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PREFACE

Two propositions lie at the heart of the system
of enumeration and notation described in this

paper, viz

1. The distribution of hydrogen atoms in a
saturated hydro carbon |sunambiguous and
can serve as a basis for an unambiguous
emumeration patitern.

2. The nature and distribution of derived
features can be accommodated in a logical
manner whereby the enumeration pattern
of any derivative is always congruent
with that of the parent saturated hydro-
carban,

After a vear and a half of consiant confrontation
with the agonizing complexities of hydrocar™on
configurations, . the above notions, iirst put to
test in April 1960, have finally evolved into the
system reported here, which represents yet another
effort in the continuing struggle of organic chemists
to systematize what Wohler (1835) once described
as “‘a primeval tropical forest, full of the most
remarkable things, a monstrous and boundless
thicket, with no way to escape, into which one
may well dread to enter.””

1 gratefully acknowledge the encouragement and
constructive criticism of Harold Pfeffer and
Herbert R. Koller, Senfor Staff members of the
Office of Research and Development (HAYSTAQ
project) of the U, S, Patent Office, and with
particular gratitude to Harcld Pfeffer who moni-
tored all stages of development of the system
for general wvalidity.

[ further wish to thank Ellen Isaacs and Justin
Walker (now Fréeshmen at the University of Chicago
and Carnegle Tech., respectively) who, as summer
(1961) employees of the U.5. Patent Office, learned
and tesied the system, made helpful suggestions,
and completed a logical ﬂuw-i:l‘mrt"demi:ned to
receive any cipher of the reported notation as
input and to generate therefrom a pletorial display
of the structural formula on the face of a cathode
ray tube.

Additionally, 1 extend my appreciation to other
chemists of the U.5. Patent Office, viz: Ernestine
Conner Bartlett, Yvonne M. Harris, and Dale
Robertson Mahanand, of the HAYSTAQ project,
and Luecille M. Miller of the DRAM project,
who ciphered and deciphered a number of
compounds and/or otherwise helped to evaluate
the system.

Finally, I extend my deepest gratitude to all
of those eminent chemists who have published
notation systems owver the past decade and a
hall. Without the awvailability of these publi-
cations, which so richly endow the art with inaight
into the complexities of organic molecules, the
developmer' and reporting of the present system
would have been much longer delayed.

Comments and criticisms by fellow chemists
are Inowited. Any suggestion for improving the
system will be welcomed,

H. WINSTON HAYWARD,

November 1961,
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INTRODUCTION

The system of notation for organic structures
presently proposed represents an attempt to meet
the desiderata laid down in 1949 by the Commis-
sion on Codification of the International Uniocn of
Pure and Applied Chemistry (IUPAC). The de-
siderata are as follows:

Simplicity of usage.

Ease of printing and typewriting.
Conciseness,

Recognizability.

The ability to generate a unique chemical
nomenclature,

Compatibility with accepted practices of
inorganic chemical notation.

Unigueness.

Ceperation of an unambiguous and useful
enumeration pattern.

8. Ease of manipulation by machine methods.
Exhibitions of assoclations (descriptive-
ness).
Ability
nants,

Since 1049 a number of notation systems, or
ciphering schemes, have been In competition for
international acceptance, particularly those sep-
arately proposed by Cockburn', Dyson?, Gordon-
Kendall-Davison' , Gruber®, Silk®, and Wiswesser® .
The Dyson system with modifications has been
accepted as official by the TUPAC and is now
published.” All of the schemes named above,
and others, have been tested on organic compounds
of varying degrees of complaxity to illustrate the
logical approaches of the several systems, and the
results of such tests have been reviewed®. A sur-
vey of the development of chemical notation sye-
tems gince 1048 (Dyson), including systems which
are currently being explored by the Soviet Union,
has recently (1961) been published?®.

Major features of the presently proposed sys-
tém are described below in the context of their
relationship to the above mentioned desiderata.

L

LI

L]

11. to deal with partial indetermi-

1. SIMPLICITY OF USAGE

A maximum of 64 different characters are used.

Atoms are ciphered, ignoring hydrogen at-
tached to carbon, essentially on a one for one
basis

Elr..:h cipher {8 a valid line formula which can be
deciphered without reference to an enumeration
pattern.

The same basic rules for determining the order
of enumeration and of ciphering apply to all
organic compounds,

It seems to be generally characteristic of the
present system to require a significantly smaller
number of different characters per cipher (a
measure of relative simplicity) than is required
by the Dyson (IUPAC) notation system.

2. EASE OF PRINTING AND TYPEWRITING

All of the characters used are standard on
typewriter keyboards, with the exception of delta
A" and braces | |'". The latter may be sub-
stituted by 4+ 3, l.e., dashes superimposed upon
parentheses, as suggested by Silk. The symbols
assigned to the commonly occurring elements:
C, O, N, 58, P, and the halogens, except lower case
“n** for ring nitrogen, are all capital letters. No
subscripis or superscripis are employed.

3. CONCISENESS

Single bonds and hydrogen atoms attached to
carbon are not ciphered but implied. The use of
parentheses to set off substituenis i&8 minimized
by assigning single character representations to
the following high frequency groups:

B—for bromine

E—for ethyl (when not attached to '*-CHgp-"")

K—1for chlorine

M-—for methyl (when not included in T or at-
tached to ''-CHs-"")

Q—=1or hydroxy (OH)

T=1lor isopropyl

V—{for oxo (=o)

W=lor gem, dioxo (=o0,=0)

Z—for primary amino (NH2)

The system does not give to conciseness as high
a priority as to the preservation of the features
exhibited by the structural formula being ciphered,
since it is hoped that the cipher will be useful for
information retrieval purposes by mechanical
means.™'* [l 18 realized that the symbols E, Q,
T, and Z do compromise the principle of a one to
one relationship between atoms and their notation
symbols. It may be more practical in cases where
the system is engineered for automatic retrieval
of information of highly refined degrees of specifi=
city to represent E by (CM); Q, by (OH); T by
(CMZ); and Z, by (NHZ).



Comparative studies on a2 amall scale Indicate
that the present system compares favorably with
the Dyson (IUPAC, 1958)* system in regard to
both the total number of characters and the number
of different characters which are required per
given cipher, as indicated by the data below, The
data is based on compounds which appear in the
1958 TUPAC notation system™ and on ring aggre-
gates which are included in the IUPAC test list of
100 special compounds.® The “D" columns re-
lates to the Dyson system; the ““H'" columns to
the present system.

4. RECOGNIZABILITY

Since no linear array of characters can do more
than ““code'’, or suggest, the geometric relation-
ships which are generally characteristic of the
classical two dimensional structural formula, it
appears obvious that any linear cipher must suffer,
in terms of recognizability, due to the loss of the
vertical dimension. It is believed thatline formula
notation inherently has greater récognizability than
“Jocant’’ notation, which identifies the locations
of atoms by number, sSince the former exhibits
the atoms in thelr configurational environment
without the interruption of “‘locants’’ which, by
themselves, have no chemical meaning.

*The official IUPAC notation system was not
published at the time the studies were made,

5. ABILITY TO GENERATE A UNIQUE CHEM-
ICAL NOMENCLATURE

A fundamentally sound basis for establishing a
unique nomenclature for organic compounds would
appear o be inherent in Any system which gen-
erates an unambiguous enumeration pattern which
assigng a unique number to each skeletal atom, An
obvipus procedure consgonant with the present
system would be to name, first, in a systematic
way, all classcs of saturated hydrocarbons, It
would then be possible to reference derived fea-
tures by stating their numerical position, or
“address'’, in the enumeration pattern.

8. COMPATIBILITY WITH ACCEPTED
FRACTICES OF INORGANIC CHEMICAL
NOTATION

Application of the system to inorganic com-
pounds is beyond the scope of this paper. It may
be worth mentioning, however, that any inorganic
ring, of which the atoms are necessarily covalently
bonded, may be delineated as a derived hydro-
carbon ring.

Inorganic ions of organic salts are ciphered by
selecting as starting atom that atom of the ion
which has the following properties in the order of
decreasing priority:

(1) highest valence state, or
(2) heaviest atomic weight,

! AVERAGE ] AVERAGE
: # CHAR. | # DIF. CHAR.
I NUMBER OF
COMPOUND TYFE | CPDS CIPHERED | D H ] H
Acyclic hydro- 7 15 12 8 &
carbons saturated
Acyclic hydro-
carbons
Unsaturated 2 26 18 12 8
Acyclic hydro-
carbon
derivatives 34 21 13 11 7
Fused ring
aggregates 27 a7 16 28 8
Complex ring-
chain
agsemblies 5 a5 a9 22 22
OVERALL TS 8 3z 18 10




then ciphering the remaining atoms in the order
of their increasing atomic weights, using appro-
priate numerical sulfixes where necessary 1o
denote a plurality of a given atom.

7. UNIQUENESS

There iz only one correct enumeration pattern
for esach molecules and only one correct cipher,
Every molecule is ciphered as a static structure
g0 that whatever structure is ciphered may be
reconstituted by deciphering. Delineation of con-
formation features and of electron structures is
beyond the scope of the cipher as presently de-
seribad.

B. GENERATION OF AN UNAMBIGUOUS AND
USEFUL ENUMERATION PATTERN

The anumeération of every saturated hydrocarbon
is sequential and is based directly on the distribu-
-tlon of hydrogen atoms upon the carbon frame-
work.

The enumeration patternof each gatarated hydro-
carbon holds for all of its derivatives by ac-
comodating derived features in a logical and
unambiguous manner.

Since each skeletal atom - atom which corre-
sponds to a carbon atom of the saturated parent
hydrocarbon - Is assigned a unique number, com-
pounds can be indexed In an enumerative and
hierarchical way, as i{llustrated below (or more
concisely by using notation symbols):

uwg
ﬂé—ﬂll
L] | X
c uC C
|::llﬂllluuﬂ|u
H;H-C-G—H-C—E-H—ﬂ-ﬂ-ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂﬂ:
| B PRIk | B S | [l
o Lo o i s ]

Tetradecane; methyl-4, 13, 17; propyl-T.

‘“‘5. ﬂj ﬂ'. 121

amino-1; oxo-2, 5, 8, 11, 14; oxy-14.
By ‘igiphering'’ the above name index [See cipher
below) greater conciseness is achisved,

"Ciphered" Index (functional substituents arranged
in order of Increasing weight):

Cl4; M-4, 13, 17; €3-7. N-3, 8,9, 12,
H-3, 6, 0, 12; V-2, §, 8, 11, 14; 2-1; Q-14.

The enumeration pattern, in addition, serves to
indicate in a simple way the order in which the
atoms are ciphered.

8. EASE OF MANIFULATION BY MACHINE
METHODS

A maximum of 64 different characters (no sub-
geripts or superseripts used) are emploved so as
to permit their dirsct conversion by 6 binary bit
coding (standard) into conventional machine lan-
guage. A number of the 84 characters are regerved
for assignment exclusively to ‘‘housekeeping''
duties in stored logic devices, ¢.g., electronie
digital computers.

10. EXHIBITION OF ASSOCIATIONS
(DESCRIPTTVE NESS)

The lollowing symbols represent all atoms of the
indicated element without reservation:

ﬂmhl:r] Faor
B bromine
F fuorine
1 indine
K ehlarine
P phosphorus
] gulfur

The Iollowing Symbols represent the atoms
indicated in their configurational environment:

Symhbal For

C Carbon of open chain and of con-
necting link of a eircular assembly.

L Carbon of "'L'* type ring (special
definition).*

N Chain interrupting nitrogen.

n Ring nitrogen.

O Chain or ring interrupting
oXygen.

Q OH (hydroxy).

R Carbon of *"R"" type ring (special
definition), *

T Isopropyl.

v =0 | 0xo)

w =0,=0, (gem. dioxo.)

X spirc carbon

Y ortho-fused earbon (peripheral)

¥ peri-fused ecarbon (intefior)

=z NHp (primary amina)

The complete absence of ‘“locants’’ from the
cipher and the restriction on the multiplication of
repeating chain and/or ring units to three or
more, attached only to carbon, prevent the cipher
from becoming "‘number-bound'' and so lend the
cipher a ""molecular character'’ in the sense that
the observing chemist iz likely to feel that he is
looking at atoms rather than at numbers,

The unfamiliarly assigned symbols B . E, K, M,
n T, V, W, X, ¥, and ¥ are believed to have mne-
monie value in terms of the atoms they represent,

* See Section 1.9.



11. ABILITY TO DEAL WITH PARTIAL
INDETERMINANTS

The question mark 7"
indefinite number or position.

Three capital letters D, J, and U (as lone
symbols), are reserved for dealing with partial
indeterminants as are the tentatively allocated
symbols (or others): *‘l, §, ¢".

Although each of the desiderata listed abowve
makes compelling demands on any chemical nota-
tion system, a serious attempt has been made in
the present system not to subserve any of the
desiderata at the expense of failing to fulfill the
ultimate aim of this notation, which is to establish
a basis for a one to one relationship between
(1) structure, (2) cipher, and (3) nomenclature,
whereby any one of the three may be recon-
structed from any one of the remaining two, and,
hopelully, by datamatic processes.

is used to denote

Owveriding all of the desiderata discussed above
Is the unifying philosophy of the present system,
namely, that each organic molecule possesses a
l{%lu continuous skeleton which may exist In
e T a vir state- rated hydrocarbon-or in
a derived state-hydrocarbon derivative-and that
the two states are interconvertible by a logical
process while under the constraint, at all stages
of interconversion, of an unambiguous and rigid
erumeration pattern. It is hoped that the system
will be useful for simplifying the problems of
classifying, indexing, and naming organic mole-
cules, and for representing them In a manner
which will be independent of natural language.
It is painfully recognized that any wvirile assault
on the stated problems flirts with error and is
seduced by pitfall; yet the struggle is continuous
and is one for which the present system, as others
before and now, must also gird itsell, . .and
joln.



3.

4.

10.

11.
13.

13.

14.

15.

Bibliography

. Cockburn, J. G. The Newcastle System of resentation of o ic compounds. Private
communication to the (Codification cummluimg of the International Union of Pure and Applied

Chemistry, (1951).

Dyson, George Malcolm. A new notation and enumeration System for Organic compounds.
Lond and New York, Longmans, Green, 1847, 63 p.

Gordon, M., C. E. Kendall, and W. H. T. Davison. ‘A new systematisation of chemical spe-
‘cles,”” Pro. llth International Congress of Pure and Applied Chemistry, London 17-24 July
1947, Yol. 2, sec. 3, pp. 115-132.

Gruber, Woligang. “"The Geneva nomenclature in code and its extension to ring compounds
(abstract),”’ Angewandte Chemie, 61 (1949) 420-431; Beiheft No. 58, T2 p.

Silk, J. A. A linear notation for organic compounds,. Jealott's Hill Research Station, Bracknell,
Berks, England (1861).

Wiswesser, W. J. A line-formula chemical nolation. New York, Thomas Y. Crowell Co., 1854,

Dyson, George Malcolm. Chemical and Engineering Mews, 38:168 (17 April 19861) 72-75.

Berry, Madeline M., and James W. Perry. A review of notational systems [or Mllﬁ%ﬁg
%?u.lr structural formulas. Cambridge Mass,, Massachusetts titute o OEY, '
1p.

Submitted to the Codification Commission of the International Union of Pure and Applied

Chemistry.

Marden, Ethel C, and Herbert R, Koller. A Survey of Computer Programs for Chemical
Literatare Searching, MNational Bureau of Standards Technical Note B5, February 1061,
OTS, PB 161 58E,

International Unlon of Pure and Applied Chemistry. A proposed international chemical nota-
tion, tentative “1"1?:31
Prepared by the Commission on Codification, Ciphering and Punched Card Techniques of the
IUPAC, London and New York, Longmans, Green, January 1958,

Fieser and Fieser. Organic Chemistry, 3rd Edit. Reinhold, New York, 1956,

Moore, Robert T. A screening method for Large Information Retrieval Systems. Proc, Western
Joint Computer Conference, May 1981 (pp. 258-T4).

International Union of pure and applied chemistry, Oificial International Chemical Motation;
Longmans, Green, N. ¥,, 1981.

Prepared by Commission ¢ited in reference 10,

Gutenmacher, L. L, and G, E, Vieduts. The prospects for the utili zation of Information - logieal
machines in chemistry (USSR); J. Assoc. Computing Machinery, Vol. 8, No. 2, pp. 241-51,
April 1081.

1saacs, E., and Walker, J. Unpublished report. Summer Student Program (1961); Office of Res.
and Devel., U.S. Patent Office,




1.0 CLASSIFICATION OF ORGANIC MOLECULES AND THEIR STRUCTURAL FEATURES.
PARENT-SUBSTITUENT RELATIONSHIPS

In the present system each organic molecule is
considered to have a single continuous skeleton
which can be reduced to a corresponding saturated
parent hydrocarbon by executing the following
gperations;

{1} stripping the molecule free of all atoms
except carbon atoms, ring atoma, and heteroatoms
which interrupt a carbon chain,

(2) replacing all hetero atoms of the structure
residual to operation (1) by carbon atoms on a one
for one basis, and

(3) saturating all multiple bonds and dangling
valences of the structure residual to operations (1)
and [2) by hydrogen atoms [impliad).

1.1 CLASSIFICATION OF SATURATED
HYDROCARBONS

The classification of an organic molecule, In the
present system, glves highest priority to the
structure of the corre Ing saturated hydro=-
carbon = arcived at the execution of operationa
(1} to (3), abowve, to the extent necessary - and ls
based first of all upon the ring structure, if any,
of such hydrocarbon.

Saturated hydrocarbons are classified into the
following groups listed in their order of increasing
complexity:

L. Acyclics
II. Monocyclics
ITI. Fused Ring AgEregates
IV. Bridged Ring Aggregates
V. Ring Assemblies
1. random
£. circular

The enumeration and cipbering of each of the
above classes I to V will be described in detalil in
Sectlons 3=T of this paper in the order listed.
- Molecules which are polymeric In nature are
classified In group I or group V depending upon
the structure of the repeating unit, and are dis-
cussed In Section 9.

1.2 CLABSIFICATION OF DERIVED FEATURES

A saturated hydrocarbon may be derived, chemi-
cally, only by one or more of the following three
ways (excluding stereoisomeric relationships) with-
out rupturing or enlarging the skeleton:

(1) by réplacement of non-terminal carbon atoms
by hatero atoms on a one for one basis,

(2) by replacement of individual hydrogen atoms
by a hetero atom or acycllc group of hetero atoms,
ar

(3) by removal of pairs of hydrogen atoms to
form multiple bonds between skeletal atoma,

Replacement of terminal ¢arbon atoms, lsomeri-
zation of the carbon skaléton, or replacement of a
plurality of hydrogen atoms by the same poly-
covalent radical ig forbidden sinc¢e in each case a
different parent hydrocarbon would be created.
An ionie cha placed on an organic spacies is not
congidered to a structirally derived feature of
a parent carbon skeleton but rather an attribute
of the species ag a whole,

Related to thelr method of formation, as described
above, derived features are classified into the
following three typesa in the order of decreasing
priority for purposes of enumeration:

(1} skeletal hetero atomas;

(2) functional substitutents;

(3} skeletal bonds,

Clagsification of derived features in the above
manner makes possible the assignment of an
unambigucus order of enumeration to skelatal
paths which though symmetrical with respect toone
another in the parent hydrocarbon are made
unsymmetrical by some derived feature.

The classification of salts Iis based on the
skeletal configuration of the organic lons lnvolved.
A salt may be classified Into any one, or a plurallty,
of groups [-V above but primarily Is classified in
the group which bears the higher Roman pumeral.

In the system of prlorities which controls the
order of enumeration - and presumably, by analogy,
would hold for purposes of Indexing and momen-
clature - a skeletal hetero atom, type (1), a func-
tional substitutent, type (2), or a skeletal bond,
type (3), Is superior to another of the same type
which has the [ollowing features listed In their
order of decreasing priority:

1. lower assigned number (skeletal position);

2. greater weight, or degree of unsaturation of

bond.

The total classification of an organic molecule,
as described above, preceded by gross indexing
features, such as the

1. total number of skeletal atoms, and

2. number of skeletal atoms in the main chain

or in the generating ring system




in the order listed, allows each molecule to be
described from the broadest possible down to the
narrowest possible structural feature and through
all logical intermediate stages, within the limits
set forth (See Introduction - UNIQUENESS). The
system, in addition, is inherently open-ended in
the sense that no priorities need be changed in
order to admit novel members to the organization.
It is believed that the above classification prin-
ciples are susceptible to suggested automation
techniques for screening large scale files?

1.3 DEFINITION OF SKELETAL ATOM AND
SKELETAL BOND

A skeletal atom is a carbon atom or a hetero
atom which corresponds o a carbon atom of the
parent hydrocarbon,

In the following formula skeletal hetero atoms
are labelled by asterisks. The parent hydrocarbon
appears below the derived formula.

EXAMPLE:
H
NN
M M ¥, 'y
C=0=C=HN=0C H\ JIIr]"l"'
H L
A N=—
- .

C—C— c—c—c—O

A skeletal bond is simply a bond which connects
two skeletal atoms. In the described system a
triple bond is more unsaturated than a double bond;
any bond of an **R*" ring, more unsaturated than a
double bond of an "L" ring or open chain.

1.4 DEFINITION OF FUNCTIONAL
SUBSTITUENT

A functional substituent is a terminal group of
hetero atoms, or a terminal group constituted by
a single hetero atom, which group contains no atom
which corresponds to a carbon atom of the related
parent hydrocarbon.

EXAMPLE:

CeCalCmQaCoC I NHy

The groups enclosed by rectangles are func-
tional substitutents,

1.5 DEFINITION OF SKELETAL SUBSTITUENT

The definition is based upon the fully enumerated.
structural formula, enumerated according to the
procedure deseribed herein.

Whenever the lowest numbered atom af a group,
or path, breaks the ascending numerical sequence
of the lowest nu:nhared. atom to which such group
is directly bonded then the group is a skeletal
substituent of the lattéer lowest numbered atom,
called the parent atom.

A group, or path, as described above, may be
constituted by a single enumerated atom and its
connecting bond,

1.8 TYPES OF SKELETAL SUBSTITUENTS

Skeletal substituents are classified into the
following three types:

(1) acyelic:

(2} eyelie, or ring containing:

(3) bridge.

A substitutent of type (1) or (2) iz always
attached to it parent atom by an acyclic bond: a
substitutent of type (3), by a ring bond.

An acyclic skeletal substituent i8 one which
contains at least one carbon atom but no rings.

A cyclic substituent is one which contains at
least one ring.

A hgﬁn}n substituent is one which consists
entirely ring atoms of the same discrete ring
system o which its parent atom belongs. A ring
bridge bears a substituent relationship to a par-
ticular atom of itz related parent ring system,
a5 will be explained and illustrated in section 6.2.

In the Iollowing examples the tabulated data
appearing beneath each formula lists the identifying
mumbers of the parent atoms in the lefi column
and the defining atoms of their corresponding
substitutents in the right column:

EXAMPLE:

ng
|
wC

e
B ) =
£~
=

W
w0—0

=

=0—0"

Parent atoms Substituent atoms

B
10-11

12

13

=



The substituents ldentilied In the right column
are all acyclic skeletal substitutents.

EXAMPLE:
mC
|
P T.g 1] r[:
BaC wC=CHu
: w o ha
F - 1
a N=C
= | mn
nc S6-65S
Parent atoms Substituent atoms
1 10-12
2 13-30
6 31-35
10 i2
14 22=-24
i4 25-27
18 28
18 20-30
25 27
k3 | 35

In the above formula the substituents of parent
atoms ‘1, 6, 10, 14, 18, 19, 25, and 31'" are
acyclic skeletal substituents; the substituent of
atom ‘2", a cyclic substituent, which includes
acyeclic substituents, as indicated above,

EXAMPLE:

Parent atoms

4 39-41
30 42-44

Atoms “'38-41"" and ‘‘42-44"' are classified as
ring bridges and are bridge substituents, of atoms
4 and 30, respectively.

Substituent atoms

Parent atoms Substituent atoms

3 © 18=20
10 21-38
21 33=37
4 | 34
26 32
Atoms ‘‘18-20"" and ‘32", respectively, are
bridge substituents of atoms 3" and 26",
respectively; atoms '“21-38"", a single cyclie

substituent of atom *'10'"; atoms *33-37"", acyclie
substituent of atom ““21'"; and atom ‘‘38"", an
acyclic substituent of atom **21°°.

1.7 SUBSTITUENT CONTENT. DEFINITION.

The content of an acyclic or cyclic substituent
consists of the bond by which it is connected to its
parent atom and all atoms and bonds which are
included In the group which s atiached to said
parent atom by such connecting bond.

A cyclic substituent includes all acyclic sub-
stituents and functional substituents included within
its content, as defined above.

An acyclic carbon-contalning substituent includes
all functional substituenis included within {ts con-
tent, as defined above,

1.8 SUBSTITUENT BOUNDARY SYMBOLS.
PARENTHESES.

In any cipher which will not be used for auto-
matic information retrieval purposes the bound-
aries of all substituents are denoted by enclosing
the' cipher of each substituent by parentheses,

If a compound ciphér 18 intended 1o be Stored on
2 medium which permits interrogation of the cipher
mechanically for some part, as well as the whole,
of its information coatent, then the boundaries
of the three types of substituents, as defined
above, may be indicated by three different sets of
symbols-selected from those reserved-so that
any substituent of a given type may be queried or
ignored by stored logic techniques. In all ciphers
presented in this paper parentheses are used to
define substituent boundaries.



1.9 DEFINITION OF RING TYPES. “'R'" RINGS.
“'L" RINGS.

All rings except the connecting path of a circu-
lar assembly (see section 7.61), are classified
into two groups: ““R" rings and L' rings.

An ““R'" ring is:

(1) any six-membered ring each atom of which
is connected to opne and only one ring
double bond, or

(2) any other ring each atom of which is con-
nected to one and only one ring double
bond provided that such ring is ortho-fused
to a similarly bonded ring.

All rings which are not “R'" rings as defined
above, or fit the exception indicated, are classi-
fied as “L"" rings.

In the following examples all ""R" rings are
labellad by the symbol R; all “L*" rings, by the
aymbal L




2.0 NOTATION SYMBOLS. GENERAL ENUMERATION AND CIPHERING PROCEDURE

2.1 ORDER AND METHOD OF PRESENTATION
OF NOTATION SYMBOLS AND CIPHERS

In order to save space all of the 64 symbols
employved are presented in table form together
with the specific rules which govern their use.
The tables are placed at the and of the present
s¢ction and are generally arranged S0 as o presant
the symbols which are more commaonly used first,
The final two tables are summary in pature and
list the symbols and their prineipal use together
with erozs-referencing to pertinent information
in othar tables. Ciphers of repressntative com-
pounds which illustrate the use of a given symbal
are indicated by listing the identifying aumbers-
corresponding to numbers in the body of the text-of
such compounds in the right=most column of tables
XII and XIIIL

The row of symbols beneath a given structural
formula is the cipher of such formula. Any arabic
numerals which appear from time to time above
one or more of the symbols of a given cipher are
not part of the cipher but serve to relate the
symbol concerned to the atom which it represents,
The enumeration and ciphering of saturated hydro-
carbons and derivatives thereof will be discussed
in the ascending numerical order of the group
classifications I to ¥V described in Section 1.1.

2.2 DEFINITION OF ENUMERATION PATTERN

The term *“‘enumeration pattern’ describes the
fixed pattern of numbers which is assigned to the
skeletal atoms of a structural formula in order
to identify the relative positions of suchatomz with
respect to one another. Only skeletal atoms are
enumérated.

EXAMPLE:
7
C
|
CmD=CmM—= =
1 ¥ 3 ] &

2.3 LOGICAL BASIS OF ENUMERATION
.

All atoms of a molecule which correspond to a
carbon atom of the related saturated parent hydro-
carbon are enumerated in ascending numerical
order beginning with the number *1"'. The enu-
meration of each compound formula beginsg with
that particular skeletal atom of such formula which
generates the enumeration pattern which assigns
the lower number to certain structural features in
an order of decreasing priority. The order pr-n-
geribed serves to establish an unambiguous enu=
meération pattern on the basis of what is considered
to be the most constant and reliable feature of a
given molecule.
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The structural features which determine the
origin and direction of the gnumeration are listed
below in their order of decreasing priority:

1. Configuration of thé saturated parent hydro-
carbon (virgin state)
weight and distribution of
a. hetero atoms which interrupt a carbon

chain or ring;
b. functional substituents;

3. degree of unsaturation of skeletal bonds;

4. distribution of sterecisomeric [eitures.

The systemn relies fundamentally upon the un=-
ambiguous distribution of hydrogen atoms in the
gaturated hydrocarbon state of organic molecules
for the purpose of selecting for a glven molecule
an unambiguous:

(1) starting atom [or the enumeration,

(2) direction of enumeration around a ring sys-
temn, and

(3} order of enumeration of branchea of an open
chain.

In the enumeration of branches of an open chain
in the wirgin state the ascending enumeration
always pursues that branching direction which is
richer in carbon (most atoms) regardless of
configuration, and when facing a tie on the basis
of carbon content pursues that direction which
becomes first richer in hydrogen, l.e. generatos
the ascending enumeration pattern which assigns
the lower number on the occasion of the first
difference-while obedient to the order of agcanding
enumeration prescribed hereafter for the particular
type of path concerned—to that carbon atom which
bears the greater numbear of hydraogen atoms,

The same principle applies to the order of
enumeration of a plurality of skeletal substituents
bonded to the same ring atom and to the direction
(elackwise or counter-clockwise) of enumeration
around a component ring system of a ring assembly
after the enumeration of the first atom thereof.

Z.

2.4 GENERAL ORDER OF ASCENDING
ENUMERATION OF SKELETAL PATHS

OF ORGANIC MOLECULES

The skeletal paths of organic molecules are
enumerated in the ascending numerical order in
which they are listed below under the particular
class to which a given molecule belonga:

I. Acyclic:

1. Main chain from
to another;
Skeletal substituents (side chains), if
any, in the ascending numerical order
of the main chain atoms to which
bonded;

Monocyclie:
1. Ring atoms, serially around the ring;

one terminal carbon

2.

1L



Lﬂh

2. Skeletal substituents, i any, of ring
in the ascending numerical order of
the ring atoms to which bonded;

IIl. Fused ring aggregate:
1. Ring system atoms, sequentially in
the manner described in Sec. 5.;
2. Skeletal substiteents, If any, in the
ascending numerical order of the ring
system atoms to which bonded;

IV. Bridged ring aggregate:

1. Atoma of planar parent ring aystem
in the manner described for the class
{1 or III above) to which the planar
system belongs;

2. bridge(s), in the ascending numerical
order of the lowest numbered parent
planar ring atoms to which bonded as
described in See. 6.

3. Bkeletal substituents, if any, of bridged
ring system, in the ascending numeri-
cal order of the ring system (bridge(s)
included) atoms to which bonded;

V. Ring assembly (random or circular):

1. generating ring system (3ec. T.) ac-
cording to the class (II, II, or IV) o
which it belongs.

2. skeletal substituents of the generating
ring systems, inthe ascending numeri-
cal order of the generating system
atoms to which bonded.

It ig a deelared law of the system that once the
enumeration of a planar ring system, bridge, or
skeletal substituent has begun, in the order de-
seribed above, the enumeration must proceed to
the exhaustion of all skeletal atoms thereof before
proceeding to the next skeletal path in order,

The specific order in which the atoms which
conatitute sach of the =several types of skelstal

paths are enumerated and the criteria for selec-

tion of a starting atom for the enumeration of a
molecule of a given class are set forth in the
appropriate one of sections 3=17.

2.5 MOLECULES HAVING NO SYMMETRICAL
PATHS IN THE SATURATED HYDROCARBON
STATE

The enumeration pattern of an organic molecule
whose virgin (saturated hydrocarbon) state con-
tains no carbon paths which are symmetrical
with respect to a point (skeletal atom or bond) in
Such molecule is unigue and serves directly for
any derived state without regard to the nature
or distribution of derived features.
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EXAMPLES:

(1)

(2)

(3)

(4)

(5)

Cn
L | Lk
eI
I
L= el C=C=
L] 2 1 4 § & T @&
O
Il
lCliH
L]
c &'t=0
i | | | | T B
H?EI'-C— -C=N-C-C-0H
{} I:J OHO




Formula (5) illustrates that the enumeration
pattern of an unsymmetrical substituent free ring
gystem holds for the substituted system regard-
less of the nature or distribution of acyeclic skeletal
suhstituents or ring bridges.

2.6 MOLECULES HAVING SYMME TRICAL
PATHS IN THE SATURATED HYDROCARBON
STATE

Whenever a molecule in the virgin state contains
ecarbon paths which are symmetrical with respect
to a point in the molecule S0 that the order of
enumeration of such paths with respect to one
another i8 arbitrary, the enumeration patiern
thereof 18 not unigue, but 18 unamibd in the
gense that any one of the equivaléent enumeration
patterns of the paths concerned will yield the same
cipher (and same name).

EXAMPLES (asterisks mark points of symmetry):

wi] &
iﬁu

5 4 i
@ ¢-¢-g-¢-¢

cilpher: T3 See .8 TABLE L

[T B D T
(2) C-C-C=C=C=C
] X B 4 5 ©
cipher: C8
@ e Lol

Nt

cipher: Ell.-i‘}LL‘.:"!E"HYLLY‘!' Sce 2.8, L.

Q=D

cipher: BL(CE@6LLSILS

(4}

When the paths just described are made un-
symmetrical by one or more derived features, the
order of enumeration can no longer be arbitrary
since ambiguities would thereby Infiltrate the
enumeration pattern. The following rule, which
may be called the ‘‘updating rule’'’, serves to
monitor the imposition of derived features upon
arbitrarily enumerated symmetrical paths of the

12
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parent saturated hydrocarbon so as to ensure that
the enumeration pattern will remain unambiguous
(or become unique) and be completely congruent,
at all stages of derivation, with the enumeration
pattern of the saturated parent hydrocarbon.

2.61 UPDATING RULE:

When paths which are symmetrical with respect
to a point in a saturated hydrocarbon so that the
order of enumeration of such paths s arbitrary
are made unsymmetrical by one or more derived
features, enumerate such paths in the order In
which the ascending enumeration patiern assigns
the lower number on the occasion of the first
difference to the following features listed in their
order of decreasing priority:

1. heavier skeletal atom;
2. zkeletal atom to which is bonded the
a. greater number of functional substi-
tuents;
b. heavier functional substituent:
¢. more unsaturated skeletal bond.

It will be noted that none of the above features
introduces additional skeletal atoms into the basic
structure. See Sec. 1.2.

In the case of ring compounds, wherein the basic
structure for beginning the enumeration is always
an unsubstituted saturated hydrocarbon ring syatem,
it is possible that carbon paths which are sym-
metrical in the basic ring system may be made
unsymmetrical by the introduction of skeletal
substituents of the following types:

1. ring bridges;
2. skeletal substituents attached to ring by
acyclic bonding.

EXAMPLES:

In all such cases the enumeration logic ensures
that the enumeration pattern of any ring compound
will always be congruent with that of the saturated
hydrocarbon ring system with which the enumera-
tion of such compound begins, as will be set forth
in Sections 4 to T.

2.7 GENERAL CIPHERING ORDER

Cipher serially bonded paths of atoms of un-
broken numerical sequence and atoms of the same




discrete ring system, excluding bridges, in their
ascending numerical order, except that all sub-
stituents of a given atom must be ciphered before

ciphering the next configuration of the parent path
to which such given atom belongs. See also rule 3

of Sec. 2.8.

(1) C=C=C=C=C=C
1 1 3 L 3 5 8

i

s o

I e TAEN 3 . 07

IAYLLYYSLAYLLYY

(2)

2.8 ORDER OF CIPHERING SUBSTITUENTS

1. Cipher substituents groups (See Sec. 1.4 and
1.5) directly after ciphering their related parent
atoms and before ciphering the next higher num-
bered atom or intervening multiple bond in the
parent path.

EXAMPLE:

*C
I

LY

BE M & # i

CaCmCaCaCmCC
E OH

d L]
Cipher: ECQCECME

(1)

2. When a plurality of different substituent
are attached o the same parent atom,
cipher such groups, consistent with rules 3-5below,
in the following order of decreasing priority:

(1) functional substituents (in the order of their
Increasing weights-lightest first-when there is a
plurality)

(2) skeletal substituents (in their ascending nu-
merical order-lowest numbered group first-when
there is a plurality)
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EXAMPLES:
"
R
(2) C-C-C-C—Q-C-E-i-ﬂﬂ
OH C» O
F-fi.‘ECl

I
Br

Cipher: CVQCCCVC(CCFEBIMCCZIQM

3. When one or more acyclic substituent

of a given EI-I‘HII atom is the same as the group

which begins or terminates the parent path con-
cerned, cipher one of such groups* asa substituent

ol the parent atom in question and multiply the
cipber of such group by a number equal to the total
number of it8 occurrences, unless the group is a
methyl group of the isopropyl radical which is
always represented by the symbal **T."

When one of the groups described begins the
enumeration, cipher such groups after the parent
atom to which commoaly bonded and before cipher-
ing any other skeletal configuration attached to
such parent atom. Any functional substituent at=
tached to the same parent atom as the enumerated
(skeletal) groups just described is ciphered belore
the latter groups as required by item 2, above.

EXAMPLES:
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(2)



OH NH,
| I
urT--:: O=C%0
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uC NH; l-[:—cu—HH,
1 3 I-I- |l [ ] H | i

(3  €—C-0-C—C—C— N—C—CLNH,
'lgl 1-!{!! t'.'I!H{! H.H-i|:II{II
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ClOCVM)2(CCVQ)CZQEVNEC(CYZ)2C(CVE)2

4, When a substituent group differs from the
tvpe describad by item 3 above only In that such
group containge a ring, cipher the groups in the
game manner préscribed by {tem 3 above when
guch groups terminate a parent path.

When one of such ring contalning groups begina
the enumeration, do not include such group in a
multiplied cipher since the cipher must begin with
atom ‘1" of the generating ring system prefixed
by the size of the ring containing atom “'1'*, as
get forth in Section 7. See NOTE below.

EXAMPLES:

imn s

SR(CYNHCVCC(=NQ) ?ﬂcﬁﬁLLucquLL EL}EﬁRH
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HO
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1 7 & W n i
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NOTE. The mechanical analysis method of Isaacs
and Walker (15) relies upon the presence or ab-
sence of an arabic numeral as the first character
of a cipher-except that of a salt-to establish
whether the cipher is that of an acyclic compound
or of a cyeclic compound. In cases such as the
following,

in the absence of the exception defined by rule 4,
the first character of the cipher, as of the above
compound ‘‘C(@6LL5)3"', could not be relied upon
for the purpose stated. It is a present feature of
the system that the ciphers of all ring containing
compounds must begin with a number equal to the
size of the ring which begins the enumeration.



5. When a plurality of functional substituents
which have the same weight but different chemieal
configurations are attached to the same parent
atom, cipher the substitients in the order inwhich
there is generated from the parent atom into the
respective substituents either the

(1) First lighter substituent atom, or the

(2) first more saturated substituent bond,
whichever is gpenerated earlier, according to
the procedure for generating the atoms and
bonds of functional substituents as described
in Sec. 3.6.

EXAMPLE:

NH.
|
N F
[ I
Ii'l' Iiﬂ: O=5=0
I
G-G-§-C-G-Cr-g-G-0-3-F

NH O 0
| I

N N

il

NH O

i a [ ]
Cipher: C (OSVF) (SWF) CCC (NW) (ONV) CC
(NHN=NH) (N=NZ) C3
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2.9 TABLE OF SYMBOLS,
TABLE I=5ymbols for Carbon and Hydrogen

SImh-u!I. For

C=Acyclie carbon atoms and carbon atoms
which serve as connecting links between
component ring systems of a circalar ring
assembly excep! acyclic carbon atoms which

I. are otherwise expressed as a methyl
“*m'", sthyl ""E'", or isopropyl “"T"'
group.

. are inciuded in a moltipliable serfies
of three or more chain units attached
to carbon only, as explained in TABLES
¥l and VII B,

E—=Ethane when used alone; othsarwise ethyl,
-CH3CH3y only; not used when bonded to a
methylens -CH2- unit in which case the
group is expressed as & series, as ExX-
plained in TABLE VII B; E is used to
eXpress & CArry over geries of two which
terminates an alkyl chain. See TABLE YII
footnote,

L=Unfused* carbon atom of "L"=type® ring
when such atorm is not included in a mualti=
pliable series of three or more methylene
«CHj=ring units attached only to carbon as
explained in TABLE VII B, See ‘(L)
TABLE VYIIL

M—Meathane when used alone; otherwise methyl,
=CHY only; not wused when bonded to a
methylene =CHz- umit in which case the
group is expressed wsither by "E"" (ethyl)
or by a multiplied series, whichever applics
as explained above; not used for the methyl
groups of isopropyl which latter group is
always expressed by “'T"',

RE—=Unfused carbon atom of ""R"-type® ring
when such atom is not included in & rulti-
pliable series of three or more methine
{(-CH=, or «CH-} ring units attached only to
carbon, as explained in TABLE VII B, See
(R} TABLE WVIIIL,

T‘—Frnpﬂ.n.l when used alone; otherwise iso-
propyl, -CH[CH 3]z only.

I—Epi.ruufu-id- carbon atom; suffixed b;r AR
arabic numeral -lqujl ta the size of the

ring, if other than & - membesred, when the
X symbol represents the first ciphered atom
of such :l:i.n.l. See also the dash l'rm'h-ul.
a' TABLE IX and the symbol “'(X)"
TABLE [I,

Y =0rtho-fused® carbon atom which is common
to not more than two ortho-fused faces, i.e,
peripheral, as illustrated by atoms 4, 7,
11, 1&, and 19 in the structural formala
immediately below. See Section 5.02 for
geometric significance of ¥ and y symbols
and suffixes denoting ring sizes. Se¢e TABLE
I for (Y].

83

y—=Interior ortho-fused® atom, common to &t
least three ortho-fused faces, as illustrated
by atorms B, and 12 in the formula imme-
diately above:; sulfived by aslze of rFing
embraced by arms of y [(Sec. 5.02) if other
than b-membered. Sses TABLE 11 for {r]-.

H—Hrdrn‘nu atorm bonded to an atom other than
carbon, except for H of OH and H'Hz_ Eroups;
hydrogen atorms bonded to carbon are not
ciphered but implied; hydrogen atom of
hydroxy "OH" and primary amino *"NHz"
groaps is expressed by the composite sym-
bols for such groups, wiz: § and Z re-
spectively; stereochemical configuration of
a hydrogen atorm which lies on the opposite
side of ring plane from reference group
and is bonded to ortho-fused atem isdencted
by the symbal ""a'"" after the Y symbal
repressnting the ortho-fused atom, the "'a’"
fallowing the ring size when cited.

*See Sections 1.9 and 5.0

-



TABLE Il=5ymbols for Oxygen, Nitrogen, Sulfur, Fhosphorus;, and the Halogens

SEbnl For
B-bromine atom; Boron symbol changed ta
leo].

F=fluorine atom.

G=halogen [(See TABLE VIII),
I=iodine atom,

K=chlorine atom.

N=acyclic nitrogen atom and a nitrogen atom
of a ring of rings, which atom is not in-
cluded in a component ring system thereof,
when the nitrogen atorm does not comprise
& primary amino, NHj, group.

n—nitrogen atom of a ring or ring bridge, ex-
cept a nitrogen atom of a ring of rings
which is not included in one of the component
ring systems [Ses "N above); not multi-
pliable in & series,

O—oxygen atom which interrupts a carbon chain
er ring.

P—phosphorus atormn.

Q=0H, bhydroxy group; mulliplied by appro-
priate numerical suffix to denote a plurality
of such groups attached tosame parent atorm.

S—sulfur atom,
V=20, "oxo" group (oxygen atom bonded solely

to one other atom to which no other oxygen
atom is solely bonded),

W=20,z0, ""gem, dioxe™ [two oxygen atoms
bonded solely to the same other atom);
considered as a set of two oxo substituents
in determining the order of enumeration of
derived paths and the order of ciphering a
plurality of functional substituents bonded
to the same parent atom,

H
M-
H
configuration of an amine addition salt is
ciphered by "NHZ'", amine addition salts
and gquaternany ammonium salts being ei-
phered without any special symbology to
denote "onium'' character which is repre-
sented implicitly by the manner of ciphering

aalte.

(X, (¥, ty}...

Z=NH; "‘primary amino"' group; the

When a heterc atom occcupies an ortho-fused or
spiro-fused position, cipher such atom by its
assigned symbol and follow the symbol imme-
diately by the cipher of & carbon atom (enclosed
by parentheses) as if the carbon alom occcupied
the same position, including ring sizes if required
[See TABLE L X, ¥, 7.}, For esxample, position
2" of the formula below

is represented by n(Y5),

The "dummy'’, or ""shadow’’, cipher of the
fctitious carbon atom facilitates deciphering and
permits the number and kind of fusion points to
serve as & screen, if desired, for file organization
and searching operations,

TABLE lll=5ymbals of Elerments Not Included in Tables I and 1T

The international letter symbols of the elements
listed below have been changed, as indicated, so
that the single character symbols may represent
atorme or groups which have high frequency of
cccurrence in organic compounds (See the dis-
cussion by WISWESSER, cited in the introduction),
and so that the symbols of all elernents other than
those included in TABLES I and I will have the
marne nurmber of characters,

International Notation
Element syrmbaol symbaol
ARGCON A laR]
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International Motation

Elsment symbal symbol
BORON B Bc)
POTASSIUM K Al
URANIUM u [UR]
VANADIUM v [val
TUNGSTEN W lwol
YTTRIUM Y (¥l

All of the remalsing elements which are not
represenied above or in TABLES I and IT are
ciphered by the international symbels in capital
letters enclosed by brackets, s illustrated abowve,



TABLE IV=Symbols for Bonds

For

EEMI
= [equality sign]—acyclic double bond-cis, trans
relation unspecified.

: (colon) =double bond of “*L*" ring-cis

trana relation unspecified,

+(division sign)=triple bond (ring or chain)

[ =) —cis double bond of open chain
or of commecting chain of a
circular ring assembly.

St:‘_nbul For
=] =trans double bond of open chain
or of connecting chainofacir-
cular ring assembly.
(:) =—cis double bond of L'’ ring.
[:] =trans double bond of "'L"" ring.
A} or 413 =double bond of ortho-fused

face which is not part of an
“R"" ring; ciphered only after
the lower numbered atom to
which attached; follows ring
size numeral where cited.

TADLE YV=5ymbols for Steric Rnl..l.'llmlhipl

Symbol For

a =—as suffix te dencle that the preceding sub-
stituent lies on the opposite side “‘anti®’
of the ring plane from the reference group.

—=See also Section 8.6,

{+) —as final item of the cipher to denote optical
activity of a dextrorotatory nature,

[=}) —optically active leverctatory compound; final
itemn of ciphor.

(#=)=—optically inactive gacemic mixture; final
itemn of cipher.

Symbal

{-+}—optically inactive meso compound; final
item of clpher.

For

(=) =""cis'" double bond of chain (including
"chain"" portion of a circular assembly,

|=] =" "trans' deouble bond of chain (including
chain portien of & circular ring assembly.

{z} =""cis'"" doubley bond of ring.

[t{] =""trans'’ double bond of ring.

TABLE Vi=Enclosare Srmbﬂl'l.. Parentheses, [ ); B-:ril:k-lti:, "I ]"; Braces, "{ ]"

Symbal Usa

{1} —to enclose the cipher of any substituent
whose cipher contains more than éne
character or & multiple there of, e g.
M2, To denote a plurality of such o
«substituent attached to the sarme atorm
suffix the n]nling parenthesia by a
number equal te the number of oceur-
rences of such substituent. See
TABLE VII and Section 2.8,

Te enclose & bridge identifying num-
ber, e.g. (2) S5EE TABLE ¥II and &.1.

See TABLE IV for (=) and (:).
See TABLE IX for (@) and [ ).
See TABLE ¥ for (#). (=) (=) {=%).,

Symbel Use

1] —=to enclose the letters which represent
elements as indicated in TABLE ITI.
Ta encloss fons,
See TABLE 1V for [«] and []

| } or 44 =to enclose repeating non-terminal

units of a chain, other than methylene
dnits, when three or more; sulfix the
closing brace by a number equal tothe
number of units in the series; a series
of three or more unsubstituted hetero
atorms in a chain is denoted by cipher-
ing the atom once and rmultiplving the
atom symbol by the appropriate nu-
merical sulfix. See TABLE [Vior [:}.
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TABLE VIl—Arabic Numerals

EETO
one
twro
thres
four
five
B
seVven
eight
nine
indefinite number or position.

A, The appropriate arabic numeral is used as
a Etﬂ.‘l bafore:

(n

(2)

the first symbol of the compound cipher,
when such symbel represents a ring atom,
to denots the size of the ring which con-
tains said ring atom. (See 4.2).

the symbol of the first ciphered atom of a
component ring system, other ithan the
generating ring system; of & ring assembly
to denote the size of the ring which con-
tains said {irst ciphered ring atom; rlng
size number substituled by a guestion
mark "'7"" when said first ciphered atom
comprises a ring bridge.

{3} the intreductory bracket of an lon cipher

{1} the symbol "c

(2)

1o dencte the number of cccurrences of the
ciphered ion in the ciphered salt. (See
o2 2)).

The appropriate arabic numeral is used as

suffix after:

Yo' to denote & series of
three to nine® methylens ""-CHz-"" units in
& chain when the terminal bonde of the
series are attached only to carbomn, include
any methyl EToup which llci:i.nl: ar termi=
pates such a series in the series; ey
=CH2CH2CH3 is ciphered ""C3",

the = 1 "L'"" to denote a series of
three to nine® methylene ""-CHz-'" units
in a ring when the terminal bonds of the
series are altached only to carbon [(See
4.2}

{3) the symbol “R' to denote a series of

three to nine® maethine '"=CH- or -CH=""
units in a ring when the terminal bonds of
the series are attached only to carbonm
(See 4.12).

(4] the symboal of a hetero atom to denote a
series of three o nine* ynsubstituted
bBivalent hetero atoms in & chain,

[3) the closing parenthesis of a substituent
cipher to denote the numberoloccurrences
when a plurality of the parenthesized sub-
stituent is bonded to the same atom. (See
2.8 rules 3 and 4).

(&) any one of the symbols A B, E. F,.G.H,LLK,-
MO, T,Z to denote the number of occur-
rences when a plurality of the substituent
ruprﬂluntm:l is bonded o the same atom,
except the methyls which comprise the
isopropyl group which is always ciphered
by T.

(T) the symbol "'Y'" to denote the size of the
ring (when other than fé-membered) which
is embraced by the ""arms’ of the Y (See
TABLE I, ¥ and 5.02).

[B) the symbol "'v'" to denote the size of the

ring [when other than b-membered) which

is smbraced by the "‘arms’’ of the y (See

TABLE I, ¥) and 5.02,

(9] the symbol ""X°" to denote the size of the

ring [when other than b-membered] of

which the X symbeol represents the frst

ciphered atom (See 5,5(3)).

(10} the closing bracket symbol *'|*" to denote
the number of electrovalences (charges)

associated with the bracketed ion [(See
10.Z(4)).
(11} the closing brace symbol '} " to denote a

series of three o nine* repetitive units of
a chain when the unit consists of at least
two atoms and {8 not a methylens wunit
(See 3. T(LL))

The appropriate arabic numeral enclosed by
parentheses is used to terminate the cipher of
each path of bridge aloms and to serve as an
identifying number which is repeated, also paren-
thesized, immediately after the highest numbered

Then the sumber of anite in the secies descabed by (1), (20, (N).
and ({), above, ercecds mine denotr ghe waits o racras of mine by
smscennive scrice of Aine walts esch and /s by & YVownry ower™ sehien
of leas than aine, of "0C™, C, E, ar M, w erthsasr the senies. Then
whe sumber of anits im o series of epetitve chain enits (which may
inclede mpeating rAag systema) of the cype described by {11) sbavr,
exceeds nise ibcrease tie value of the sumerical sulfis by oae lor
each sdditienal wnit in the series without upper limie. 1 the number
of repetidive waits is enkoews suffis de closing beace by & question
mack Y5 o indicwve thar the oumber is indehnite. See 9, X1
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parent ring atormn to which the identified bridge or
bridge branch is connected but after the ring size
where cited, Beginning with the combination sym-
bel “*(1)"" to identify the end of the first bridge
path increase the number by one for each suces-
sive bridge ending which does not terminate at an
already identified bridgehead. See 6.6-6(2).

TABLE VIlI-Generic Symbols.
Use

Symbol

A =10 represeat the term ‘‘alkyl" when no

species is deslgnated.
o = unasslgned.

oG =io represent halegen when no spocies is
dciigrﬂ.tcd+

J —unassigned,
u —unassigned,

i —placed after the first ciphered atom of an
“R'"" ring of which none of the atoms is
represented by an “R'" symbel to indicate
that the ring js of the "R"" type; absence
of an *“r'" alter the first<iphered atom of

The zers symbal "' " {s used to suifix
symbol of a bridge atom from which a
rality of bridge paths branch. The branches
enumerated and ciphered in the "unﬂni_
numerical order of the parent ring atoms
at which such branches terminate, See
6.6-4a,

“r'" Symbol. Unassigned Symbols D, J, and U

Ermbul Use

a ring none of whose atoms is represented
by an "'L" or ""R"" symbol indicates the
ring to be of the "'L" type [See Sec, 1.9
for definition of *'R"" ring and ""L"'" ring).

(R} —to represent the term "aryl"" when neo
species is designated,
(L) —=to represent the term “alicyclic™, or

“*cycloaliphatic™’, when no species is des-
ignated,

(H} =to represent the term ““heterocyclic’” when
no species is designated,

A[R)=to represent the term ""alkaryl™’, or "“alkyl-
aryl”” when no species is designated,

[(R)A—to represent the term ""aralkyl"', or

'a l,-'rl.-
alkyl"', when no species is designated,

TABLE IX—Miscellaneous Non=Leltter Symbols

SImbnl Use

* [astarisk) —as dummy symbol to intro-
duce bridge; placed before

first symbel of bridge ci-
phezr.

= [dash) —as durmnmy symbalte indicats
skipping over an already ei-
F'he:red :i.n‘ atoem, as in the
case of a spiro atom, when
a skip is required to accons
the mnext high-numbered

unciphered ring atom.

—to separate anlon(s) cipher(s)
from cation(s) cipheri{s) in
the cipher of a salt.

: {semi-colon)

s [comma) —to separate the ciphers of
iona of like charge where a
plurality of such ions exist

in the same salt.

—to separate ring size num-
bers which follow a ¥ or v

Sxmbnl

Use

symbol (S« TABLE 1. Y.
).

=t prefix the cipher of an
interior atom of a fused ring
aggregate when such atom is
not part of a peripheral ring.

? (question mark) —suffix after closing brace
e ] " to denote that the am-
braced chain wunit is poly-
meric: suffix after the sym-
bal “'@"" to indicate that the
next ciphered atom i& an
atom of a ring bridge.

(period) =t introduce cipher of acyclic
carbon - containing wsubsti-
tusnt [group which breaks
the ascending seguence of
numbears); veed for mechan-
fcal retrieval purposes.
Chelate designation. See
Section 10.5,



S?n\hﬂ-l
¢ {cent sign)

Vae

e it

=to close cipher of acyclic
carbon - containing substi-
tuent; used for mechanical
retrieval purposes,

i (exclamation point]=to introduce cipher of ring-

5 (dollar sign)

# (sharp)

% lper cent)

/ (slanted atroks)

containing

subestituent

(group which breaks the as-
cending sequence of numbers
and contains a ring); used

for
purposes,

mechanical

retrieval

=to close cipher of ring-
containing substituent: used

for
purposes.

=regerved

=regerved

mechanical
far
"housekeeping”’

far
"housekesping”

retrieval

mechanical

mechanical

=to separate cipher of termi=

nal

ring and substituents

thereal from clipher of re-
peating middle portion of

polymer,

Sas Section 9.3,

—to introduce a component
ring system of a ring as-

sambly;

immediately pre-

a)

(1)

Symbal

Use

cedes first ciphered atom ou
introduced ayatem If ring
containing such atom is b-
membered [See Section T-);
precedes ring size numeral
which is cited whenever such

ring is

other

than 6=

membered [(See Section T);
precedes T whenused to indi-
cate bridge atem. See 1X,

=te (ndicate point where sub-
stituent portion (SeeSec, Tiod

a circular

assembly con-

nechts Lo generating ring ays-
tem #0 as to form a ring of
rings; placed after symbolof
substituent atom, or bond i

multiple,

which is direcily

connected to generating ring

By Sstem.

=t indicate point on gener-
ating ring system of a closed
ring assembly to which the
""tail end"" of the substitusnt
portion is connected: placed
immediately after that atom
of the generating ring system
ta which the "“tail snd"" of

the
bonded.

substitusnt

portion ia

TABLE X—-Common Functional Substitusnts Arranged in Alphabetical Order of Ciphers

Clipher

1. B

& F

3 1

4. (IV)

5. (Iw)

6. K

7. +N)

8, (=NH]

. (NHNHZ)
10, (NHMN=NH]
(NHPY ZZ)
(NHP Z2=3)
(NHEZ)
(N= NH)
(NsNZ)
16. [=nQ)

IT. (Nv)

18. (nw)

19, (=NZ)
20, (ONV)

13,
14,
15,

Substituent

-Br
=F
=1
=10
-rmi
=izl
]
=MNH
=NHINHNHz
= HHN=NH
=I~I'I-IP'='DI}I"IH1:']
MHP=5(MH2)2
=MHNH 2
=M MH
=HeNNHz
=MOH
-NO
=NO3Z

MNNH2
=N

Weight

T9.916
19,000
126,910
142.210
158,910
35.457
14.008
15016
46,056
44.040
74,039
110,105
31.040
29,004
44.040
3L.016
30.008
46.008
20,032
46.008

n

21,
22,
3.
24,
25,

27,
28,
29.
30,
3.
3.
3
34,

35,
36,
.
38,
39,

Cipher

[ONw)
[COPVO2)
(SOSWT2)
ioPaB)
OFQF)
(CPQI)
(CPQK)
(CPQ2=5)
[OPVBE)
(OPYF2)
(CPYI12)
(OPYE2Z)
CPYQ2)
CPYQOPYa2)

{OPVZ2)
(oPvza)
Q)
{OSH)
(osVYB)

Substituent

-OMNOz
-COP=0(0H) 2
-0050:0H
-OFOH)Br
=OF OH}F
=P OH)
=OF(OH)}C )
-OP=5(0H);
-OP=0Br3
=OFP=0F 2
=OF=0l3
=OP=0L 12
-OP=0{0H)z
=OP=0(0OH)OP=
C{OH]) 2
~OP=0(MNHz)2
-OP=0NHzOH
= 00H
=05H
=05=0Br

W-ilht

62008
112,991
113,074
143,899

B2.981
190.893

97.440
113.087
222.807
100.975
JI6. 795
133,889

96.991
176,974

35.02%
96.007
33.008
45,074
143,982



Cipher

40,
41
42,
43
Lt
5.
46,
4T,
a8,
49.
30.
= 1
52.
53
4.
55,
5&.
-

[(OSWF)
(CS5Y])
(OSYRK)
(OSVQ)
(oswh)
(OSWF)
[(O5SWT)
(OSWEK)
(S WOSWE
(OSWO)
(=FPH)|
(FHZ)
(FQz)

w
(=5)
5B)
5F)
(SH)

-

0 E T

m—
M=o

13.

14,
15,
L6,
IT.
LA,
9.
20,
21,
£2&,
23,
z4,
x5,
1.
ZT,
L8,
z9.
30,
L}
s -

Substituent

=D8«0F
=05=01]
=0S5a0C 1
=08=CO0H
=0S020r
=050 F
=050321
=050 C1
=050 3030 30H
=05020H
=FH
=FPH;

=P {OH]z
=

5

-5-Br
-&-F

=EH

Lid l:l.!hl‘.’

£3.066
190,976
99.523
81,074
159.982
99.066
206,976
115.523
177,140
FT.0T4
31,983
32.991
64,991
17,008
32.066
111,982
51.066
33.074

Gi.Eh-r
58. (&I}
5%. (SK)
o, [55H)
El. (SVB)
62. (SYT)
&3, (5YVI)
b4. (SVK)
65, (5VQ)
6b. (SVE)
&7, (SWB)
LB, (SWF)
&9. [(SWI)
To. [(SWH)
Tl. [EWQ)
T2, [BWZ)
Ty W
T4, W
T5. Z

Substituent

-5-1
=5=0C1
=S5H
=5=00r
=S=0F"
=5=01
=5=0C 1
~5=0{OH)
=5=0NHz
=S50 z0r
=503 F
=501
~502C1
-5020H
-802NH,
=)

sy , =)
'"H.E

Wel

158,976
67.523
65, 140

127.98¢
&67.064

174.976
BX.523
65.074
64,090

143.98%
83,066

190.976
92.521
Bl.074
B0, 090
16,000
1E. 000
16.024

TABLE XI[--Common Functional Substituents Arranged in Order of Increasing Weight

Substituent Weight
] 14,008
= WH 15,016
=0 oreD,=0 (W) 16,000
=MNH 4 16,024
=0OH 17.008
=F 19.000
=MN=NH 29,024
= P 30, 008
=NINH3 30.032
= NOH 31.01&
= MHMH2 31.040
=FH 31.983
50, =0 See =0 32.000

N [16+18&)
=5 32.066
-FH7z 32.971

- 00H 33.008
-5H 33,074
-1 35,457
= N=NNH* 44.040
= WNHM=NH* 44.040
= h'ﬂz.' 45,008
=DOMNO* 45,008
-NHMHNH2 4b.056
=0S5H 49 074
=SF 51,066
=0OMND 3 62,008
-53ONH3 64,090
=P{OH)2 64.991
= 5= O0OH 65.074
=55H oS, 140
=5=0F 67,066
=3C1 ET.523

- T

9
10.
11.
iz,
13,

14,
15.
16,
1T,
18,
19.
20.
zl.
Fir 8
23,
24.
L5,
£b.
T,
28.
2%,
30.
31,
3z,

Cipher

(=M}
= MH])
L

&

Q

F

(N =NH)
[NV)
{=MZ)
[=MQ)
(NHZ)
[=PH)
W

(=S5}
(PH2)
{oQ)

(5H)

K

(N=NZ)
(NHN=NH)
(NW)
(ONV)
(NHNHZ)
{OSH)
5F)
{ONW)
(SVZ)
(PQ2)
(sva)
(SSH)
(5VF)
(SK)

33,
34,
35,
36.
aT.
8.
39.
40,
41.
4.
43,
44,
45,
46,
47.
48,
49.
50.
51.
52,
53,
54.
55,
=1
5T.
58,
59.
60,
Bl.
62,
&3,
b4,
5.

22

=Br

=502 NH2

=50 30H
=~OP{OHIF
-05= OF*
=503F*
=5=00C1
=NHP=O[NHz)z
~OP=0({NH3z]5
=OP=0(0H)NH3
~OP=0(0H)2
=050 0H
-05C0,F
-OP{OH)IC ]
-OP({CH)CI
-OP=0OF 2
-NHP=S5{NH 3} 2
-5B
~-DOPsO[OH]) 2
-OP=5[0H)2
=D0S030H
~D3050 1
-S5=0Br
=DP=0C13

=10
=DF[OH)BT
=0S5a OB

=S50 zBre

=102

=31

=50 Br

=5 =0
-OF=0{OH|OP

Weight

T9.916
BO,.090
Bl1.OT4
B2.9813
B3.066
83,066
83,523
94,039
95,023
96,007
96,991
Q7.074
99.066
99 440
99 440
100.975
110,105
111.982
112.9%91
113.0587
113.074
1158,52%
127.98 %
133,889
142,910
143,899
143,982
143.982
156.910
158,976
159.9682
174.9Th
176,974

33,
34,
35,
36,
3T,
38,
39,
40,
41,
42,
43
44,
45,
46,
47,
48,
49,
50,
51.
5d.
53,
54,
55.
56,
5T.
58,
3%
b0,
L
LT
63,
&4,
b5,

T

B

(SWZ)
[SWCH)
[OPGF)
[OSVF)
(SWF)
(SYEK)
(MHPVYZZ)
{OPYVZ2)
{oPvVZa)
{oPVQ2)
{oswaQ)
(OSWF)
(OPQK)
(OPQK)
{(OPVF2)
(MHPZ2=5)
(5B)
(coOPvVQl)
(CPQ2s5)
[OOSWO)
(OS5 WK)
(SVEB)
OPYEZ)
(v
crPan)
(osve)
(5w B)
(I}

=1}
(CSWB)
(SVT)
(OPVCOPYVQal)



Substituent W‘I-E.h.t CiEr Snbetitnant '!l'li.!ht Ciphar

b6, -O50,050;,0H 177.140 &6. (OSWOSWQ) 71, -OP=0I3 316,795 T1. (OPVIZ)

67, -OP[OH)I 190,893 &7. (OPVI) —_—

b8, -5021 190,976 &B. (SWI) *5ee resclution of isobaric (same weight) sub-
69, -0505;1 206.976 £9. (OSWI) stituents attached to same atom as set forth in
0. -OF=0Br; 212,807 70. [OPVB2) section 3.61.

TABLE XII—Summary of Single Character Symbola

FPrincipal See Principal See
Symbol Assignment See Table Compound Symbaol Assignment See Table Compound
1. A—Alkyl VII, ¥WIII 16, 4—four VII
2, a=""trans"" suffix L' B.41(2) 17, S—five VIl
3, B=bromine I, VII 1.6(3) 18, b=uix VIl
4. C—chaln carbon I, VviI LA 19, T—aaven Vi1
5. D—unassigned VI 40. B—aight V11
6. E—wthyl I, v 3.3(1) 41, F=mnins VIl
7. F—fluarine II, VII 3.6(3) 42, [=substituent snclo-
B. G—halogen 11, VII, VIl sure VI, IV, VII 3.6(T
9. H=-hydrogen, attached 43, )J—substituent snclo-
to hetero [except Bure ¥1, IV, VI 3.6(T)
OH and NH2) I, ¥II, vIII 3,703) d44. [—ion enclasurs VI, IV 10,201
10, a—hydrogen, sterec- 45. |—ion snclosurs VI, IV 10.2(1)
chemical IL Vv B.42(1) 46, |—repstitive chain
11, I—iadine m, vo 3.6(6) unit snclosure VI, IV 3.7(11)
12, J=—unassigned VI 47. }=rapstitive chain
1), E—chlarine I, VIl 3.6(1) unit encloaure ¥i, 1V g 21
14, L=""L"" ring earbon I, VII, VIN 4.2(8) 48, =—chain double band IV, ¥V 3.5(1)
15. M—methyl I, VII 3.3(3) 49, :=""L"" ring doubls
16. N—chain nitrogen II 1.7(3) bomd v, v 4.2(8)
17. n—ring nitrogen i | 4.2(B) ED. s=tripls bond v "3.5(5)
i U—rh;:: e n 3.7(2) 51, ;=—to separate ions
PR e e SR 2 3.52(8) of unlike charge  IX 10.2(1)
20. Q—OH (hydroxy) I, vi 1.6(4) e
II. R_.H-“u- "an,. :l'h‘ﬂn ]r -.u.-i-l- VIII 4..:'91 nl.' ll..h' Chlrlﬂ Ix lU.II.'.II
22, r=to denots "'R'" ring 53. ?=andefinite number
containing no ""R" or position X, VII 3. 31}
atom VIII B.5&(1) 54. /=10 segregate part
21, S—muliur 11 1.TI5) of polymer cipher IX 8.3 1)
24, T=isopropyl I, vII 131} 55. ®*—to introduce bridge [X 11.0(3)
25, U—unassigned VI 56, @=to introduce com-
26, V—=0 |oxo) i | 3. T(5) ponent ring systerm IX 11.004)
27, W=s0,=0 (gern. dioxn) 11 3.7(5) 57. = =to skip over
28, X—spiro carbon 1 5.4109) already ciphered
29, Y—peripheral artho- ring atom I, ¥ 5.4(3)
fused atam 1 s.22(1) 58. + =dextrorotatory L) B.8(2)
30. y—interior ortho- 59. . =chelate designation IX 10.5(2)
fused atom I 5.22(1) 60, f=reserved for IR X
3. Z-NH3 (primary bl, 'emreserved for IR Ix
amina) 1. ¥II 3.T(15) 2. §=reserved for IR [x
31. A—zero, bridge branch VII b.b-42 63, #=reserved for
33, l—one VIl “housckeeping’’ Ix
M. Z-two VI b4, fe=reserved for
35. J—thres VIl “housekeeping '’ Ix

22



TABLE XIII=Summary of Multiple Character Symbols Which Contain No Letters

See See See See
Symbal Assignment Table Compound Symbol Ass ent Table Compound
L 1
(=} cim double boand l_'i:hj.i:n' v E.l'.l'.'-l:l.'p (=) h?ﬁi‘ﬂlllﬂ-rr L") I,H{I} .
[=] trans deubls bond [chain) v B.O3(1) (-] racemie v
{z} cis double bend (ring) Iv B.2{1) {-#] mesa v 8.8(3)
[§] trans double bond (ring) IV B.2(2) @) end of substituent par- IX T.8(1)
tion of a ring of rings.
[1 double bond of fused Iv E.85(1)
face which is not part [} point on generating ring IX T.8(1)
of an "R" ring. whare tail and "'@"" of
subatituent portion is
{+}) dextrorctatory L' B.a(2) attached.
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3.0 ACYCLICS. BRANCHING PATHS

Acyelie molecules are the simplest of all crganic
malecules and esgtablish the only eclass whose
members can be deseribed. geometrically by either
a straight line or a system of straight lines. The
problem presented to enumeration and line farmula
notation by the geometry of Acyclies, as well as of
Monocyclics and Fused Ring Aggregates, is branch-
ing in the reference plane, since each notated
position {atom) from which a plurality of different
paths diverge exacts a decision as to the order of
enumeration and of ciphering the paths involved.

The enumeration of an acyclic compound begins
always with a terminal carbon atom and follows
branching directions wherever encountered ac-
cording to the rules set forth in the following
section. That terminal carbon which generates the
sequential enumeration pattern which assigns the
lower number on the cccasion of the first difference
to the structural features listed in Section 3.2 in
their order of decreasing priority is the correct
starting atom.

3.1 ORDER OF ENUMERATION OF ACYCLIC
COMPOUNDS

Each terminal carbon atom is a potential start-
ing atom. The correct enumeration pattern is
derived by a process of competitive enumeration
and elimination according to the following pro-
eedure:

1. Beginning with a terminal carbon atom as
atom ‘'1"" enumerate sequentially along
the chain, skeletal atom (see sec. 1.3 for
definition) by skeletal atom, until an atom
iz erumerated, i any, from which wun-
enumerated skeletal paths branch.

2. Continue to enumerate along that branch,
and along each successive branch en-
countered, which exhibits the following
features in the order of decreasing priority
the
a. greater number of skeletal atoms;

b, ascending enumeration pattern, which
mig}g the lower number on the occa-
ifon o

8 the first difference to the

{1) carbon atom of the saturated hydro-
carbon state of the path which bears
the greater number of hydrogen
atoms;

{2) heavier skeletal atom:
(2) skeletal atom to which i5 bonded the
(a) greater number of functional sub-
stituents;
(b} heavier functional substituent;
(¢} more unsaturated skeletal bond.

EXAMPLE:

The enumeration proceeds from § to § according
to 2a; from 6 to 7 according to 2b{1).

3. Continue to enumerate in the branching
directions encountered according to the
above procedure until a second terminal
carbon atom {5 enumerated, thus estab-
lishing a main path-molecular main path-
through the molecule. All unenumerated
skeletal paths which have been by-passed
during the establishment of the main chain
are substituents thereof, See Ex. (2).

4. Enumerate, inthe same ascending sequence
and in the direction which leads away from
the main path, the substituent skeletal paths
in the ascending numerical order of their
respective parent atoms and any branches
of such paths ln the same order described
by rule 2 above for the first pass through.
Each successive enumerationof a terminal
carbonatom of a substituent path establishes
a substituent main path. See Ex. (3).

2 Enumerate all unenumerated skeletal
groups bonded to each successively estab-
lished substituent main path in the same
order described by rule 4 above for skele-
tal groups attached to the original, or
molecular, main path before proceeding
to the next higher numbered atom of the
path which contains the parent atom of the
substituent main path concerned,

The effect of the described procedure is the
exhaustive enumeration of each skeletal substituent



before the enumeration of any atom of a skeletal
substituent which is attached to a higher numbered
atom of the same parent path. When emumerated
according to the above described procedure the
molecular main path, and each substituent main
path, will be recognizable as having anun
ascending numerical sequence; the parent atom of
each substituent path will be recognizable al that
enumerated atom to which such path is attached
which breaks the descending numerical sequence
of the substituent path,

EXAMPLE:

cr

w .

C
|
i
-
&

-n-—n-

]
C=

g ;

In the above formula atoms 1-8 I8 the molecular
main path. Atoms 3, 4, 5, and 6 are the parent
atoms of substituent paths 8, 10-11, 12-13, and
14-15, respectively.

(2) Cc-

6. Whenever a plurality of substituent skeletal
paths are bonded to the same parent atom,
énumerate such substituents as branching
paths in the order described by rule 2
above.

EXAMPLE:

(3

In the above formula note that the ethyl substitu-
ent 9-10 is enumerated before the methyl sub-
gtituent 11 and that the propyl substituent, i.e.
gsaturated hydrocarbon state of propoxy, 18 enum-
erated before the isopropyl group, saturated hydro-
carbon state of dimethylamino.

.

3.2 CORRECT STARTING ATOM

Select as starting atom for the enumeration that
terminal carbon atom which generates, according
to the enumerating procedure described in Section
3.1, the enumeration pattern which assigns the

28

O R A —————————SSS

lower number on the occasion of the first differ-
ence to the following features listed in their order
creasing priority:

1. carbon atom to which is bonded the greater
number of hydrogen atoms in the saturated
hydrocarbon state of the molecule;

2. heavier skeletal atom;

3. skeletal atom to which is bonded the
d. greater number of functional substitu-

ents;

heavier functional substituent, consid-

ered one by one in ciphering order in

the event of a plurality;

€. more unsaturated skeletal bond.

Before evaluating feature 1. convert the moleculs
to the extent necessary, to the saturated hydro-

carbon by executing the following operations:

1. Replace all hetero atoms which interrupt
a carbon chain by carbon atoms on a one
for one basis,

Replace all functional substituents by the

number of hydrogen atoms (implied) equal
to the valence thereof.

Saturate all multiple bonds of the residual
structure by hydrogen atoms (implied).

b.

In the event feature 1, abowe, is indecisive
revive the formula to its fully derived state and
test the remaining features in order.

In practice it {5 npormally unnecessary to gen-
erate a complete enumeration pattern from each
terminal carbon atom before making a decision,
since the correct starting atom is usually apparent
after competitive enumeration of the first few
potential main path positions.

When two or more terminal carbon atoms gen-
erate’ enumeration patterns which cannot be dis-
tinguished by the selection eriteria, such patterns
are equivalent and any one is correct and will all
yvield the same cipher, unless a difference is es-
tablished by sterecisomeric relationships as de-
scribed in Saction 8.

I the acyelic molecule iz unbranched only
eriteria 2, and 3. apply. ]

3.3 BATURATED HYDROCARBONS

The correct starting atom is that terminal
carbon atom which generates, in the manner
described, the enumeration pattern which assigns
the lower number on the occasion of the first
difference to that carbon atom which bears the
greater number of hydrogen atoms (implied). In
case of a tie any one of the terminal carbon atoms
which establish the tie may start the enumeration.




T M SRR

2

W qﬂg*';wq-f-ﬁ-f;-t;—%-ﬁ

&

I

C4C(CI)ECIT

The lowest numbered path of unbroken ascend-
[ e DT e P oRc i TEa
path, w may Serve as a convenlen sis for
Indexing, and nomenclature. Each branch whose
lowest numbered atom exceeds by two or more the
numerical value of the atom to which such branch

is attached, thus breaking the ascending numerical
sequence, |8 a substituent of the latter atom,

[ ]
[
(2) -:-::-c-nl:-c
1 2 3 4 8
CaT
18
@) aaé*i;aesg
[ k]
S S
x
T L
il [ ] T
C3C(CT)CCMC(CI)CT
] ] ¥ & & a » F ]
(4) OG-t CC
B =
O
CACMCCCE2
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(5) C-C-

5 8
C4CECME

=
nu

3
—C=C0-

T &
(6) o
C=Cs

Cs

a a-

N—O—0

L]

Ll

4 ¥
CICTCCCET

1 a 3 4 2
(T E-t’:-i-c_c_
& C
C

(8) ?-E-F- ﬂ-E-I'-C-ﬂ-E-E-E

uﬂl_ Cws

CcsC(ca)(CTICS



&

Ccn

& i & T 13 1 18 W AT

"
C-C-C-C-C-C-C

o,

LL-B L B F

7 “1m .
C{CB)2(CMZE)CM2C4 See 2.83

T [ ] 1]
E{EEHEC-HE]EEEHEEEE

In the above formula atoms 1, 21, and 29 are
equivalent starting atoms which win ocut over the
closest contenders, atoms 13 and 34 at corre-
sponding positions "14", as indicated by “(14)"".

c_c-c-c-c-c-c-i-
2 4 5 8§ 7
C=-C=-C-C-C-C
| w1 iR aF 1A
Ca=lC=C=C=0C
¥ 5D TN

1
CICIC(CEZICS)C(CS)Z  See 2.83

12y c (13) C-C (14) C-C=C
E T
1 b 1 o 1 | | a L] i b
(13) C-C-C-C (14) C=C=C=C=C=C=C
c4 c7

The above described enumeration procedure for
saturated hydrocarbons requires the ascending
enumeration, as already set forth (section 2.3),
always to pursue that branching direction which is
richer in carbon, and in the event of a tie on
carbon content, that branching path which becomes
first richer in directly bonded hydrogen, l.e., the
path whose ascending enumeration pattern from
the branching point concerned assigns the lower
number to the carbon atom which bears the greater
number of hydrogen atoms at the first difference.

3.4 NAMING AND INDEXING OF ACYCLIC
SATURATED HYDROCARBONS AS

A SYSTEM OF STRAIGHT CHAINS

The enumeration patterns which are generated
according tw the procedure of this notation en-
able acyclic parent hydrocarbons to be named and
indexed as a system of straight chains as [1lustrated
by the following names and indexes for structures
1-11 abowve, in which the chains are cited in the
order of decreasing chain length, only the first
cecurring of a given length being cited by name
the remainder by locant:

(1) decane propyl-5;ethyl-5;methyl-0.
C10.C3-5;C2-5;C-8.



(2 .methyl-4 T -
]m?se.cn::.h? 3) C=C (4) C=C=C

{(3) decane.propyl-4,T;methyl-6,0,12. == C=C=C
C10.C3-4,7:C-86,0,12.

(4) nonane.ethyl-T;methyl-4,

CO.C2-T:C-4.

1 _l L T 2 L]

(5) oectane.ethyl-5:methyl-6, () C=C (8) C=C-C=C

C8.C2-5:C-6.

C+C C+=-CC+C

(6} nonane.ethyl-4,7:methyl-B,10..

C8.C2-4,7:C-8,10.

(7) octane.ethyl-3,6:methyl-7,7,0.
C8.C2-3,6;C-17,7,0.

a3 —1

(8} undecane butyl-6,propyl-8;methyl-17 =
C11.C4-8,C3-6:C=17. 7 1

(9] dodecane hexyl=7:propyl-T:methyls,68,19,18,
C12.C6=-T;C3-T:C-8,8,19,19.

(10) tridecane.hexyl-T7,7;ethyl-11;methyl-3,5,9,17,
19,25,21. e
C13.C6-1,7:C2-11:C-3,5,9,17,19,25,27.. !

(11) tetradecane. hexyl-8;pentyl-8;propyl-15;ethyl- L
z1. ‘L
C14.C6-8,C5-9,C3-15;,C2-21. (8) -C:-t;:-:;- :

A structure can be reconstituted from its name
by constructing and enumerating the main path and |
then proceeding to construct and enumerate each i
successive substituent chain to exhaustion before
proceeding to the next main path substituent.

. 1
C3c({C+C)C{C=C)Ca
3.5 UNSATURATED HYDROCARBONS
Skeletal bonds are bonds which connect skeletal

atoms, as stated in section 1. An acyclic skeletal P B B B2
bond is assigned the same number as the lower @) c ﬂ-t-:-c e
numbered atom to which it is attached. A skeletal ‘e
bond is always the last configuration ciphered T
before ciphering of the higher numbered atom to 1 C

which is is connected. A triple bond is eiphered
by the division sign “*+'"'; a double bond, by the

o 3 3
equality sign ""a'". C=CC=CC(C=C)C+C
EXAMPLES: (cipher appears below compound):

{ s § & ¥ Z ] T
(1) C-C-C-C=C-C C
L] | & a2 3 ]
MC=CC3 (10) E-iiz-l:-t:'-ﬂ =
P 5 4 l+ z 1 =
(2) C=C=C=C=C=C v
T »
C=CCC=CM C=CCCCM3

a9



(11)

3.6 DERIVA

&
C=COC(C=CYC +CM

TIVES CONTAINING FUNCTIONAL

SUBSTITUENTS

Hydrogen

atom# bonded to carbon aré not con-

sidered as substituents but as an integral part of

the hydrpea
which I8 bo

rbon skeleton. Any hydrogen atom
nded to a skeletal hetero atom isa

functional substituent of the hetero atom to which

it is bonded.
atom attache

In the following formula the hydroagen
d tonitrogen is a functional substituent:

H
C=C=N=C

Any group which contains a carbon atom is not a
functional substituent but contains part of the

skeleton.

EXAMPLES:

(1)

2}

(3)

(4)

iCl

Cl=C=C=Cl1
11

CKZCK

CVQCBCFCVQ

s BrF ,
HO-C- E‘- C=C=-0H

I

cv Q'll?l-"ztl.'ncvq

(5)

(8)

(T

(8)

3o

C FHE'-"E*:IE’ FKB

* decisive substituents

CIC(CBICFICQE(CZNCVICT

F
wl

C

s C=0

[T o |4 7 =
C=C=Ce=C=C=C=0)

‘?-I A
1?-ﬂ

OH

. s 8
C3C(CI CV)(CVCF)CICVQ



F
5 '||

(8) z-c--lz-
F

CF2CC(C= CQIC +CZ)CFECI

oH -ﬁa
B
HO-P-0-C-C-0

{10) -5 -
I |
o o

OH

CloSwQiC(OPVQ2)*

OH (8]

(11) Hﬂ-}mnu- C-0-5-0H

ClOPVQE)HOSWQ)*

*Hotr, Momic Weights arc not munded alf, but fractcaal valacs ase
ignared umless deciviwe. [n the preceding fomuls the phasphate
mdieal in eiphered firar since ir is Lighver is weigho (4=16+ 30979 2=
96.973) than the sulfaoe ssbatimeent weighing 97,066, In peactice
atoms commcn o both substinseses, be, the louw arygen awms and
and ome hydrogen atom, would be cascelled par and che aggregans
waights of the rreideal stoms of the two substibscetis compaced and
rwialved an PH {3107 5) seimin 5 | BLO6G).

I
|
rC
|
Lt C=0H
(12) C=C-C-C-C-C-CmC-0H
i x ¥ il r iF 13 14
'
|
" ll'_'ll-ﬂ'l'l
g
0 o 4
CAC(CCQ=CHCC+CQICQE

3.61 FUNCTIONAL SUBSTITUENTS WHICH
HAVE THE SAME WEIGHT BUT DIFFERENT
CONFIGURATIONS

The following rule applies to situations wherein
substibuents of the above described types are
bonded to

A. corresponding skeletal atoms whose paths
are competing for prior enumeration,

B. the same skeletal atom so that the de-
scribed substituents compele for prior
ciphering.

RULE:

When functional substituents have the same weight
but different configurations, that one is declared
heavier which generates from the skeletal atom to
which bonded into the body of the substituent the

(1) first heavier substituent atom, or the
(2} first more unsaturated substituent bond,

whichever occurs earlier, according to the gen-
erating procedure described in Section 3.62 below.
In making this determination only correspondingly
generated atoms and correspondingly generated
bonds are compared, i.e. the first generated bond
of substituent A with the first of substituent B,
ete.: the first generated atom of substituent A with
the first generated atom of substituent B: the
second of A, with the second of B, etc., until either
one generated atom is heavier than the corre-
sponding atom(s) with which compared or one
generated bond is more unsaturated than the cor-
responding bond(s) with which compared. The first
difference which occurs forms the basis of the
decision.

In the following examples the alphabetical order
of the lower case letters indicates the order of
bond generation; the numerals, the ascending
numerical order of atom generation:

EXAMPLES:

(1) Qs N-O=-C=-N =0
a_b_«¢
generating order of (O=N-0O): (C) — l:;l —?- l:ll

generating order of (NO,): (©) *N=0¢ 0

The nitrite (-D-N=0) substituent gonerates the
first heavier atom, oxygen *‘17", and iz therefore
declared beavier and ciphered after the contending
pitro (MO} substituent whose correspondingly
generated atom is nitrogen "'1'".

cipher: C[NW)}ONV)



NOTE: Throughout this notation system the bond
connecting an oxygen atom directly and solely to
another atom is represented by a double bond in the
generation procedure thus signifying that the bond
configurations of the two oxygen atoms bonded
solely to the same other atom as in-NOg and
=5090H are indistinguishable.

]ll H
(2) H-N = N-N-C=N = N-N-H
generating order a b ecde
of (N=NNH2): (C) =N = N-N-H-H

a b e d e
(C) =N-H-N =N-H
1 2 ] i B

generating order
of (WHN=NH):

The letters and numbers indicate correspondence
as stated above. In this example the correspond-
ing “"a'" bonds and *‘1"" atoms are identical. The
first difference occurs upon generation of the
corresponding “'b'* bonds. The "B bond of the
[N=NNHz ) substituent is the more unsaturated so
that the substituent (N=NNH2) containing it is de-
clared heavier and ciphered last.

cipher: C(NHN=NH(N NZ))

3.62 ORDER OF GENERATING AND CIPHERING
SUBSTITUENT ATOMS AND BONDS,
PARENTHESES

When a plurality of substituent groups is attached
to the same previously generated substituent atom,
cipher such groups in the same order and manner
in which thevy would be ciphered if such groups
were functional substituents of the same skeletal
atom.

The atoms and bonds which constitute a func-
tional substituent are generated according to the
following rules:

1. The first atom of a substituent to be gen-
erated is that substituent atom which is directly
bonded to the skeletal atom. This first gﬂﬂ!ritﬂ-ﬂ
substituent atom, and each successive substituent
atom as generated, becomes the latest generated
substituent atom, which is referred to in the fol-
lowing rules for generating substituent atoms
further removed {rom the skeletal atom.

EXAMFPLE:

H
C=0=P-H

The oxygen atom is generated [irst.

-—ﬁ

2. A substituentbond isgenerated (and ciphered—
if multiple) immediately before the next atom tobe
generated to which the bond is attached.

EXAMPLES:

(2) C = N=-H
generating order: C =NH
eipher: C{=NH)
(3) C=N = N-H
LI B
generating order: CN = NH See rule 3.
cipher: O(N = NH)

Note. Single bonds are not expressed but implied
in the generating order and cipher.

3. When only one ungenerated iz bonded
to the latest generated substituent atom, that un-
generated atom which is directly bonded to the
latest generated atom is next generated.

EXAMPLES: CIPHERS:

v 2
(4) C-0=-N=0 ClONV)

| e Ll

(5) C=N = N-N = NH C(N = NN = NH)

iz 3
(6) C-5-5-H CIS5H)

The ascending numerical order shown indicates
the sequence in which the atoms are generated
(and eiphered).

4. When two or more ungenerated groups of
different weights are bonded to the latest generated
substituent atom, sSuch groups are El:nqr:l.l:ed. {and
ciphered) in the order of thelr increasing weights,

EXAMPLES:
(n |

1 234K
generating order COPOHON = O

cipher: COPHONV))



Hs Hw
{}4. D ]
i
(8) 1 e 7
SR I
O O
1 2 P 45687 B ¥ N 2
generating order: COP = OOHOP=0O0 HO H
cipher: C{OPVQOPVQZ)
i T & 5
2) C-0-8-0-H
Il
o]
LI 243
generating order: C{DS = DOH)
cipher: ClOSVQ)
(a5 10
i !.I B &
(10) C=0=5=0-H
ﬂntl
13 | 4 18
generating order: COS = O = OOH
cipher: ClOSWQ)
5. When a plurality of identical rated

Eroups is bonded to the latest generated sub-
stituent atom, such groups may be generated (and
ciphered) in any order with respect to one another.

EXAMPLES:

C-N-H

L1+

(11)

generating order: CNHH

eipher: CZ
Rl TN
O-H
] |l
(12) C-0-P-0-H
” T T
O
E EEEEILE
generating order: COP = O0HOH
cipher: C(OPVQR)
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Ll
0=C1

|
i Ig

c-0-p2g-¢l

X

4

Tl

(13)

LI Bd & LI

generating order: COP= 00C1 O Cl

cipher: C{OPV(OK)2)
5]
1 '|: 5 B
(14} C‘—-ﬂ-?-ﬂ-ﬂ
tl_':l-i!ﬂ

12 ] & 88

generating order: COS=0 =00H

cipher: ClOSWQ)
,Dl
{15) C—ﬂ—ltfi-{)
T
genarating ordsr: C-'.!};T-{I]-a
cipher: CONW)

6. When two or more substituent groups having
the same welght but different configurations are
bonded to the latest generated substituent atom,
puch groups are generated in the order in which
there is generated from the latest generated atom
into the contending groups (1) the first heavier
atom or (2) the first more unsaturated bond which-
ever occurs earliest in the logical order in which
the substituent atoms and bonds are generated, as
set forth in rules 1-5 above. In this determination
atoms and bonds are compared which occur in the
same relative position in the sequential order in
which they are generated in the respective sub-
stituent groups, l.e. first generated bond of one
substituent group versus first generated bond of
contending group, first atom wversus first atom,
[ {9

In the following examples the lower case letters
and their corresponding primes indicate corre-
spondingly generated bonds; the numerals and
their primes, correspondingly generated atoms.
Groups are ciphered in the order of their increas-
ing weights, as declared. See 3.61.




EXAMPLES:

(18) b

c.' Nio=ME

8]

ciphar: CIN{NWIONV)

(am

ciphar: CiNN=NZ(NHN=NH))

The ‘""" bond is more unsaturated than the corre-
sponding “‘b'* prime bond so that the group con-
taining the former I8 generated first,

3.63 Functional Substituents of Same Weight But

Different Configurations As Decisive Factor
in Detarmining the Order-of Enumeration.

EXAMPLE:

O

I

N Q

I [

] M=0)
[y I 4 3 8 H »

HO- l'.i-—C—I:E--lT— C—?—E—-Ea—ﬂ =0H

| - .
[ & NH:; OH (]

CVQCCIONVICZCCQOINWICOVQ

*decisive skeletal positions

oy

3.64 Order of Enumeration with Respect to
Functional Substituents and Skeletal Bonds,

When the order of enumeration is decided by
the weight and or distribution of a functional
substituent, it remains unaffected by the distribu-
tion or degree of unsaturation of skeletal bonds,
the latter feature being of lower priority as ex-
preéssed in Section 1. and in the enumeration rules
for acyelie molecules.

4

EXAMPLES:
¥ X - 1

(1) CEC-C=0H .
ecipher: CQC+C

7 zli,"- O

LN &

a ¥
(2) HO=C=- ? -C=C=C
]
A 0O_F
|
L N e]
3 &

ecipher: COQUC(C=CV)C+C)CFM

3.7 DERIVATIVES HAVING HETEROGENEOUS
SKELETONS

The weight and distribution of hetero atoms
which iInterrupt a carbon chain are given higher
priority in the determination of the order of
enumeration than are hetero atoms which comprise
functional substituents, as set forth in Section 1.
and incorporated in the enumeration rules for
acyclic molecules. When the order of enumeration
is decided by a skeletal heters atom, it remains
unaffected by the nature or distribution of fune-
tional substituents.

In the following examples note that the enumera-
tlon pattern of each hydrocarbon derivative is
l[wa.ra congruent wiﬁ that of the mrre@ﬁ
saturated parent hydrocarbon no matter what the

nature or distribution of derived features may be.

EXAMPLES: #igi Fi1ai ad11h
C=C=C
(1) C=C=C=C=0"*
1 2 L i |
C=C=C
L LT - PR R T 1]

The above numerals in parentheses indicate that
either propyl path may be enumerated first.

(2)

MCQCCVC(CCCVQIOE



0"
c-0-C

I:I:!II-”

HO=C=C=

*19

risks indicate the decisively compared
8) =C=CLC=N=C

The

skeletal atoms: the arrows, the competing direc-

tions of ascending enumeration.

”—H: yo® e
'C—?—E
¥

|

I
L

CVQCC(=8)CC(COM){CINHM)CSM

o

L]
._.l-vl.

=0 Qe

L]

2D -_.._._u.*
I 1
nE—E—U"
#—
o=

I
w .
1
& L

1

L=

&

19

i an 1d
&ET B B

C=C=C
c1 ]
2 ¥ & B
C5C{C4)3

c-C-C-C-—C-C-C-0-C-C

MOPVQOCC(CC=CM)(C4)CC~CM

(@)
(10)

ECCC(CE)3
"*

MOSWOC(CPHM)CEVCZO

MCZCOC(NHC=C)OCCY

MCF2CB2CI2C(COCVEIOCCFK
The three propyl branches may be epumerated in

any order.

(4)
(5)
(8)

* Sep Table V

(1} .m
..r.n
L] L
el _ H__.
r_T -2
- el -
] -
|

(& ]
I
]
-
ey
o |
(=]
.
Ge §
B Qe D
] _m._ i
0 - Oy
e | O e
i
|

e
e :tl'il-..

c-n-i

)

MIcvi4C(CC=CM)(CCC=C)IC=CE
as

1 14
LB

MOCVOC(COM)CCCQOCCZ



| N B

C-0-C

IR
c7

1 2 3 4 B r %111z 13 14
C=C-CEC-C=C=C=0-0-C
| W\
NH; C'%

"'C=0=-C
TR T

(12)

C=CC+CCZC(C=-COM){CCOM)C +COM

(13)

LL I Y

C=C=C=0
"l‘.‘.‘.‘;ﬂ
1 2 3 4 lﬂi 13 14
(14) C=Cm0=CaCaC=C=0=-C=C=0
| I i m o=
(8] 0 o’ (8]
D--tl.‘-ﬂ-E.'
& 8 10

(13)

MCVOCVCC({COCVCV)(CVCC=CV)OCVOM

2 i3 id
HN=-N=-C=MNOH
| =
- cl“
1t H 3 4 5 |7 & » 10
HaN=C=N=C=C=N=C=NsN=C=C=0H

C{=NH)ZNHC(NW)C=NC(CNHNHC( NQ))
(CNHCVCNH(SWQ)IN=NCC(=NH)Q

4.0 MONOCYCLIC COMPOUNDS

A monocyclic eompound is a ring compound
which can be converted to an open chain by the

scisgion of a single ring bond. The fact that a
gtring of atomsz i®2 hooked “"head-to-tail" to form
i closed path introduces an additional order of
complexity beyond that exhibited by acyclic com-
pounds and makes the selection of a starting
point for an unambiguous enumeration more com-
plicated. In monocyclic compounds, and in other
ring compounds as well, not only must the ascend-
ing enumeration follow chain branches in a logical
way but it must also choose between a clockwise
and a counter=clockwise ring directiom. [t is
tonvenient to visualize the ring as being a main
chain and any skeletal substituents of the ring as
substituents of the chain. The logical manner of
enumerating acyelic ring substituents and acyclic
chain substituents is identical.

4.1 GENERAL ORDER OF ASCENDING
ENUMERATION

The ring atoms are enumerated first, serially
around the ring. Next, any skeletal substituents
attached to the ring are enumerated in the ascend-
ing numerical order of the ring atoms to which
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such substituents are attached. Skeletal substi-
tuents are enumerated as though branches of an
open chain, When two skeletal substituents are
attached to the same ring atom, that one {8 enu-
merated first which would be enumerated first if
the two were unenumerated branches of the same
chain atom (See Sec. 3.).

In the examples below the [ormulas are cor-
rectly enumerated. The procedure for selecting
the correct starting atom and ring direction for
the enumeration is set forth in the next section.

EXAMPLES:
i
S @ 2 C-C ®.2
) e &
T [:..EF < ‘f L
. ‘! 14 Ei
we



4.2 CORRECT STARTING ATOM AND RING
DIRECTION OF ASCENDING ENUMERATION

Begin the enumeration with that r atom and
continue to enumerate around the ring in that
direction (clockwise or counter clockwise) which
generates the order of ascending enumeration
(enumeration pattern) which assigns the lower
number on the occasion of the first difference to
the following structural features listed in their
order of decreasing priority:

1. ring atom to which is bonded the
a. greater number of skeletal substituents;
b. gkeletal substituent having the
(1) greater number of skeletal atoms;
(2) ascending enumeration pattern of
the substituent in the saturated hy-
drocarbon state which assigns the
lower mumber on the coccaslon of
the first difference to that carbon
atom which bears the greater num-
ber of hydrogen atoms;

OH
NH; OH
(1) ‘ (2) ‘@Nﬁ
OH

The emumeration of formulas 5-21, below, iz deter-
mined sclely by the updating rule:

(5) i (€) O (7
L3 6L6

. 4
. »
{9} l (10)
. 2 . 2

6nRR3IR 6SLLOLL

2, features described by the updating rule
(Sec. 2.61) in their same order of priority.

Only those potential starting atoms which tie on
the basis of all feamures of higher priority may
contend on the basis of the feature of next lower
priority. Those contending atoms which fail to
gatisfy the condition just stated are eliminated
{rom further contention.

When a plurality of ring atoms and/or directions
tie on the basls of all the listed features, begin
the enumeration with any one of such atoms and/or
directions,

In the determination of the ‘““greater number
of . . . substituents™ it is critical io keep in mind
that one is greater than zero, that s to say, an
atom having one substituent has a greater number
of substituents than one which has none, In
formulas 1-4 below atoms ‘1" bear a greater
number of substituents than any other atom of the
ring concerned.

(3) (4)

otoe

nc
i 2 s == 3
(8}
L 3 5 N.H"'"‘ b4
4 1
GRE Gn:LLL:LL
(12)
L 2 a
1 3
fnRnARR BL:L1L4

M



7 OH OH OH
r &

3) (14) (15) (18)
1 B !il'=

6L:LL:LLL ELQL3 ELQLLZL3 SL(SHILLQLLZL

SH
ks
(17 ‘ (18)
HO 3 % []-

LZL(SHILLQLL  6LZQLLBLLFL 6LQZLVLLLZGQL 6L(ONV):LFLFL(NW)LFLF

7 [ ]
c c
k| L]
1 : ¢ :
. !
(21) CF (22) (23) (24)
; 1CL c S ¢

SLKLK:LL:LL SLMLS ELMLLMLLML SLMLMLILMLL

L]

s 2 o &
¥
e C & f orf

T
c, i@ E‘-.. a
::-J-T 4::..‘6
SLMLMILMLA3 ELMLMLLELL GLELLML3 BL{CI)LLELLML



o—n—0

=

ﬂ"-‘ .-"HH.E

=

0
A
=0

\tl{‘
L)
] - ?
HO
SR(CT)RR{CME)RR(CM3]JR  SLMLLMOLLE  GL(OE)LL{COM)LLLQ  GL{CQLL(CEZ)LL(CVL:

.

¥ 10

2 5 2
(33) (34) (35) (3€6)
] i L]
HO =
L] a
'
6SLOLQn: LF 6LELaMLI:LLB SLIOMIOLL{(SM)LQ:L EL{(SM)LQLQLIOM)L:LQ

3.0 FUSED RING AGGREGATES. DEFINITION OF FUSION

Fused ring aggregates are compounds in which *A and B are not spiro-fused, but each ortho-
the rings are joined to oneé another solely by one  fused to rings “C'".
and/or two at interfaces, which are called
e e e 2 3 When two rings are joined by an interface of two,
s Han rings are joinsd by a singls atom and only two, atoms the rings are described as
which atom is not common to a third ring, the OTtho-fused.
rings are described as spiro-fused.

EXAMPLES:
EXAMPLES:




When a ring aggregate contains two rings joined
by an interface of two atoms and at least one of
such atoms f fused to a third ring, the rings in-
volved are described as ortho-and peri-fused and
the aggregate as condensed. Rings, A, B, and C of
Sec., 5.0 are peripherally condensed. In this
notation the term “‘ortho-fused" includes "ortho=-
and peri-fused’’.

EXAMPLES:

(8)

All three types of ring fusion described above
may exist in the same ring aggregate.

EXAMPLE:

' 030
i3

Rings A and B are spiro-fused, rings B and C are
ortho-fused, and rings B, D, and E are ortho- and
peri-fused,

The only types of ring fusion recognized by the
present scheme are the types described above.
Ring Iinterfaces of more than two atoms are
characterized either as ring bridges, or as com-
prising the closed path which connects the com-
ponent systems of a circular ring assembly.

.
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5.01 Interior Fused Atoms of Condensed Ring
Aggregates

Intevior fused atoms, normally, are either one
or two bonds removed from the nearest peripheral
atom and are common to at least three fused rings.
These types of atoms are labelled by the figure
“1", where one removed, and by the figure /2%,
where two bonds removed, from the nearest
peripheral atom in the following formulas.

EXAMPLES:
(2)

As is evident upon Iinspection of the above
formulas the added structural feature of ring
fusion further complicates the selection of a start-
ing atom and an ordered direction of ascending
enumeration. In monocyclic compounds, because of
the single ring contained, no competition exists
between different rings for prior enumerationasis
the case with fused ring aggregates. In addition
there exist in fused ring aggregate compounds
branching ring paths as well as the possibility of
branching chains. Still another obstacle to line
formula notation i8 the ‘‘fickle’” nature of the
aromatic double bond, as represented in Kekule
fashion, which permits such a bond to be drawn in
a number of chemically equivalent but geometrically
different positions of the planar fused ring system.
The stated difficulties are overcome in the present
system by (1) enumerating the rings sequentially in
a constant peripheral directlon from a starting
point based onhydrogen distribution in the saturated
hydrocarbon state of such rings, (2) using the R
symbol 50 as to avold localization of the aromatic




“resonating”’ double bond, and (3) using the symbols
“¥*' and "y to indicate the branching directions
of he ring bonds whichdiverge from fused positions.

5.02 Geometric Significance of the Symbols
""!'" ’m l-lr' ’

The symbols **Y*" and “*y"’ are used to represent
ortho-fused carbon atoms as illustrated by the
cipher of the formula below.

a8 ] "_ar
BRIYyRRYyRYyyRRYyRRYYRRYYRRYyY

The three prongs of the "Y' symhbal are viewed
ag bwo arms and a leg which simulate the three
bond directions which radiate from each fused
pogition. The leg of the upper case letter YY" is
always that peri ral band which extends from the
Y atom (peripheral fused atom) in the peripheral
direction which is opposite to that of ascending
enameration. The remaining two prongs of the Y
are considered asarms whichextend in the direction
of asecending emumeration and embrace the next
succeeding peripheral ring, if any. In the above
cipher the leg of the Y which represents atom ‘8"
simulates the bond connecting atoms 7" and “'B"":
the arms thereo! simulate the bonds which connect
atom “B'" to atoms “*8"" and 10",

In like manner the lower case letter “'v'" simu-
lates the three fused bonds which radiate from an
interior fused atom. In the latter case the leg of
the ‘*y'* is that bond which connects the ‘'y"" atom
with the next lower numbered atom, e.g. the leg of
the atom ‘13" v {8 the bond connecting atoms ‘12"’
and ““13'", the remaining two bonds are the arms.

The ¥ and v symbols are indispensable to re-
construction of the formula from the cipher since
the size of the ring embraced by the arms of each
¥ or y atom is expressed by a numerical suffix
after the symbol concerned, if the size is other
than six, Ring size six occurs at such high
frequency in fused ring systems that size six is

ied by the absence of a numerical sulfix after
or ¥ symbol involved., Since ring atoms are

41

ciphered in the same order as enumerated, it is
quite straightiorward to reconstitute the ring
systern from the cipher by constructing each
successive ring of the size and orientation indicated
by each successive Y or y symbol as encountered
in the cipher.

5.1 CONCEPT OF PERIPHERAL RINGS

A fused ring system is considered to be made up
of peripheral rings. A peripheral ring is a ring
which contalns at least one atom which lies on the
periphery (outermost largest ring) of the ring
system concerned. All of the fused ring systems
illustrated above in Sec. 5.00 and 5.01 and, signif-
icantly, all of the fused ring systems reported in
the Revised Ring Index (1980) are constituted wholly
by peripheral rings, i.e. considering those rings
which are represented by contiguous polygons in
the reference plane (plane of paper).

In Owvalene (RRI 7653) and Coronene (RRI T302.)
the ten and seveéen ring svstems, respectively, shown
h&luir, it is apparent that the peripheral rings, in-
dicated by the capital letters, consume all of the
ring atoms:

(1)

The concept of peripheral rings is basic to an
understanding of the method of enumerationof fused
ring systems which will be described in the next
section. The order of ascending enumeration pro-
cegds around the ring system peripheral ring by
peripheral ring in sequence, as shown by the
alphabetical order of the rings illustrated above,

The rings of 4 non-condensed, fused system (See
Sec. 5.0) are peripheral to the maximum degree in
that all atoms of the ring system are peripheral.

(2)




In such syastems the peripheral atoms are enumer-
ated in unbroken sequence since there are no
interior atoms to Interrupt their enumeration, as
is the case ln condensed systems. The rings of the
steroid nucleus are enumerated in the alphabeti-
cal sequence indicated below:

(3 ° eou

9.2 GENERAL ORDER OF ASCENDING
ENUMERATION OF THE RING ATOMS
OF A FUSED RING AGGREGATE.

This section describes only the atom by atom
path which the ascending enumeration must follow
when proceeding {rom any given peripheral atom
in a given peripheral direction. The procedure for
selecting the correct starting atom and peripheral
direction for the enumeration of a particular fused
ring system |s described in the Section 5.3, The
discussion of this section is pertinent not only to
the snumeration of compounds classiflied as fused
ring aggregates and bridged ring aggregates, which
contain a single ring system, but also to the
determination of the direction of enumeration
around a substituent ring systemof a ring assembly
after the f{irst atom of such system has been
enumerated, as illustrated by atom ‘19" below:

- eyl

=~ The path which the ascending enumeration of a
fused ring system must Iollow is defined by the
following rule:

Proceeding from a given peripheral atom of a
given peripheral ring and in a predetermined
peripheral direction (clockwise or counterclock-
wise) enumerate serlally all unemumerated atoms,

which can be enumerated without rtitioning the
a te, of each successive periphéral ringuntil
atoms of the system have beenenumerated,

EXAMPLES (See next sectlon for selection of
starting atom and direction):

iy Sooee

(9)

Note that in none of the above examples does the
enumeration partition, or sever, the aggregate. The
ring system ispartitioned by the enumeration when-
ever In a given ring two peripheral atoms which
are separated from each other by one or more




interior bonds are enumerated in the same un-
broken ascending sequence, as {llustrated by the
following examples:

INCORRECT ENUMERA TION:

(10) (11) ..

In case A the 5-6 umﬁu seversthe aggregate;
in case B, the 4-5-6 sequence.

§.21 Systems Containing Spiro-Fused Rings

Spiro-fused atoms are enpumerated when [irst
encountered and skipped over when re-encountered
by the ascending enumeration. Because of the
requirement that the peripheral direction of enu-
meration be constant, figure-esight type of emu-
meration around spiro rings is forbidden.

EXAMPLES:

o OO = OOC
il il "7 & i

gk
Flefs

INCORRECT ENUMERA TION:

(5)

The following examples of correctly enumerated
ring systems illustrate that the general order, or
path direction, of ascending enumeration of ring
positions does not change although the specific
starting point and peripheral direction depends
upon hydrogen distribution and, in symmetrical
systems, upon the nature and distribution of skeletal
substituents and derived [catures.

EXAMPLES:

(€)

(7)

(8)

(8)

5.22 Bystems Containing Peripheral Atom Common
to Two Fused Faces and/or Intericor Atom
Common to Four Fuged Faces

The first type of atom concerned is illustrated
by atoms 20, 21, and 27 in the fallowing ring eystem:

(1)

5 7T & 8 W 1 W B M
BLAYSLYS5y5,5Y5y5SLLYSYLIYILYE,5Y5,
SLLYSLLYS.B



As already set forth (Sec. 5.0), atoms of the sub-
ject type are not characterized as spiro in the
present notation. Atoms 20, 21, and 27 above pre-
sent no problem for enumeration since all of the
interior atoms, if any (atom B) of the two rings to
which each of such atoms is common have been
subject to prior enumeration. In cases wherein
both of the interior bonds connected to the periph-
eral atom lead t0 one Or mMOre unenumerated
interfor atoms a rule is required by which an
unambiguous order of enumeration may be assigned
to such unenumerated atoms. In all suchcases the
following rule applies:

Whenever there is enumerated a peripheral atom
to which two unenumerated interior atoms are
bonded, as f{llusirated by the formula below,
enumerate first that one of such atoms which
oceurs in the ring which containg the peripheral
bond which comnecis the two latest enumerated
peripheral atoms, or, in othér words, the periph-
eral bond connected to the peripheral atom in
question which extends in the peripheral direction
which 18 opposite to that of ascending enumeration.

EXAMPLE:

(2)

The atom concerned iz atom*'10"'. The periph-
aral bond which determines which of atoms 11"
and 13" iz first ¢numerated is the bond connecting
atome 'O and 1O, The next succeeding
peripheral ring after the 9-10-11-12 ring is the
13-14-15 ring, which accounts for the 13-14-15
enumeration. [t is to be remembered that any
ring which containg a peripheral atom is a periph-
eral ring. In all such cases the next succeeding
peripheral ring after the ring containing the de-
sceribed peripheral bond is that ring which includes
bath of the fused faces towhich the peripheral atom
in question iz common, See Se¢. 5.5 for ciphering
af the eonfipurations invalwed.

5.23 Syvstems in Which All Peripheral Atoms
are Fused

The order of ascending erumeration of the follow-
ing ring systems:
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i

i & y &

proceeds by successive peripheral rings in the
game mannei as deseribed above., Unenumerated
Interior atoms are enumerated as ¢ccurring in
that peripheral ring which contains (1) such atoms
{2) the latest enumerated peripheral atom, and (3)
the peripheral bond which extends from such
peripheral atom in the direction opposite to that of
ascending enumeration.

5.24 Systems Having Interior Atomis) Not Part
of a Peripheral Ring.

Whenever unenumerated ring atoms remainafter
all atoms of the peripheral rings have been
enumerated, enumerate (and cipher) such remain-
ing atoms in the ascending numerical order of
the enumerated atoms to which such atoms are
bonded, continuing at #ach instance the ascending

mumerical sequeénce with the next higher unused
number,

BL3YYyLYywwLY vy, yLY vy, yLLYYLLY¥YyyyL3
YLYy LYy, yLY vy, yLYywL3Y¥YLYyY--v

5.3 ASCENDING ORDER OF ENUMERATION OF
SKELETAL SUBSTITUENTS

Skeletal substituents, necessarily acyelie, are
eénumerated as though branches of an open chain
after the epumeration of all ring atoma, and in the
ascending numerical order of the ring atoms to
which such substituents are bonded, in the manner
already set forth for monocyelic compounds in
See. 4.1.

1



EXAMPLE:

»C
m 34 | =
c nl: mF C

s ‘ C-t-CaC-t-C

c- w EL | e el an e ) )

ELAYLLYYSLLL(CCMCCET)YMLLYYM

9.4 SELECTION OF CORRECT STARTING ATOM
AND PERIPHERAL DIRECTION OF
ASCENDING ENUMERATION

Begin the enumeration with that ring atom and
continue to enumerate in that constant peripheral
direction (clockwise or counterclockwise) which
generates the ascending order of enumeration, in
accordance with the procedure described in Sec,
5.20-5.30, which assigns the lower number on the
oceasion of the [irst difference to the following
features listed in their order ol decreasing priority:

1. ring atom to which is bonded the
a. greater number of hydrogenatoms in the
saturated hydrocarbon substituent [ree
state of the ring sysiem;
b, greater number of skeletal substituents;
c. skeletal substituent having
{l1) greater number of skeletal atoms;
(2] ascending enumeration pattern of
the saturated hydrocarbon sState
which assigns the lower number on
the occasion of the first difference
to carbon atom which bears the
greater number of hydrogen atoms;
2. features described by the ugtln% rule
e r same o r Ol prioritvy.

The requirement of feature la., above, compels
the enumeration to start with an unfused (periph-
eral) atom, whenever one exists; since all unfused
atoms of a saturated hydrocarbon unsubstituted
fused ring system bear two hydrogen atoms, which
is at least one more hydrogen atom than is borne
by any fused atom.

At the outset any unfused ring atom isa potential
starting atom, and each such atom remains in
contention for selection as starting atom until
eliminated by another contender, according to the
described selection rule. Fortunately, the field
can be narrowed down quickly to a very few con-
tenders since the mrrlé mr%z atom E order to
qualify on the basiz of feature la. must always,
where there is a difference,
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(1) occupy the ring having the greater num-
ber of unfused atoms, and

{2} occupy a ring position which is one bond
removed from a fused atom.

In the following discussion the expression ‘‘path
first richer in hydrogen'’ i5 intended to be merely
8 more succinet statement of the expression
gequentially enumerated path of carbon atoms
whose ascending enumeration pattern assigns the
lower number on the occasion ol the lirst dillerence
to that carbon atom whichb&nr;ﬁ‘mwﬂ.t&rnmb&r
of hydrogen atoms, as compared to 4 correspond-
ingly erumerated carbon path®’,

EXAMPLES (saturated hydrocarbon ring systems):

In the following examples the numberof hydrogen
atoms (implied) bonded ta each ring atom is
indicated by an encireled number:

@

Beéginning with the number 1 atom the correct
enumeration shown generates 4 successive ring
atoms, @ach having two hydrogen atoms attached.
The only other path egually rich in hydrogen at
each successive ring position is the 4-3-2-1 path.
Addition of another atom, in the generating di-
rection, to each path gives each path five atoms
defined as follows:

1-2-3-4-5

§-3-2-1-12
It is evident that the two contending paths are still
equally first richer in hydrogen as compared toall
uaﬁr peripheral paths, such other paths having
been eliminated from contention after the [irst
four generated positions, as Indicated above., Ad-

dition of one more atom to each generating path
defines the two paths as follows:

1-2-3-4-5-6

§=3F=2=1=12=11
At this point the 1-6 path becomes richer in
hydrogen at atom & than the conbtending

4=3=2=1=12=11 path thus tobecome that sequentially
enumerated path of the ring system whichbecomes
first richer In hydrogen.

(2)




Upon inspection of the sterold nucleus above it
becomes evident that the 1-2-3-4 and 4-3-2-1
paths become equally richer in hydrogen at lower
numbered path positions than any other four atom
ring path. Addition of two more carbon atoms to
each of the contending paths In the respective gen=
erating directions gives the paths the following
atom definitions:

1-2-3-4-5-6
4-3-2-1-17-16

Positions 6 and 16 are declsive since position **G6"
enriches its path by 2 hydrogen, whereas the
correspondingly generated position 16 enriches its
path by only one hydrogen. The number ““1'" ring
atom therefore generates, in the direction shown
by the enumeration;, that serially enumerated path
which becomes first richer in hydrogen. S

NOTE: The term “‘gencrates’, as used in this
notation, means “"e¢stablishes according to the
prescribed order of enumeration™.

SPMMO RING CONTAINING:

IE:]
"
GLAYSLLXIALL-Y

NOTE. Ep:il'n ringl. are not fres to rotate and are
enumerated in the same constant peripheraldirec-
tion as ortho-fused atoms, as already explained,

Where (w0 or more potential starting atoms
of a saturated hydrocarbon system generate paths
which are equally first richer in hydrogen, with
respect to all other generated ring paths, at each
successive ring atom generated, such paths are
symmetrical and any one of such starting atoms
may begin the enumeration without ambigality.

(3)

In the [ollowing formulas those starting atoms
which generate paths equally first richer inhydro-

n at all corresponding (equal number of enu-
merated atoms from starting atom) path positions
are labelled by asterisks, The arrows show the
related directions of generation:

NON-CONDENSED SYSTEMS:
o o
k-

GLAYSLAY
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Cipheripg of the atoms of either formula in
mumerical ordar gives the same unique cipher.

Either asterisked atom may begin the enu-
meération in the direction shown to produce the
unique cipher:

CLAYLLYLAYY
Other geometrically identical enumerations are

(6)

All of the naphthalene [saturated) enumerations
shown above are equivalent and produce the same
cipher: BLAYLAY

(7

BLAYLLY YLAYYLLYLAYYYY
3.41 Derivatives

If the configuration of the parent system i3 such
that there exists only one permissible atom stari=
ing as, in the [ollowing cases:

i



the enumeration pattern is inherently unique and -

serves directly for all of its derivatives without c*-..:"

regard to the nature or distribution of derived (5) c--* ‘\-.C"’

features, as long as no other ring system ls added 2 O

which would itseld control the sumeration as

described in the section relating to ring assemblies. n

Derivatives of the foregoing parent systems are
enumerated below:

BLMLIYLYyLLYYL(CT)LLYLLYY

H
e ?_ NH ; EXAMPLES (feature 1b. of Sec. 5.4 decisive):
(1) S P
g
(6)
(2)
In the following examples the stated feature is ELMLIYLLYYLL{CT)LLYLTMLYY

that which reduces the number of contending
starting atoms to one.

I'H
e cw

G
™ * ‘ c-C
c
kLo

EXAMPLES (feature la of Sec. 5.4 decilaive):

E E c:‘.'!
f ]

SLLMLELYSLTYLLELMLYSMY

EXAMPLES (feature 1c(l) of Sec. 5.4 decisive):

BLAXYSLLMYS5Y6,3LYLLTLYSLYS,6YSYLLYLYY  6LLMLELMLXLYSy5,5LLYSL(C3ILEYSLLYL
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(10)

(1

i
6L{C3)LYyyLELYyLLMYyLL(C3)YyLLYyLLY

EXAMPLES (feature 1c(2) of Sec. 5.4 decisive):

1)

(12)

ELICI)LLLEYLTLLLEY

(13)

6L{C4)LLLICME)Y L{CM3)|LLL(CT)Y
EXAMPLES (feature 1 of Sec. 2.61 decisive):

H H

GnHLLLYLAY 6nHLLLYLnHLLY

H H
a ¥ 1 2 2. i
{lﬂl T & q [IT} lll 1
- s s
H

EnHLaHLYnHLLnHY ESLLOYnHLLEY

v i iz

2 e CaO=C
o 2 IO
ﬂ—-H—-a ? s o
18 8 ) a

SRR(COM)RRYRR(CVNHM)RRY

o e

Ilﬂ

(19)

CI-I
|
e WH s

wt G

SL{OCVM)LLL{(COM)YL(CNHM)LLL(CSM)Y
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EXAMPLES (feature 2a.of Sec. 2.61 decisive):

ELQLIYLAY GLQLIYLLLQLY
OH OH OH n oH .
o e 5 el W
HO
OH HO OH
ELQELIYLQLQLLY 6LO21.FLLYLQZLLLQY

wl_C=Br
3

ERMRRERMYOLGQ: LOY

SLOCVQILLaMYL(OCB)LLnMY

EXAMPLES (feature 2hof Sec. 2.6]1 decisive):

BLQLLLZY {:} LVL:LLVY

SRIRRRFYLKLLLBY

Hy; N=Cis C=F

S§:
i >

SL{CIM)LLL{ EFH}YL.[CEH}LLHEWIY

(28)
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(s] O
m < il
HO-C c-Cl1
12 18
s
C-0OH

LE ]
Er-@

BELMLICVQILICVB)LYLML(CVQIL(CVEILY

L

EXAMPLES (feature 2c.of Sec, 2,61 decisive):

L] il il
i
2 O Q "
3 - -
] & [ ]

ERAYRYL:LLLYRY

(30)

Iy

(31)

(32)

SoMRQR(C+CIRYLVYRR(C=C)REnMYLVY

U, atrer all of the above criteria have been ex-
haustively applied, a plurality of potential starting
atoms and/or directions remain in contention,

begin the enumeration with any one of such re-
maining contenders.

3.5 CIPHERING. SYMBOLS. R L.XY

Unfused carbon atoms of L-type rings are
ciphered by L' unfused atoms of R-type rings,
by “R'" in the manner already described for mono-
cyclie ring carbon atoms.

Carbon atoms which oecupy peripheral fused ring
positions, other than spiro-fused, are ciphered by
the capital letter “*Y''. The two arms, which point
in the peripheral direction of ascending enumera-
tion, and the leg of the ¥, which extends in the



opposite direction, symbolize the three paths
{bonded directions) which diverge from a fused

atom as in naphthalene:

The capital letter X'’ representsaspirocarbon
and symbolizes the four ring paths which branch
from a spiro atom: -

When a Y atom (s ciphered, suffix the Y by a
number equal to the size of the ring embraced by
the arms of the ¥, if the ring is other than 6
membered. The bond connecting the ¥ atom with
the next lower numbered ring atom forms the leg
of the Y. I nonumberfollowsa Y symbol the arms

are understood to embrace or Introduce a 6
membered ring.

EXAMPLES:
-]
BLAYLAY BLAYSLAY

Buiflx each X symbol by a numbar equal ta the
size of the ring embraced by the angle of the X in
the direction of the next higher numbered ring
position, if the size of the ring 50 embraced is
other than 6 membered. Ahsence of a numerical
suffix after an X implies a 8 membered ring is
introduced. o

EXAMPLES:
BL5XLS 6L3X5L4
=3 (€)

SLIYLIAYSLAIYE,S (See 5.52)

5.51 Interior Fused Atoms. Symbol ‘¥’

The small letter *“v'" {8 used to denote an in-
terior fused atom with the same “‘arm” and ‘‘leg'’

>
significance as described for the capital Y. The E
size of the ring embraced by the arms of the y
atom immediately suffixes the ‘‘y'* if the ring is
other than 8 memberad. Absence of a number
after a “"¢'' gsymbol implies that the ring intro-
duced by the y atom is 6-membered,

EXAMPLE:

& TR WIT ]
SLLYYyLLYYLYySyLYILYYSLYLYS
5.52 Quaternary Ortho Fused Atoms

When four bonds radiate from a Y or ¥ atom so
that two pairs of arms extend from the same leg
suffix the ¥ or y symbol by the sizes (in all cases)
of the two rings which are embraced by the two
pairs of arms citing first the size of the ring
which is ortho fused to the ring which contains the
leg. Separate the ring sizes by a comma. Sec.
5.22(1).

5.53 Multiplication of Ring Atoms

A continupusly bonded series of three or more
“R'" atoms or ‘L' atoms which are

(1) not substituted and

(2) not bonded to a ring hetero atom (or multiple
bond, if L atom) are ciphered, respectively, by a
single R or L suffixed by the number of such
atoms In the series. The R atoms so0 multiplied
-'-El confligurations only; the L atoms,
-CHo- only.

5.54 Hetero Atoms Occupying Fused Positions

represent

When a hetero atom occupies a fused position
which would be ciphered by X,Y,or yif the pogition
were occupled by a carbon atom, the hetero atom
iz ciphered by itz normal symbol (See Symbol
Tables) and sulfixed by the appropriate carbon
atom symbol, (X,Y, or ¥) including ring size—if
other than 6, enclosed by parentheses.

EXAMPLES:

m "N ’

6LAn(Y5)LYLAYSY



(2)

m

ELIVn(y5)LYn{yS)n(yS)LIYSLYSLY

(3)

BLLSLYyySLY4yn(y)OYYySyL3n(Y5)¥YyLYy5n(y)L3
Y5¥8

5.55 Symbols. Multiple Bonds. Ciphering,

A double bond between atoms of a fused face
which does not comprise an R ring, is represented
by a colon enclosed within braces |:| ,placedalter
the cipher of that one of its connected atoms which
occurs on or nearer the periphery.

A double bond between atoms, at least one of
which is not fused, of an '*L"" type ring is eiphered
by a colon without parentheses ““:'',

A double bond represented by {:} , as described
above, is ciphered after citation of the fused atom
¥ and ring size, il expressed,

EXAMPLES:

cipher: ﬂm'}Lmr_.ﬁ:LLqr_.v i LL:YYMLY

*NOTE that the 5-21 interface is part of an “'R"
ring so that the 5-21 double bond is not ciphered,
whereas the 10-14 double bond is not part of an
“R" ring and is ciphered as shown.

(2)

LAY }} LY |2} YLYyryRRYyL:LLYY 5y {:} RRY:LYY
*See next paragraph

L) |

5.56 “R''—Rings Having No “R" Atoms

When all atoms of a ring are ortho-fused or

the ring is so com d of hetero atoms that no
mﬁuﬂ @H!un !s n:iﬁ!e? E i cann uomg
cipher the (lowest num atom of such ring

placing after the regular symbol of such atom the
lower case letter “'r** if the ring i3 an "'R’" ring.

Absence of the "*r'' placed as described, denotes the
ring as being of the 'L'* type.

In the following examples the lowest numbered
atom of the type of ring in question is indicated by
an asterisk,

EXAMPLES:
(1)

GR4YrSYR4YNY

(3)
(4)
BE0OLLY rYRERnYYRAYY
L]
(5) . : : Naye
i
T " N-;rﬁ
§ a
fnrnanY LAY



-

A bridged ring system is characterized by the
following features

(1) contains at least one ring interface of three
or more atoms,

(2} does not contain two ring interfaces, as de-
sceribed by (1), which together comprise a ring
larger than the aggregate sum of the atoms and
bonds contained in the two interlaces,

Feature 2 merely establishes the condition that
the molecule must not be classifiable as acircular
ring assembly, as defined in Section 7.61.

The increased order of complexity over fused
ring aggregates which ia exhibited by bridged ring
aggregates I8 due to the characteristic presence in
the latter of two rings which have more than two
atoms in common. By the stated structural feature
the configuration of bridged ring systems tran-
scends the bounds of plane geometry and moves Into
the third dimension thereby making it quite difficult
to represent the molecule by a systematic planar
diagram as discussed in Sec. 8.2,

6.1 NOTATION SYMBOLS, ASTERISK e,
NUMERALS IN PARENTHESES (1), (2),
. - « DELTA "'A" !

The asterisk is used as a dummy symbol to
introduce the cipher of each bridge.

The symbal A" Is used as a duommy symbal to
introduce a bridge branch.

An arable numeral in parenthesis s used to
symbolize the end of a bridge or bridge branch,
the symbol “(1}'" for the first oceasion and the
number increased by 1 for sach successive occur-
renceé. The same parenthesized numeral used to
signal the end of a given bridge, or branch thereof,
if used to suffix the symbol of the parent system
atom to which the end concerned {8 connected,

The [aollowing examples [llustrate the use of the
newly introduced symbols.

EXAMPLES:

(1)

e

(2)

TH ¥ W ]
Bn*LnaL(1)L{Z)Ln{1)Ln(2Z) L

8.0 BRIDGED RING SYSTEMS. DEFINITION

Note that each bridge is ciphered as though a
substituent of the lowest numbered atom of the
parent system to which the bridge is bonded. In

formula (2) atoms 7-10 comstitute a single bridge,
which s branched.

6.2 ESTABLISHMENT OF THE PLANAR
DIAGRAMS OF BRIDGED RING SYSTEMS

The planar diagrams of cyclic compounds whose
ring systems consist solely of single rings and/or
fused ring aggregates offer little graphic confusion
and are repreasented in this notation in conventional
fashion (hydrogen attached to carbon belng implied).

The planar representation of compounds which
contain ring interfaces of three or more atoms,
three dimensional structures, and/or crossed bonds
is not so straightforward and has beenlargely sub-
jective and arbitrary. In many such planar repre-
sentations it is difficult to determine the number
of rings contained in a given structure, or to dis-
tinguish betwosn a ring and a bridge thereof, and in
a number of cases even to recognize two different
representiations as the same compound, as {llus-
trated by the multiple representations of the three
compounds below, the arable numerals showing
correspondence between atoms of the equivalent
strictures indicated by alphabetic series:

{1} A.
RRI 2688
B.
cr
TLLL*(1)LLYL{1)L3Y7
LF X
(2) A
RRI 6550 g :

=



i

: .

SL*(1)¥5y4ySLYSy4L{1)Y5y4LYS

gl g RS

c
12

L “l-...-_

LL

BL*LAL{IM2)LL{1)LYL{2)L3Y

Structures (1)c., (2)c., and (2)ec. are the system-
atic planar diagrams of this notation, as explained
below.

In an attempt to overcome the stated difficulties
a procedure is described which serves toestablish
an unambiguous and systematic planar configuration
for every ring system in gither the saburated hydro-
carbon or any derived state. According to this
procedure each bridged ring system is expressedas
a derivative of a parent single ringor ortho and/or

spiro fused ring system. The parent ring system

is considered to occupy the reference plane (plane ol
paper) while any remaining ring paths-atomsand/or
bonds-are characterized as bridges which lie out-
side of the reference plane,

When an unsubstituted bridged aystem contains no
quaternary or directly connected ternary atoms,
i.e. contalns no potentially planar ortho or spiro
fused faces, the planar parent ring system i a

single ring. When the bridged system contains

one or more artho or gpiro fused faces, the parent
system is a fused ring aggregate,

EXAMPLES (Parent systems indicated by geo-
metrie polygons):

.

TL*(1)LAYLL{LLY"
(5)
C—-—- C
12 1%
SLL*LL{l)LLYLLL{1)LY
o
C

GL*L{1)L*(Z)LLYL(Z)LL{1)LY

SL*{1)LOLYSL(1)YInHYSY



6.3 ESTABLISHMENT OF THE PLANAR
PARENT RING SYSTEM

It is normally possible, by bending stretching
and twisting bonds, to establish from a given
bridged ring system a number of planar ring sys-
tems which are eligible contenders for selection
as parent system, [n the formation of the wvarious
possible planar systems lor consideration asparent
it is permissible to stretch, bend, or twist bonds
in any direction so long as such bonds are not
broken. However, after an eligible ring system
has been established In the reference plane for con-
sideration as parent system, all of its atoms and
bonds are consldered as fixed to i.'nu_pl.:l.ne- and not
ghared by any other ring except by ortho and/or

iro luslon in the same plane. Any ring con-

guration, atom or bond, which canbe deleted from
the structural formula without rupturing a ring of
an established planar system is a bridge or part of
a bridge of such contending system.

It is essential to keep in mind that the parent
planar ring system, by declaration as a law
gystem, must be a single ring or a fused ring
a egate, Consequently, no ring interface of
E’EI'EE or maore atoms I8 allowed to exist (logically)
in the reference plane.

When the parent ring system is a fused ring
aggregate, a bridge mavy be constituted by any
configuration of atoms and bonds and may consist
of a bond only.

6.4 SELECTION OF THE CORRECT PARENT

RING SYSTEM

Select as the parent ring system of a given
bridged ring compound that eligible (single ring or
fused ring aggregate) planar ring system which
exhibits the following features listed in their order
of decreasing priority:

b2 Eﬂ!:ter number of

a. fused rings

b. ortho fused faces

¢, six-membered rings
d. ring atoms

2. ascending enumeration pattern which assigns
the lower number on the occasion of the first

~difference to the features listed in Sec. 6.7 and in
their same order of priority,

In the event of a tie on the basis of all of the
listed features the contending parent systems
which establish the tie are symmetrically disposed
with respect to such f{eatures 2o that any one of
such systems may be selected asthe parent system
without ambigaity.

EXAMPLES. In the following examplesthe various
different fused ring aggregates which can be es-
tablished from a given bridged ring system are
shown in alphabetical series of capital letiers.
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All bonds between ternary and/or quaternary atoms,
which represent potential fused faces, are laballed
by identifying small letters to show correspondence
among the different structures of a given series.
Fused ring aggregates are shown as geometric

1 ; the bridges, as individually expressed
atoms and/or bonds. The final decisive fea

o : b4 - for selection is shown opposite
each eorrect parent ring aggregate. YRRI"
indicates Revised Ring Index number.
(1) A.
RRI 2095 a 1.e.
[ ]
B.
a h j
(2) A.
RRI 5854
|
""\-..E..--*'f' l.c.
- 0
B. ]: \cl
gy
d .
(3) A. o
RRI 3967 b
\—/ 1.e
(3) B. o
|
3 b
d
.



(4) A.
RRI 6507 ‘.

(5) A.
RRI 6456

(€) A.
RRI 2776

In the following examples the contending forms
have beenomitted: The correct systematic formula
is shown.

(8) 1.c
RRI 2418
GOL*O{1)LLYS0OLL(1)Y
{i] * # A :
& L.
RRI 2501 o

BOL*LL{1)LLY5L3¥(1)

(10) 5o Cz
RRI 2543 < 1.e.
Iy
T

6L*L(})LLL({1)LXOLLLO



[ 0
(11) - '
RRI 2566 , 1.2
il ﬂ 2
i
SOL*OL{1)OYSOL({1)LYS
L |
} L1 1] ¥
.
RRI 393‘ = < o 5 1.1..
k-1 |
SLOLYL*LL{1)Y3LYL(1)¥Y5
(13) 3.
RERI 4034

{.14-: {il!
RRI 4615 (P i
NH

SLLL*nHLL{1)Yy5L3Y50LY(1)

ﬁ 1.5
(15)
RRI 5701 .

BLAY TL*(1)YL4YTYSL(1)LLYTY

-

(16)
RRI 5822

6LAY LL*nHLL{1)YLLXSnHLnHL-LY(1)Y

(17
RRI 5031

(18)
RRI 6620

(19)
RRI 6557 '*

Y507

(21)
RRI 7172

TL*L{1)LLOYyLLa{Y5)yYL4Y5YE, 5LLn(1)YLYT



(22)
RRI 7474

1.4,

BLAYL( ) YLAYXSLOLXYLAYL(1)YLAY--Y

1.a.

(23)
RRI 7658

BLAYLYyTLLYYyTYTyLI1LOYYyYLAYLYLLYY
TLI1LOYY

BLAYL*YLAY(1)¥*LOL(2)L*YLAY(3)YLAYL(3)
Y(2)L(1)Y

In the above system, because of symmetry, ring
“C'" is interchangeable with ring A" and ring
", with ring “B"" for inclusion in the referance
plane,

(23) | :

IUPAC, 1958 i I
Pp. 146-8

1

.5 ¥ '3
BL*{1)L*(2)Yy4yL:LYy4L{2)L(1)Yy4L:LY

o7

(26)

(27)

F & e AL ]
TL3YydySLL*(1)Yy4LLYSy4L(1) ¥ 7y4

(28)

In the selection of the planar parent system of a
bridged ring system which contains no potential
ortho and/or spiro fused faces it i5 (0 be noted
that only leatures 1c. and below of section 6.4
apply.

EXAMPLES:

Ring Index entry Systematic form

(1)
RRI 3239

%

The assignment of a higher priority to the
greater number of six-membered rings-fused or
gingle (one greater than none) - than to the greater




total number of ring atoms allows “ansa’’ com-
pounds (se¢ Fieser and Fieser (loe. eit.), p. 322))
to be properly portrayed as a bridge derivative of
the para positions of a six-membered ring, as
illustrated by formula (2) below:

(2)
RRI 5319

6.5 ORDER OF ASCENDING ENUMERATION
OF BRIDGED RING SYSTEMS

The configurations of a bridged ring system are
enumerated in the following order of decreasing
priority:

1. parent ring system;
2. hridﬁﬂn, in the manner described in Sec.
6.6

3. skeletal substituents of the ring syatem,
in the ascending numerical order of the
bridged system atoms to which such sub-
stituents are bonded and in the eventof a
plurality attached to the same ring (or
bridge) atom in the order set forth for
substituenta of an open chain; enumeration
of sach substituent proceeds from the ring
oubtward and in the manner prescribed for
open chains.

€.6 ENUMERATION OF BRIDGES

1. Enumerate bridges inthe ascending numer-
ical order of the lowest-numbered parent system
atoms to which such bridges are bonded; and
enumerate all atoms of a given bridge before
proceeding to the next bridge in order,

.. EXAMPLES:

The ‘1" attached bridge is enumerated before
the ““8°* attached bridge

All four atoms of the bridge attached to 1"
are empumerated before enumeration of the “9'

bridge

Z, Begin the enumeration of a bridge with that
bridge atom which Is directly bonded to the related
lowest-rumbered bridgehead atom and continue to
enumerate the bridge atoms sequentially in the
direction of the related highest-numbered bridge-
head atom.

3. Begin the enumeration of each bridge with
the next higher unused number remaining after
enumeration of the parent system and of any
earlier enumerated bridge.

4a. When a bridge is branched whereby it
exhibits terminal bonds attached to more than two
atoms of the parent aggregate, begin the enumera-
tion as prescribed by rules 2 and 3 above. When
a bridge atom {5 enumerated fromwhich a plurality
of unenumerated paths of bridge atoms branch,
enumerate such branching paths in the ascending
numerical order of the bridgehead atoms which
terminate such branching patha.

EXAMPLE:

IIE

\‘\r:._._--'*:/

6L*LAL{1)LL{2)LL{1)LYL{2)L3Y

4b. When a branch of a bridge consists of a
bond only, as Indicated by the asterisk below,
such branch does not affect the enumeration of the

bridge.

EXAMPLE:

SL*LLLA{1){2)LLL{1)YLL{2)LLY
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5. When a bridge is constituted by a ring sys-
tem, enumerate around such system in that periph-
eral direction which proceeds from the lower
mumbered bridgehead atom foward the higher
mumbered bridgehead atom of the parent system.
It is to be noted that the above definition of bridged
ring aggregate requires that a ring system which
is a bridge of a parent system must be joined to
the parent system elther by ortho or spiro fusion,
although in a different plane from the reference
plane. The same cipher symbols are used in the
plane of the bridge as are used in the reference
plane.

EXAMPLE:

LX) B2

GLAYL*YSLIY(1)YLYLAYLYL(1)Y

6. When a plurality of br 5 are bonded to
the same lower numbered bridgehead atom, enu-
merate such bridges in the order which they
exhibit the following features listed in their order
of decreasing priority:

1. terminating bridgehead atom of lower
miamber;

2. greater number of bridge atoms:

3. ascending enumeration pattern which as-
gigns the lower number on the occasion
of the {irst difference to the
a. bridge atom to which is bonded the

(1) greater mumber of hydrogen atoms
in the saturated hydrocarbon un-
substituted state of the bridges con-
cerned:

(2) greater number of skeletal substi-
tusnts;

(3) skeletal substituent having the fea-
tures described by items 2Zb{l) and
(2) of Sec. 6.7;

b. heavier skeletal atom;
¢. skeletal atom to which is bonded the
features described by item 4 of Sec.

6.7.

(1) -

SL*LA1)*L{1)LLL(1)YLAY

()

BL*L{1)*L({1)LLL{1)YLL*L(2)LL(2)Y

6.7 CORRECT STARTING ATOM AND
PERIPHERAL DIRECTION FOR
ENUMERATION

Begin the emumeration with that atom of the
established pareni ring system and continue to
enpumerate in that peripheral direction which gen-
erates the ascending enumeration pattern which
assigns the lower number on the occasion of the

first difference to the [ollowing features listed in

their order of decreasing priority:

1. atom of the parent ring svstem to which

is bonded the

a. greater number of hydrogen atoms in
the saturated hydrocarbon bridge and
substituent {ree state of the parent ring
system:;

b. greater number of bridges;

e. bridge having the

(1) greater number of bridge atoms:

{2} ascending enumeration patternwhich
assigns the lower mumber on the
oocasion of the flirst difference to
the bridge atom which bears the
greater number of hvdrogen atoms
in the saturated hydrocarbon unsub-
stituted state of the bridge:

2. ring or bridge atom to which is bonded the
a. greater number of skeletal substituents;
b. skeletal substituent having the

(1) greater number of skeletal atoms;

(2) ascending enumeration pattern of
the sa*urated hydrocarbon state
which assigns the lower number on
the occaszion of the first difference
to the carbon atom which bears the
greater number of hydrogen atoms;

3. features described by the

ug%?tin: rule
{Sec. 2.61) in their same order of priority.

In bridged systems having a single ring as the
parent ring system oaly leatures 1b. and below
apply because of the complete symmetry of the
parent ring.

In the examples below the ultimate decisive
feature of Sec, 6.70 for selecting the starting atom
is shown to the right of the [ormula concerned,




: The formula A configuration (atoms
1=24) is the parent ring aggregate.

RRI=Revised Ring Index E

'-Tl..
{-'_._c _,'l:n
b
[1)A. la.
RRI 7428

In formula A either atom *'1" or atom *(1)"
may begin the enumeration of the substituent free
parent aggregate which becomes decisive at atom
15, or (15), when compared to formula B whose
15th atom bears one less hydrogen atom. Formula
A is selected as the parent ring aggregate In
accordance with Se¢. 8.4 which incorporates the
features of See, 6.7,

EXAMPLES:

(5) 21(2)

C~Che 1 17
[F | }]

T
H, 2.61-1

a.ﬂl- 1+

2.681-2a.



; C-C-C-
1 Ta
(10) 2.61-2c. (8 | S T
s c-C
|
iCa
BL*OL(1)n(C3)LTL(1)00
(11) 2.61-2b.
(16)
L*L:L{1)L{CQN=C)L(CZN=C)L{1)00
(12) 2.61-1.

LE L. - "Eq:u
O =0 1 (e e

X L
L (17 6.7-2a.
1 4
4
g-¢
i,

6L*L(1)LL(1)LQICM=C)L:L

2.81-2b
4 1% 1
E=C=Cc~g"
5 ¥ \"
(14) 6.7-2b(1) R 2 i
5 c c#f%‘ 1
E-——- [ ] o #
T
Ba*LL{1)LICYMn{CVQ)L(1)L:L 6L*LALQLVLA(1)L:LL({1)LL
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7 W 18 1 L[]
C-C=-C-C—N—_-C-C=C
I I
30 TH O (23)
12
“9',' T B.7-2b(1)
0 0" O*

|
ci:
¥
[ gy ey . S U E—E E E.u.c ,
m s & T 0 (24) '51 E Bl-1
C-0-C# ..EE_
B o= om |
14n*LOOL(1LICHOOLMa1)LEDOLE o

The following examples show how the enumera-
tion pattern of a symmetrical bridged ring hydro-
carbon accommodates derived features:

irT & 1% 1 L] H
L N=-0D=C
'..25] FE 2.681=1
« Parent hydrocarbon: C=5~ c=C _ﬂ—ﬂH
N W . ] LI "
o I% M 1% 18 iF
(20) oW
C=C=C -C=C
T X
1:_" 1: H ¥ Ix I3
=C= = 5:-1::
20 * % $ =
t;',-N 8 -3 D-i
1
Derivatives (starting atom selected by Sec. 6.7, s n‘!:r"
feature 3):
(21)
(22)




7.0 RING ASSEMEBLIES. DEFINITION : [

A molecule which containg more than one dis-
crete ring system is classified as a ring assembly
whether or not the systems are connected together
by bonds only or by atoms in addition. The ring
systems included may be single rings or fused
ring aggregates, bridged or unbridged. A ring
assembly may be random, wherein all of the
linkages between component ring svstems are
acyclic, or circular, wherein at least two of the
component ring systems are connected by atoms
and/or bonds external to each S0 as to form a

g
B

(3)

closed circular path which includes at least three
atoms of each of the two last mentioned component
gystems. A circular ring assembly may Llnclude
a plurality of circular paths of the type just de-
scribed and in addition may include component
systems which are random with réspect to each
other. The enumeration, as fllustrated by the
following formulas, will be explained in later
sections.

EXAMPLES of ring assemblies:

(5)

(€)




7.1 THE PLANAR DIAGRAM OF A RING
ASSEMBLY

In the planar diagram of a ring assembly each
component system must be expressed in its sys-
tematic planar configuration when the ayuttm is
bridged, as described in Sec. 6.4. The atoms and/

or_bonds which connect the component systems of
a eircular assembly are treated as acyclic and

eiphered by acyclic symbols.

7.2 ORDER OF ENUMERATION OF A RING
ASSEMBLY

The configurations of a ring assembly are enu-
merated sequentially in the fallowing order of
decreasing priority:

1. generating ring system (bridges included,
if any) in the manner heretofore described
for the particular class of ring system;

2. skeletal substituents atiached to the gen-
erating ring system in the ascending nu-
merical order of the generating system
atoma to which such groups are attached
and in the order described in Section 7.4
when a plurality of skeletal substituents
are attached by acyelic bonding to the same
atom,

7.21 Enumerate component ring systems and

skeletal substituents thereof in the same order as

that described for the generating ring system.
Enumerate around each newly introduced compo-
:nt rl.u'?:lrltlm in the direction prescribed by

7.3 DIRECTION OF ENUMERATION AROUND
A RING SYSTEM WHICH DOES NOT
CONTAIN THE STARTING ATOM

Any component ring system which does not con-
tiin the starting atom for the enumeration of the
assembly bears a substituent relationship to the
next lower numbered ring system to which it is
directly, or indirectly, attached.

After enumerating the first atom of a substituent
ring system continue to epumerate around the
system in that peripheral direction which gen-
erates, in accordance with Section 4.1 or 5.2-5.3
depending upon whether the ring system concerned
is a single ring or a fused ring aggregate, the
ascending enumeration pattern which assi the
lower number on the occasion of the first dil
ference, to the structural features listed in Sec-
tion 6.7 in their same order of priority.

The state of the component system to which
feature la. of Section 6.7 applies is that in which
all substituents and bridges, if any, have been
replaced by the necessary hydrogen atoms. The
already enumerated portion of the molecule is not
a substituent of the newly introduced system and
remains attached.

EXAMPLE:

ﬁ;

normal state of
w12 gystem

(1)

B

bridge and substituent free
state of “/12'" system

—



Direction of Decided by

enumeration from atom Saetion 6.7 feature

A e R e «+ 22, (at atom 7)
L e e O e e 3; 2,.61-2a. (at atom 12)
R R L la. (at atom 19)
2T . i i aas e 3 2.61-2a. (at atom 35)
L e 2a. (at atom 42)
T e R e Zb(2) (at atom 54)

See also 7.5 EXAMPLE (1).

BL(GEL LML/ F6LLMLLIGELLEML LIGELLL
(NME) L(G6L.LL{#5L LLIOM)LL)L(S6LLLELL

LU nm T3 THTH 53 AT ay
ML)L{@SLL*L{1)LL{)LL)L}L{&3LLL)L)LLM])

= (5 = & -
LEL)YLLMLLY)LMLMLYLLLMLY

b} L} i - ] a
SL(CFKILL(C(@5LLFLLB:L)@4LLFLL:
i3 L] n n b r L]
)a6LLL{COM) L(@6LOL{GELOLLICVIO
- LI ] o 5 ] L5 o e
L:)L{(GERRR(S6LnHLLICVQIL Z:n)R(GVE
k] & & [ &5 &5 al |, T
6LLMOLL{BILMLQLZ): L)R{B5LLL(C <)
Th®m T mas T ™
L:L)R): LaH)L{NM2)0) LYRR({@6L: L LQLM
BB L1
LQL)RRY
65



7.31 Order of Ascending Enumeration of the
Branches of a Connecting Chain of a
Ring Assambly

A, Enumerate skeletal paths which branch from
the same enumerated atom of a connecting chain
in the order in which they exhibit the following
features listed in thelr order of decreasing pri-
ority:

1. greater number of skeletal atomas;

2. ascending enumeration pattern which as-
gigns the lower number on the occasion
af the first difference to the
a. ecarbon atom which bears the greater

mumber of hydrogen atoms in the satu-
rated hydrocarbon state of the path;

b. features listed in Section 2.81 in their
same arder of priority.

B. When an enumerated conanecting chain, or
branch thereof, terminates in a component r
system, e@numerate around such system in the
manner prescribed by 7.3, When the last atam of
the component ring system has been enumerated,
the atomi(s) of the connecting chain, if any, and of
the component ring system which establish an
unbroken ascending numerical sequence constitute
a substituent main th. Enumerate all unenu-
merated skeletal groups which are bonded o a
substituent main path of the type just described in
the ascending numerical order of the atoms of
such path to which such groups are bonded.

EXAMPLE:

i I

£

7.4 SELECTION OF THE GENERATING
RING SYSTEM

Select as the generating system (expressed in
gystematie planar form, if bridged) that component
aystem which exhibits the following features listed
in their order of decreasing priority:

1. greater number of
a. fused rings
b. ortho fused faces
¢, six-membered rings
d. ring atoms (bridge atoms, If any, in=-

cluded)

2. ascending enumeration pattern which as-
slgns the lower number on the cccaslon of
the first difference to the [eatures de-

acribed in See. 8.7 in their same order of
priority,

In the following examples the decisive feature
of this Section which determines the selection of
each generating system is indicated by its ante-
cedent heading:

1. Greater number of fused rings (la):

.

k- HH"

i LT ig i ir
w— ) — Ei —C =
Cas -1} x
m |

Cas
[T
aF

GL(EGLLSILIYLAY

1. Greater number of ortho fused faces (1b.):

(2)

[
ﬁLiﬂﬂui:L‘r MY‘EELE‘!"ILLY SYLLYLJY

il -'.'t“



] F ] w
LAYYL(CCMBBLLLYLYLYLAL(1)LLL({1)YLYLEY
L)L¥¥L3Y LICME)LY

(8)

- OO0 e

. L1 T 3
BLL{TEL LIIL!:- LLILLYLAY 1

1. Greater number of six-membered rings (le.):

8] ol 7 id 1T
GL*L{1)LLL{NYLLIOCVEGRRRYLLEML:LQYRQ)

(8) ? kgﬂ -

IL{C@EL]l:{@lLrLLL}EnHLI LLH LLQL3

[ 1 ?
BL{OGSLLLL(G5LLA)L4)LLELLML
2. Ring system path first richer in hydrogen in

™ E unll
er

Cx

BLEYSLICETLLLEYSLIYTLMLIMLLYS ERAYR(CEERRAYL VYRSYLVYRIRYRAYY
a7



2. Qreater number of bridges (6.7-1b.):

a o 5 1 R
w @O

e W [T

8

ot R

T L]
EL*L(1)LL({1)LYLL(NHCVGEL LOYL*1(2)
LOL(2)YSILLY

Saturated hydrocarbon states of above bridged

systems:

[] 3 i
L .J 1
[l ® ¥ I
4 s J r . |
1 ] [ A

2. Greater number of skeletal substituents (6.7-
2a.):
— a1
(12} = N 8. 1
LR b o ! :
- G
6L(SWNHESLLLMLI)LML4

TR

BL(GELLLYLAYL)LIYLAY

2 a
6R(N=NUSRRRZRIRRQRMRR

2. Skeletal substituent hav ter number of
skeletal atoms (6.7-2Zb{1)):
OH
“-5} L F L
b - ¥
C i " c-C
7 i w18

i " L4
6L(CMN/G6LL:LLTLL)OCVE6LOLLELL)
1 L]
LQLLMLL

In the above assembly the ""winning'® substituent
is constitued by atoms T-28, which has one more
skeletal atom than the substituent of atom “"117
and two more than the substituent of atom “*18°°,
The substituent of atom “*11°" 1s constituted by all
atoms except atoms 11=-16and 27T-28; the substituent
of atom 18, by all atoms except atoms 18-26.

2. Asce epumeration pattern of saturated
hydrocarbon state of substituent (8. 7=2b(2)):

(18)

¥ 3 2
BL(NHCVE@6RRR(OE)R3)LL(INM2)L3

The conténding substituents are the onés attached
to atoms '1*" and 9" both of which have the
same number of skeletal atoms, namely eleven.
The saturated hydrocarbon states of the two sub-
stituents are as follows:

atom "1°" subst:



atom "'9*" subat: 2. Greater mumber of functional substituents

{2.61-2a.):

The required order of asceéending enumeration of
the substituents, as shown, indicates that the 15"
position of :: ﬂmﬂr;l" Mtlmtntmi:rnm: % 5 ] ﬁ
greater pumber rogen atoms NHE6

competing 15" position of the atom 9" [com- OR(NHNBOGRRRQR(SW Q) YR4TIRZRRYRIRISWQIY
pound formula) substituent. Accordingly atom *1°"
must begin the epumeration as shown in the above
structural formula.

(21)
2. Heavier skeletal atom (2.61-1):
b | -] T a
13 11 : o EHSWQERRBEHIRR]LI::SH}LLFEL
(1T " ‘rlr x" - C i B
_— & &
Br1
ot T . 2. Heavier functional substituent (2.61-2b.):
én({CE@6RRRBRI)LLQLLL
(22)
i ] = IH H! LIS LFs
.F- i " 1r_ q___-_..-'l-.‘ i 1O
ety ;u T 12 = E_O_j [ 4 - gﬁOLS"E
(18) ‘H C _H 1 i 9 W s
5 1 E _._-
7 ] LT | 2
BLICYCQCZCVIESLOLL(CVM)LL)OLL(CVM)LL
En(CE@6nL: LLLL)SLLLnH
o 2. More unsaturated (See 1.3) skeletal bond
NH. (2.61-2c.):
L
L "%
{In’ LE]

T

T i
6L(CQE6L LLZOLL:)86L: LOL(CYQOL)

i L '] w ]
OLL(CVQLLK BR{CVNHCV@6LLIYR4YIRIYLAY
89




(24)

SR(N=NGSRRQR(N =NG&

an B 0
RRRR(CM3)YLL:LLY)

w1 4 5
RERZR)RRRICMI)YL:LLLY

(25)

L]
PL(=C(@6LLLQLMLL)2LLQLMLL  *See 2.8-4.

(1)

Ascending enumeration
order from atom:

7.5 ENUMERATION PATTERN. STARTING
ATOM AND PERIFHERAL DIRECTION
FOR ENUMERATION OF THE GENERATING
RING SYSTEM

Begin the enumeration with that atom of the
generating ring system and continue to enumerate
in that peripheral direction which generates the
ascending enumeration pattern which ass the
lower number on the occasion of the first dif-
ference to the features listed in Sec. B.7 in their

same order of priority.

EXAMPLES:

Decided by feature:

e R L R T 6.7 - la.
¢ R e 6.7 - 3; 2.61-1 at atom 21
zﬂ- - ® - L) - E-T ~ I.I..
B e T.31-1.
B e e e A A 6.7 - 2b{1) at atom 44
L S R 8.7 - 3; 2.81-2b.
l:" # B & F B F # F 8 B 8 B R E ? o ME}
B e e e 8.7 - 2a.
gy (R g TP 8.7 - 3; 2.61-2¢.



(2)

*decisive position for selection of the generating system

-3 - h iTh 1 1w
cipher: BRISCIOCVESRRRIOM)YLLICVN=C)ILLQYR)SGERMRIY(C+CILQLLY)OCYEERR
R{OM)YLL(CVNHM)LLQYR) RMRAYL(C=C)LQLLY

1.6 CIRCULAR RING ASSEMBLIES,
ORIENTATION

A eireular assembly is viewed as a random
agsembly in which two or more of the componant
ring systeme are hooked together by an extraneous
bond or polyvalent radieal so as to form a closed
path. All of the component ring systems whichare
included in the circular path are considered to lie
in the same reference plane, and any componant
system which iz bridged must be represented in
its systematic planar form (ses Section 6.) for
purposes of enumeration, just as In the case of
random assemblies.

In the following examples the atoms of the two
component svstems of each random assembly
which are linked together to form the correspond-
ing circular assembly are labelled by asterisks.

Random: Circular:

"
C

o
&

3

1

NOTE: All component ring systems and connecting
links which lie outside of the generating ring sys-
tem are considered to be a substituent of the
lower numbered atom of the generating system to
which such substituent is bonded. In the abowve
circular assembly atoms 11 to 25 constitute a
substituent of atom 1. The enumeration patterns
do not correspond because of difference in parent-
substituent relationships occasioned by the head-
to-tail hook-up. In the above case the substituent
of atom & of the random assembly merges with
the substituent of atom 1 of the circular assembly,

Randaomm:

Circular:




Random: Cireular:
fF———c—¢

7.61 Definition of Cireular Ring Assembly

As stated above a ecircular assembly may be
formed by linking together two component systems
of a random assembly. Any molecule which con-
tains a closed path of atoms and bonds which path
is comprised of three or more atoms from each
of two different rings, which two are not ortho-
or spiro-fused to each other, is classified as a
cireular ring assembly. The examples imme=
diately below [llustrate molecules which possess
the minimum structural requirement for classifi-
cation as a circular assembly. Note that the oum-
ber of atoms In the described path has no direct
bearing on the classification, except that the
minimum number is six by definition,

EXAMFLES:

{91 e e
c c:.‘“

o SRR R

:"::"-.__[:__(:.-"c"
it ] -

2t

w £F 8
%
c

o

6

o

Agide from the minimum structural features
required of beo of the component ring systems of
a elreular assembly, there 18 no restriction
placed on the number or kind of component ring
systems which may comprise a circular assembly.

EXAMPLES: i
TG N

cipher: SL3IYy5*LLaH(1)L(1)LYy5LLL{CGSLL(OGELLL{CVOESLLESLSL(85L{E@5SLSL(ESLSL(G5L(8)LO
YLLLAHYS):LL):LL)LonHYR4YS5)LL)OL( )L)YLLLa{CE6L L{OGE6L LLYL: LOL{C@ YL:) LL{8€LL
LELI)LL)YLILLL{ JL)Y3OY(CT)

T2



Note that the linkages at atoms 49 and 88 are not
enumerated as spiro since the connnecting links of
the closed circular path are considered acyclic.
The enumeration is according o Sec. 7.3, fea-
ture 1.

7.615 EXAMPLES OF CIRCULAR ASSEMBLIES
Revised Ring Index numbers:

2132 - M
2438

2580 - 84 - 86
2871 - T2
3185 - 87
3332

3777 -T8 - 81 - B4 - B6 - 02 - 04 - 07
3800 - 01 - 07 - 00 - 52
5341 - 43 - 45 to 50 - 52

5474 to B2

G616

5781 - 84 - 85

8123

6457 - 50 -B]1 -63-64 - BE-B8T7-68-T1 -T
T053

T104 - 06 - T4 - T8

7404 - 10

T412 - 14

T536 - 37 - 40-41 - 45 - 47
TE28 - 30

7702

T4

T7.62 Structural Distinctions Among Fused Ring

Aggregates, Bridged Ring Aggregates, and
Cireular Assemblies

The defining features of fused ring aggregates
and bridged ring aggregates are set forth in
Sections 5. and 6., respectively; those of circular
assemblies, in Section 7.61, preceding.

The following examples illustrate the structural
feature which distinguishes circular ring assem-
blies from fused ring aggregates and bridged ring
aggregates. Each “A'" formula is a fused ring

te; each ““B" forrmula, a bridged ring
aggregate; and each “'C'' formula, a circular ring

agsembly.
1

M)

L]

(1) A.

o, LR

In formula C the closed path is defined by atoms
€-B and 10-12 and their connecting bonds. The
bwo component ring systems are constituted by the
two Indane systems, represented by atoms 1-8
and 10-18, which are joined to the closed path by
other than ortho or spiro fusion and thereby form
a circular assembly. In formula A all rings are
joined by fusion ﬁ{ﬂilld to ortho and spiro, as
explained in Seetion 5.0) in the reference plans
and s accordingly a fused ring n;gﬂ-gu. Ini
formula B the rings formed by atoms 5, €, 15, 13,
and 14 and by atoms 6, 7, 12, 13, and 15 are not
joined by ortho or spiro fusion and no closed path
which includes atoms 6, 15, and 13 is joined by
any other ring by other than ortho or spiro fusion;
therefore formula B is not classified as a fused
ring aggregate or as a clreular assembly but as a
bridged ring aggregate wherein atom 15 and its
connecting bonds constitute the bridge, which is
considered to lie in a different plane {rom the
remaining ring atoms.

Ag [llustrated below, the ciphber of a fused ring
aggregate never contains an asterisk “**' or the
symbal *@"": the cipher of a bridged ring aggre-
gate, always an asterisk but never an @ and the
cipher of a circular (or random) assembly, always

an @.
(2) A. ) -
JLY3ILY3
L]
B, : 4
4L*L{1)LL{1)L

5 i
. ¥ <E:: #9 =

T L]

AL(B4LLL(BLILL( L

73



In formula C each four membered ring joins the
closed path defined by atoms 1, 4, 3, 7, 8, § and
their connecting bonds by other than ortho or spiro

fusion and is therefore a component ring system
of a eircular assembly.

o
- o
= M

BLAYBYLAYEYLAYBYLAYSY

¥ i
SL{G6LL(ESLLLIPSLLIGILALIILALL( L3

7.63 Parent-Substituent Relationships Among
Skeletal Groups of a Clrcular Assembly

It is characteristic of a circular assembly that
each component ring system which is included in
the closed path is connected to such path by two
bonds prior to enumeration, All of that portion of
the molecule which is extraneocus to each compo-
nent system and i3 attached to it by the two con-
pecting bonds {5 considered to be a substituent of
each atom of the component system to which such
extraneous portion is bonded. After the generating
ring system and the starting atom for its enumera-
tion have been selected, the above described

g |

extraneous portion becomes a substituent of the
lowest numbered atom of the generating system to
which such extraneous portion is bonded. All other

parent-substituent relationships are the same as
those degseribed for random assemblies.

In the examples below that bracketed portion of
each assembly (8 a substituent of each of the
atoms marked by an asterisk:

EXAMPLES:

7.7 CENERATING RING SYSTEM OF A
CIRCULAR RING ASSEMBLY

The procedure for the selection of the generating
system is the same as that followed for the selec-
tion of the generating system of a random ring
assembly; it being only necessary to keep in mind
that in addition to regular substituents attached
by acyelic bonds that portion of the molecule which
lies outside of a given component ring system and
comprises the circular assembly is a substituent
of each atom of said ring system to which such



outside portion is attached, as set forth in the
previous section.

7.6 ENUMERATION. SPECIFIC PROCEDURE

The deflinition of substituent as applied to the
closed path of a circular assembly having been
established, the enumeration of a circular assem-
bly follows the same procedure as that set forth
for the enumeration of a random ring assembly,

ENUMERATION EXAMPLES:

(1) RRI 5618
Bl X0
< N
(2) RRI 5785 PR
[
Hﬁ-‘ [ [ C%NT

el =

#H%E y s < 22"
(3) RRI 6468 B
B—8
(4) RRI 7413
= :‘:;r‘:
' o

@ k] L] r y
i Nee C N ]

H

7.9 CIPHERING OF A CIRCULAR ASSEMBLY

The procedure is the same as that used for
ciphering a random assembly with the following
modifications necessary to show the point of
attachment of the “‘tail end" of the substituent

portion of the assembly to the generating ring
Bystem:

1. After the cipher of the last configuration,
which connects the “‘tail end” of the substituent
portion to the generating svstem place the com-
bination symbaol “@)*".

2. After the generating svstem atom to which
the bond described in the preceding paragraph is
attached place the combination symbol { ).

All atoms and bonds which are not part of a
component ring system but serve only to connect
them are ciphered, not as ring atoms and bonds,
but with the same symbols employed for connecting
atoms and bonds of a random ring assembly.

EXAMPLES (Ring Index Numbers Shown):

s 8 0 23
SL{¥SLLL{@LL)LL({ )LL

EXAMPLES (Revised Ring Index numbers shown
in left margin):

(1) RRI 2438 !i_'*)j:l‘ 3
2 T
i 8 S L

4 B L] i3
5n{ﬁ5L1n{ﬂ]LL}Lu JLL

i o Iq___,..-[:'
(2) RRI 2580 :l

L] I--""E"f

!m{C'?EnLn[Cﬁ"_I Ll'..] Ll'l{ ]LE..

5L(=C@ 5;.1nL(=CEEEmL1= CﬁS.l::al:iJ'ﬂl L?..Hl!l-
1l b ]
LL];HLi JLL

* Ascending enumeration shown assigns the lower
number (2.81) to the position "'2°" which bears

T5



the greatér number of functional substituents—
the H atom bonded to nitrogen *'2°".

(4) RRI 2438

BL(G6LnHLL3}A(EELL(ESLLOLL)
LLa(@)L)LL( JLL

18 19 n = MW
EL(COERRERIOTERRQRIOM)RYLLaM2L[CGERRR

» 3 eT2 L]

(OE)RQRR)Y)RRInM2ZLLY FI:!;.I'GM'.II.':I[ ]R; 2 [K]

Atoms ‘1" and *'27'" are closest contenders for
starting atom. Atom 1 enumeration pattern as-
signs lower number *8'" to ring atom which bears
the greater number -one- of skeletal substituents
on sccasion of first difference.

8.0 STEREOISOMERS

8.01 CIS-TRANS ISOMERISM AT DOUBLE
BONDS

The structural relationships necessary for cis-
trans isomerism are represented schematically
by formulas I, II, I, and TV below:

1 n 11 v

a-e-b a-g-b a-¢-h a-c-b
:-!-h 'h—l—:. :—l-—y y—j—:
cis trans cis trans

.. The only requirement for geometric isomerism is
that the substituents on each unsaturated atom are
different. U either unsaturated atom carries two
identical groups, then no isomerism exists. For-
mulas V and VI below display no isomerism

v Vi
I.-li-l. a-li-h
a=c=h X=C=X

£.02 ORIENTATION OF CIS-TRANS [SOMERS

Before deciding the cis-trans relationships in
the manner described below, first establish the
structural formulas s0 as to show the orientation
of the groups about the double bond, or bonds, and
enumerate the formula in the manner already set
forth, For the sake of clarity the groups attached
to unsaturated atoms should be oriented parallel
to each other and perpendicular to the lines

representing the double bond (Kekule), as shown
in formulas 1 to IV, above—the groups must be
on the same Side in the formula representation
as they are in the molecule represented.

8.03 DELINEATION OF CIS-TRANS
CONFIGURATIONS AT ACYCLIC
DOUBLE BONDS. SYMBOLS */(=)"
AND " [] "

The application of the designation cis or trans
to the groups attached to the atoms joined by a
double bond, as represented in formulas T to TV
above, s decided with reference to

(1) the total number of enumerated groups
attached to the double-bonded atoms

(2) the order of enumeration of such groups
and/or



(3) the weight of such groups when neither
group of a pair attached to the same
double-bonded atom contains an enumerated
atom.

It is possible for the double-bonded atoms to
have a total of four, three, two, Gne, or no end-
merated groups attached. Accordingly, the follow-
ing five eategories are treated below in the ordar

given:

A. FOUR ENUMERATED GROUPS AT-
TACHED.

B. THREE ENUMERATED GREOQUPS AT-
TACHEL.

C. TWO ENUMERATED GROUPF ATTACHED.

D, ONE ENUMERATED GROUP ATTACHED.

E. HO ENUMERATED GROUPS ATTACHED.

The term ‘“pair,’’ as used below under the above
five headings, refers to the two groups attached
to the same double=bonded atom.

In the cipher which appears below each related
formula the double bond concerned is represented
by the symbol (=) if the associated groups have a
¢is configuration and by the symbol [=]if the con-
figuration is frans.

A, FOUR ENUMERATED GROUPS ATTACHED,
Cis=lower-numbered group of each pair on
same side of double bond
trans—lower-numbered group of each pair on
opposite side of double bond

EXAMPLES
E 5 4 ] ] 5 4 8§
C=C=C=C ' A N
(1) '! : (2) 12
C-C- -E-I—GH HO-C-C=-C-C-C
" T ] | T B
trans cis
CVQCCE[SCME CVQCCE{=)CME
LE T B T
C=C=C=0C
& i
O GrEfT
C-C=C=C

[T T B

3,4 configuration-trans; 6,7T-cis
ECM[=]CMCCM(=)CME

5 1
HEN-C -C—
1o c-4-

4 3

cQelC)=IC(CcZICcq

c-0
g-10ng

(5)

E 1
H;H-ﬂ-i -C-OH
C-OH
i

Hz H-("_"-
cis

CQC(CZ}=C(CZ)CQ

B. THREE ENUMERATED GROUPS ATTACHED,
cis—unenumerated group and lower-numberéd
group of enumerated pair on same side

of doubile hond
trans—=unemimaerated

group and Jower-

numbered group of erumerated pair on
opposite side of double bond

EXAMPLES:

a B B 1
HO=C=C=C=0C
(€) w »
C_T e
= & T B
L
trans

cacQEicTC

trans

C3CE[=|CKM
] (]
E-—j—-ﬂ
(10) c-C-c-C
i ] & L 1
trans

MCE]CME

cis

cis
CICE=CEM
I

4
1) g-g-g-

cis

MCE)ICME

C. TWO ENUMERATED GROUPS ATTACHED,

1. GROUPS
ATOMS.

ATTACHED TO

DIFFERENT

cis—both enumerated groups on same side
of double bond
trans=-enumerated groups on opposite sides
of double bond



EXAMPLES: E. NO ENUMERATED GROUP ATTACHED. %

i T B |
H-C-C-C H-C=-C-C
(12) (13)
-C-C-C C-C-C-H
A 5 & 6 5 a4
cis trans
ECi=)\CE EC[=|CE
7T & 3 T & 3
C=-C=C=Br C=C=C-Br
(14) (15)
C-0-C-C=C1 Cl=-C=C=0=C
TR R A 33
cis trans
MOCCKm)CBE MOCCKI=|CBE
2. BOTH ENUMERATED GROUFPSATTACHED
TO SAME ATOM,
cis—heavier unenumerated group and lower-
numbered group on same side of double
bond
trans—heavier uncoumerated group and
lower-numbered group on opposite
gldes of double bond
EXAMPLES:
L] ] - 3 i 1 -] 3 L] 3 i L]
C=C=C=C=C=C C=C=C=C=0C=0C
(16) (17 |
Cl=C-Br Br- C-=Cl
7 7
cis trans
CIC(=ICKBIE C3IC(E| CKB)E

D. ONE ENUMERATED GROUPF ATTACHED,
cils—enumerated group and heavier group of
unenumerated palr on same side of double
bond
trans—enumerated group and heavier group of
uncpumerated pair on opposite sides of

Ty

double bond
EXAMPLE:
4 3 z 4 5 3
C=Cm T‘-F = g -f-F
(18) | (19) |
Br=-C-Cl Cl-C=-Br
] 1
cle trans
CKB(=|CFE CKB[=]CFE

T8

is—heavier group of each pair on same side
of double bond

trans—heavier group of each pair on opposite

sides of double bond.

EXAMPLE:
2 ¥
m-«i-r C1-C-F
(20) | (21) g
1-C-Br Br-C-I
trans cis
CBIE|CFK CBJ(=)CFK

8.1 DELINEATION OF CIS-TRANS
CONFIGURATIONS AT ACYCLIC
DOUBLE BOND CONNECTING
TWD RIMNGS

The two ring paths attached to each of the ring
atoms connected by the aecvelie double hond con-
cérned are considered to constitute a pair of
enumerated paths. The cis-trans designations are
defined as follows:

cis=lower numbered ring path of each pair on

same side of double bond
trans=lower-numbered ring path of each pair
on opposite sides of double bond

EXAMPLE:
i P
= » =0
Br
cis trans

6L({(=)LLLKL3)LLBL3 BL{E®LLLKL3)LLBL3

8.2 DELINEATION OF CIS-TRANS
CONFIGURATIONS AT OLEFINIC RING
BONDS, SYMBOLS (:) and [:]

The two enumerated ring paths attached to the
ring atoms connecied h!." the olefiniec ring bond in
question are considered to constitute two enu-
merated grou attached to different atoms of the
two connecte the double bond concerned.

The symbol (:) denotes cis ring double bond; the
aymbel [:], trans ring double bond

cis—both enumerated groups (ring paths) on

game side of double bond

trans—both enumérated groups on opposite sides

of double bond




3 § & S=1p L] =
H—E—C-C-{C]h c {Chie
(n i () 2
H—C c —=H
i mw
5 .
1 B
cis irans
2aL({:)LLLOLD 2aL[:]LoL®

8.3 DELINEATION OF CIS-TRANS
CONFIGURATIONS IN MOLECULES
CONTAINING MORE THAN ONE
DOUBLE BOKD

The procedure described above is applied to
each double bond configuration as though it were
the sole double bond in the molecule. Where the
cis-trans configuration is unknown, or undefined,
use the generic double bond symbol "'='" to repre-
sent the double bond concerned,

EXAMPLES:

2,3 configuration - trans
6.7 configuration - trans
8, 9 configuration - trans

cipher: MC[E|CCCCME]CCEICM

¥ I 9

1wC-C-C=C
¥
B NG g0
C=C-C-C
e on 2

3,4 - Cis; 8,7 - generic; 9,10 - trans
ECM(=)CMCC=CCCME=|CME

| TR E 7 g - I

) =C-C= C
- e

&%

6, T-generic; 8,9-generic; 14,15=-trans; 16,17-cis

SL{C=C-C=@5LL4):L(C[=]CC(=)CM)LVOLV

c=cém [=] e [<] cémi=)c¢ = cemi=)ec [=)
COM(=)CC [=] COM(=)CC(=)CCM=C

configurations:

3.4-trans; 5,6-trans; 7,8-cis

8, 10=-trans; 11,12-cis; 13, 14-trans

15, 16=cis; 17.18-trans: 19, 20-cls
21.22-cis

z i

i
i p MRS

(5)

cis trans
CYQC(=)ICCVQ cvQc[=ccve I
3 I 3 i
T
t'!'::--"r Wy |—H (g) * ‘1:1:[-11
s HO- ...é-.ﬂ o H-C-C-OH
o ;
cis iransg
BR(C(=)CCVQ)R5 BRIC[=]CCVQIRS



6.4 Cis-Trans ISOMERISM IN CYCLIC
STRUCTURES

The type of isomerism considered here is
characterized by the projection of substituent
Eroups on the same side or on opposite sides of
the plane of the ring to which such groups are
attached, In the following description rings are
considered as lying in the plane of the paper.
Groups attached to a ring by a solid line lie above
the plane of the paper: those attached by a dotted
line lie below the plane of the paper.

EXAMPLE:
C‘O::

Groups A and B lie above the plane of the
paper: group C, below.

8.41 DELINEATION OF Cis-Trans
CONFIGURATION RELATED TO RING
PLANES., SYMBOL “"a'"’.

First, enumerate the structural formula of the
molecule and proceed to cipher same. For a
given planar ring system the first ciphered

(1) isomeric skeletal substituent,

(2) isomeric functional substituent, or the

(3) isomeric hydrogen atom occupying the lowest
numbered fused position in the order of decreasing
priority is the reference group.

All ciphered substituents of the given ring
system which lie on the same side of the plane
of the system as the reference group are
ciphered in the usual way. The ciphers of all
substituents which lie on the opposite side of the
plane from the reference group are suffixed by
the lower-case letter “‘a™ 10 denote the “‘anti"™
or “trans"’ configuration.

I the substituent cipher ends with a closing

enthesis the **a’" symbol immediately Tollows
sald parenthesis.

In all other cases place the “*a" symbol imme-
lately after the last symbol of the substituent
cipher concerned.

The cipher serves W indicate the relative
positions of the substituent groups with respect
to the plane of the ring, It is not necessary to
cipher the stereochemical configuration of a
hydrogen atom, unless it is bonded to a fused
atom and is “‘anti’ (opposite side of the plane)
to the reference group, as described in the next
section. The sterechemical configuration of a
hydrogen atom bonded to an unfused ring atom ia
inferred as being always opposite to that of a
ciphered group attached to the same ring atom.

EXAMPLES (asterisks indicate relerence ||
Eroups):

| "OH
1
H
SLELQL4 6LQaMLQLA4
$ o OH
- Sy "'h.“_
7| ~OH ™c1e
H L
- L]
6LQaMLQL:LL:L BLKBaLQL4
- H
§iinr O
(%) H{Fiﬂ“ - f"‘-au

LQLIOSWQILLIOSWQlaL: L

(6) Eﬂm:-{li—l;:—l?} - -C—OH
N |
0

ILICVQILICVQ)a: L

8.42 STEREO-CHEMICAL HYDROGEN
ATOMS.

H, en atoms attached to ring carbon atoms
are not ciphéred unless the ring carbon to which

a hy n atom s attached occuples a fused
o, n 0 en atom )
gquestion lies on the opposite si of the p ]

from the reference group, In which case the
hydrogen conliguration 15 indicated by placing
after the Y aymbol the lower case letter "a™,
which follows a ring size numeral when cited.

80



EXAMPLES:

(1)

6LLLQLYaLL:YY5aLLL(CVCQIYMLLY:Y

I the steric relations are known at only some
of the positions, then the first ciphered
(1) isomeric skeletal substituent, or
(2) isomeric functional substituent,
in the order of decreasing priority, of which the
steric relation is known becomes the relerence
symbol '‘a’ is placed after the
[ rnu[unlyﬂmugmwswﬂ&mhmmm
be trans-related to the reference group.

EXAMPLES (a wavering bond indicates that the
cis-trans relations of the substituent attached is
unknowan bz

(3)

6LLLGQLYaLLYYSaLLL{CVCQIYMLLYYM

8.5 ENUMERATION OF CONTENDING PATHS
WHICH ARE UNSYMMETRICAL SOLELY
WITH RESPECT TO Cis-Trans RELATIONS.

Enumerate the above described paths in the
order in which their respective orders of ascend-
ing enumeration assign the lower number on the
occagion of the first difference to a skeletal atom
to which is bonded a substituent, excluding all
hydrogen attached to ecarbon except ortho-fused,
which hag a “‘ecig'” relation in the enumerated
path concermned.

Each substituent attached to a "'ecis" double
bonded atom is congidered "eig’': and each sub-
stituent of a ‘‘trang’’ double bonded atom, con-
sidered “trans'’. In ring paths a‘‘eig"" substituvent
iz one which lies on the same side of the ring
plane as its reference group as explained above.

OH OHOH
| a émz
(1) (1} C=C=C=— =-C

& L] 3 2 1

H

MCQ (=) CQCQ[=]CQM

In (1) atom 2 bears an OH substituent which is
cis, whereas corresponding atom 5 bears a“‘trans’’
OH group. The ascending enumeration shown
assigns the lower number to an atom, atom 2,
which bears a cis substituent on the occasion of I
the first difference.

H FH

(2) ~Zon
L. —H ,
OH

ELQLQLQaL3
81



In (2) the atoms which stand in final contention
for selection as starting atom are atoms 1 and 3,
based on feature 2a. of Section 2.61 which elimi-
nates atoms 4, 5, and 6. The [irst difference con-
cerned occurs at atom 2 whose substituent is cis
with respect to the OH attached to atom 1 but trans
with respect to the OH bonded to 3. The 1-2
sequence shown therefore generates the first “'eis"’
substituent and the correct enumeration pattern.

(3)

6L4YLLYL4YYa

In formula (3) the hydrogen atom bonded to
position 13 is the decisive “'cis" substituent.

8.6 OPTICAL ISOMERISM

Any organic molecule which contains an atom,
called ““asymmetric', to which four different
groups are covalently bonded in a tetrahedral con-
figuration exists in two forms with respect to the
arrangement of such groups in space. The two
forms, which are mirror images of eachother, are
called optical isomers, or “‘enantiomorphs’’, and
differ only in their behavior toward light which is
polarized in a single plane. One isomeric form
rotates plane polarized light to the right (clockwise)
and is called "“dextrorotatory’: the other, to the
left (counter-clockwise) and is called ‘‘levorota-
tory". A given molecule may have a plurality of
asymmetric centers, each having its own absolute
configuration and each contributing additively to the
optical property of the molecule as a whole.

In order to réepresent the tetrahedral configura-
tion of a given asymmetric center by an unam-
biguous planar projection Emil Fischer introduced
(1881) a convention (See Ref. 11, p.262) using
D-glyceraldehyde as a model, whereby, in its
simpler form, the carbon chain is drawn as a
-straight line with side groups, e.g. the hydroxy
groups of glucose, oriented perpendicular to the
chain, as indicated below:

OHOH OH

OH

D () glucose

It is permissible to rotate thﬂpruiunﬂmﬂurmull"

in the plane of the paper as long as the arrange-
ment of the groups is not disturbed.

The present notation follows the Fischer con-
vention for establishing the planar projection
formulas of optical isomers but does not establish
any particular molecule as a reference standard.
Instead, the tetrahedral configuration at each
asymmetric center is delineated by executing the
following operations in the order listed:

1. Establigh the planar projection formula of
the molecule, according to the Fischer
convention for representing the tetrahedral
configuration.

2. Enumerate the projection formula and
orient it, by rotation only, horizontally with
the lower numbared atom which isattached
to the asymmetric center concerned dis-
posed to the left (west).

3. Beginning with the lower numbered atom
described by item 2, procesd to cipher the
malecule in the usual manner until the
asymmetric atom is ciphered, then cipher
the substituents thereof in the regular
manner except that after the cipher of any
such substifuent - hydrogen bonded to car-
bon not ciphered - which is oriented up-
ward (north) place the symbaol “fa."*

4. As the final item of the molecular cipher
place the symbol “(+)"". if the molecule as
a whole is specified as dextrorotatory and
the symbol (-}, if levorotatory.

When it desired to show the isomeric conligura-
tions of repeating chainunits, e.g., the* '=C="" units

OH

in the esight aldohexoses in the examples below,
such units are not multiplied, as would othe rwizse be
the case for a seriesof three or more non-terminal
chain units,

EXAMPLES:
B
{1} Erythrose: HO-C-C-C-C=0
OH OH
cQCQCqQcv
5
(2) Threose: HD-'I:-C-?-F-CI
OH
CQCQCQacy



¥ ¥ ¥ 4 3

(3) Ribose: HO-C=-C-C-C-C=0

OH

] ] ]
(4) Arabinose: HO=-C-C=-C=-C-C=0
(5) Xylose: Hu-é—i~-;-c-c=n

(6) Lyxose:

CRCQCQacCqacCy

{7) Allose: HO-C-C-— -C-C=0
OH OH OH OH
CRCQCQCQCQCY
OH
(8) Altrose: Hﬂ—ﬂ—ﬂ-ﬂ—i— -C=0D
H

o
(9) Glucose: HO-C=C=C=C=C=C=0

'|ill|

(10) Mannose: Hﬂ-E-C-C-I‘:—E‘i-!‘:-G

OH
CQCQCQCQaCQaly

OH

il 5 &
(11) Gulose; H'D-{! c C-C-C-C=0
3

[ |

OH OHOH
CQCQCQaCQCQCY

(12) Idose: m::-r}-I-
H

-‘JHT]-]
(13) Galactose: Hﬂ-c-c-lu e
OH OH

CQUQCQaCQaCQCV

OHOH OH

2
(14) Talose: HO=C=C= C—Q—E-E-ﬂ

OH
CRCQCQaCQacCQacy

8.7 ENUMERATION OF CONTENDING PATHSE
WHICH ARE UNSYMMETRICAL SOLELY
WITH RESPECT TO OPTICAL
CONFIGURATIONS

Enumerate the abowve described paths in the
order in which their respective ordersof ascending
enumeration assign the lower number on the
occasion of the first difference to an asymmetric
skeletal atom to which is bonded an optical “a™
substituent when the enumerated projection formula
is oriented, by rotation only, with the lower num-
bers disposed to the left (west) in a horizontal
plane, as described by operation 2 of Sec. 8.6,

EXAMPLES:

D - Sorbitol A, Hmc-g-c-g-c-c-nﬂ



i
B. HO-C-C- -C—T-C—ﬂﬂ
OHOH OH

The A formula is correctly enumerated in com-
pliance with the foregoing rule.

8.8 OPTICAL ISOMERS HAVING SYMMETRICAL
HALVES

When the above described halves are not mirror
images of eachother orient the projection formulas,

enumerated from either end, horizontally with the
lower numbers to the left, as described above, then
place the symbol ‘“a*" after the cipher of each
upwardly oriented substituent of an asymmetric
atom.

EXAMPLES:
D (leva) = tartaric acid:
OH

4
(1) Hﬂ-F-E-tl:-C-I‘JH
OH

CQCQaCQCQ(-)

L (dextro) - tartaric acid:

IH
LI |
(2) HO-C-C- . -'E."-CIE

CQCQCQaCQ(+)

When the above described halves are mirror
images of each other the molecule is described as
optically ““meso’’, in which case the molecule is
enumerated from either end and ciphered as though
no optical configuration existed for the molecule,
f.e., all “a"" symbols related to optical relations
are omitted.

EXAMPLE:
Meso=tartaric acid;

2.0 POLYMERS, SCHEMATIC REPRESENTATION

For purposes of enumeration and ciphering a
polymer is represented schematically as con-
sisting of two end structures and a repetitive
middle structure. The endstructures represent the
residues of the monomers from which the polymer
was formed and may be the same, in the case of
homopolymers, or different in the case of
copolymers.

The repetitive middle structure represents the
smallest repeating unit which is directly connected
to, but does not include, a skeletal atom of the
lowest-numbered end structure and which unit
together with the end structures account for all
atoma of the polymeric molecule.

In ecach of the formulas below those portions
which lie outside of the braces are end structures;
the portion enclosed by braces s a repeating
middle unit.

EXAMPLES:

(1) C-O=C—C- | -C-CmC-C~| -C-C=C-C

polyisoprens

1 1 iI ?1
(2) c-C- ’-c-c-r:- I _E_T
c1 C

SARAN"'

(3) c-C- {-:-c-} —g=C

polyethylene-1, 2

C- cv{ -c-} —C~C

polyethylene-1, 1



l:rl-H
—I 0-C-C=C- OH

i G
) HO- E‘-}—D—C—G—E-—E—E

polyglyceryl-pathalate

9.1 ENUMERATION OF A POLYMER FORMULA

The formula of a polymer, constructed as de-
scribed above, is énumerated as though it repre-
gented a moaomeric molecule except that the enu=
meration must begin with an end structure.

EXAMPLES:

1% 14 1%
C C c
i | ] 1! 2 i
1) G-Gm-C- f--g=g-p- -C-CnC-C
c1 r.|:1 C1 Il
S 7 -e-c-a-ézl-e- !
& L
(3) C=C= {_E_E }_&_&
1 F | 3 L ]
(4} C-C-j-rT'- o
i
[
? O OH E ?
HQ-RJ:_; & '!._]‘G—E_é—ﬁ—ﬁ—“ e Eﬂ—- E—
bl . & =
t!'} L] ir

Note that the repeating unit is directly connected
to a skeletal atom “*71°" of the lower nmumbered
monomer residue, or phthalyl rather than the
glyceryl residue (atoms 21-24).

9.2 CIPHERING OF ACYCLIC POLYMERIC
MOLECULES

The schematic formula is first constructed and
enumerated as described abowve. ‘The resulting
formula is ciphered as though it represented a
monomeric molecule, except that the braces are
retained in the cipher in the same relative posi-

tiong as in the formula and are suffized by a
gquestion mark “7?’. To indicate that the number
of repeating units i{s known, substitute the nu-
merical valoe for “?". I the number of units is
less than 3 the compound (5 not characterized as
a polymer and is ciphered in the regular way
without the use of braces or the T symbaol.

“ORLON™ (polyacylonitrile):

L ] & 5 & | 4
GO {-::--::-} -C-C
(1) |

+C=N l.'1'.!=I'-I'

CmN
L]

1 Z 3 ;4 B - W
Ci=mcce c{cq-muc}?cmr:1+m

HEARAN' (vinyl chloride - vinylidene chloride):

C1 1 l‘i'l ll:l
L
(2) CaC= C-C=-C=C=} C=C1
T | i & 3 l
1 C1
CKIC |CKCCK2C | 7CKM
L;.'rll
C-C=C=-0H
- B T

""TEFLON" [polytetrafluoroethylene):

kil

(3) 'C |-C= T:
Wil

CF2|CF2}7CF2

Polyvinyl-acetate:
BS



“"DACRON":

[ ] L -]

L1 ] i3 ke ] a2 o 3
O Do Cte Qe & 3 - _1 0-C—-C—0H

0 . 334

6R(CV{OCCOCVGERRRR(GV/OCCQ)/RR|?)RRR
(CVQIRR

Celllose:

(3)

T -] i

6L(OGELOL(CQLIOTELOL(CQIL{/O86LOL(CQ)
LQLQLQ)/ L%@LQLQ}‘HL{EQF}LMLQ

The enumeration and ciphering procedures illustrated above are intended to be applied only to
polymeric molecules whose structures are known and can be accurately represented by schematic

formulas of the type described.

10.0 ORGANIC SALTS.

An organic salt i5 a carbon compound constituted
by two or more lons of opposite charge. The ions
may either be separate entities, as exemplified
by the sodium salts of fatty acids, or composited in
a single organic species wherein the charges are

10.1 [NORGANIC IONS.

Inorganic ions are ciphered by citing first that
atom of the ion which has
{1} the highest valence state, or the
{2) heaviest alomic welght

in the order of decreasing priority, followed by the
elemental symbols (multiplied where necessary Lo
show mumber of occurrences) of all other atoms

arranged left to right in the order of their in--

EI‘EIIi.I'IE wuiEhtu.

All jons are enclosed by brackets. A bracket
inherently present due to anelement symbol serves
as enclosure and 1s never doubled. See arsenate
and metaborate, below.

DEFINITION

separated by covalently bonded atoms, asexempli-
fied by an amino acid. In this notation the electrical
charge exhibited by an organic ion is not attrib-

uted to any given atom [(or atoms) thereof but
rather to the lon as a whole.

CIPHERING ORDER

EXAMPLES OF ANIONS:
Anion

Name Formula Cipher
Hydroxide OH lon]
Arsenate AsOy-3 [as]od]
Sulfate 804° [s04]
Bisulfate HS04~ [ sHOM|
date 103" | 104]
Metaborate BOg~ [ BO| O2]
Tetraborate ByO7" IBO] 407]



MName Cation Cipher
Chlorate Cl04= [KD3)
Chlorplatinate PtClg= (pT] KE]
Trimolybdate Mog0qq° [MO]3014)
Nitrate NO3 [MD3]
Nitrite NO2 [No2]
Perborate BOq [Bo] 03]
Perchromate CrOg [cr] O8]
Permanganate MOy [HHI!:H]
Phosphate

{monobasic) HaPOg4 [ PH204]
Phosphate

{dibasic) HPOy [PHOM4]
Phosphate

(tribasic) PO4 [PO4]
Phosphite (ortho) HPO4 [PHOS]
Thioantimonate Shad [sB] 34|
Tungstate WO4 (WO 4]

A metal eation which i3 stable in more than
cne valence state is suffixed by a number equal to
the valence thereof,

EXAMPLES OF CATIONS:

Name Cation Cipher
Aluminum FARE [aL]
Ammonium NH4* [NH4]
Antimonous s6+3 [sB]3
Antimonie s6+3 [sB]5
Arsenous Art3d [AR]3
Arsenic Ar+d [AR]S
Caleium Ca+2 [CAl
Chromous Cr*e [CR]2
Chromie cr? [CR]3
Cuprous Cu*l [EU} 1
Cuprie Cu*2 [cu)2
Hydrogen H+ [H]
Magnesium Mg*2 IMG|
Manganous Mn+2 [MN]2
Manganic Mn*3 [MN]3
Molybdenum I Mot 2 [mo]2
Molybdenum 11T Ma*3 [MO)3
Molybdenum IV Mot [MO] 4

a8

Name Catlon EL]_]EI
Molybdenum VI Mo+ [MO| &
Molybdenum VI  Mo*8 [MO] 8
Osmium I os*? los] 2
Osmium 111 Os+3 [os] 3
Osmium IV Os*4 [os) 4
Osmium VIII 0s+8 [os]a
Nickelous Ni+e [n1]3
Nickelic Ni+d [n1]3

Clphering inorganic ions inthe manner described
avoids any neceasity for establishing the nature of
bonding between the atoms thereof and yet repre-
sents each ion unambiguocusly. In addition there
can be no mistaking the cipher of an inorganic lon
for that of a functional substituent.

10.2 SALTS OF ORGANIC ACIDS AND INORGANIC
CATIONS. CIPHERING

A zalt of an organie acid wherein the sation i=

inorganic is ciphered by executing the following
opérations in the order given:

1. Cipher the inorganic ion(s) in the manner
described above.

2. Cipher the organic acid anion as thoogh in
the free acid state and enclose the cipher by
brackets <[ | .

3. If the organic acid anion occurs more than
once in the salt indicate the mamber of such
occurrences by the appropriate numerieal prefix
belore the introductory anion bracket: 3[

4. Indicate the number of charges, if more than
one, on the acid anion by the appropriate numeri-
cal suffix after the closing anion bracket:

9. Arrange the ciphers produced by operations
1-4 above on a line, cation ecipher to the left and
anion cipher to the right, and separate the former
from the latter by a semi-calon: [ | ;[

6. When a salt contains a plurality of cations
and/or anions, arrange the ciphers of such ions
to the left and right of the semi-colon, as de=
scribed by rule 5, and the ciphers of ions of like
charge in the order of their increasing weights,

separated from one another by commas as indicated
be low:

[ 11:1).01

In the event a salt contains a plurality of organic
jons of like charge which ions have the same weight
but different configurations arrange their ciphers
in the order in which their respective enumeration
patterns assign the lower number on the cccasion




of the [irst difference to the following features
listed in their order of decreasing priority:

In the following examples the ciphers are de-

skeletal atom to which is bonded the greater
number of hydrogen atoms in the saturated

hydrocarbon state of the organic
concernsd:

features listed in Sec. 2.61 in their same

order of priority.

veloped in the order of the above operations.

SALTS OF MONO BASIC ORGANIC ACIDS

(1)

(2)

S0DITUM ACETATE

ration cipher: I H'.h]

l L]
free acid formula: C—!J.'.‘—ﬂ{-[

l

o
free acid eipher: CVOM
acid anion cipher: [CVQM]
salt cipher: [8a] : [cvam]

ALUMINUM ACETATE

cation cipher: [AL]
3lcvam]
lav] ; slevem

anion cipher:
salt cipher:

SALTS OF POLYBASIC ORGANIC ACIDS

(3)

(4)

MONOSODIUM CITRATE

eation cipher: [ NA]

OH

| T 5 4 ¥

free acid formula: Hﬂ-l:?l.—c-— =C=C=0H

«C=0

OH
free acid cipher: CVQUCQICVQICCVQ
anion clpher: [cvecocicya@icevq)

salt cipher: [NA] ; [CVQCCQICVQICCYQ)

DISODIUM CITRATE

cation cipher: 2 [NA|

species

(9)

(6)

(M

(8)

Ifree acid cipher: game .as above

[CVQCCQICYQICCVQ]
salt cipher: 2 [NA] : [CVQCCQICVQICCVQ)

anion cipher:

S0DIUM POTASSIUM LITHIUM CITRATE

cation eipher: [LI] , [Nal , [kal
free acid cipher: same as above
anion cipher: [CVQCCQCVYQICCYQ]
salt cipher: [L1], [NA], [KA];
[cveccgicvicevy]
SODIUM LAURYL SULFONATE

cation cipher: [NA]

free acid formula: H:‘}—C—‘E-CIIH
i1 cﬂ

free acid cipher: C{SWQ)CIE

anion cipher: [CISWQICSE]

salt cipher: [NA] : [CISWQICSE]

LITHIUM LAURYL PHOSPHATE

cation eipher: [LI]

OH
free acid formula: {Cq]II—C-E.‘r-P-CIH
acid cipher: C(OPVQ2Z)COE
[cloPvQR)CoE]
salt cipher: [LI] ; [ClOPVQR)COE]

anion cipher:

DILITHIUM LAURYL PHOSPHATE

cation cipher: 2[LI]
acid E’FUET: game as abaove
anion cipher: [ciopvae)ceEl 2

salt cipher: 2[LI]; [C{OPVQ2)COE] 2



(8) CALCTUM BUTYRATE ISOBUTYRATE

cation cipher: [CAl
free acid formulas:

a L] 1 2 ]

1 ]
C=C=C=C-=0H , C—i—-i—ﬂﬂ

anion ciphers: [cvecal , [cver]

salt cipher: [cal : [cveca] . [cvar]
10.3 AMINE ADDITION SALTS. QUATERNARY
AMMONIUM SALTS

The nitrogen atom of amine salts is ciphered as
pentavalent, the fifth valence in each case being
expressed as a positive charge. All four groups
which are covalently bonded to the nitrogen atom,
including hydrogen atoms, if any, constitute the
cation state of the amine and are cipheredas such.
In the event a plurality of amino groups occur in
the same ionic species each amino group is ciphered
in the tetracovalent state, {.e. with an additional
hydrogen at each amino nitrogen in the case of an
amine addition salt and with the quaternizing group
cited at each such nitrogen atom in the case of a
quaternary ammonium salt. The number of amino
nitrogens actually involved in salt formation is
indicated by the numeral which prefixes the anion
species. The ions of amine salts are bracketed
with the appropriate prefixes and suffixes and
arranged in the manner described above for other
salts,

EXAMPLES:
(1) Methyl amine hydrochloride:

Amine formula: C-NHs
Anion cipher:  [K]
. Cation cipher: [CNH3]
Salt cipher: [cwH3] ;[K]
(2) Dimethyl amine hydrochloride
H
Amine formula: C=N-=C
Anfon clpher: [X]
Cation cipher: [NH2ZM2Z|

80

(3)

(4)

(3)

(B)

(T

Salt cipher: [NHZMZ); [K]

Trimethyl amine hydrochloride:

Amine formula: C—=N-=C

o
Anion eipher: K]
Cation cipher: [NHM3]
Salt cipher: [NEM3] ; [K]

Tetramethyl ammoniam chloride:;

Anton cipher:  [K]
Cation cipher: [NM4]
Salt cipher: [vm4]; [K]

Ethylene diamine monchydrobromide:

Amine formula: HpN—C—C—NHg
[B]

[cNH3ICNHA]

Anion cipher:
Cation cipher:
Salt cipher: [ CNHICNHE] : [B]

Ethylene diamine dihydrobromide;

Anion cipher:  2[ B]

Cation eipher: [CNH3ICNH3I]

Balt cipher: [enH3cnns3];2[B]
Dimethylethyl phenyl ammonium chloride:
Formula
-{I: 2 ¥ by
[ c-e-r:{\)‘ j*[ce]
L I é
2 . s
Cation cipher: [BR{NMZE)RS]
Anion cipher: K]
Salt cipher: [sr(nmzEIRS]; [K]



(8) Crystal violet:

‘:-ﬂrc
L] ]
[ 2
= » ( W i :_:
14 -
[ c-n E“@L"“ﬁ I* [a]
15
E T B M

cation cipher: [BR(C{@SRRRR(NHMZ2)RR)ZRRR
(NHM2)RR]

anion cipher: [kl

[BR({C{@6RRRR{NHM2)RR)2RRR
(NHM2)RR]: [K]

salt cipher;

10.4 INTERMOLECULAR OXONIUM SALTS

The compounds treated here are such as are
formed, as the amine salts above, by an addition
reaction which increases the covalence of some
atom to a higher than normal value and increases
correspondingly the formal charge on the organie
species containing such atom =0 that the species
exhibites an lonic state. In all compounds of the
subject type the hyper-covalent, or ““onium®’, atom
is ciphered in its actaal state of covalency, i.e.
with all multiples bonds and covalently bonded groups
ciphered as if attached to carbon. Inno case (s the
formal charge involved localized at the onium atom.
Instead the charge is expressed as an attribute of
the ionic species as a whole and indicated by a
numerical suffix after the closing lon bracket, if
the charge is greater than one.

(1) Triethyl phosphonium fodide:

Formula

l?-E-?.-F-El (d

6C

2
cation cipher: [PHE3]
anion cipher: (1]
salt cipher:  [PHE3];[1]

2

(2} Methylethylpropyloxonium borotrifluoride:

CT
| 2 2 »
Formula Ig-g:-gr-c-c-c] [BF,]

salt cipher: [CCCOME] ; [BO|F4)

(3) Benzaleinnamalacetone perchlorate:

: 3 % nm 1e % W
Formula: [ C=C—0= c_i,_ C
5 H

¢ Q 1+ Et:m;]

salt cipher:

[6RIC=CCl=Q)C=CC=CHERRS)
[KkD4]

R3l :

(4) Pelargonidin bromide:

salt cipher: [mmﬂﬂnnnnﬁm?nq&?nmn
qrY] : [B]

(5) Trimethylpyroxonium perchlorate:

Formula:
c
t 2 1 cor
':; b *
salt cipher: [BRMORMRRMR] ; [KOMd]



10.5 METAL CHELATES.

The eoordinating metal atom is ciphered as a
ecation without charge. The coordinating organic
entity is ciphered in the free state and repre-
sented as an anion without charge. All other ions
which are not engaged in chelate linkages are
ciphered with charge. The opening brackets of
both the eoordinating metal cation and the coordi-
nating organie anion are prefixed by an arabic
numeral to denote the number of occurrences of
each, if greater than one. The closing bracket of
each chelating entity is suffixed by a period "
to denote chelate character.

5 5 -
“__r
[ -
& ﬂ-—ci -
T L]
3 2 H

salt cipher: [Mi]. ;2 [BR{CCI=NQIC(=NQMIRSI|.

(3) Biuret copper:

Formula:

H H

[HE( ‘\c“ / ,;NH]' ANa]*

I3 "‘
k —NH  HY
H H

salt eipher: 2 [NA], [CU].:2 [N(HCVZ]L

See 2.8-3.

(4) Haemin:

EXAMPLES:

(1) Sodium trioxalato chromiate:

HO=C=0, _
Formula: 3 {Ha.]+ 3 :['Er( I )
HO-C=0/,

salt cipher: 3[NA], [cr].:3[cvacval .

{2) Mickel benzylmethyl glyoxime:

?H 2 1
[ ] r e
H c@*
o d
l,."" ] ]
‘.ll'
L
e C
a 18
Formula:

[FE].: [SL{=CG5L: LML(C=C): LIC=@5

cipher:
ti il
LLM: L{iCCCVQIL{C=@5LL{CCCYQI: LML
- 3
{=CE@nH):nINHLIC=C):LML({ ):nl.



The ciphering of metal chelates in the manner
degeribed deliberately avoids characterizing the
nature of chelate bonding because of the contro-
versial nature of such bonding and the variety of
ways in which such bonding may be represented.

10.6 INTRAMOLECULAR SALTS.

Internal salts, wherein both salt forming groups
are part of the same molecule, and such groups
congeguently, cannot be separated by an electric
fisld, are eciphered in the “free state’” and the
cipher thereof enclosed by brackets.

EXAMFLES:
(1) Betaine: -
C
*rs II . | 1
[ C-H—ﬂ-fi-‘—ﬂﬂ]
[
F 0
cipher: [cvecnma] »

*The 5th valence of nitrogen is expressed by the
brackets.

B -amino-proplonle asid:

o+ a 3 i -
Formula: [H, N—C-C-C-OH]
0
eipher: [CVQCCZ]
(2} Taurine:
O
-+ T T | =
Formula: |H,N=-C~C=-5-0H]
cipher: [CiSwQCZ|
11.0:

The reconstruction of a structural formula from
its cipher is essentially a process of reconstitut-
ing the vertical dimension by which ring structure
and chain branching is expressed. I is a forte of
line formula notation that the bonding relationships
among the atoms and configurations of a given com-
pound are relained directly in the cipher thereof.
Consequently, in deciphering the present notation
there is8 no need for recourse to seniority rules or
to recstablish an erumeration pattern, as is re-

23

(3) Aminobenzoic acid betaine:

Formula:

L] L] »

+[E:EID

i-m: 1

cipher: [ER(NMI)RRR(CVQIRR]

(4) p-Amino-a-phenyl-cis-t ran s-cinnamic acid-
trimethy] betaine:

Formula:

i 2 2

(I:‘_ 1 L

- C-H

Ty é't | W
A

trans-cipher: [nmctcvmn:]cﬁlﬁnnnmmamm
R5

cis cipher: same as trans except double bond

expressed as =]

*See Sec. 8.20B.

DECIPHERING

quired by ‘“"locant'’ notation wherein the molecule
is represented by disjointed fragments.

In reconstituting fused ring systems it is per-
haps more straightforward to construct each ring
in itz entirety ag a geometric polygon from the
ring slzes which are expressed by the cipher and
then filling in the atoms, rather than by generating
each ring atom by atom. A template is a very
convenient device for the rapld construction of
rings, particularly a template which includes



regular polygons of 3, 4, and 6 sides in a variety
of sizes. Such devices are usually available at
stores which merchandise stationary and/or art
materials, To make 5 and 6§ membered rings fit
together properly construct each 5 membered ring
with the same sized hexagon used to construct 6
membered rings of the same formula, by estab-
lishing (by template) four sequential sides of the
hexagon then closing the ring by a longer side of
the necessary length. In joining other rings to a
given 5 membered ring by ortho fusion it is per-
haps more convenient to leave the described longer
side of the 5 membered ring free whenever pos-
gible and to maximize the use of the shorter sides
which form a right angle with the longer side as
shown below:

S O

In some cases, of course, it may be necessary to
resort to free hand reconstruction of fused rings
when the angles of contiguous polygons become
incompatible with the template design.

In constructing substituents of a chain atom
erient each substifuent path perpendicular, wher-
ever possible, to the related parent path.

EXAMPLE:
i
. F CCC-C
(1) 0 T I
f:--:i‘-c-T-cl‘-e-ﬂ C-C
Br EIHCl.'-'D
:

In attaching substituents to rings orient each
substituent in as steep an angle as possible with
respect to the sides of the polygon which include
the ring atom involved,

94

EXAMPLE:

C H

o]

To reconstruct the bridges of a b%d ﬂ%(
system note the ldentifying number which termi-
nates each bridge (introduced by asterisk) and
connect the terminal bond of the bridge to that
atom of the parent ring system whose symbol in
the cipher is suffixed by the same (dentilying
number.

(2
o_0
“oH

EXAMPLE:

= }
(3)
3
'

SL*L(1)LLL{1)YnHLLLY

Any cipher which containg the symbal @'
represents a ring assemhbly. A count of the num-
ber of i@ symbols plus one indicates the number of
component ring systems in a random assembly.
In a eircular ring assembly the number of 7 sym-
bols is equal to the number of component ring
systems., [f one of the @ symbols is followed im-
mediately by a closing parenthesis “@)'" the
component ring Systems are fjoined in a eclosed
path 80 as to form a circular ring assembly. I
an inspection of the cipher indicates, by the num-
ber of @ symbols and/or by the number of total
symbols, that the structural formula will spread
over a relatively large area it may be simpler to
construct each component ring system and the
connecting linkages independently, identifying the
points of connection by appropriate numerals as
illustrated below by the formula and cipher of
Riboflavin adenine dinucleotide:



Riboflavin adenine dinucleotide:

H OH

* -—E‘-—'E"«-—

c._n— —-‘.}-— P
] ﬂ 4] f - | ‘

& DR 2 e

cipher: annununvntc {cqiamwmwm

a1 81 0= re W

SLOL(@5nL:nYRZnRnY5)LQal.Qa)¥:nLVnH

(1)CCQCQUQCOPVQOPVQOC(2)

':ili

Y

T!

LYY:nY

Each ring system ig reconstructed by ignoring
the substituents thereof, that is by skipping over
all of the cipher symbols which are included
within the opening and closing pareatheses which
define the boundaries of the substituent concerned
or otherwise indicate substituency, ¢.g., M. In the
meéchanical method of Isaacs and Walker (see
Preface) this operation of Ignoring a given sub-
stituent is performed by adding to a count-box,
pre-set to zero, the quantity “‘one’ for each
successive opening parenthesiz ‘*{"', beginning
with the one which introduces the substituent in
question, and subtracting from the same count-box
the same quantity for each successive closing
parenthesis *})"'. The return of the count-box
to the zero state signals the end of the substituent
and that the next cipher symbol encountered re-
sumes the parent path, provided that the next
symbal itselfl does not indicate a substituent.

L]



APPENDIX A:

(20)

(31)

(47

(53)

(79)
(80)

APPENDIXES
A. Ciphers of Miscellaneous Compounds Selected From Fieser and Fieser.'

B. Ciphers of 100 Compounds From TUPAC Test List."

C. Ciphars of Test ﬂnmpm.mdal Submitted to TUPAC by G.EK.D.

Ciphers of representative organic (81)

compounds whosée struchiral form-
ulas appear in Fieser and Fieser
at the page locations indicated by
the parenthesized number to the
left of each cipher. Indentation of
a row of symbols indicates a con-
tinuation of the row immediately (B5)

pracading.

C7
CAT
CICME
cicMm3
ECMT
CT2
CE2M?2
CE3

TCM3
CoM
C9CI9E
Cecacacs
cajcea}acs
3L3

4L4

5L5

BLE

C=C
C=CM

C=CE

MC=CM
C=CM2
C=CC3
C=CME
C=CT
C=CC4
C=CC5
C=CC6
C(CMZ2E)2
C=CMCCM3
CKCICQ

EC=C|{C3)CMCE2

C=CC=CC=C
cC=C

(99)

(112)

(113)
(124)

(131)
(132)

(133)

C3C(CQE
SLMLML3
fLELQLLLQL
ER(@5LL:LLL)RS
ERMRMR4
ERMRREMR3
ERMRRREMRR
C+C

C+CM

C+CE

MC+CM

C+CT

C+CCCT
ERMRIYRRMRMnY
GERMREMnYR{CME)R3Y

CQCE
cQT
MCQE
CM3Q
MQ
EQ
CQC=C
[ NA] ; [CVQCTC=CCCQC4E]
CKCQCQ

CQCQCQ

cvVQCQCQ
ClONW)C{ONWIC(ONW)
ciCQ)4

CICIONW))4

MOM

MOE

EOE

ECOCE

TOT

MOCCE

EOCCE

ECCOCCE

ECCCOCCCE

TCCOCCT

EC3COCC3E

CKOCK

CKCKOE

CEKCOCCK



MOCCOM CK3Cv
C=C0OC=C CVCV
C=CCOCC=C CVE
A0LLLL SLICVIOL:LL:
ER(OGERR5IRS MOVM
GR(OM)RS MCVE
(134) Mﬂmcm MCVC3
(137 {HUM] MCVCM3
(138) [EoEl ; [ROl F3l MCVCVM
(140 CBCCBCACVOE GLVLI.ZL
CISHICCISHICACVQ (183} BLTLOQLLMLL
SLIC4CVQISSLL 6LTLVLLMLL
(146) MK (204) TC(O [MG] B)T
EB (207T) AL [{L':-'l‘}ﬂJ
TI (200) MCVCOCOM2
CKCE MCVC=CM2
CBT MCM=COVO=CM2
MCBE (211) Ci=NQ)M
MCBM2 MCi=NO)M
(154) CK2 (212) ER(NHN=CEERR5)R5
CK3 CVZ(NHZ)
CF4 CVZNHN=CM
ST (213)  6n*LaAL(1)L(2)Ln(1)Ln({2)L
CRCK (217} EOCYCCYM
CKIM EOCVC=CGQM
EE:EC}::I {218) EOCVCCVOE
CE=CK EOCYCCVM
(163) C¥V@Q MCOVCOVM
Cvaom (225) MZ
cvQT MNHM
CVQCF M3
CK3ICvVQ E7
cvaecQ ENHE
CVQCOM NE2
CVQCISH) C7COE
ggggg‘*m CZCZ
BRICCVQIRS ggg;cz
CVOE ERZRS5
ey 22m  [mnm3l [k
MCVOE ENHI] : (k]
il b 1 ENHZE] ; [K]
(176) C(=NH)Z(NHNW) iHI‘lEﬂ]:[K]
Ci=NE){NHNW)NHM 6R(NHI)RS ; [K]
Cl=NH) NHNWIN( NVIM (228) 4]; (1
6R(SWN(NV)M)RRRMRR NM4] : [OH
QA5 CYE (231) ER(NHCVM)RS
EXRE C(=NQICE
‘é""”’ 5L(=NQLA
PGV IR (234) ER4YSLVRHLVY
LSS RO (240) [NvM3)
S LY (243) CVECCCVZ
(188) CV=C SnBLVLLLY
CVQCCCVZ cvZz2
MOCVCCCVQ (245) 6GnHLVRHLVYS {:| nHLVnHY
(192) CV BnROnRQYSnHLVRHY
CvM BnHLVanHLVLQ2LYV



(247)

(262)
(263)

(264)
(285)

(268)

(268)

(291)
{203)

(2846)
(299)

(301}
{311)
(320)
(324)
(348)

(352)
(355)

(363)

(365)
(368)

(379)
(380)

(388)

(391)
(302)
(422)
(424)

tnREnRQRRQ
SnHLVnHLVLY
EnMLVaMLVYS {:} nML:nY
6aMLVnMLVYS || nHL:nY
EnMLYaHLVYS .‘E EnML:n‘!’
EnRnRYS5n: LaHY
CQCQCV(+)
CVQCQaCQ{-)
CVQCQaM(=)
CVQUQUCVQ-)
CVQCQeQaCVE-)
CVQCQUQCQalQCV(+)
6R{CBaCBCVQIRS(+ -)
SR(CBCBaCVQIRS(+ -)
SR(CBaCBaCVQIRS(+ -}
ER(CBCBCVQIRS5(+ -)

CVQUCKaCQaCVi+-)

CVQUCECQUVQ(« =)

CVQUEaCQUVQ{+ =)

CVQCKCQaCVQ+ -)

CVQCQaCQCVQA-)

CYQUQCQaCVer-)

CVQUQUQUVQ(-+)

JLICV@LICV@aL

ILICVQLCVQL

2 [na] ; [BRICVNHEORRR(SWQ)R(C=C@
BRR(SWQ RR(NHC VESRR(OM)R4)RR)
RR)R(OM)R4]

IL{CTCVQ):L{CEL

BLAYLAY

BLAYLAYa

CYQCTC(=)CCa

SL-O{1)LLL{DYSMLVOLVYM

CYC3C=CCTICVC(CVMICVOE

SLICQCQOLVLQLQ

GLTLQaLLMal.L

GL*L{1)LMIL({1)LEMLL

6L LM2{1)MLKLL{1)LL

SRINHN=CC( |CQ|3CQI=NNHGERR5)R5

CQCQCQUGuCQCV

CQUQCQCQaCGulV

CQUQCQCQalVegQ

CQUCQCQuCQaCQCV

BLOMIOL{CQLQLQLQ

SL{OMIOLICQCQILQLQ

BL{OM)OL(CQILVO [SR] OLV

BLOa(CQOLLQLQLGa

SLQua(CQOLICQaLgLOa

BLIOGERRARQRR)OL(ICQLQaLQLQa

BL{COEELLIOM) aL.(OM)L{OMaL{COMD)
L{OM)aL{OM)L{OM JaL{OM)O

6L(]OFSLOL(CQLIOGELOLICQIL/ (O
FELOLICQLQaLQLQa)a/'LQLQala
LQLQa! ILICQROLQLOLGA

5LICQCQIOLVLQ=LQ

GOLM20LY5a0YS(CQOLM20Y 5Ya

BRIOGSRRRIRQRIRIRIRR(CCZCVQIRRI

BR{CCZaCVQIR5

CVQCZC(SH)

(437
(444)

(440}

(4685)

(48T)

(4@
(505)
(577)
(583)
(770)
(784)
(T98)
(T99)

{306)
(811)

(213)
(814)

(815)

(818)

{821)

(B27T)
(834)

C8CCCZacvQ

CVQCZICQ

ER(OEERARR(OMIRR)RIRR(CVIRRI

E2C(=8)nHLVL

ERICOCVNHC(CVQICCCVNHC(CVNHCVQ)
CSCHERRS)RS

ER(CE2ALLVAHL(CME)LVaHL(CCVZ)
LVaHL(CCCVZ)LVnHL(CV@SnL(CV
NHC(CT)CVNHCCVZ)LI)LISLLZCV
nHIRRERQRR

ERRMRMRYn(C |{CQ|3COPVQR)Y:nLV
nHLYY:nY

[BR{CESHLM: L(CCOPVQOPVQ2)SL:)RZ
aRMNR] ; [

ERZaRnY Sn{@5LOL{COPVQOPVQDCCM?2
CQCVNHCCCVNHCC(SH)) LIOPVGQ2)a
LQa)L:nY

[COCBCVNHC(COPVQDCCNMI)ICQC =
ccacd]

EnHLICNHEBERRER(CVNHC(CVQICCCVQ)
LalCV)YnRZnRQY

ERMR({NWIR(NINWIMIR{NWIRR({NW)

ERMR{CVMIRMR{NWIR(CMI)RINW)

BRIC VQIRQRAMYLYRQRMRRQYLVY

ELLLOa LY LLOaYYSLLLICMCCCVQ)
YMLQLYYM

SLICVOE): LML{CVOE):LMnH

BLA0(1 ) LICVOM): LICVOM)L{1)L:L

BRIESL: LQLI=CICYVMMERR5IOLVIRS

ERIOMIERR(OM)YEMRRECORY

ERIOMIRRR(OM)YRMRREnY

SRIOMIR(IOMIRRINW)YnRRRY

[ BaMRRRIC(+N) YR4Y ]| : | M(OsWwQIl

fnnERYR4Y

ERnnEYR4Y

EnRNnRYR4Y

EnRRNYR4Y

BOL:LL:LL

60L:LLL:L

GOLVL:LL:L

FOL:LLVL:L

[6oRR3IR] ; [K]

60L:LLLL

[ BR(?CQCQCQCQaCQCVIRRQRYOR(E6
RRRQRQRRIR( 7CQCQCQCulQCV)
RY] ; [7] (red)

BR(?CQCQCQCQCQCVIRRGRYOL=@
SLL:LQLVL:L)L(7CQCQCQCQuCQCV):
LY (violet)

[7] : [BR{?7CQCQCQCQaCQCVIRRQRYOR
(FERRRQROQRR)R(7CQCQUQCQacQCV)
RY] (blue)

[6R{OM)RMRQRYOR(G6RRIRRY] : [K]
AL{OM): LMLVL:YOL(@6RRS):LL:Y

6L* LTLVO(l)nMLML(1)LL

6LALNn(Y8)LL*L{1)YL3Ln(Y8)LL{1)Y

BLQaL:LYv5*nM(1)L{1)LYy5RERQYSOY
(bridge is stereo reference group)




{840}

(841)

{842}

(843)

(844)

(938)

(937)

(939)

(941}

(943)
(948)

(947T)

(D48)

(951)

BLQaL:LYy5*nM(1)L{1)LYySRRR(OM)
Y50

BL(OM): LL: Yy5*nM(1)L{1)LYRRR(OM)
Y50Y

TL*nM(1)LLL{1)LLQL(bridge is ref. group)

7L*nM(1)LLL{1)LLGaL
TL*nM(1)LLQaLL{1)¥30Y7
EnML*L{1)LQY5S0L{1)LY5 (scopoline)
6L*LL{1nML{1)LLQL
SL*LL{1)nML{1)LLVL
SL*LL{1nML({1)LLQaL
BLLICVQILaMYLY5v: LaHYRIYY:
ELLICVNHASLMLVn(Y)L{CGERR5)LVn
(¥S)LLLYYS5QO)LnMYLYSy: LnHYR3
¥Y:
SL(CVOM)LQLLYLn{YJLLYS5 |:] YR4YS
nHYYLYa (ref. group is CVOM)
EL(CVOM)LIOM)aL{OCVOERRR(OM)R
(OMIR(OM)R)LYaLn(YILLY5{:} YRRR
(OMIRYSnHYYLYa
TL*L(1)}:LLOYyLLVn(YS5)vYR4Y5YE, 5LL
nllIYLYT
ER(CVOCCNEZ)RRRZRR
ELLM:LLY3ILM2Y
SL(=C)LLY3TLYS
BL*L{1)LM2ZL(1)LM:LL
EL*LM2(1MLLL{1LL
cqcl=] cMcee cm2
CQCl=] CMC3CM=C
ELM2L{C=CCVM)LM:LLLM
ELM2ZL({C=CCVM):LMLLLM
ELM2ZL{C=CCVM)L(=C)LLLM
BL*LM2(1)MaLKaLL({1)LL
group)
BL*L{1LMZLI=C)L{1)LL
BL*LM2(1)LVLL{1)LL
EL*LMZ2{1)MaLQLL{1)LL
TRMRRRTRYSEMRRY7
TRMRIRMYSRRTRYT
TLMLLL{CQM2)LY5 {:} LMLLY?
PL{=C)LLL{;)LMLLY4LMZLYa
L{=C)LLL [:] LMLLY4LM2LYa
11LM2LLLMLILMLS
TL*(1)LM2L3¥YMaL(=C)L{1)LLY"7
TLM2L*L{1LM:LLYS(1)LMLLY7
OL*L{1)QaL3L{1)MaLLY4LM2LYa
BLLL*L{1)MaL3¥S5L:LLM2Y&
BLL:LTL:YLLYLM(CVQaL3YMYa
ELLLT:LY: LLYLM(CVQaL3¥YMYa
ELLLICM=C)L:YLLYLM(CVQ)aL3YMYa
BLLL(=CM2)L:YLLYLM(CVQ)aL3YMYa

BLLLQLM2YLLY {:} YSMaLLLICMCCC
=CM2)YMLLY {:| Y™

BLLLOQLM2YLL:YY5MaLLL(CMCCC
=CM2)YMLL:YYM

GLLMZLLYMLLYMaYMLLYLM2ZLQLL

YMYaLL:XYY

GELMLMLLYMLLYMaYMLLYLMZLQLL

YMYaLL:YY

(bridge iz ref

(954)

(962)

(964)

(089)
(991)
(993)
(994)
(995)

(1001)
(1003)

(1004)
(1007)

(1009)

(1015)
(1018)
(1022)

(1026)

(1033)

(1034)

(1035)

(1036)

SLLQLM2YLLYMYMaLLYSMLLLICM

—C)YaYLLYa¥YM

sLM2L(C =] coMm [=] ce [=] com
CCQ)LML3

sLM2L(C{=] ccM[=] ccl=] com(=)c
CQ): LML3

6LLLOLYaLLYYSaLLL(CMC3T)YMLL
Yaym

SLLLQLYLLYYSaLLL(CMC3T)YMLL
Ya¥M

SLLLQLY:LL:YYSLLL(CMC|=] CCET)
YMLLYYM

SLLLQLY:LLYYSLLL(CMC [=] CCET)
YMLLYYM

SL*OLV(1)LL{1{CCM=ClaLQa¥YLL:YL
XSOLLO-LLYMY

SLLLOLYLLYYSQLLL{@SL:LLVOL)Y
MLLYaYM

SLLLOLYLLYYSQLLL{G6L:LOLVL:L)
YMLLOQYYM

60OLLMLLXSOYSLYYLLYaLLQLLYM
YLLYS5MYSLM

GLLLQLY:LLYYSLYSn{Y)LLMLLYSLM
YSYMLLYYM

SRMnRZREMRn

SRERMAMRYn(CCQaCQaCQaCQ)Y:nLVnH
LVY:nY

ERMR(OM)R(CVQIR(CVQIRn

nR(CNHEERERR(CVNHC(CVQICCCVQ)
RR)RnYnRZnRQY

[C(+N){[CO])]. [ERRMRMRY Sn( G5LLQ
LIOPVQOCMCNHCVCCESLML{CCVE)
L{@SLML(CCVZIML(CCCVZ)L(CM@5
LL{CCVZ)ML(CCCVZ)L( CPSLLM2ZL
(CCCVZ)L({ CM@)nH)nH)nHnHL( )L
(CQ)a0)LaHY] .

6RMRMRQREMYLLL(C3CMC3CMC3T)
MOY

ERIOCVM)R({ CC=CMC 5CC=CM2)RMR
(OCVM)YR4Y

5 [NA] ; [6R(N=NGERRISWQRR(G6RRRR
(N=NDERRZR(SWQRYRR(SWQ)RRY)
RR)RR)RZR(SWQRYRR(SWQ)RRY] 5

SRICQESLA*LL(1)LL(C=CIL{1)L)RRnY

RRRIOM)RY
SLICVQILM2SY4L(INHCVCOASRRRRQRR
LVn(Y5)

6L(OGSLL(OGELLINHM)LQaL QL{CQal)
LQCV)aLMO)L(NHC{=NH)Z)aLQL{NHC
(=NH)Z)aLQLQa

SLINMZILQ LICVZILVYQLQ YLVYRQR
IYLQMY LY

ELINMZ) LG LICVZILVYQLQYLVYRQ
RERREYLOMYLY

ELIMMZ) LG LICVZILVY QLG YLYYRQR3
YLOMYLQY

SRICQC(CQINHCVCEKZ)RRR(NWIRR



APPENDIX B: Ciphers of 100 special compounds
(Reference 8, pp. 305-53) Taken
from the TUPAC Test List.

The compounds, whose ciphers follow, represent
esaentially the full range of ordinary complexity
exhibited by organic molecules as viewed in the
frame of the classical structural formula. The
number, followed by a period, which appears to the
left of cach cipher identifics the cipher with the
correspondingly enumerated compound name which
appears in the list of names which follows the last
cipher. In amine salts involving aromatic rings
no shift in ‘“‘double bonds'"" due to salt formation
has been delingated, Indentation indicates contin-
uation of same cipher.

1. BLLLQLY:LLYYSLLL{CMC3T)YMLLYYM
2. BLLLQLY:LLYYSLLL(CMC=CCET)YMLL
YYM

3. BLMZL(C=CCM=CC=CCM=CC=CCasCMC=
CC=CMC=C@6LLMZLLL:LM):LML3

4. 6LMZL(CaCCMasCCaCCM=CC=CCsCMC=
CC=CMC=CI6LLM2L3LM:):LML3

5. MC(C=CC= CMC=CC=CMCCC=CM2)}= C
{c=cc=cm} 3cccscmz

6. MOCVC= | CCM=CC=} 4CCV Q (Formula ap-
pears erronecus; ciphered as given)

7. SL{CACVQ)SLYSnHLVnHYS
8. SLCQCCQUQCVQPLICME)LL(CME)L:
9. SLICQCCVCCVQLICME)LL(CME)L:

10. BLMZL{CaCCM=CC=CCM=CC=CC=CMC=

CC=CMC=C@6LLM2LLQLLM: ):LMLLQL
11. 6aMLVnMLVY5{: | nML:nY
12. 6aMLVnHLVYS]:} nML:nY
13. SNHLVnHLVYS{|: | nHL:nY (Keto form)
14. GnHLVoHLVYS{:} nHLVnHY (Keto form)
15. 6aHLVnHLVL:L (Keto form)
16. BnHL(=S)nHLVL:L (Keto form)
17. SLMnHL{= S}nHLVL: (Keto form)
18. BL{C3)nHL(=3)aHLVL: (Kato form)

19. EnRaRZY5n: LaHY (one form)

20.

21.
22,
23.

24.
25.

26.

27.

28.

29.

31.

33,

38.

1.

38.

38,

40

100

EnR(CNHBERRRR(CVNHC(CVQICCCVQ)
RR)RnYnRZnRQY

ERR(OCVNHM)RRY 5aMYS5nMLLYSMY
EL*LL{1}nML{1)LL{OCVC({CQ)}EERR5)L

EL{CVOM)LQLLYLa(Y)LLYS5|:} YR4Y5n
HYYLY

EL*LL{1nML(1)L{CVOM)L{OCV&@ERR5) L

ER(CTERRR(OM)R(OM)RRInRRYRR(OM)R
(OM)RY

ER(CQEELA*LL{1)LL{(C=C)L{1)L)REnYRRR
(OM)RY

TL*L{1):LLOYYLLVn(YS)¥YR4YSYE,5LLn
(1)¥YLYT

TL*L{1):LLOYyLLVn(Y5)yYRRIOM)R(OM)
RY5YS,5LLn{1)YLY?

ELMLVL:LYMLLYSLMLVOYY:

. SLICGSLLELVOL)nML:nL:

ERAYLVYYRRYrYYyRRYYLVYR4YYRRYY
REYY

ERAYLVYRZRKYnHYY {:} LVYR4YLVYLZ
LEYnHYYLVY

ERRRNYRRYYYRRY ryYYyRRYyYRRYnRRR
YYLVYRRYYRRYLVYY

. ERAYLVYyrRRYrynYyyYR4YLVYRRYnYY
35.

ER(NHEERARYLVYRRR(NHGERRRR(OM)
YLVYR4AYLVY I RYLVYRIRRRIOM)YLVY
RAYLVY

6RIR(NHGERRRYLVYR4YLVYRIYLVYyR
3Y:LLVaMY|:} ¥

ELAYSnHL(= @5LaHYLAYSLV)LVY

ERAYSYy: LIGERR5S)LVn(Y5)yYR4YSY:L
(BERRSILV(YS)Y

fR4YLVYRY SOL(GERARYLVYR4AYLVYR)
MTRYLVY

RAYLYYRRY Y rYSYRERYLYYRAYLYYY
MY Y LYY rYonHY YLVYRAYLYYRRYS
YYSYRRYLVYRAYLVYYSnHYYLVYYS
nHYYLYY

ol



41.

42.

43.

44.

45.

46.

17,

48.

48,

51.

53.

59,

a7.
58,

SR(NECOERRRR(SWQ)RR)RRR(N= NO&
RRRR(NW)ERIRR

[KA]: [ BR4YSSLIGERRRISWQIR(NHN= NGE
RERR(NW)RRIRR):nY]

[NA] ; [6RR(SWQIR(N=NGERRMR4)RQYRRY
SnHYR4YSYY)

4 [NA]: [BRR(G SLSYRRMRRAYS5n:)RRY 5n- L(G
ERRR(SWQIR(N=NGERRZR(SWQIR(N=NT6
RERR(SWQIR3IRISWQIRIRR)SY] 4

3 [NA] ; [6R(N= NESLLICVQ):nn{GERRRR
(SWQIRRILQ:)RRR(SWQIRR| 3

[NA] : [BR{N *NG5LLM:nn(@6RRRR(SWQ)
RR)LQ )RS

3 [NA] ; [BRRINHCVNHOERRMR(NHCVNHGE
RERYRQR(N=NOGREMR4)R[SWQIRYRIRR
{sniq}n]nmnq&m.nf&anﬁumnmswm
RY| 3

3 [NA] ; [BLLINHCVNHGELLML(NHCVNHZ6
LLLY {:} LQL{N=NG6LLLYLLL:LYL:)L
(SWQ):LYL):LLISWQLILLY |:} LQLIN=N
@ELLLY |:| LLL:LYL)L(SWQ):LLY] 3

6R(N=NTERRR(N=-NGERR)RZRRZ)RRRIN=N
GERRRRICNEZ)RR)YR4Y

2[NA] ; [BRQR(N=NOERRRR(N=NTERRZRRZ
RR)RRIRSWQRYRR(SWQ)R(N=NG6RERR
(N=NEERRZRRZRR)RRIRZY]

[ 6RR(NMZ)RRY rnYRRRINM2)RYSY] K]

[ BRICTOERRS) P6RRRR(NHM2)ER)RRR( NHMZ)
RR|: (K]

[E?IEEEBHHREII:HHE:E}EH}EHHH{HHEE}HR]‘.
K|

[ BRE(NHM2Z)RRY LIGERRS)Y RRR(NHM2Z)RYO
¥:[x]

[6RAYL:LY:LYYR4YL:Ln(Y)HL(G6RR5IN(Y)
Hyl:Ix]

6RR(NHOGRRRYrmYRRR(NHGERRYrnYRRR
(NHESRRRZRI)RYnYRIRYnYR)RRYrmYRR
RINHGBRRS)RYnY

GLIEGRRIIELVnHLVoHLY

6L{@ELLS)ELVaHLVaHLY

BLICC=C)2LVnHLVRHLY

B0,
1.

62.
63.

63,

66.
67,
B8,

69.

Tl.

T3.

T5.
T6.
7.
Th.
7.

80,

83,

1L}

B5.

87.

ER(CVNEZ)RnRRR
6L: LIGELLVOYRAYL:)LVOYR4Y
ER4Y SL(GERRRR{OCVMIRR)2LVnHY

6R(CCZM)R5

. BR(CQCNHM)REQRQRR

[MA ) [ERINHIINHRNHY SaH(GSLOL(COPYV QO
PYQOCTHSLOL(#SnHRR(CVZ)RERILQLQIL
QLQ):LnHZY5): (K]

BLLLVL-YLLYYSLLLI(C YOIYMLLOYYM

LLLQLYLLYYSLLLYVYMLLYYM

GLLLVL-YLLYY ELLLIC\."H}‘! MLLYYM

SLLLQLYLLYYSLLLQYMLLYYM

. BLLLYL:YLLYY3LLLQYMLLYYM

GRMRIYREARTRY

. GRAMRERTYRRMRRY

CQU=CMCCC=CMCCC= CM2

. CVC=CMCCC=CMCCOC=CM2

6LMZL(C=CCVM);:LML3
6L{CMC= CC=«CM2)LLLMLL
TL{CM=C)LL:LMLY4LMZLY"
cQc={cMcalaT
SL{CVQILMZSY4L(NHCVCEORRILVn(YS)
GRERMEMRYnMY :nLVnHLVY:nY
SnHL:LQYR(|S6RRQY5OYRQR/(GERRQYS
OYRQRYSLGQ:LoHYYSYYSLQ:LoHY)/ Y51
QLaHYYSYYSLQ:-LoHY | Y RQY SOYRQRY
SnHL:LQYYSYYS

6LALn(Y)YLILn(Y)YL3La(Y)Y

. HMLTOLTnHLTnHL TnHLTnHLTnHLTnH

SL(OGSLL{OGELL{NHM)LQLQL({CQOILG
(CVILMO)L(NHC(~NH) Z)LQL(NHC(=NH)
ZLQLQ

SL{(OBSLOL(CQLLOQL)LICQOLOLOLG

BL(OGE6LOL(CQLQLOLQLICQOLALALY



SLICHSLLMLICCCVQ):LIC=BSLLICCCVQ):
LML(C@5L:LMLE:LQnH):n)nH): LELM:LQ
nH

SL:L{C=@5LL{CCVQ):LICCCVQIL{C=a5LL
(CCVRLICCCVQIL{=CAsLLICCV@):LICC
C‘:’?]H-ﬂﬁ'}m}nmmhﬂﬂﬂﬂ?ﬂl L{CCVQ):
Li{ nH

SL{N=85Ln: L{ NHE5LaHL(NHS5L:nL{ MN&5)L:
L)L:L)L:L)nHL{ ):LL:

g1. 6R4YRRYYS5*YSRnRY(1)yL:LYRIYL{1)YY

2., SnrnoY cYnY rY oSnamnY Y rSnnmnYYRYYRSannY

93
e

85

96.
a17.

98.

89

. [6R(@5n:nOLG:LIRS]

. [BR(C@3n:nOLQ:L)RS]
. |Ba(CCYQRR(CVQRRRI
6R(CDM2)R5

8R{CCE6RRRR(C(@8RR5)2)RR)RRR(C(ZERRS)
Z2)RR

6RR(SVNHCCVNHC(CVQICSSCC(CVQ)NHCV
CNHSVEERRRYRAYR)RRYRAYR

. SR{NHCVNHC|C(OCVNHE6RRS)} 4COCVNHE
BRR5)R5

100, ER4YR(CI@ERRS5){OE)COERRS5)(OE)IERYRAY

1

4

RIC(@8RR5)(CE)C(T6RRINOEMN) YRAY]YR
4YR( )Y

Cholesterol. ( 5-Steren-3-01,17-(1,5-
dimethylhexyl)-10,13-
dimethyl- )

Stigmasterol. (5-Steren-3-0l1,17-(4-ethyl-1,
S-dimethyl-2-hexenyl)- )

= -Carotene. ( 1,3,5,7,8,11,13,15,17-
Octadecanonaene,3,7,12,16-
tetramethyl-1-(2,8,6-tri-
methyl-1-cyclohexenyl)-
18-(2,6,6-trimethyl-2-
cyclohenyl)=)

2 -carotene. ( 1,3,5,7,9,11,13,15,17-
Oetadecanonaene, 3,.7,12,16-
tetramethyl-1,18-bis(2,6,6-
trimethyl-1-eyelohexenyl)-

)

Lycopene. ( 2,6,8,10,12,14,16,18,20,22,24,
26,30-Dotriacontatridecane,

10

11
12
13

14

15
16
17

18

19
20
21

22

23

2,6,10,14,19,23,27,31-0cta-
methyl- |}

Ei-ﬂ'-ll- ‘ 2|1|B|Bllu| IE'I"'IE’IB‘EECUW*
aenedioic acid,4,8,12,16-tetra-
methyl-, ] -methyl ester )

Biotin. ( Thieno[3,4]imidazole-4-valeric
acid, hexahydro-2-oxo- cis- )

Auxin a. { 1=Cyclopentene-1-valeric acid,
3,5,di-sec-butyl-e 5,4 ~trihy-
droxy= )

Auxin b, ( 1-Cyclopentene=1-valeric acid,

3, 5-di=-sec-butyl- § =hydroxy- g
-oXo-

Zeaxanthin, ( 3-Cyclohexen-1-o1,4,4 -(3,7,
12,16-tetramethyl-1,3,5,7,9,
11,13,15,17-octadecanonaen-
ylene)bis[3,5,5-trimethyl- )

Caffeine., ([ Xanthine, 1, 3,7-trimethyl- )

Theobromine. ( Xanthine,d,7-dimethyl- )
Xanthine. ( 2,6(1H, 3H)-Purinedione )

Uric acid. ( 2,6,8(1H,3H,9H)- Purinetrione
)

Uraecil. z,itm,g‘.l-l?yrlmldhudinm ]
Thiouraecil. ( Uraeil,2-thio= )

Methylthiouracil. ( Uracil,6-methyl-2-
thio- )

n=Propylthiouracil. ( Uracil,6-propyl-2-
thio- )

Adenine. ( Purine f-amino- 1}
Folic acid. ( Glutamic acid, N-pterovl- )

Physostigmine. ( Pyrrolo[2,3-b]indol-5-
ol,1,2,3,3a,8,8a-hexa-
hydro-1,3a,8-trimethyl-,
O,methylcarbamate )

Atropine. ( B-Azabicyelo[3.2.1]octan-3-01,
B-methyl-,0- =hydroxy-
-phenvlpropionate )

Yohimbine. | Benzl[glindolol2,3-alquinoli-
zine- 1-carboxylic acid,1,2,3,
4,4a,-5,7,8,13,13b,14,14a-
dodecahydro-2-hydroxy-,
methyl ester |



24

23

26

27

28

29

30

a1

35

36

a7

38

B-Azabicyelo[3.2.1] octaine-2-
carboxylic acid, 3-hydroxy-8-
methyl- methyl ester O-
benzoate )

Cocaine, |

Papaverine. ([ Isoquinoline,B,7-dimethoxy-

l=veratryl- |
@uinine, ([ 2-Quinuclidinemethancl,=={6-
methoxy-4-quinolyl)-5-vinyl- )
Strychnine. ( 4,6-Methano=6H,14H=indolo
[3,2,1-1jl oxepo[2,3,4-de]
pyrrolo[2,3-n| quinolin-14-
one, 2. 42,5, 5%,7,8,1%,15a,135b,
15c-decahydro- )

Brucine. { Strychnine,10,11l-dimethoxy )

Santonin, { 2-Naphthaleneacetic acid, 1,23,
4 4a, T-hexahvdro= 1 -hydroxy== ,
4a, B-trimethyl-T-0x0=, ¥ =lac=
tone )

Pllocarpine., | S-Imidazolebutyric acid,=
=gthyl= & ={hydroxymethyl)
= l=-methyl=-,lactone )
Violanthrooe, ({ 5,10=-Violanthrensdione,
Dinaphthal1,2,3- ed,3 ,2,
1 =1ml -perylene-35,10-
dione )

Indanthrene, 8,1 T=-diamino=T,1 6-dichloro-.
[ Indanthrene is 6,15 dihydroan-
thra-zine-5,8,14,18-tetrone )

{( 1,14-Diazodiphenanthro1,
2,3-¢d,3 ,2 .1 -lm|pery-
lene-5,10-dione )

Cyananthrone.

Flavanthrone. ([ 5 13-Diazopyranthrene-8,

18-dione )

Anthraquinone 2 T-bis(4-methoxy-1-anthra-
quinonylaming)-

TH-Dibenzo| de, h]quinaline-2(1H), 7-dione, B-
5 (2-anthragquiononylamino)-1-methyl-

(Indigo) Indigotin. ( 2,2 -Bipseudoindoxyl
)

Ciba Lake Red B, ( 6H-Indolo[3, 2, 1-de]
[ 7,5 naphthyridine-2(3
H),6-dione, 1,3, 5-tri-

phenyl- )

{ Anthrl2,3l
oxamle-5,10-

Caledon Brilliant Red 3B,

a0

41

42

43

45

46

47

48

dione, 2= (2-an-
thragquinonyl)-
)

Caledon nm 2G. (Anthral1,2-b,4,3-b ,5,6-
» 8,7-b'" ]tetnlﬁ&inmhth 2.3-
I.nrlule] 5191119243\32&333
decone,B,8,25,27-tetrahydro- )
Azo Cardinal G. (=tp-Toluenesulfonic acid,
-[ N-ethyl-p-(p-nitro-
phenylazo)-aniling - )
(Nitrophenine.) Benzenesulfonic acid, 5-(2-
benzothiazolyl)-2-(p-phenyl-
diazoamino)-, sodium salt

Fast Bordeaux BR, ( 7H-Benzo [¢ carba-
zole-2-sulfonic acid,
4-hydroxy-3-o-toly-

lazo-, sodium salt )

{ m-Benzenedisulfonic
acid,4-amino-5-[4-[6-
{6- methyl-2-benzothia-
zolyl)-2- Benzothia-
zolyl|-2- sulfopheny-
lazo)-2-(m-suflopheny-
h;ﬂ}'.iﬂtrlﬁﬂiﬂlﬂn salt

3-Pyrazolecarboxylic acid,

5-hydroxy-1-p-sulfon-

phenyl-4-p- aphenyl-
azo- trisodium salt )

Benzenesulfonic

acid, p-(3-hydroxy-

3=methvl=4-phe=

nvlazo=1=-pyra-

zalyl)-sodium salt
)

Azidine Fast Scarlet GGS, |

Cotton Orange R.

Tartrazine O, |

Pyrazolone Yellow J.

1-HNapththol-
J=sulfonic
acid,6,6'-13,

3 - (5-sulfo-2-
m-tolylene)
diureylenel bis
[2-p-tolyl-
zao-,triso-
dium salt )

1-Napththol-3-
mi;mm acid,
6,6'-[3,3 -(5-
sulfo=2-m-=
tolylene jdiur-
eylene |bis[2-
{2-naphthyl-
zan)= triso=
dium salt )

Azidine Fast Scarlet TBS. |

L




82

B3

&5

86

87

g8

89

Melanin (one form) (proposed formula)
( Furo|2,3-g,4,5-¢ ldiindole-3,5,
7,11-tetrol,polymer )

{Tripiperideine) :IH-TripIrldﬂ{I g-al'.2-
| stri::jrm.
tetrl -decahydro-

(Oxyheptaisobutylidenamine) 1-Oxa-3,5,7.9,
11,13-hexazacyclotetradecane, 2.4,
6,8,10,12,14-heptaisopropyl

Streptomyein. (  Streptidine-4-streptobio-
saminide )
Maltose. | D-Glucose 4-(=-D-glucosido)-
)
Lactose, [ D-Glucose 4-( B-D-glaacto-
sido)- )
Urobilin. [one form) ( 3-Pyrrolepropionic

acid,2-[3-(2-carboxyethyl)-5-(4-
ethyl-5-hydroxy-3-methyl-2-
pyrryimethyl)-4-methyl-2-pyrrol
-eninylidenemethyl)- 5-(3-ethyl-
S=-hydroxy-4-methyl-2-pyrryl-
methyl)-4-methyl- )

Uroporphyrin (one form) ( 4,9,14,19-Por-
phinetetrapropionic acid, 5,10,
15,20-tetrakis|carboxymethyl)-

)

( 2,7,12,17,21,22,23,24-
Octazapentacyclo[16.2.1.
13,6.18,11.113,16]tetra-
deca-1,3(24),4,6,8,10,12,
14,16(22),17,18-hende-
caene, )

Porphyrazine.

21

82

83

B4

85

08

100

6,12b[3',4'|endo- Pyrrolobenzj aceanthrylene

Tetratriazolo [a,c,h,jlacridine

{Phenylsydnone) Sydonone,N-phenyl-*.(1,2,
3-Oxadiaz-3-olium hy-
droxide,5- hydroxy-3-
phenyl-,inner salt

(Benzylsydnone) Sydnone N-benzvl-*. ( |1,
2,3-Oxadiaz- 3-olium hy-
droxide, 3-benzyl-5-
hydroxy-,inner salt

{Nicotinic acid betaine) 3-carboxy-1-(carbo-

xymethyl) pyridi-
nium betaine

{ 1-Methyl,l-deutero ethyl benzene)
MEne= -

Cu-

Triphenylmethyl,p,p* -ethylene bis-

Cystine, N, N' hln[H-—[!—napmﬂiylml.'lianyl}
El:l”-".'l"ﬂ -4 -

Glucamine ,N-(phenylearbamyl)-,pentacar-
banilate

(Dimolecular dioxydibenzalanthracene tetra-
ethyl ether ) 5,16,8,13-Dibenzeno-
dibenzola, gl cyclododecin, 8,7,14,15-
tetraethoxy-6,7,14,15-tetra-hydro-
6,7,14,15-tetraphenyl-.
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APPENDIX C: Ciphers of Test Compounds sub- 9. BR(N([RU|(NHZ)2 R ;

mulas appear in reference 8 pp. 10. GR(SWNHSMNHSWASRR5)RRRMRR)]
421-31.) Indentation indicates con-

tinuation of same cipher. 11. BR(NVONVIRS .

12. BL{ON(OCV)@SRRS)L: LLVL:L
1. 6R(N=PK=NP(=NGERR5)=NP(= NGERR5)=NP(=

NHp NG@GRES)R3 13. [6R(NHN=N{@6RRR(NW)R1)I@6nRRIR)RRRR

(NWIRR]
2. ER(N=NNHC(=NHINHC(+N))RRRKRR

14. [BR(GSnnHOLVL:)RS]
3. 6RRRQRMYTLVOYR(CQIRQYSLOLVYY70Y

15. BL*{1)LL{OE)LYLL{1}OLVm(Y)
4. [CQ+{ FE](C+O)(CO)=CQ](structure ciphered as

given) 16, BR(SSWSSWSOERRE)RS

5. SLICVOM)L(CVOM)O[FE] (Ol FE|QOCICVOMIC 17, 8R(SWS3ISWEERRS)RS
(CvoM)O[ FE| QO@S FE] OL({CVOM)L(CVOM)
0¥ 18. BR(SWS(=S)2SWIERR3)RS

6. [FE.IK|.[S5L{C=G5LLM:L{C=C)L{C=G5LLM:L 19. BR(OC(=8)SSC(=S)0E6L: LL:LLL)RS
(CCCYVQLi=C@5LL{CCCVQ):LML({=C@#)n:

n:InH):n)LIC=C)LM:L{ )n: 20. MO[SI|M20[ PB|O[SI|M3
7. 6PV*OPVQO{1)OP(1)VOPV(OM)O 21. [GE|[SE]E)3(SE] [GE)}([SE|E)3
8. E(OKACRIVQ) 22, BR(EGRR(CEERRSIR4IRIGERR5IR4
108
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