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Preface to the Twenty-First Edition

For over 100 years and throughout 20 previous editions, Rem-
ington: The Science and Practice of Pharmacy has stood as the
definitive text and reference source of all aspects of the science
and practice of pharmacy. In this new edition, you will find a
text that is practice-oriented while maintaining its tradition-
ally reliable coverage of scientific aspects. The 21% edition
keeps pace with the changes in pharmacy curriculum and pro-
fessional pharmacy practice in general.

In the years since the first publication of Remington’s
Pharmaceutical Sciences, there have been many changes in
the field of pharmacy and pharmacy practice. Although this
edition of Remington maintains the general philosophy of pre-
vious editions, several changes have been made to present
fresh and new information and to take advantage of the
advances made in recent years. Each section of the book has
been critically reviewed and revised to reflect 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 areas of:

¢ The application of ethical principles to practice dilemmas
® Statistics
¢ Technology ut ion
¢ Professional
¢ Medication e
* Re-engineerin
.
.
.
.
.

y practice
I risk medicines
1acy practice

ent

Management o

The Pharmaceutical and Medicinal Agents section is the
most very useful pz ¢ book in terms of core drug infor-
mation. For this e« e added more than 100 new drug
monographs, and the | yusly existing material has been up-
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dated. We realize that this is a section that is nearly impossible
to keep current, and we've tried to include as many new drugs
as possible. Because of space constraints, we were limited to the
most important or most widely used drugs.

Another significant addition to this edition is the expansion
of the Pharmacodynamics and Pharmacokinetics section to in-
clude the new, growing area of Pharmacogenomics. This chap-
ter highlights many of the important advances including: prac-
tical applications and technological considerations, molecular
diagnostics for optimizing drug therapy, and 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 his continued
support. Dr. Gennaro was Remington editor for the past four
editions. No one is more familiar with Remington than he 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 he has 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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_ ds of known compounds fall conveniently into a very

T mmndunéum&,andthnmuseﬁdh&.m

~ predictions for possible applications of known compounds and
- rethos

~ Organic compounds may be classified in many ways, the de-
sired intricacy of any particular scheme on the pur-
> puse
"

‘while for other purposes it is desirable to subdivide this
mmmmmmmwwmw@—
g vide these further into subclasses of alcohols and phenols. It is
appropriate here, for purposes of convenient reference, to list
mwﬁmmmmﬂym?ﬂmﬂh‘e
eystematic study of organic chemistry and to display their
i general (type) formulas. The types of compounds that are perti-
» nent, especially Lo pharmacy, are treated in greater detail later
in the chapter where examples of official drugs belonging to
“?f:mmmd%mptamnre&mml,dm
listing in Appendix A is al ical rather than by any
hemical classification scheme, Prefatorily, the following ex-

s wtherwise specificd, the formulas shown are for com-
pounds containing only one of the particular f groupe
involved. Formulas for containing more than one of
the same functional group can be derived easily,

Naturally occurring classes of compounds such as carbohy.
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e
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as  of compounds in this classification. A separate, more

detailed presentation of these is provided in Chapter 26.

- Although a few heterocyclic types such as imines (azacyelic),
anhydrides of dibasic acids (oxacyclic), 1actides (dioxacyclic) au-
tomatically enter into the listing, it will be observed that parent
heterocycles in general (eg, thiophene, pyridine, dioxane) are
not included. Heterocycles represented in official drugs are
listed later in the chapter.

In type formulas, such as in Appendix A, the symbol R is
employed conventionally to denote a hydrocarbon radical. Un-
less otherwise specified, it may be aliphatic, alicyclic, or aro-
matic, and its valence varies to satisfy the requirements of its
attachment to the rest of the molecule. The degree of saturation
in R does not enter into the scheme. When a formula contains
more than one R, the radicals may be either identical or
different. In a few instances it is possible, that even if two
monovalent Rs are replaceable by a single divalent R, the same
type of compound is retained, as with aliphatic ketones
(R2C=0) and cyclic ketones (R—C=0).

The type formulas assume a useful broader meaning if R, in-
stead of being restricted to designate only a hydrocarbon radi-
cal, is permitted to (1) be a residue from a heterocycle and (2)
carry substituent groups. The latter definition automatically
extends the listing to embrace polyfunctional compounds, but it
also introduces the complicating feature of the order of prece-
dence of functional groups. This matter is discussed later in the
chapter.

Unless otherwise specified, the symbol X stands for a mem.
ber of the halogen family. In addition to the type formulas, one
or more specific examples of each type of compound also are
provided, showing how the formulas usually appear in some-
what condensed form and illustrating the manner in which the
type names become parts of individual compound names. How-
ever, it should be remembered that, although correct, such
names are not always the preferred names in modern nomen-
clature practice.

Alinear formula with a horizontal line above the symbols in.
dicates a ring structure; the line is a bond joi ning the two atomg
at each end. For example, CH,CH,CH,CH.COO is &-valerolac.
tone. The oxygen atom on the right end is bonded to the carbop
atom on the left end, forming a 6-membered ring.

The only formulas and structures that will be depicted wil]
be those of pharmaceutical interest,

NOMENCLATURE OF ORGANIC
COMPOUNDS

In the early decades of organic chemistry, newly discovereg
compounds commonly were provided with names which indi.
cated either the source or gome outstanding property of the
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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 systematic manner of naming organic compounds in
terms of their structure would have to be devised. Early sys-
tems of nomenclature, 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 system of nomenclature is bound to be
very complex becomes obvious when one reflects that it must
not only 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. Fundamentally, there-
fore, such discrimination means that each specific name coined
through the system must account for (1) the quantitative ele-
mentary composition (molecular 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 had been pro-
posed, and used to a varying extent, the two 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) and the Chemical
Abstracts Service (CAS). Each of these systems represents an
implementation of the rules devised by the IUPAC Commission
on the Reform of the Nomenclature of Organic Chemistry,
which has been engaged actively and continuously in the sub-
Ject for many decades.

The two systems are identical in many respects. The CAS
system intentionally departs from that of [IUPAC wherever
such departure contributes to the main purpose of Chemical
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 [UPAC treatment.

Because of the difficulty in converting many structural for-
mulas into unique, descriptive names, CAS now assigns a
Registry Number to every chemical compound (organic and
Inorganie). All editions of the USAN (see Chapter 27) and com-
mencing with USP XIX and NF XIV, all monographs for pure
ehgmical entities carry the CAS Registry Number, which
uniquely identifies every compound. In the same editions of USP
and NF, “New Chemical Abstracts Names” were assigned. Also,
CAS has completely revised the older system (which parallels
IUPAC rules) so that computer searches may be made using
fomenclature fragments, rather than topological features, to lo-
cate mole_culzlr fragments as well as complete molecules.

| It obviously is inappropriate and space-prohibitive to in-
tlude in this text a discussion of the multiplicity of details in
“‘thEI'l?flll(lse two systems. Suffice it to state that, from a struc-
l.Llral Viewpoint, each system adequately must describe for each
tompound the following:

.
Itl:’::rf:_‘:ls;:lun and configuration of the carbon skeleton
Bt ulE l lllﬂ-h of the curht_m skeleton by heteroatoms
Dot Ak \ydrogenation ul‘!.hv skeleton ;

sence and location of substituents, ie, atoms or groups of atoms
.u“llrﬂd.u'ula} functioning in place of hydrogen

ures of stereoisomerism

tl}::f;;:.ﬂqur (_lu'b.ll‘ull.s of t~hu t!vluil_s of the systems Shollld L'OllSL_llt
Sion u:m"l"llg series of reports issued by the IUPAC Commis-
pul.vl'wl the le.lcl""l“,"l“"“ of Organic Chemistry, and the (?AS
Con ation L‘.llllllvtl The Naming and Indexing of C{iemu‘al

"pounds from Chemical Abstracts. The latter, which first
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Because of major changes in nomenclature and index
procedures, mainly dictated by computerization of nomencla-
to Chemical Abstracts is accompanied by an index guide that a
lows the user to follow the transition between the old and new
(or modified) nomenclature. J

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 name is one that does not de-
scribe a compound rigidly in terms of the absolute structure no-
tations embodied in the system, but rather has earned world-
wide recognition as being specific for that compound. Acetic
acid (for ethanoic acid), purine (for 7H-imidazo(4,5-d Ipyrimi-
dine), and pregnane (for 10B,13B-dimethyl-17-ethyl-9a,14a,
5pB,8B-perhydrocyclopentalalphenanthrene) 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 [UPAC 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
atrivial-name index cannot be computer-searched to locate frag-
ments of two-dimensional structures as these fragments are not
evident 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.

PRECEDENCE ORDER OF FUNCTIONAL GROUPS—
An order of precedence (priority) for functional groups is neces-
sary to manage polyfunctional compounds systematically. As a
simple example, in the absence of a systematic method, the
compound NH>CH,CH>CH>0H 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 suffix part of the name, the systematic
name becomes 3-amino-1-propancl. The order of precedence of
functional groups is described clearly (see Table 1 of the intro-
duction to the subject index of Chemical Abstracts, volume 66,
or the 11th Collective Index, volumes 96 to 105, Appendix IV,
Chemical Substance Index Names) and is identical in both the
IUPAC and CAS systems.

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

Compendial Nomenclature

The lack of adherence to the principles of systematic nomencla-
ture, in both the commercial and academic worlds, has led to a
multiplicity in the types of chemical names in actual use. It is not
at all unusual to find a specific compound referred to by several
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‘course, creates a very confused state that, if it persists in the in-
dexing literature, often renders searching via nomenclature ex-
tremely difficult, and frequently, impossible. It is for this reason
that, wherever possible, Chemical Abstracts translates the non-
systematic nomenclature of the author into its CAS equivalent.

Recognizing the advantages of adhering to a standard sys-
tem of nomenclature, the official compendia (USP/NF) elected
u?ndupt-m preferred by CAS. The principle of operation is
mplgﬂntdﬁiutheﬁ&eormd‘the subtitles of an official
chemical must be the currently preferred CAS name. 1t is well
tﬂo;bsewe that the structural relationships established on the
basmg of the pnnapﬂ functional group automatically may hide
mhuons}-u]_:s involving functional groups of lesser priority (eg,
amphetamine i1s named as a derivative of phenethylamine,
w.-he.tus hydroxyamphetamine becomes a derivative of phenol;
szm_x‘larly, sulfamerazine is named as a derivative of sulfanil-
amide, whereas phthalylsulfacetamide becomes a derivative of
phthalanilic acid). Beginning with USP XIX and NF XIV each
monograph carries the “new CAS name” along with the CAS
preferred name currently in use. Also included is the Chemical
_Absu_u:ts System Registry Number, which provides a unique
identifier and simplifies locating a specific compound or drug in
the literature, especially using a computer search.

Chemical Syllables

In addition to whatever numbers, numerical syllables, and in-
dividual Greek and English letters are required, systematic
chemical names consist of a collection of syllables. each of which
carry a chemical connotation of some sort. Many, such as
chloro-, hydroxy-, and methyl-, clearly indicate specific ele-
ments or radicals.

Many others, such as andro- (from the Greek, “man”), tauro-
(Latin, “bull”), neo- (Greek, “new”), or pseudo- or ¥ (Greek,
“false”), are of no chemical significance from a structural view-
point, but often are very useful in forming the so-called trivial
or common names for complex molecules such as androsterone,
taurocholic acid, neocantergan, pseudogiobulin—the correct
chemical names for these structures are ofien extremely cum-
bersome. Because of their lack of structural chemical signifi-
cance, however, these will not be discussed further here.

The third group of these syllables consists of miscellaneous
prefixes and suffixes and 1s of sufficent importance to warrant
abbreviated treatment, because, like those of the first group,
these have structural significance and often constitute a neces-
sary part of systematic chemical names. A list of the more com-
monly encountered ones of this group is provided in Appendices
B and C. Many of these have multiple meanings, and the defi-
nitions given herein represent the most common sense in which
they are used in organic chemistry. Those shown in jtalics are
used commonly in 1talicized form and/or enclosed in parenthe-
ses when used in organic nomenclature. It also must be re-
membered that the precise meanings shown here do not always
apply to tnivial names (eg, the meaning of -ene or of -ylene does
not apply w acetylene; similarly, the meaning of -0l (alcohol)
does not apply to benzol ). Caution always must be exercised in
attempting to attach significance 1o the various paris of such
COMIMON NAMmes.

The systematic treatment of cyclic systems uses a generous
miscellany of syllables with specific meanings; for listings and
explanations, consult the Ring Index and Appendix E.

RADICALS AND GROUPS IN ORGANIC
CHEMISTRY

Through the concept and use of radicals and groups, a logical
and very helpful classification of the huge number of organic
compounds is possible. Furthermore, knowledge of the chemi-
cal properties of commonly used individ ual radicals makes pos-
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sible either a prediction or an explanation of the chemical
properties of compounds because, in general, the chemical prop-
erties of a compound are completely or partially the combined
properties of the radicals present in the molecule.

Several 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
Collective Index to Chemical Abstracts, as Appendix IV, in the
Chemical Substance Index 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. In general, they involved
assigning chemical meanings to the characters usually
available on, or readily adapted to, a standard typewriter or
computer keyboard and devising rules for their use in
constructing the notations. A recent addition to the nomencla-
ture/notation foray is SMILES, an acronym for Simphfied
Molecular Line Entry Specification. This is a valence model of a
structure, not a computer data structure, and is relatively
simple to master. (A tutorial is available at https/www.day-
light.com/.)

Final assessment of the overall utility of notations has yet to
be made; they particularly are appealing because their brevity
(compared with descriptive chemical nomenclature as illus-
trated in Table 25-1) greatly increases storage efficiency i
printed indexes and computer memories and facilitates com-
puterized searching, In addition, they automatically avoid the
troublesome “trivial name feature” encountered in practical
nomenclature. However, they are not pronounceable words and
do not eliminate the need for descriptive 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 accomplishing such retrieval may
be applied usefully to a file comprising the universe of chemical
compounds is the subject of considerable interest and study.

Special typewriters have been devised whereby structural
formulas may be coded directly on punched tape and also stored
in the memory of a computer in the form of a matrix (a connet:
tion table of atoms) that can be searched at any future time on
an atom-by-atom basis. This technique permits retrieval of
compounds on a highly intimate structural basis that need nol
involve either nomenclature or the above-mentioned notations.
Auxiliary devices exist for regenerating the actual structurd
formulas of retrieved compounds either by actual printout or by
display on a computer monitor sereen.

Table 25-1. lllustrations of Notation Brevity
DESCRIFTIVE CAS NAME

SMILES NOTATION

1-Chloro-3-methylbutane clccc(o)c
4-Aminobenzoic acid Nelecce(C(=0)0)CCl
1-Naphthalenemethanol 0OCc1c2cccec2ec

-_—
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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 algo in the
other fields of science and technology where chemical :pforma-
tion is primarily applied, rather than generated. The history of
Chemical Abstracts (CA) illustrates the magnitqde 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), but onl'y 17 years for
the second million (1955), 8 years for the third million (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, a.n.d ?he
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 literature is so great that
many libraries simply do not have enough shelf space to accom-
modate bound volumes and have resorted to microfilming, mi-
crofiche or, more drastically, cancellation of hardcopy 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 task. As a consequence, various indus-
trial, academic, and governmental institutions (several phar-
maceutical firms actually pioneered the effort) have developed
computerized systems of storage and retrieval of those kinds of
chemical information pertinent to their specific interests.

Currently, Chemical Abstracts may be searched via SciFinder
or SciFinder Scholar and information may be found at the web-
site www.info.cas.org. This facility allows a very rapid and thor-
ough search of CAS to date; the current information is available
on computer even before the printed copy reaches the subscriber.
The Institute for Scientific Information (ISI) in Philadelphia also
has computerized its abstract journal, Index Chemicus, a text
and substructure searchable database which has several million
compounds in its registry, and is adding new compounds at arate
of about 200,000 per year (See www.isinet.com.) Computer pro-
grams are available to customers that provide the capability to
search and retrieve compound data either on the basis of struc-
Fural features, or properties, applications, and bibliographic
information.

The huge and continuing flood of published literature also
has taxed severely the abilities of abstracting services to keep
current. The magnitude of the task is illustrated by the
experience of CA, which shows that the approximate number of
Papers and patents abstracted annually increased from 50,000
In 1950 to 120,000 in 1959; 230,000 in 1968; 400,000 in 1973;
over halfa million in 1978; approached 750,000 in 1983; and ex-
teeded 1 million in 1988. The lag between publication of original
articles and that of their abstracts has been sufficiently severe
1 foster the production of various so-called “current awareness
tools” and specialty publications such as Index Chemicus and
C“’WRF Contents of ISI and Chemical Titles, Chemical-Biologi-
gﬂ Activities (CBAC), Polymer Science and Technology (POST),

4sic Journal Abstracts (BJA), and CA Condensates of CAS;
Which also are computer-based publications.

ORGANIC PHARMACEUTICALS

'II:: tontrast betvs_veen the drugs of today and those ofyesterdfw
ied a‘iamﬂllc one in several respects. A century ago, hun.mns re-
Most exclusively on nature to produce the organic drugs
afgel“eeded. and the contributions of pharmacy were confined
Urmsy :f’ the preparation of extracts, tinctures, or otl}er du.-_sa%e
ples q lh,e crude drugs, and to the isolation of active prinei-
: Specially alkaloids and glycosides.

mlej{nlhelic drugs began to appear at a noticeably t\ccelel‘ate.d
‘Tuez ‘h'l) 1_92(]:&._:!111] this generally is at_trlbutud to thp:) \(riet])y
orl Xpansion of the American chemical industry fostered by
td War 1, Many observers view the advent of the sulfa drugs
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in the early 1930s as the beginning of the m :
thetics.  ack . 1 TS dedd SaviE |
The great majority of new basic drugs are distinct organic

chemical compounds. Most of these are products of synthetic or-
ganic chemistry, although some, such as taxol, ACTH, and
many of the antibiotics, hormones, and anticancer drugs are
products of natural origin. Even with drugs of 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 of 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, fluorocortico-
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 percentage 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 stages 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-
tus, 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 the 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 chemical 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 the accumulation of a very large body of
knowledge on the broad subject of drug action. This knowledge
materially strengthens the belief that the pharmacodynamics
of drugs ultimately will 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 and that it will involve much more information
than presently can be visualized from structural formulas and
molecular models. (Refer to Chapter 28, Structure-Activity
Relationships and Drug Design.)

It has become clear that the pharmacological actions of
drugs must be viewed as functions of the fotal 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-
tion, depending upon substituents at the 1, 3, and 5 positions
(Chapter 80, Sedative and Hypnotic Drugs). The official sulfa
drugs provide another example. The antibacterial portion com-
mon to all sulfas is the parent compound sulfanilamide, but
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: Lo find useful synthetic drugs. Examples
iaclude rescarches leading to & wide variety of modern drugs
Such as ehlordiazepoxide (tranquilizer), methazolamide (car.
bonic anhydrase nhibitor), guanethidine (antihypertensive),
MM_ (anabolic), dapsone (eprostatic), cyclophosphamide
o thiotepa : (antineoplastics), hydrochlorothiazide (diuretic
[ &mw&muc:.’i) and meﬂ:;:rﬁdepr i\ Juno-
A {ant o7 , and many
Asyhbeﬂpeﬁz%ﬂlumdiudmdﬁswﬂem in the
W_nﬁmh a contents of official drug compendia.
new medicinal agents, and Appendix E is designed 1o portra
i partially the of heterocycles presently represented l;
3 USP/NF druge. The classification is patterned after that em-
f ;&mmm%m?mcmw%mmwmmgs
presented in the order of increasing complexity, The boldface
figures show the total numbwdamnaiuthe);ings, and the
number of boldface figures indicates the number of Fings present
in the systems, As an example, the notation 5, 6 indicates 4 gys-
! tem composed of two rings, one of which contains five atoms
B while the other one contains six atoms. The notations, such s
g C4N8-Cq, portray the kind and number of atoms present in the
Ting or rings. Associated with each of theee formulas are the
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‘?‘f th? itflﬁdividunl hete-
r more examples of official drugs (or
ining these heterocycles. ‘
ring schemes® are according to the
o not portray any inherent features of
| be observed that some of the names for
trivial (eg, pyrimidine, nortropane) while
tic. Trivial names are employed in the
visable; ie, wherever, through continued use,
ome recognized by chemists (as reflected by IUPAC
and Chemical Abstracts indexing) as denoting the
ich they refer. In all other instances, systematic
 used to distinguish between the heterocycle of in-
isomeric forms. Presentation is exclusively on the
: the most complex ring “system” containing 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 used that embraces the heterocycle:
eg, thiamine is used instead of thiamine hydrochloride.

The final volume (IV) of the Ring Index was published 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 undefined natural products arranged in alphabetical order, Com-

plex parent names are permuted so that root terms, buried in the
names, may be located.

Parent Formula—Compounds are arranged according to the Hill
system (carbon first, hydrogen second, with other elements following in
alphabetic order), but omitting hydrogen atoms in the molecular for-
mula. Ring systems are grouped in the same fashion as the Ring Index
(see Appendix E) under the appropriate molecular formula.

i Number—These are arranged in ascending CAS registry
number order with associated Parent Compound ldentifiers.*

Stereoparent—This consists of CAS Index Parents whose names
imply stereochemistry and whose structures are 1!._r|0\'.'n. The arrange-
ment is alphabetical with CA references for undefined or partially de-
fined natural products.

eteroeyclic structures often are synthesized actually or theoretically by rel-
atively simple chemical operations such as condensation or dehydrogenation
of aliphatic structures. Because of this, many authors prefer to name such
compounds in & manner designed to disclose the relationship to the aliphat-
ics, rather than employ Hing Index or CAS nomenclature, as is used in
Appendix D

2 Fxtreme caution must be exercised in interpreting position numbers (lo-
cants) as given the same compound by different texts, reference works or au-
thors. The situation often exists in which two different numberng schemes,
through long-continued usuage, have become established firmly for a partic-
ular ring system. This leads w the use of different numbers as locants in an
otherwise identical pair of names for the same compound. Also, authors fre-
quently indulge in the reprehensible practice of inventing their own num-
schemes.
*The Ring Index, 2" ed, Washington DC: American Chemical Society, 1960

and supplements. Also, for each annual, quinguennial and decennial Index
w Chemical Abstracts.

*An identifier consists of a 6-letter code through which an entry may be
found in the Parent Compound File. Each section of this file is assigned 8
range of identifiers bt which the type of parent may be recognized. The
ranges are;

BEBBE w BPZZY Cuge parents

BQBER w BZZZP Acyclic sterco parents
CBEBBC w DZZIR - Cyelic slereo parents
FBELF wZ2ZZK  Ring purenty
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Ring Analysis—This includes ring systems only, arranged by the
classical Ring Index system and states the CA name and Parent Com-
pound Identifier. 1 .

Ring Substructure—Rings are listed by;

Acomponent ring formula for each individual ring system listed
in the Ring Analysis Index, arranged according to the Hill sys-
tem, but not including hydrogen atoms. All entries are per-
muted to allow searching on any atom.

The current CA index name of a ring parent and cyclic
stercoparent; a Parent compound Identifier.

ACIDS AND BASES

Organic pharmaceuticals are often complex molecules that
have a variety of acidic and basic functional groups. The be-
havior of these groups in an aqueous environment will influ-
ence the activity of the drug, its transport 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 Brgnsted 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
a 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 therefore must have an
empty orbital. Groups that can donate an electron pair are
termed Lewis bases. In this chapter the discussion will focus
on Brensted acids and bases. See also Chapter 17 lonic 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 re-
move protons from alkyl groups and aromatic rings. Although
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, OH™, while the strongest acid is the hydrated proton or hy-
dronium ion, H30". Although there are several exceptions,
most hydrogen atoms bonded to carbon are not sufficiently
acidic to be removed in aqueous solution. In general hydrogen
atoms bonded to O, 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
conjugate base of the acid is formed.

CH4COOH =——= CH.,C00%+ H®
acid conjugate
base

which has a charge one unit less than that of the acid from
which it is derived. Thus, acetic acid, which is electrically neu-
tral, dissociates to a proton and its conjugate base, acetate ion,
which has a charge of — 1. An equilibrium is established be-
tween !ht? acid and its conjugate base. The equilibrium con-
stant, which is known as the acid dissociation constant (K,), is
& property of the acid in question. Because K, values generally
are exponential numbers, it is convenient to use —log K, which
I8 eferred to as the pK, of the acid. In water, the pK, scale runs
ierm 0to 14 with the lowest values corresponding to the
strongest acids. Refer to Chapter 17 for a more extensive treat-
ment of this concept.
bon'ff“? qulls requil:e A& pair of electrons, which are used to
4 ar-:m' a proton. This electron pair can be either an un-
i ¢d pair or a fm‘m._wl negative charge. Bases such as ammo-
fc’ilor amines bond with protons using the lone unshared pair
:':ec‘m;:u on the nitrogen atom. Other bases, such as hydrox-
l‘al[ul::‘ilbe el““‘"ﬁn pair made available by dissociation of t-he
nits, }? ”'"‘1 with protons, When a neutral base accepts a pt ‘;
called l(h afgeincreases by one unit and a new species is formed,
€ conjugate acid of the base.
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Ammonium ion (+1 charge) is the conjugate acid of ammonia;
water (0 charge) is the conjugate acid of hydroxide ion. The equi-
librium constant for base dissociation is called the K, of the base.
In water, the pK,, scale extends from 0 to 14 with low values rep-
resenting the strongest bases. There is a relationship betw
the pK, of an acid and the pK,, of its conjugate base in water.

pK, (acid) + pK, (conjugate base) = 14 .
A similar relationship holds for bases and their conjugate acids.

pKy(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
chemistry 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, = [AT[H"V[HA]

Taking the logarithm of both sides of the equation gives

log K, = log [A™] + log [H"] — log [HA]
Multiplying both sides of the equation by —1 gives

—log Ko = —log [A"] — log [H™] + log [HA]
Substitution of pK, for —log K, and pH for —log [H*] gives
pKa = pH + log [HAVA ]

This is known as the Henderson-Hasselbalch equation and
gives the relationship between the pK, of an acid® and the ratio
of its acid form to conjugate base form at a given pH. It is im-
portant to remember that while pK, is a property of the molecule,
pH is a property of the medium (solvent). In this case (for elec-
trically neutral acids) the ratio [HAJ[A"] is the ratio of [non-
ionized)/[ionized] species.

A more general form of the equation can be expressed as

pK, = pH + log [acid form}/[conjugate base form]

This 1s easy to remember because the base goes in the base-
ment. For charged acids, such as conjugate acids of amines, the
equation appears as

pK, = pH + log [BH" /[B]

Here, the ratio [BHV/[B] equals the ratio of [ionized)/
[nonionized] 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 [ionized}/[(ionized + non-ionized))

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

OH 0°
iy

+H®

phenol phenolate ion

®In medicinal chemistry only pK, is recognized to eliminate confusion, Those
compounds with a pK, greater than pK, are bases; the greater the pK,, the
stronger the base. Henceforth, only pK, will be used.
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d to non-ionized aniline at pH 7 equals 1:251.
on at pH 7 is e

% ionization = 100 {141 + 251)]
% ionization = 0. 4% at pH 7

SRS T
__G&—M' v
5:." ey
~ Bome compounds have several acidic or basic groups or a com-
~ bination of acidic and basic groups. In these cases, the pK, of

tions because this is the group that will dissociate most readily.
‘ternary ammonium groups (N attached to four alkyl or aryl

- groups but not hydrogen) have a permanent +1 charge which is
| unaffected by the pH of the medium. Such compounds will
' ‘always be 100% ionized and calculation of the extent of joniza-
i ‘tion of the molecule is unnecessary.
A It was stated previously that in an agueous environment hy-
i drogen atoms attached 1o O, N, S, or P may be acidic and that
i ‘an equilibrium is established between the acid form and its con-
jugate base. Groups that stabilize (Jower the energy of) the con-
Jugate base will drive the equilibrium farther to the right and
‘the conjugate providing 8 mechanism for ispersal
‘any developing negative charge. Electronic effects from func-

e e

W
rendering other por-
d. Field effects tend to de-
uctive effects are the polar-
negativity differences.

ronegative atom polarizes the bond attached to
the electron density in its vicinity. The opposite
acquires a degree of positive charge. This in
the adjacent bond, and so on. These effects,
d through bonds, also decrease with dis-
. electronegative atom.
~ Resonance effects involve the actual movement of electrons
through a 7-bond system. The m-bond system acts as a conduc-
tor of electrons, much as wires conduct the flow of electricity,
which can be moved in either direction depending on the needs
of the system. This is especially prominent in conjugated sys-
tems (those with alternating double and single bonds). The
movement of electrons through a conjugated system allows for
d“}'ﬂ“ to be dispersed over several atoms (delocalization).
'I'lus_ lowers the energy of the system relative to an isolated
charge. In contrast to field and inductive effects, resonance ef-
fects decrease much more slowly with distance. Stabilization
increases as the number of atoms over which the charge is dis-
persed increases. 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 classified as being
-withdrawing are the carbonyl-based groups (aldehy-
des, ketones, esters, carboxylic acids, amides, etc), nitro, nitrile
(cyano), sulfinyl, sulfonyl, halo, quaternary ammonium, triflu-
oromethyl, vinyl, ethynyl, and phenyl. The relative contribu-
tions of field, inductive, and resonance effects to the overall
electronic effect of these functional groups is discussed below.
The carbonyl group (=C=0) is an integral part of a large
number of functional groups such as ketones, carboxylic acids,
amides, esters, and carbamates. Field and inductive effects
within this bond system arise because of the electronegativity
difference between oxygen and carbon. Electrons in both the o-
and mr-bonds are polarized so that the greater density oceurs
near oxygen. The carbon atom acquires a partial positive
charge which can attract excess electrons from neighboring
groups. If a negative charge develops adjacent to a carbonyl
group, that charge is stabilized not only by electrostatic effects,
but also by resonance, which can delocalize the negative charge
onto the carbonyl oxygen.

5 - & G]
‘ tional groups will therefore have an effect on the strength of 0 o)
3| ‘nearby acidic and basic sites. I[) [
! The electronic effects of functional groups can be divided R S —(—
1 into field, inductive, and resonance effects. The nature of these 8 @
i effects and how they are balanced, 1s the deciding factor for the 5 o
g type of electronic effect expressed by an individual functional (ﬂ O
3 group. Field effects are through-space effects on polarizability ——C-C? i CR
: due 1o electroncgativity differences. & CR, =—= — C=CR;
55" 5 e ' : : :
o other powerful electron-withdrawing group is the nitre
60" o Eroup (‘N_Oz). Although this group is electrically neutral over
X all, the nitrogen always carries a positive charge that 18
ced by a negative charge on one of the oxygen atoms. TWe
Fésonance structures can be drawn which distribute the nega-
- tve charge over both oxygen atoms. The positively charged ni-
a trogen can sabilize an adjacent negative charge by electros
field effect static attraction as well as by resonance.
f
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possesses a carbon-nitrogen triple bond. The elec-
ity difference between carbon and nitrogen results in
having a partial positive charge. The larger effect of this
nal group however, comes from resonance stabilization
djacent negative charge onto the nitrogen. ™

e ~ o,
RZC:)-CEN: - RQC=C=N.

The difference between a sulfinyl and a sulfonyl group is
that the former has one and the latter two S=0O bonds. A ma-
Jor resonance form of the sulfinyl group has a S—O single bond
with a formal positive charge on sulfur and a negative charge
on oxygen. Sulfony] 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 size between sulfur and oxygen. Despite this,
however, resonance stabilization of an adjacent negative
charge does coniribute to the electron-withdrawing capability
of these functional groups.

o
0}
D ®,
Ol
sulfinyl
0 0
I 2 I
| I (‘l
0 0Og
sulfonyl

The halides (F, Cl, Br, I) are much weaker electron withdraw-
':3 8roups than might be expected. Fluorine, which is the most
f,::mnesam? element, exerts strong field and inductive ef-
mnu?i:m adjacent carbon atom. Additional electron density
% e Wlthdlrawn by resonance because there are no avail-
We:ncall;lt orbitals. The lone-pair electrons on fluorine can
effot eml‘, e donated by resonance. As a result of this push—pull
» |I€ resonance and field (+ inductive) effects nearly can-

: uorine usuall / g -wi -
ing effect. y exerts only a small electron-withdraw

electron-withdrawal by
field and inductive effects

‘F‘—:_—-
CTF:
U.

electron-donation by
resonance

Chiorin: : .
or?(.,i:::?:s ef}'lCl_ﬂnt at donating electrons by resonance be-
iny uctiv: r“% ative to carbon, It does exert substantial field
Wilhdrayine o ects, and therefore behaves as an electron-
nandﬂbgrqu, The electronegativity (hﬁerel}ca between
iﬂinem‘:'}“ne 18 small, and electron-donation by reso-
Eluctmntm-' Asa result, bromine generally behaves as
~Withdrawing group. lodine is weaker still be-

reased field and inductive effects.
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donating, include alcohols, ethers,
Each of these will stabilize a positive
when attached to basic atoms, tend to increase the
constant. B P
Alcohols and ethers have similar inductive effects to those
present in carbonyl groups but experience decreased ef-
fectsduetnthel‘ackofapolaﬁuhlewbmd.mm'
groups have the ability to delocalize excess electron density
onto the oxygen, this is not possible for aleohols and ethers. Un-
shared electrons on the oxygen, however, can be delocalized by
resonance to help stabilize a developing pesitive charge. In the :
process a new C=0 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.

e ..
RCr0—R = RO=0—R

A similar situation exists for amino groups where the lone-
pair electrons can be donated to form a C=N 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.

@& 3. 3
R-_‘)C'C&ng it R‘zC:.NR‘Z

Alkyl groups, unlike alcohol or amino groups, do not have
lone-pairs of electrons to donate. Instead, 3-bonding electrons,
especially those from C—H bonds, can be donated in a process
known as hyperconjugation, or no-bond resonance. Hyperconju-
gation allows an adjacent positive charge to be delocalized b
resonance onto a proton. Such effects are greatest for methyl
groups because the charge can be delocalized onto three differ-
ent hydrogens. Methylene groups (CH,), in contrast, allow for
charge delocalization onto only two hydrogens.

H u®
@ ()
H H

hyperconjugation
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. Ammonia has a pK, of about 9 and b
strong base in aqueous solution. P

t of one, two or three hydrogens, re

as ammonia in aqueous solution, indicating that
groups have little effect on pK,. —"
~ Replacement of one hydrogen of ammonia by an unsubsti-
tuted aryl 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
substituent 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-
tified because of nonlinear effects such as steric hindrance.
Replacement of one of the ammonia hydrogen atoms by an
acyl group gives an amide. Such compounds are virtually neutral
In aqueous medium, suggesting that the acyl group decreased
the pK, by 3 to 4 units, the same magnitude as it increased acid
strength in the water model. The electron withdrawing carbonyl
group restrains the lone pair electrons of the nitrogen atom to
such an extent that it ean no longer abstract protons.
. Substitution of a second acyl group on ammonia gives an
imide. Imides behave as acids in aqueous solution with pK, val-
ues of about 9. The second electron withdrawing group not only
makes donation of lone pair of electrons difficult, but weakens
the N—H bond to the point that dissociation can occur. The re-
m!m‘gmﬂ.iugate base is stabilized by the two carbonyl groups.
Itis to be noted that the second acyl group had about half the
¢ffect (5 pK units) of the first. A sulfonyl group, when substi-
t\l}'et.i for hydrogen on ammonia, gives a sulfonamide, which is
md’:h‘ﬁﬂlltip& of 9 to 10. A single sulfonyl group therefore al-
€ pK by 14 to 15 units.
p Estimates of pK, values can be made for functional groups
T:‘g“edﬁ'om the water and ammonia systems. The data seen in
le 25*2.&‘9 useful. When two different substituents are at-
tached to nitrogen, the group having the larger effect is taken as
t group and that with the smaller effect as the second
m“p' Th‘-!s, N-methylaniline is calculated to have a pK, of
ut4d (using the first group value for the aryl substituent) and
N0t pK, of 5 to 6, as would be obtained if the methyl group were
en for the first group. It is important to realize however, these
EStimates exely e steric and other electronic effects and may vary
" the aetuql (experimental) values by several pK units.
; ﬂd_i:ation also can affect base stren oth as observed in the
€ amine, imine, nitrile where the hybridization of nitrogen
m;g“ from sp® to 5p? to sp. Although amines function as mod-
Wi IYStm“Ebaﬁes (pK, = 9), imines are much weaker with pK.
oot o1 0T 4, Nitriles are essentially neutral (pKy, ~ 1). The ef-
hyh}"dlzﬂtlnn 15 to shorten the bond length and the gen-
"dis that bond length decreases and electronegativity in-
" 8p%; an ‘o for sp). The shorter bond lengths
:fnﬁiaﬁ::r el“tr‘{"egﬂti\’ﬂy associated with the nitrogen atom
rogen th results in the lone-pair being held much closer to ni-

AN it is for imines or amines. Since, basicity is a func-

Table
sllbmiz?‘ PK Effect of Functional Groups as
215 on H,0 and NH,

" EFFECT AS FIRST EFFECT AS SECOND
ﬁ“‘%mua PK UNITS GROUP, PK UNITS
Aoy, 0

‘W:' "y % 2-3

Wy, 10 5

\_;5 7-8

Cipla v. Gilead IPR2025-00033

Primary,
and tertiary alkyl amines can be formed &mmﬂ
Such compounds have approximately the same

amidine and guanidine. Refer to Appendix A of this chapter for
a listing of functional groups and names. These can be consid-
ered as amino derivatives of imines. Amidines, which have a
single amino group attached to the imine carbon, are strong
bases with pK, values near 11. Guanidines are even more basic
(pKy = 13) and have two amino groups attached to the imine
carbon. The higher basicity of these functional groups as com-
pared to imines is due to two factors: (1) the effect of the elec-
tron-donating amino nitrogenis), which can increase electron
density at the imino nitrogen by resonance, and (2} the conju-
gate acid form is stabilized by charge delocalization among
each of the nitrogens again as a result of resonance. These ef-
fects are more pronounced for guanidines, which have an addi-
tional resonance structure available. 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 electron-with-
drawing effect of the double bond and the lack of resonance sta-
bilization for the conjugate acid form of this nitrogen. It is im-
portant to note, however, that if the amine nitrogen carries at
least one hydrogen, tautomeric structures are possible in which
either nitrogen can. be bonded to hydrogen, with the other then
becoming the basic site.

Tautomers are structures that differ in the placement of
one small group or atom, usually hydrogen. In amidines, hy-
drogen can shift rapidly back and forth between the two ni-
trogen atoms (with the consequent relocation of a pair of elec-
trons) unless structural features favor a particular tautomeric
structure.

pPE, 11 PK,13
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ofknown information
programs that predict
P (octanol-—water partition co-
for compounds in mass spec-
and NMR spectra, and so on, cou-
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1ypes of Organic Compounds

EXAMPLES CLASS

i EXAMPLE
Aldehydes
ROH or )G CH3CH(OCH;), acetaldehyde o9
: B -Mmm‘.‘l- mmw‘mm) 3CHO acetaldehyde
5 & -&wneﬁt;mﬂm){ﬂi;k A&n?s:?“

- £ OGH;) X CH;SiH,Cl

- =' acetone diethyl acetal (2,2 where one or more H's B L iorosiiane

g7 ; 'opane) may be substituted by

3 additional R’s or Xs

o - Alkylsilanes
§ L (CH3C0),0 acetic (acid) R(SiH)H CH3SiH;
I"' anhycdde M;re megt':do;e H’s may methylsilane

: el substi CaHsSiH,SiH,C,H

éx CH,CH;CO0CO succinic (acid) additional R's s;mfd',-e.fh;,élsf, iy

i anhydride Au;ymlan::

i3 : ypes here illustrated are limited to derivat of silane; i
i CHCOC! acetyl chioride (mono)-silane, SiH,. There are similar ::;::J:ﬁies of the di-
X tri-, etc,silaﬂes
RSiH,0H RSIH(OH), RSI(OH)
i :’;ﬂ’g;ﬂo‘s ;Ikylsilanediols alkylsnla;etriols
b= 25i(0H);
. CH;COOH acetic acid glg:kylsuanediois dialkylsilanols

. 3

< CH,COCH(OH)CH, acetoin trialkylsilanols

/ CeHCOCH(OH)CgHs benzoin Ncylsﬂoxalnes 3

i AaRMUNRAr and oydic HO(SIR;0),,5iR,0H

: C,H-ONa types. (see Silicones), (31R20),51R,
5 sodium ethylate sodium A common linear

8 ethoxide type consisting of

> condensation polymers of
L C,HsOH dialkylsilanediols is shown.
i ethyl alcohol (ethanol) Amides
1 : [ RCONH, CH,CONH, acetamide
b : CH,(CH,)4CHOH cyclohexyl Amidines

R alcohol (cyclohesanc) e CH4C(NH)NH; acetamidine
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CLASS

s EXAMPLES
Amines Diazoamino Compounds
RN(H or RXH or R) RNH; CH;3NH; methylamine (Triazene Derivatives)
types = Amino (CzHs);NH RN=NNHR
Compounds diethylamine CH3N(C;Hs)C3H7
methylethylpropylamine a
Amino Acids Diazo Compounds dovad,
R(NH,)COOH CH3(NH;)COOH aminoacetic Type A RNNX CeHsN=NCI M ¥
acid where X = OH or a salt benzenediazochloride
Ammonium Derivatives anion
[RHN]*X~ [(CH3)4NI* 1~ Type B RN=NOMetal CgHsN=NONa sodium
where X = OH or a salt tetramethylammonium (diazoates) benzenediazoate -
anion and any or all H’s iodide Type C C(H or R)(H or R)- CH,=N*=N" diazomethane
may be R's. If N is a ring [(CzHs)N*HJ]CI =N"=N"
member, specific “ium* diethylammonium chloride Diazonium Compounds
nomenclature is (diethylamine hydrochloride) RN;* X~ [CsHsN; “JOH™
employed to denote the [CH=CHCH=CHCH=N"- where X = OH or a salt benzenediazonium hydroxide
heterocycle. (CH3)]Br~,1-methyl anion
pyridinium bromide Epoxy Compounds 2 iy
Anilides RCONHR' CHA(CH,),CH,0 CH,CH,0
where NHR' is derived CH;CONHCgHs acetanilide where n = zero or greater epoxyethane
from aniline and any or all H's may be
Note—If NHR' is derived Compounds are termed: R’s
from: CH3CHCH,CH(CH3)0
toluidine toluidides 2,4-epoxypentane
%ylidine xylidides Esters (of Carboxylic Acids)
anisidine anisidides RCOOR CH;COOC;H; ethyl acetate
_ phenetidine phenetidides Esters (of Inorganic Oxy
Anils (Schiff bases) Acids)
RCH=NR CeHsCH=NC4Hs The listing here is intentionally limited to esters of the more impor-
N-Benzylideneaniline tant oxy acids of nitrogen, phosphorus, sulfur, boron, silicon, and
Azides (Acyl Azides) carbon. In each instance, the type formula shown is for the ester
RCON=N =N~ CH3CON=N"=N" acetyl azide which results from the replacement of all acidic H's by R's. Where
Azido COIr]pounds more than one R is present, acid esters (ie, esters still containing
AZRN:N =N" C;HsN—=N*=N" azidoethane one or more unreplaced H's) are possible.
A Ines Nitrates RONO, C;HsNO;, ethyl nitrate
=NN=CR, (CH,),C—NN=C(CH), acetone Nitrites RONO C;HsONO, ethyl nitrite
ao ¢ azine (Ortho)phosphates  (RO);PO (C2Hs)sPQy, (tri)ethyl
ompounds phosphate
e CsHsN=NC¢Hs azobenzene Metaphosphates ~ ROPO, C,HsPOs, ethyl
f:y Compounds metaphosphate
Rh=N(0)R CeHsN=N(0)C¢Hs Pyrophosphates  (RO},PO—0-  (CoHe)aP20s,
Be azoxybenzene —PO(OR); (tetra)ethyl
2 z[;r‘ (Aromatic pyrophosphate
: (;lég:nes) o (Ortho)phosphites  P(OR)z (CHs)3POy, (triJethyl
where R s pr’H;_\,,QCOCOCE..HACH_;-p ’ phesphite
Benzmm A romatic p.p'-dimethylbenzil Hypophosphites ¢f  H2P(O)}OR) CHsH,PO,, ethyl
i romatic Phosphonic Acids hypophosphite
Y( oxy Ketones) Sulfates (RO);S0; (C2Hs);S04, (di)ethyl
W"lEreR p-CH3CeH4CH(OH)CO-CsHaCHap sulfate
" aromauc p.p' dimethylbenzoin or Sulfites (RO),SO (C2Hs)SO;, (di)ethyl
a'tilnes p-toluoin sulfite
RN (ch : Orthoborates B(OR)s (C:Hs)sBOs, (tridethyl
2),C00 (CH3)sN * CH,CH,C00" orthoborate
Bt e e B-alanine, trimethylbetaine Metaborates ROBO sz:ﬁ‘:;«;;?g'
G b;’nates (see Esters) Orthosilicates Si(OR)y (GaHs)aSi0,,
dfmnes (see (tetra)ethyl
R‘zﬂcnldes Isonitriles) orthosilicate
CgHsNC Metasilicates (RO),SIO (CoHs);Si0s, (di)ethyl
(carbylamine, metasilicate
phenyl iisocyani de Orthocarbonates  C(OR), (CoHs)aCOL,
Unatg or isonitrile (tetra)ethyl
Ro(N orthocarbonate
14N CgHsOCN phenyl cyanate Carbonates (RO):CO (C2Hs)2CO;, (diYethyl
('inoh € Nitrifes) carbonate
Rey ((NJ(OH)(H orR) ey Ethers
3C(CN)(OH)CH; ROR CH30C;Hs ethyl methyl ether
acetone cyanohydrin
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