and carbamates. Field and induct ive effects 
v.~t.Jtin this bond system a rise because of the e lectronegatiVJty 
difTerence between oxygen and carbon. E lectron" in both the u­
and 11-boads are polarized so that the gTeater density occurs 
near oxygen. The carbon atom acquires a pa rtia l positive 
charge which can attract. excess electro ns fro m neighbonng 
groups. If a negative charge develops a dj acent to a carbonyl 
group, that charge is stabilized not only by electro;,,tatic efiecls, 
but alw by resonance, which can delocalize the negative charge 
onto the carbonyl oxygen. 

OG 
I 

-C=CH . .! 

Another J?OWerfu l electron-withdrawing group it1 the rui ro 
group ( - NO~). Although t his group is electn cully neutral over-
1111 , Lhe n1trog~n al ways carries a poliiti ve charge 1h11 l i s 

bul11ncc,d 1,y e negative cha rge on one of t he oxygen utoms. 1\1° 
rl!bOnunc,; &Lructun,s can be drawn which dibll'ihul,e t he nri:a· 
ti,·o, char1sc over l~ Lh oxygen ul.ome. 'J'lm pot1it ively charged HI· 
trc,1:1:n run nlubih1.o an edJacent nei,:ul1ve chari,:o by electro• 
i.t.uuc aurucl1un " " wcll iur 1,y rcijon uncc. 
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A nitrile possesses a carbon-nitrogen triple bond. The elec­
tronegativity di/Terence between carbon and nitrogen results i_n 
carbon having a partial positive charge. The larger effect of this 
functional group however, comes from resonance stabilization 
of an adjacent negative charge onto the nitrogen. 

The difference between a sulfinyl and a sulfonyl group is 
that the former has one and the latter two S=O bonds. A ma­
jor resonance form of the sulfinyl group has a S-0 single bond 
,-ith a formal positive charge on sulfur and a negative charge 
on oxygen. Sulfonyl has two such resonance structures. The 
preference for these structures over those with double bonds is 
a result of the relative inefficiency of p-orbital overlap due to 
the difference in s.ize between sulfur and oxygen. Despite this, 
however, resonance stabilization of an adjacent negative 
charge does contribute to the electron-withdrawing capabiHty 
of these functional groups. 

fl) 
08 

0 
-s- - - s-

G) 

sulfinyl 

Pi) 
8 

0 0) 
le II -s- - -s- - -s-

I II le 
0 0 Co 

8 

sulfonyl 

The halides (F, Cl, Br, I) are much weaker electron withdraw­
i~ggroups than might be expected. Fluorine, which is the most 
~ ectronegativ7 element, exerts strong field and inductive ef­
f(lS on an ad1acent carbon atom. Additional electron density 

ct~not be withd~awn by resonance b<'cause there are no avail­
~ e vacant orbitals. The lone-pair electrons on fluorine can 
~wever, be donated by resonance. As a result of this push- pull 

e 1ect, Lhe resonance and field ( + inductive) effects nearly can­
ce and fl · • Iii uonne usually exerts only a small electron-withdraw-1ng e ect. 

<'lectron-withdrawal by 
field and inductive effects 

+--
cJ: 

electron-donation by 
resonance 

Chlorine is I s fli . 
ca""'• r· e 8 e 1c1ent at donati ng electrons by resonance be-

...., 0 its size I • · d and indu . re alive to carbon. It docs exert substantial fie! 
~lthdr ~live effects, and therefore behaves as an eledron­
c.,c awidng group. The elcct1·onegativity difTerence between 

"
0n an bro • • · b ru.n,. . mine 1s small, and elcctro11-do11ation y reso-

" IS ineff • a ~eak I icient. As a result, brom ino gencrnlly behaves as 
c,uoe td ~~lron-wrthdrawing gi·ot1p. Iodine is weaker s till be• 

0 
ecreasecl field nnd inductivo olfocts. 

CHAPTER 25: ORGANIC PHAIIMACEUncALOIEMISTltY 3t3 

Functional groups such u quaternary ammonium and tri· 
fluoromethyl exert their electronic etTecta primarily through 
field and inductive effects. The quaternary ammonium group 
has a permanent positive charge on nitrogen, which stabilizes 
an adjacent negative charge elec:trostaticaUy. Becawie there are 
no lone-pair electrons or vacant orbitals, resonance with this 
group is not possible. Direct resonance with a trifluoromethyl 
group does not occur. The three highly electronegative fluorine 
atoms exert multiple field and inductive effects on the carbon 
atom to which they are attached, which can then in turn stabi­
lize an adjacent negative charge in a similar fashion. 

Unsaturated groups such as phenyl, vinyl or ethynyl can 
function as electron withdrawing groups by delocalizing any ex­
cess electron density throughout the -:r-system. 

Functional groups, which are classified as being electron 
donating, include alcohols, ethers, amines, and alkyl groups. 
Each of these will stabilize a developing positive charge and, 
when attached to basic atoms, tend to increase the association 
constant. 

Alcohols and ethers have similar inductive effects to those 
present in carbonyl groups but experience decreased field ef­
fects due to the lack of a polarizable -ir-bond. Although carbonyl 
gToups have the ability to delocalize excess electron density 
onto the oxygen, this is not possible for alcohols and ethers. Un­
shared electrons on the oxygen, however, can be delocalized by 
resonance to help stabilize a developing positive charge. In the 
process a new C=O bond is formed and the charge is delocal­
ized onto oxygen. Although it is unfavorable to place a positive 
charge on an electronegative atom, this is compensated by the 
formation of a new bond. The predominance of resonance over 
field and inductive effects is observed by the fact that alcohols 
and ethers behave as electron-donating groups. 

A similar situation exists for amino groups where the lone­
pair electrons can be donated to fonn a~~ bond and thereby 
delocalize an adjacent positive charge onto the nitrogen. Be­
cause nitrogen is less electronegative than oxygen, it can better 
tolerate the charge. Amino groups are generally stronger elec­
tron donating substituents than either alcohols or ethers. 

Alkyl groups, unlike alcohol or an1ino groups, do not have 
lone-pairs of electrons to donate. Instead, &-bonding electrons, 
especially those from C-H bonds, can be donated in a process 
k.nown as h_vperro11jugation, or no-bond resonance. Hypen:ortju­
gation allows an adjacent positive charge to be delocalized by 
resonance onto a proton. Such effects are greatest for methyl 
g,-oups because the charge can be delocalized onto three differ­
ent hydrogens. Methylene groups (CH,), in contrast, allow for 
charge delocaliz.ation onto only two hydrogens. 

H 
• r,I 

R,,C-C-H -
- I 

H 

R.,C=C-H 
- I 

H 

hyperco1\jugation 
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It bu b.e1'> obst-a ,NI that in the a1-ntt of other factors. certain 
eJedran-Ttithclra'll"ing grwps am-ct pK. ,-alUE"S of ~llffl• and 
ni~ functional groups in a predictable manner. A 
~ al such 8l'ecta all~,s first-i>1'dn predictions to be 
made or acid and hue strength for a ._;de range of functional 
groups. 

Some functional groups am be thought of as being derived 
from water by n.-placement of one or both hydrogens. Alcohols, 
for example. can be deri,-ed from - ·ater by replacefflt'nt of one 
bydrogn by an alkyl group. Replarement of hydrogen by an 
&r.'i group \aromatic rina;l gh'ftl a phenol. If both hydrogens are 
~ by alkyl or aryl groups. an ether is formed. \\'ater and 
simple alcohols are neutral lpK. 141 v.;th n>&p«t to their 
acid-hue properties. Ethers llJ"e neutral by virtue of the fact 

ether H3C--O--<:H3 
alcohol H.1C--O-H 
'IJl·ater H--0-H 
phenol Ph--0--H 

0 
R 

carboxyhc acid CH3G--O-H 

0 
n 

sulfonic acid CH~s--o--H 
n 
0 

ammonia H-NH 2 

1· amine HJC-l\1i2 

that they have no hydrogen to donate. In contrast, unsubsti­
tuted phenols beha,-e as moderate to weak acids in aqueous so­
lution ,..ith pK. ,-alues in the range of9 to 10. Replacement of 
H by an aeyl group increases acid strengt.h relative to water by 
4 to 5 pK,. units. Substitution by an alkyl group however, has a 
negligll>le effect on pK.. If one of the hydrogens of water is re­
placed by an acyl group (carbonyl), a carboxylic acid is formed. 
Such compounds t)11ically have pK. values in the range of 4 to 
5. An acyl group therefore lowers the pK., by 9 to 10 pK. units. 
Substitution of a sulfonyl group for H increases acidity by 14 to 
15 pK. units. The resulting compounds, called sulfonic acids, 
are ne-arly as acidic as sulfuric acid in aqueous solution. A list­
ing of the opproximate pK,. values for a number of organic com­
pounds is presented below. 

neutral 
neutral 

neutral 
pK_ 9-10 acid 

strength 
increases 

pK.4-5 

pK,. < l 

pK.5 
pK.10 base 

2· amine H.,C-!\H--CHs pl{.10 j strength 
arylamin" Ph-!'82 p}(.5 decreases 

d,arylamme Pb- l\li-Ph pl(. 1-2 
base 

0 acid 
u 

a01.1d<e CHJC-!liH2 neutral 

0 
II 

.I\· -i.ryu,.mid .. CH.,C-KH- Ph PK. 12- 13 

0 0 
u If 

uruck CH.,C-1'H--{;CH3 pl{,, 9 

0 acid 
ll strength 

.. ulfur,11111,dt- CH.,S- NH1 pK.9 incrt'aM!d 
II 
u 

() 

II 
.l\'-IS.f)'l .. u lf.Jn1<mid1• CH.,S- 1'H- Ph JJK. 6- 7 

II 
() 

() () 

II II 
1oulfo11umd1: <"11,.S- J'\H ..,(; ( 'H., JJK. 4 

~ 
(J 
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Electron-withdrawing substituents, when attached to a basic 
pp, will decrease base strength by making it more difficu~t 
to donate lone-pair electrons for bonding with protons. Some nt· 
trogen-containing runctional groups can be thought or as being 
derived from ammonia by replacement or one, two, or three hy­
drogen atoms. Ammonia has a pK., or about 9 and behaves as a 
moderately strong base in aqueous solution. Primary, se~­
ondary and tertiary alkyl amines can be formed from ammonia 
by replacement ofone, two or three hydrogens, respectively, by 
alkyl groups. Such compounds have approximately the same 
base strength as ammonia in aqueous solution, indicating that 
the alkyl groups have little effect on pK.,. . 

Replacement of one hydrogen or ammonia by an unsubsti­
tuted ary) group gives a very weak base with a pK., "' 4. A sec• 
ond aryl group further lowers the pK., to about 2. A single aryl 
substiluent therefore has an effect ( =- 5 pK units), while a sec• 
ond such group displays an effect that is half again as great (2 
to 3 pK units). The effect of a third group is not as easily quan• 
ti.lied because of nonlinear effects such as steric hindrance. 

Replacement of one of the ammonia hydrogen atoms by an 
acylgroupgives an amide. Such compounds are virtually neutral 
in aqueous medium, suggesting that the acyl group decreas~ 
the PK. by 3 to 4 units, the same magnitude as it increased acid 
strength in the water model. The electron withdra,ving carbonyl 
group restrains the lone pair electrons of the nitrogen atom to 
such an extent that it can no longer abstract protons. 

Substitution of a second acyl group on ammonia gives an 
lmide. lmides behave as acids in aqueous solution with pK. val­
ues of about 9. The second electron withdra,ving group not only 
rnakes donation of lone pair of electrons difficult, but weakens 
the ~-H bond to the point that dissociation can occur. The re­
sulting coajugate base is stabilized by the two carbonyl groups. 
It is to be noted that the second acyl group had about half the 
effect (5 pK units) of the first. A sulfonyl group, when substi­
tu~~ for hydrogen on ammonia, gives a sulfonamide, which is 
aodic with a pK,. of9 to IO. A single sulfonyl group therefore aJ. 
ters the pK by 14 to 15 units. 
d ~stimates of pK,. values can be made for functional groups 
enved from the water and ammonia systems. The data seen in 

Table 25-2 are useful. When two different substituents are at­
~ched to nitrogen, the group having the larger effect is taken as 

e first group and that with the smaller effect as the second 
i:roup. Thus, N-mcthylaniline is calculated to ha\'e a pK,. of 
a~ut 4 (using the first group value for then ryl substituent) and 
: Pl<. of5 to 6, as would be obtained if th<' methvl group were 

en for the first group. It is 1mpor/an I to n·ali:e ho1cet'er, these tst,mate I d . r, sexc u estericand otherelectro111ct'/Tcctsand may t•ary 
roi the_a~tual (experimental) ralui•s b., s,.'l·erol pK units. 

le . Ybn~ization also can afTect ba,,-1' ~trength as observed in the 
ch:eaamine, imine, nitrite where tht• hybndization of nitrogen 
trai°1es from sp3 to sp2 to sp. Althou~h a mint's function as mod· 
Ya]i!;'slrong bases (pK,. - 9 ), imi1w:. l\l'e much weaker with pl<.. 
rect of near_4: Nitriles nre essentially nC'utrnl (pKi, - l l. The ef­
tr~l t hyb_nd1zntion is to shorten tht• bond 1,•ngth and thtl gen­
llt~:nd 18 that bond length decrens1•s and electronegativity in· 
ri.r •p' 88 the percent of s-chnrocter of tht! bond increa;;es (25'c 
Ind h ; 33% for sp2

; and 50'1 for sp l. The shorter bond lengths 
I,( nit 

1
1her electronei;utivity associntl'd with the nitrogen a tom 

troge~ lhs l'l'~u)ts in the lone-pair bt>111g held murh doser to ni-
an ll 1s for iminl's or amim•s. Since, busicity is a func--

llbl• 25 
~ biti1i/· PK Effect of Functional Groups as 
~•nts on H20 and NH1 

~<ll~ ,.__ IFffCT AS FIRST EFFECT AS SECOND Ii · ~ p GROUP, PK UNITS GROUP, PK UNITS .l.!k1I -------'=~~=,._,_ ___ ___,=""'-.=..c"""'= 
~ --1 0 0 ,.,:1• ~•~yl 
. ' I 4 2- J 1.:100y1 10 s 
.....___. 15 7- 8 
--------------- ---

OWTU2S:OIIGNICIIH.UMACIUTICM.CHEMISl1lY Jl5 

tion o( how readily the Jone.pair la ■hared, it ii NMODlble that 
amines would be the moet buic. and nitrila the ..... ..._ 
within this series. Aromatic nitropn atcJma. such as bmd in 
pyridine and pyrimidine, are also,p' hybridized and are limilar 
to imines with regard to their hue-strength CpK. • 4). 

amine irnine nitrile 

pyridine pyrimidine 

Two functional groups that are common in phannaceutic:als are 
amid.inc and guanidine. &!fer to Appendix A of this chapter for 
a li~ting of functional groups and names. These can be consid­
e red as amino derivatives of imines. Am.id.ines, which have a 
single amino group attached to the imine carbon. are strong 
bases with pK. values near 11. Guanid.ines are even more basic 
(pK., "' 131 and bave two amino groups attached to the imine 
carbon. The higher basicity of these functional groups as com­
pared to irnines is due to two factors: 11 l the effect of the elec­
tron--0onating amino nitrogen\s l, which can increase electron 
density at the imino nitrogen by resonance. and 121 the coJtju­
gate acid form is stabilized by charge ddocalization among 
each of the nitrogens again as a result of resonance. These ef­
fects are more pronounced for guanidines, "'hich have an addi­
tional resonance structure avllllable. In these functional groups 
it is the doubly-bound nitrogen that serves as the basic site. 
The single-bonded nitrogen is neutral due to the elt!Ctron-with­
drawing effect of the double bond and tht! lack of resonance sta­
bilization for the conjugate acid form of this nitrogen. It is im­
portant to note, however, that if the amino nitrogen carries at 
least one hydrogen, tautomeric structures are possible in which 
either nitrogen can. be bonded to hydrogen. wilh the other t.heo 
becoming the basic site. 

Taulomers are structures that differ in the placement of 
one small group or atom, usually hydrogen. In amidi.nes. hy­
drogen can sluft rapidly back and forth between the two ni­
trogen atoms (with the con:;equent relocation of a pair of elec­
trons) wues,; structural fe.itures fa,·or a panicular tautomeric: 
structure. 

anudul,-s 

R,:._-(\ 

R"~g_q~~ - -

tJutomers 

P'¼IJ 
R .J -.... ~--

.. II .. 
R"i-'--C-:-.R, 

gu:uuJm.:s 
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Anatber situatian where tautomeriution oenan in'VUMI pro-
1ma • earbam acijacent to a carbony'I group. Ketaaes, for ex• 
ample. haw two tautom«ic etructares knon u the wto and 
aol Conna. In the enol fonn, a b,.'9drogen from an adjacent car­
bon migrata onto the carbon,,vl ~. with concomitant for­
mation of a """ C=C bond. The resulting hydroxyl group is 
aciclic (when vit-wd u -.t.r with one hydropn aubstitut.d 
by a ,in_vl gn,up, a pK. of9 would be pl'Ntietedl. For ordinaty 
a,tanN ...,__. the equilibrium eonstant heavily ra,'Ol'I the 
bto fonn and in aqll8US llOlution kNC>nes behave u neutnl 
eompaund&. If a eeeoncl carbonyl group is attached to a carbon 
with at least - h~-clrcicen the situation changN. In such com­
pounds the equilibrium constant fawn a much higher per­
cent.ace of the .noI t.automtt due to stabilization by hydrogen 
bonding with the eecond carbonyl group. Such 1,3-dicarbonyl 
compounds behave as weak acids in aqueous solution. 

·o:'°' 
C111:/ 

CH3-C CH2 "'"-""="---
kelo 

:oH 
I 

C"3-C=CH2 

mol 

PK.9 

:o: H~o- .0 .-···· H, o-
il I~ 11J ·11· 1· 

CH,-C-CH~C-Cff:, ----=,.- CH3-C-CH=C-CH; 

kelo fflOI • stabilized by 
llltramolecular 
hydrogen bonding 

Ac.rt.ills 
RC(H or R)(OR)i (cf K~ls) 

Ac,d Anhydrides 
1. Of Monoc.arboxylic Acids 

RCOOC:OR 

2. Of Oiuorboxyhc Acids 
RCOOCO 

ACJd Haltdes (Acyl Halides) 
RCOX 

AClds (Carbo1tyllc) (other i1C1ds 
are listed undef the,r 
char~tStJc ruimes, eg, 
Sulfon,c Acids, Th,o 
Acids. t"I.C) 
RCOOH 

Acyloins (u-+iydro~y Ke1.0f',e) 
RCOCH(OH)R 

Akoholat.es (Alko,odes) 
ROMet.al 
where R is al,phiitJC or 

alicyd,c 
Alcohols 

ROH 
where R is aliphiilic or 

alicycl,c 

EXAMl'LES 

CH1CH(OCH1h acetaldehyde 
dimethyl acetal (1, 1-
d•~thoxyethane)(CH1)i 
C(OC2Hs) 
acetone diethyl acetal (2,2 
-<l,ethoxypropane) 

(01,CO),O ilc:et,c (acid) 
anhydride 

CH2CH2COOCO suwnic (,Krd) 
ilnhydrrde 

CH,coa ilcetyl chloride 

CH3COOH acetic oCld 

01.,COOi(OH)CHj au,toin 
'61-tsC.OOi(OH)C.H, bt:nio,n 

C1H~ONa 
sc.d1um ethylote sc.drum 
ethoi,de 

C1 H~-OH 
ethyl ;;ilcohol (ethiinolJ 

CH,(CH,J.C.HOH cyclohe~yl 
alcohol (cydot.e,.onr,1) 

SUMMARY 
With the ability of the modern computer to manipulate millions 
ofbita of data in a trice, the prediction of many physical and 
chmucal constanta for known and potential chemical entities, 
eolelybuedondataavailablein a library of known information 
hu really C'Ollle to the fore. There exist programs that predict 
quite accurate values for pK., log P (octanol-water partition co­
efficient), fragmentation patterns for compounds in mass spec­
tra, the interpretation of IR and NMR spectra, and so on, cou­
pled with extensive databases of experimentally derived 
c:onstanta. (One such program may be viewed at http://www. 
acdlabs.ClOID!.) 
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CIASS 

Aldehydes 
RCHO 

Alkoxides (~ Alcoholiltes) 
Alk ylhalosrlanes 

R(S1H,),.X 
where one or more H's 

may be substituted by 
addition•/ R's or X's 

Alkylsilanes 
R(SrH,)nH 
where one or more H's miJy 

be substiluted by 
add1t,ona/ R's 

Alk ylsrlanols 

EXAMPLE 

CH,CHO acetaldehyde 

CH3SiH2CI 
methykhloros,lane 

CH1SiH1 
methylsilane 
C2HsSiHi SiHzC1Hs 
sym-diethyld1s1lane 

Types here illustrated are limited to derivatives of silane; ie, 
(mono)-silane, SiH • . There are similar derivatives of the di-. 
tn-, etc, s,lanes. 

RS1H1OH 
Alkyls,lanols 
R2S1HOH 
d1alkyls1lanediols 
R1S1OH 
tnalkyls,lanols 

Alkylsrloxanes 
V,mous linear and cyclrt 

types. (see Silicones). 
A common linear 

RSiH(OHh 
alkylsllanedlols 
R,Si(OHh 
dialkyls,la nols 

type cons1st1ng of 
condensat,on polymers of 
d1alkyls1lanedlols 1s shown. 

RSi(OHh 
alkylsi lanetrlols 

Amides 
RCOIIH, 

Am,dint-S 
k(.( - IIH)NH1 

CH,CONH2 acetamide 

CH,C(NH)NH2 acetarnldine 
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Amines 
RN(H or R)(H or R) RNH2 
types = Amino 
Compounds 

Amino Acids 
R(NH2)COOH 

Ammonium Derivatives 
IRH1Nrx-
where X = OH or a salt 

anion and any or all H's 
may be R's. If N is a ring 
member. specific "ium• 
nomenclature is 
employed to denote the 
heterocycle. 

Anihdes RCONHR' 
where NHR' is derived 
from aniline 
Note-If NHR' is derived 
from: 

toluidine 
xyl,dine 
anisidine 
phenetidine 

Anils (Schiff bases) 
RCH=NR 

Azides (Acyl Azides) 
RC0N=N•=w 

Azido Compounds 
RN:=N·==N­

Azines 
R1C:::NN==CR2 

Alo Compounds 
RN:=NR 

Azoxy Compounds 
RN:::N(O)R 

Benzils (Aromatic 
a-Diketones) 
RCOCOR 

Be Where R is aromatic 
nzoins (Aromatic 

aR•Hydroxy Ketones) 
CH(0H)COR 

Where R is aromatic 

8etaines 
RiW(cH,l.coo-

trate5 (see Esters) 
ea'~nates (see Esters) i Ylamines (see 

!ocyanides- lsonitriles) 
RNc ' 

EXAMPLES 

CH1NHz methylamine 
(C,HslzNH 
diethylamine CH1N(C2Hs.lC1H1 
methylethylpropylamine 

CH2(NH,)COOH aminoacetic 
acid 

((CH1)4N]• 1-
tetramethylammonium 
iodide 

((C2Hsl,WH2JCl­
diethylammonium chloride 
(diethylamine hydrochloride) 

[CH=CHCH=CHCH= N • -
(CH3)1Br-, 1-methyl 
pyridinium bromide 

Compounds are termed: 

toluidides 
xylidides 
anisidides 
phenet idides 

C.HsCH= NC6Hs 
N-Benzylideneaniline 

(CH,l,C=NN= C(CH3)z acetone 
azine 

C6HsN= N(O)C6H5 
azoxybenzene 

p-CH, c.H.cococ. H. cHr p 
p,p'-dimethylbenzil 

p·CHiC6H4CH(OH)CO·C•H•CHr p 
p,p' d1methylbenzoin or 

p-toluoin 

(CH,hN ' CH,CH,coo­
fl-alanine, trimethylbetaine 

C6H5NC 

{
carbylamine, 

phenyl isocyanide 
or isonit ri le 

C6HsOCN phenyl cyanate 

CHAPTER 25: ORGANIC PHARMACEUTICAL CHEMISTRY 

Continued 

cuss 

Diazoamino Compounds 
CT riazene Derivatives) 
RN=NNHR 

Diazo Compounds 
Type A RNNX 
where X = OH or a salt 

anion 
Type 8 RN=NOMetal 

(diazoates) 
Type C C(H or R)(H or R)­

=N•=N-
Diazonium Compounds 

RN2 •x-
where X = OH or a salt 

anion 
EJ)oxy Compounds 

CH2(CH,lnCH,O 
where n = zero or greater 

and any or all H's may be 
R's 

Esters (of Carboxylic Acids) 
RCOOR 

Esters (of Inorganic Oxy 
Acids) 

'6HsN==NNHCJfs 
diazoaminobenzene or 1.3-

diphenyltriazene 

'6HsN=Nd 
benzenediazochloride 

'6Hsff=N0Na sodium 
benzenediazoate 
CH;z=N•=N- diazomethane 

[C.HsN2 •JoW 
benzenediazonium hydroxide 

CH2CH20 
epoxyethane 

CH3CHCH2CH(CHJ)O 
2,4-epoxypentane 

The listing here is intentionally limited to esters of the more impor­
t.ant oxy acids of nitrogen, phosphorus, sulfur, boron, si licon, and 
carbon. In each instance, the type formula shown is for the ester 
which results from the replacement of all acidic H's by R's. Where 
more than one R is present. acid esters (ie, esters still containing 
one or more unreplaced H's) are possible. 
Nitrates RONO2 C2H5NO" ethyl nitrate 
Nitrites RONO C,HsONO, ethyl nitrite 
(Ortho)phosphates (ROb PO (C2H5h PO., (tri)ethyl 

Metaphosphates 

Pyrophosphates 

(Ortho)phosphites 

Hypophosphites d 
Phosphonic Acids 
Sulfates 

Sulfites 

Orthoborates 

Metaborates 

Orthosilicates 

M etasilicates 

Orthocarbonates 

Carbonates 

phosphate 
c,H,PO3, ethyl 

metaph<»phate 
(ROhPO-O- (C, Hsl.P,0,, 
- PO(OR)i (tetra)ethyl 

P(ORb 

(RO),SO 

B(ORh 

ROSO 

Si(OR)4 

(RO),SiO 

C(OR)4 

(RO),CO 

pyrophosphate 
(C2HshPO:,. (tri)ethyl 

phosphite 
C2H5H2PO,, ethyl 

hypophosphite 
(C, Hs)2S0., (di)ethyl 

sulfate 
(C,H, )SO:,. (di)ethyl 

sulfite 
(C, Hsl1B03, (tri)ethyl 

orthoborate 
C2H,BO2, ethyl 

metaborate 
(C2HsJ,SiO., 

(tetra)ethyl 
orthosilicate 

(CzHsl,SiO:,. (di)ethyl 
metasi licate 

(C2Hsl,CO., 
(tetra)ethyl 
orthocarbonate 

(C,H5l,C03, (di)ethyl 
carbonate 

CH1C(CN)(OH)CH1 
acetone cyanohydrin 

Ethers 
ROR 
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