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ABSTRACT

Within seven years sfter the birth of structursl
chemistry in 1861, virtuelly all of the mein idess relsting
to line-~formule conventions were devised end published in
the then leeading chemicel journsls, No besically new
prectices sppeered for enother 79 yeers., Then, within an
identicelly brief period of just seven years (1947-54),
virtuelly sll the fundesmentel features of structure deli-
neeting chemicel notations sppeered in the internetional
chemicel literesture, The need for these chemicel note~
tions was felt when structural formule proved to be en excect
meens of communicetion rether than the nomenclature, As
the difficulties encountered in arranging the structursl
formules in index form were felt, the line formule notation
aystems heve been designed by the workers in the field,

The internstional recognition to one of the systems,
induced several others, to design the new systems compatible
with computer use, The vest mass of dete *0o be hendled hes
mede imperative to use the systems with computers, ond
occordingly new systems ere being desirmed end old ones
ere modified,






"Dear Sir,

Your paper entitled "The preperstion and
properties of cyclo hexsne-1-gsrboxylic-?-acetie
acid® hes not buh recommended for pudlicetion,
begeuse the seme acid hes already been prepered
by A.N,0ther & deseribed under the name hexahydro-
homophthalic eeid’, '

How meny such letters were written before the days
of formules indexes, how much unnecessary rescarch work was
done, how many exespersted authors exclesimed, “"why cannot

we heve @ systemetic internetional nomencleture 7

Yor neerly 20 yeers, chemists of meny countries have
been trying to devise such a nomenclsture, Ve want e
nomencleture based on principles so simple thet s few hour's
study would ensble a chemist to write the neme or the
formule of eny chemigel eompound of known eonstitution. Ve
heve, however to suffer for the Sins of our forefathers in
chemistry; it would be impossible to expunge from the
litereture ell their inconsistencies; in fact, one of the



first things sgreed upon by the International Union of
Chemistry (now International Union of Pure and Applied
Chemistry) was thet interference with the existing nomen-
cleture should be as little &8s possible” - says Dr, Clearence
Smith, ' to whom we owe @ considersble debt of gratitude

for his work on nomenclesture,

The need for systemetic nomencleture of organic
compounds begen to be felt sbout the middle of the last
century., A valient effort was mede by The Chemical Society
end thanks to the work of Watts, there was issued in 1879,
e set of instructions on nomengleture end notation, for
the guidenge of abstroctors end gontributors, This was
reissued in 1882 almost unchenged in form, Inspection of
these instructions mekes epperent the serious divergences
between the British end Continentsl prectice of the time,
espeecielly in reletion to arometic rings,

In the hope of reconeiling such differences and of
evolving a universally sccepted system, the International
Chemicel Congress of 1889, appointed s commission to report
upon the metter, In 1892, the commission issued a set of
recommendetions from Geneve, end thus founded whet wes
efterwards celled the "Ceneva System”, After much arduous
lesoour over meny yesrs, the Internetional Union of Chemistry
produced e report from Lie'ge in 1930. This hes given us
the present system of nomengleture but, unfortunately, by



the time of the ILie‘ge report, such wide differences hed
been set up between British, Americen end Continentel usage
thet any hépe of reconeciling them fully hed venished, end
the commission had to be gontent with emendations end
extensions of the originel Ceneve System. In other wor's,
in spite of the ungrudging work of most eminent orgenic
chemists over helf a e¢entury, the system not only leaves
many classes of compounds out of its considerations, but
has feiled in meny ceses to provide & usable neme, As @
rcsult, the-classificetion of orgesnic compounds, the indexing
of informetion have been hempered to grest extent,

Chemicel compounds are being indexed end ¢lassified

according to12’31

1) Alphsbeticel arrengement of nemes,
2) Molegcular formule,
3) Arbitrary type clessificetion,

In the slphabetieel arrasngement of nemes, the systematic
nemes are arronged slphsbeticelly, It should be an idesl
gystem of indexing besed on nomencleture and should be logicel
and to some extent, to group together compounds having similer
properties, When & unique neme is essigned to each compound,
the nemes ¢en be arranced in alphsbeticel order end a com-
pound eenbe logsted by the seme procedure used to locste a
word in dictionary. However in meny ceses, seversl nemes may

be applied to 2 compound with equel correctness.



In Chemicel Abstrescts, for exemple, where this type
of indexing is followed, & reletively smell number of
compounds ere selected es stem compounds, end all others
ere treeted as substituted derivetives of these parents,
Eech compound is indexed first under the present compound
end then according to the modifying redicels arrenged in
alphabeticel order, However, the system is secrificed for
compounds besring triviasl nemes, which are used wherever
possible,

In & compound heving seversl fungctional groups end
rings, it is often difficult, if not impossible, to determine
whet constitutes the mein function end therefore under which

stem compound, the structure will be indexed.

However, the prinecipsl disedventesges 0¢ the Chemical
Abstreets' system and, in feet, of eny system besed on
nomencleture lie in 1) the complex neture of the rules
governing the essigmment o nemes, emnd ) the complexity
of the names themselves, which often mekes it necessary for
e reader to write down e structure before he ¢on grasp whet
is implied by the neme,

Yew orgenic choninto23 heve reason to regerd the
present position of nomencleture with equanimity, The problems
of neming more complex compounds, of enumergtion snd of
reference are becoming so much more diffigcult that few cen

claim gompetence in this field and youns chemists coming
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fresh to the subject are discoursged by the chaos which
they find and epre dismayed by the fagct that there is no
girple set of rules defining nomencleture,

The Geneve System of nomencleature eppeers to be
ingepeble of setisfactory logicel development in espplice-
tion to the more complex, fused and heterocyelic ring
gystems, Tor exsmple, the structure

jessen

is reduced to & truly systematic name es

5.6 114"
Bis(benzo [eyclo-azoXe tetracerbadieno
5".6" L _‘n

21.5" 2«3 5wb
] - —, e  @yclosgathis ~ 1 - 4 -
2u.5u 30-2' 1p_3.-

tetregearbadiene - 2 ~ 5,

While this exemple probebly holds pride of place in respect
of complexity, it is by no means uniquej meny exemples
from the Ring Index are equally unspeeskeble end ere unsable
to serve g8 82 sinple spoken or written referenge to the

structures they represent,
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Tew exemples from Ring Index referred to by

numbers

3179, Spiro[ 3-nephthol 1.2)triezole~",2'«3"-0x~2"
azabicyclof 3.2.2) nona 1'(8')5'(9')6' triene,

368’ . 141 .3-1’101010( 5’6] 1nd°nq 3 .1 -d]l' 1 ’31 dioxolo
[6y 7] isoquinole]?,3-a] imidazole

%3669, Dinaphthol ?,1-C,1',2'-e][ ?,7]benzo dioxeein.

3716, Dispirof 4-nephthof 1,2-b]pyren-4,4'7 1,77
dithiolene-5',4"-[ 4] -naphtho 1,7-b] pyren.

fven sivple structure such as
c':n?cl

:
)
CIH?C. ?H.cﬂgcl
' .
CJQOI

is deseribed by Beilstein ms 1,3,2',2' -Tetrachloro-2,2 di-
methyl propene,

It mey be ergued thet such nemes g¢en be avoided by
the use of triviel nsmes end this prineiple has been edopted
freely by the copplers of the Ring Index, Meny of the 'offi-
cial' nemes given to fused rincs in Ring Index are besed on

such triviel nemes as under -



Coronene, Cersmidine, Bengotriagepine,
Anthreperagzene, Thebenidine, Phthalagine,
Tlevophene, Ceroxene, Perylodipyridazine,

Phtheloperine, Quinolizine, Rubicene.

The use of triviel nemes is, however, a dengerous and
unsatisfegtory, as very nemes in the sbove semple list are
femiliar to the sverage organic chemist end the free intro-
duction of trivel nemes into nonenclesture intended for
indexing end classifigstion ¢an only leed to confusion.e.g.
for the most importent compounds derived fram the steroid
family, systemetic nemes een be given to very few without
the expedient of referring to an arbitrary ring structure by

a triviael nsme, If one considers the structure

CH3
OH
HC HC 0
co
HO
OH

enc asks the question "under what name would you look up this
compound in en index ?" Unless it is known to the scarcher
thet the trivial neme of this compound is 'pseudostrophan-

thidine', one will be uneble even to commence the search.



Trom this, it is reelised, how inedecuste systemetic nomencletur
is to cope with such instences, It is not only in the steroid
field thet exemples of compounds which cennot be nemed accord
ing to eny system are encountered, meny elkeloids end substen
ces of biologicesl interest ere equelly unnemesble,

The use of triviel nemee often lerds to & multiplicity
of nemes for the seme substence, This epplies even to simple

substanges, e.g£.

)
—CH=CHCOCOOH a=0Xo=r-phenyl-f«propylene —a-
cerboxylic aeid,

au-Oxo-~rephenyl vinyl secetic
ecid,

Cinnemoyl formic meid
Bengel pyruvie esecid.

Styrylelyoxylic aeid,

2) CHsz
, 2'-ghloro-1,2,4-trimethyl benzen
CH,C

2'-ghloro- 1/ ~gumol

CHz 2,5 Dimethyl bensyl ehloride

194~Dimethyl-2~gchloromethyl
be ngenc
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3) cc).,.scl. Perchlore methyl merceptan
Thiocarbonyl tetrachloride
Trichloromethyl sulphur chloride
Tetrachloromethyl thiol
Trichloromethyl sulphenyl chloride

The existence of so meny alternstives gennot but

leed to indeeision in selecting heads for seerching indexes.

The question of enumeration, so c¢losely bound up with
thet of nomencleture, especielly with fused rings, is o
source of much confusion, Differ.nt systems have been
edopted in Britein, U,S.A, end in CGermeny, The most simple
compound , indene is numberes es (1) in Beilstin end es (”) in
the Ring Index,

It 7
. 9 5 ¢ 3 1
6 2 2 5 4 2
> 1 P 3
(1) (2)

Like is the ¢erse with the structure of chrysene
which is numbered in three different weys.
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12
11

(%)

The Ring Index hes put forth, the first of these i.e. (3),
end use of the other two is made in Beilstein end in general

chemicel literature,

When more complicated instences ere considered, it
will be found thet the method of enumeration set out in
Ring Index hes been e source of confusion, Thus in (6) below
(N0.2271 from Ring Index ) is enumerated ss shown, but in
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_the enalogous structure (7) (No.2270, Ring Index), the
proposed different method of enumerstion can only be e
sourece of confusion,

11

9 o CcHy % 7 6 cHy 4
N " N
8 8 3
7 @333 3 9 @C 2
€ r; ’ 10 ’x‘: "i
() (7)

S0 also in exsmple (8) (No.2805 from Ring Index ) the
enumeration hes been set out, when a subsdiery ring ims
the 7«8 position of the struocture is edded, the whole
pettern of enumeretion is swept away end an entirely fresh
one is coreated,




Moreover chemists in different gountries heve rules
of their own for neming compounds inspite of International
Nomenclature end this naturally adds to the confusion of
the worker who is, for exsmple, searching for all aveilsble

informetion on a sziven compound,

The 2nd method used for indexing is based on molecular
formula, The number of etoms of each element in a compound
is celculated and the symbols for the elements, followed in
esch cese by a aubsorip;t designeting the number of atoms
of that element, ere set down in some order. Thus, in Chemicel
Abstracts, for exemple, the arrangement of the elements 18 in
the alphabeticel order of their symbols except for orgenic
compounds, in which cerbon and hydrogen are always pleced at
the beginning of the formule, end the rest of the elements
ere arranced in the order,

The formules are arranged slphebetigelly end secording

to the number of etoms of eech clement present,

The accuracy in the gslculation of e molecular formule
mekes for @ sirple end streight forwerd system which in one
step breeks down all compounds into groups of isomers.
Unfortunately, since the moleculer formule elone is inadcquete
to distinguish isomers, the formula must be supplemented by
2 neme or structurel formula. Moreover moleculer formule of
meny different compounds mey be the seme and hence are
ambiguous,
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Clessifigation of chemicsl compounds by types is
useful for gertein purposes, where reletively smell number
of cupmd- are involved or where a group of compounds has
e common denominetor, it is feasible to set up type classes
which are useful for indexing purposes, Any attempt to set
up & type c¢lessifigetion system for all chemicel compounds
is extremely difficult., Tor exemple, if ell organiec compounds
are to be divided into broad classes - the helogen derivetives,
the emines, the heterocyelic compounds, ete, 4immedietely a
question will be reised ss to the disposition of 2 compound
in which two or more of these groups sre present. The
solution involves setting up priority lists so thet helog ns
come before amin s, for exemple, and all compounds heving
both helogens end emines, thereby, are classified as helosen
derivetives. The consequence is that each of the early
¢lesses will contein representatives of all the later groups.
The leter groups ere lost for all practicel purposes unless an
elaborate eross indexing system is worked out, So this
system is elso not very satisfegtory for indexing,

Clessification end indexing of chemiecel compounds is
not only the sole ultimate objeetive of the chemist. With the
mass of secientifie dete aveilable, 4t has been often desireble
to investigete all compounds heving common groups or those
derived from one parent compound, Trequently these struetursl
festures must be studied in relation to physicel, chemienl
or bielogiesl properties,
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Yor this purpese, the neme and the empiricsl formulas
are useless and some system which will meke gorrelation

studies possible; should be devised,

It is epparent thet in any orgenization of compounds
chemists think in terms of structure, Structure ¢, the
chemists means ions end molecules, rings end gheins, funetion-
el groups end nonfunctionel skeletel meteriel, He indicetes
the strugture of a compound by the hichly conventionalized
structursl formule, There is little doubt thet & well
written structural formule esn be resd and un3orltood more
repidly then any other meens for conveying the seme informe
tion. Therefore, the most sppeeling type of g¢leassificetion
system to the chemist must be based on th- structurel
formula, 2>

But the difficulties for using structural formule for
indexing or clessificetion are

1) It hes no direct speech equivalent,
2) It oeccupies much spaece,
3) It eennot be arrenged in index or ligst form,

It is cleer, therefore, that, thoush the ideographs
(structurel formula) ere indispenseble to the study of
orgenic chemistry, it must have some "linesr equivelent”
eepeble not only of being spoken but slso of being arranged
in index fomm,
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The first line~formule deseriptions were set singe

when the ey 4idea of structural chemistry was popularized
in 1860, Achmil‘tl then had identified the moleculer confi-
gurations in text eopy simply by delinesting the symbols
for the corresponding moleculer segments, ome after another

as gonnegted,

The exeet convention releting to "linesr expression of
formulee" was clearly defined by A,D,Mitchell ms . "Eech
full point (or period merk) is regerded es separsting two
atoms whigh are direetly linked in the mein chein of e
compound, and atoms and groups ettached to esch of these
atoms are written immedietely eafter it end before the next
full point”,

Josef Loschmidt led this era of structurel chemistry
with his publigetion of Chemische Studien, which conteined
568 remerkebly esstute graphical diegrems, ineluding scores of
bengene ring postulations, His text ingluded a few
“retionelle Tormel" such as 0235,0,0235 for ether, 02359,083
for methyl ethyl ether, and czlls, 0, 0234, 0, 0255 for the
diethyl ether of ethyleme glycol, Emil Erlemmeyer omitted
the punectustion with familier forms like C3H.,0!l, cSH'II
and 03!!700387.

Meenwhile H, Hubner hed used the conventioral period
punctuation in the first line formule deseriptions to sppeer
in e chemical journel, with his discussion of the CH,CN.CO. By
end CH,Br.CO,CN isomers.
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In 1866, August, Kekule, Henry Debus, H,L,Buff end
B.¥.,Dupp completed this populerization of this line formule
technique with scores of exemples like OHB.OO.OH, CHB.OO.CH.S,
NC-CH,~CO H, 06H5432-Br and 0635.802.011. Finally when
H, VWichelhaus introduced the word veleng in 1867, he sugrested
thé punctuating refinement of periods to set off 'sidegroups’
terminations end hyphens to show direetly eonneeted groups
es in his CO-OH-COOH, and CH3-CHOH-OOOH.

Bven with this ai.pliﬁeation of structurel formuls
into lineer form, the >roblems ineress d as the complexity
in the compounds inecressed with the number of gomplex side
cheins, funoctionel groups ete., end the representation in the
linear form has been very lengthy and much difficul* for
putting on & paper,

Letely chemists have felt the need of putting the
compounds on & peper only by means of structural formulee,
However the shortcomings in representing the three dimensional
structural formule on peper end day by day inereasing number
of compounds which led to the mechenigation of sesrching
techniques compelled them to develop notational systems,

Within a very brief span of seven yeers (1947-54) virtu-
ally sll of the major structure delineating systems of €hemicel
Notation have gpreered in chemical litersture,
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The important role of speech in humen communicetion
mokes it certein thet chemists will elweys need nemes for
chemiecsl compounds, Nev:rtheless, dissetisfection with pre
viously developed nomencleture ( es seen in Chepter I ) es e
means for expressing moleculer structurcs hes developed and
the sdvences in chemistry provided the impetus for the develop-
ment of notetion systems, which express molecular pictoscraphs
structural formulas - as & lineer sequencge of symbols, most
of which are found on aﬁ ordinery typewriter keyboard. Althouch
g number of chemists worked independently, their goel was the
seme - o completely systematic no'ation besed on rules thet
could be reedily lesrned end essily epplied, Such & notetéon
might be used ms @ substitute for conventional nomencleture

in indexes, and perticulasrly in mechine searching,

Moreover, the number of orgenic compounds has tremend-
ously grown, This hes rendered scute the difficulties thet
chemists have long experienced in the c¢lassificetion of com-
pounds and in effeeting correlations besed on features of
moleculer structures. Achieving these objeetives, it was hoped,
mizht be faeiliteted by an eppropriste notation system,
Practicel considerations of mechine searching sugcest thet
e compound be designeted in such e way thet any desired aspect
of function or structure cente selegted ot will,

Among the flrst3 to propose & substitute for nomen-
cleture end ins ire this development of chemieal notation

T g
Gl
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wes G.M.,Dyson, He gave & lecture on "A New l;tation for
Orgeniec Chemistry and Its Application to Iibrary end Indexing
Problena".'19 He further dev: loped the notation in his menuel
published in 1947 on "A New Notation end Enumeration System

fordOrganic Compounda”.zo'23

At the same time, several groups were approasching the
problem from different direetions, In connegtion with the
seerch for antimeleriels during World War II, over 15,000
substances were sereenea for setivity, As ean aid in keeping
treck of the tests with these substences F.Y.Wisaloglo12
devised a code for use with punched cerds thet hes been edopted

by several industriel firms with similer problems.

Simulteneously D,E,H, Frear of Penn Stete developed a
code thet has simce been sdopted with modifiecetion by the
National Resecerch Council's Chemical-Biological Coordination
CCntor.13 This code desirnates the besic components end
functionel groups. It does not consider structurel isomerism,
but the code has been definitive enouzh for precticel machine
use in eorrelating biologicel esctivity with ¢ hemical structurecs.

In 1947, ¥,L.Teylor developed & mathematically elegent
mothcd75 for enumerating topollgicelly similar positions in
all ring systems - carboeyelic or heteroeyelie, aromatic or

gaturated,
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The G.K.D, eiphers of Gordon, Kendall snd Davison
appeared in 1947 end 1948 with their publications on "A New
Systemizetion of Chemical Bpociu".36 and "Chemical Ciphering :

A Universal Code nas an Aid to Chemieal Systmatios'.”

The "Cruber Notation" was first reported in 1949.‘0

JoA.8ilk who wes inspired by Dyson's lecture of 1946,
wrote en erticle in 194980 reviewing methods for ring systems
but did not publish it,'> end leter responded to the IUPAC
Cémmission's invitation ﬁth his "New System of Orgenic
Notstion® distributed privately in 1951,54

J+G,Cockburn, member of the British Chemical Abstrects
Steff, responded pt the seme time with his "Newgonatle System"
(1951).'" 811k met him eround thet time but did not propose
to develop it o8 in kis opinion the system devised wes more
29 a chemicnl shorthend then o systemetic not niou.m

In 1950, Wiswesser ¥,J, first described s aystem of
notetion thet wes besed on the "Prineiple of ILeest Effort"aa
which later wes reported in Chemical end Engineering hws.T’

Though ell the above systems of ¢ hemical notation were
developed, yet a completely systemetic notetion for representing
structural pictographs should prove a valuable tool, Inter-
netional Union of Pure end Applied Chemistry (IUPAC) eppointed
2 commission late in 1946 to study the possibilities of
notetional l;rstn.." A milestone in the work of this commission
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was its meeting in Amsterdem in the summer of 1949 in which

the followi g desidersta were set up for evaluating notation

systems,

1.
2,
3e
4,

Se

7.

8.

9.

10.

1.

Simplicity of usage.

Eese of printing snd typewriting,
Conciseness,

Recognizebility,

Ability to generste & unique orgenic chemicsal
nomencleture,

Competibility with eccepted prectices of inorgenic
chemicel notation,

Uniqueness,

Genergtion of an unambiguous end useful enumeration

pattern,

Egse of manipuletion by mechine methods e.g.
punched cerds,

Exhibition of essociaetions ( deseriptiveness).

Ability to desl with partisl indeterminents,

At this meeting, the commission slso decided to invite

the inventors of notetion systems to submit their systems for

gonsideration,

7947 They were esked to epply their systems

t0o & list of 700 compounds selected from every 100th pere of

Beilstein and elso to the supplementery lists which included



compounds conteining redioective isotopes, orgenosilicon and

orgenophosphorus compounds, and other presenting difficult

notational problems,

By 1951, the following nine notetion systems were

regeived,

1.

3e

4.

Se

6.

7.

"A Method of Coding Chemicels for Correlation emd
Classificetion,” developed by Chemical - Bioloricel
Coordination Center, Netional Rescarch Council,
Weshington, 1950,

"Clessificetion of Organic Compounds” developed by

Van Weerden, W.J,

"A New System for the Classificetion of Compounds"”,
developed by Wiselogle, F.Y, et gl. 1946,

"A New lotation and Enumeration System for Organic
Compounds” devised by Dyson,G,M, 1946,

"The Newgnatle System of Representation of the Formulee
of Orgenie Compounds” developed by Coeckburn, J,C, 1951,

“Chemicel Ciphering | A Universel Code ms an Aid to
Chemicel Systemeties." - devised by Cordon, M,,
Kendall, C,E, end Davison W, H,T, 1948,

"Pictorially Direet Chemicel Structure Symbols”,
developed by Wiswesser,7.J, 1950,



8., "A New System of Organic Notations™, Silk, J.A,
1951,

9. "CGruber Notetion", Gruber, 1950,

At MIT, members of the IUPAC's Commission together with
members of the Americen Chemical Society's Committee on
Seientific Aids to Litersture Searching, the representatives
of Beilstein and Gmelin met to review end evaluste the above
systnt.so It wes observed thet out of the nine systems,
three (nemely CBCC, VWiselogle end Ven Weerden) were not
designed to specify strugtursl formules in full deteil, but
were intended for correleting end seerchig procedures using
mechenicel eids or for classification, These three systems
designete constituent groups, both Hunctional end nonfunetionsl
by eppropriste code symbols built up from numbers end letters.
Without questioning their effegtiveness for speciel purposes
(CBCC code for use with stenderd IBM machines; Wiselogle for
correlation using punched cerds; Ven Weerden for degcimel
classificetion), the Commission in September 1952 decided
that these three systems were unsuiteble for en internationally
useful notetion a8 they feiled to provide complete setisfagtion
of moleculer structursl formules,

The two other systems (Cockburn's end G,K,D,) were
dropped for different reasons, The Newcastle system wes
deseribed es & highly developed chemicel structural short-hand
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whose symbols eand rules eppesred unlikely to provide addi-
tional useful idess., The system proposed by Gordon, Kendall
end Davison builds up moleguler structures by eiting individu-
al etoms or groups no lerger then ca,, 032 or CH, This
sccording to Commission, results in notetional representations
whose deeiphering is often laborious, The MIT meetine mlso
emphesiged the difficulties of desisning notation systems

thaet eare equally effective for both indexing mnd gearching
besed on strugturel feastures,

The Commission at this meectins decidéd that the
notation system proposed by Dyson ceme nearcst in meeting
the elewen requisites end sccepted it es 2 provisional
International notetion system. As for remeinins systems, the
commission recommended comperative testing to provide gidance
for incorporating into the Dyson System, their various
desirable festures, espeeially those of Gruber and Wiswesser's

systems .60' 9

To implement this recommendetion in the United Stetes,
the Netional Resesrch Council eppointed a committee to eonduct
precgicel tests of the aystono.3 This committee hes hed
Velter R, Kirner as its Cheirmen till 1952 when he wes succeeded
by Eugene W, Sgott, H,A,Ceer was the secretery and Alexender
Y. Moore of Mellon Institute, H,S,Nutting of Dow emnd J.V,Perry

were other members,



The tests were cerried out by over 100 chemists who
responded to & request for voluntcerl.ss The volunteers were
grouped according to geographic locations into 15 teems of
8ix or more members, One consisting of e single member wes
in New Zeslend but all of the othe s were in the United

Stetes.

Each teem wes sent three sets of 200 compounds for
encodinzg and to compare .tho Dyson system with each of the
other three systems, GCencrelly each person ¢oded 100 - 200
compounds by the Dyson system and also by one other system,
A regord was kept of the time required for coding,

The list of compounds was compiled by selegting every
tenth compound from a total of approximetely 30,000 in the
files of Chemigel-Biological Coordination Center, The entire
list was sent to the inventor of each notation system under
test for encoding the compounds by his system. Although Silk
wes uneble to devote the time required to encode the list, the
others did, end their notetions were used es standerds for

checking the work of volunteers,

The number of disegreements in the encoding processes

were over 507 for all of the codes so tested,

In the 2ni phese of the tegts, the encoded lists were

sent without ghange to other groups for deecoding. Acein,
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records were kept of time required for this, The structures
obteined on decoding were checked with the originels by the
C.B.C.C, Steff with the help of teem members,

Lo, of Disagrecments
Code Compounds srrors Percent-
disegreement
Encoding
Dyson 4371 2191 50
Cruber 2742 1780 65
Wiswesser 3465 2395 70
Degoding
Dyson 6893 1287 19
Cruber %445 612 18
Wiswesser 2967 1017 26
Silk 1623 425 26

Disagreements in the decoding operation did not exceed
26%, Thus at leest half of the notations thet were coded

incorrectly could still generete the correet structure,

This indiceted thet"e eipher need not be unique to
deseribe the structure sdequetely.” Evidently & chemists
knowledge of possible structures cen eid powerfully in
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overcoming encoding errors, The high incidence of errors
thet occurred in the test led the committee to believe thet

no cipher was reedy for immediate sdoption.

The committee 2lso pointed out thet the differcnces
in the clerity of presentation in the instruction menuesls
increesed the difficulty of compering the inherent chera-
cteristics of the codes, "Whereas the directions for using
the cipher are an integrated part of the code and directly
determine the success with which it mey be used, nevertheless,
to compere 2 code which is not adequestely deseribed with
one whigch was exgellently presented, es was the Dyson, is
extremely difficult,”

To compere the time required for encoding, the
commission had essked each temvto note the time required 4o

encode the 1st 100 compounds end then the ”nd 100 compounds

by & given system, The differcnces were striking,.

1st 100 compounds 176 180 260 160

2nd " " 65 63 125 64

Overall average 131 121 192 115
Degoding

1st 100 Compounds 55 47 60 57

2nd 100 ‘ 46 47 45 46

Oversll average 52 47 52 52




NS
I

In most ¢rses, the times for the 2nd 100 compounds
were well under helf the times for the 1st 100, The times
reouired for decoding were sppreciebly less than those
required for encoding the “nd 100 compounds,

In their comments on the ciphers, the volunteers
expressed many differences of opinion, often diametricelly
opposed, Certein defects were common to e2ll of the eiph-rs,
"or instance, the ciphering of selts, hydrates, addition
compounds, stereoisomcrs was not at thet time adequately
expleined in any of the menuals, The volunteers expressed
thet the use of & notation system may be importent in the
future, especielly in using extensive files in connegtion
with structure searching, indexing and ¢lassifigetion,

Several of the suthors have modified their codes over
the report of the N,R.C, Survey and gt leest one new system
(developed by Crene and Berry ) hes been proposed which is
reported to include the best festures of the previously

existing codes,

On the basis of the volunteer survey and the
conclusions of the NRC committee, Z.M.Crene end M.M,Berry
developed in 1954 whet they c¢all "A Composite Notation
System for Moleculer Structurel 'Fornulas".3 In presenting
their system at the Americen Chemicel Society meeting in
Cincinnati, the authors expressed the feeling thet, rether
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than to choose emong the four previous systems, it might
prove adventegeous to combine the best festures of esch
into a single system, Thus incomsidering each question
encountered, they weighed the solutions offered by eech
system for it, the sugcestions of the volunteers end the

femilier devices of conventional indexes.

The Crene-Berry system is charectorized by seversl
types of redundancy end have attempted to combine the
Dyson end Wiswesser Systems, It was the need for redundency
to which the NRC Committee celled special attention in its
report on the volunteer survey. Although this violetcs the
prineiple of conciseness which was one of the eleven
Amsterdem requisites, the committee fclt thet it would be
desirable es a meens of reducing errors to incorporete
autometic self-ghegcking features, It wes on this foundetion
thet they constructed e two-part system mede up of a
'Classificetion Code' and a 'Besic Structurel Cipher', Any
pert or all of the 'code' could be eliminated without
diminishing the specifieity of the eipher, but the suthors
felt that the code will 2dd considerebly to the usefulness
of the system for claessifiecetion purposes,

To construct the classifying code for e given ecompound,
Crene en! Berry list in order, a rins index, the degree of
seturetion, number of double bonds, functional groups, end

empiricel formulas,
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The ring index is composed of total nmumber of rings,
number of fused rings, number of hetero rings, members in
smallest ring, members in lergest ring, if eny, These
are summed up for acyclic compounds by & single gero.
Following the ring index is the 1st letter, which may be
8 ( seturated), U (unsatursted) or R (earometic). The
number of double bonds precedes the first comma, A letter
between the commas refers to one of 26 classes of functional
groups, as C (carboxylic acid), E (ester or lectone),

K (hydroxide, aslecohol or mercepten), L (phenol or the 1like),
M (emine), T (nitrous or nitroso), end U (oxide, ether or

sulphide ).a2nd so on,

The structurel cipher is set off from the code by
a period, In the c¢cipher, &s in the moleculer empiricel
formula, internetional atomic symbols are retained, but a
few speciel symbols are introduced, Among them are
E (methyl), L (methylene), J (methine), G (earbonyl),
Q (hydroxyl), perenthesis (ring), end itelic lower cese
letters (ring locents). The end to end apsroech is reteined
even for ring systems. Thus the cipher for isopropyl
aleohol is not LEJQE, but ,EJE.Q.

H,Winston Heyward in Novémber 1961 announced s "New

Sequential Enumeration end Line Formula Notetion System

for Organic (:ompoundll".‘1
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By this time, the IUPAC Comm ssion on Codification,
ciphering end punched ecard techniques had adopted the
Dyson not}-tion es & provisionsl internetional system of
notetion for orgenic compounds end a tentative dl‘aft#all
submitted to the orgenizetions adherent to the Union,
During 1959, the lerge mess of meteriel submitted by the
orgenigations adherent to the union, snd by others, wes
considered by the commission, and where desirsble, chances
were made, The finel dreft is published in 1961.50

IUPAC NOTATION,20

The symbols used for this notetion comprisc the
letters of the elphsbet, ersbic numerels, snd some of the

common merks of punctuation, They are

1) The accepted symbols far the eliuments agrecd by
IUPAC with the following exgeptions

a) Bo is used for boron singe, in this notetion

B is used in a structursl sense,

b) Ch is used for Chlorine to esvoid gonfusion
between '1' (unity) and *1' (12th letter of
the elphabet),

e) Yt is used for Yttrium, since Y is used to
denote e triple bond.

d) Q is used for (i) shered oxyren, that is, en
oxygen stom linked to two etoms @8 in =
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hydroxyl group or ether and (ii) in the
compound symbol EQ for oxygen doubly bound
in the esrbonyl group >C = 0.

2) Cepitel letters ere used ss follows -

A ~ for a satursted ring gystem e.z, A6 - eyclohexenc,

B -~ for a ring system with meximum number of non-
cumulative double bonds e.g. B6 - bengene .

Dy, L, Rend 8 - for stercochemical purposes (printed
in itelies).

=
i

for & double bond,.

M -« for s macrocyecle eiphered by assembly

notation.

0 =~ for unshered oxygen as in NO, NO,, 30, S0,,
10, 10, ete. but not for oxygem in /CO
end -~ CHO

X « a8 in CX for formic secid or efter the gipher
of & parent compound for e gerbonyl group.

Y « for s triple bond,

Z « %0 indicete hetero atoms,

3) Lower case letters are used es follows
8 - after EQ for esldchydes,
b « in e series of locents to indigete the presence

of the maximum number of non-cumuletive double
bonds in e rill@.
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cend ¢t - for cis end trons arrengemonts et e
double boné es in E° end E,, end for
configuretionsl relations in eyelic

gteregisomers,

h -~ <to degsignate an implied variesble position
hydrogen atom as in B65h8.

r - for stereochemicel reference,
x - for an unknown number,

4) Punctustion merks end other symbols are used

es Tollows -

e) The semigolon ; ~ separstes the ¢itetion of
groups atteched to the seme ¢rrbon atom o8
in c4EQ;N for 0H3CHQCHQCO.NH? and gertein
locents in assembly notetion,

b) The colon : - degregetes certein locents end
components in sssembly notetion as in
B6,:4C 36,

¢) Perenthesis ( ) -~ encloses compound

subgtituénts; repetitive components and branch

components of mssemblies,

d) The stroke / seperetes components in asssemblies,
An gssembly must contain either 2 stroke or e

colon or may contein both,
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e) - Superseript * amd ~ eigns ere used
to denote positive and negetive cherges;
double end triple cherges are written as

in M** ena M=°

f) Brackets [ ] indicete moleculer or ionic
entities and also the common difference in
arithmeticel series of locants,

2] Under}ining 1) of letters es in NC for the
isonitrile gzroup or l!? for the sliphetic diezo
group, denotes the ‘;;501Ption (without
hydrogsen) of e group of stoms emong which
velenecy reletions e¢snnot be simply
expressed, ii) of figures ( but not subseript
or superseripts) indicetes asssocietion into
numbers greeter them 9, es in 16 (= 16).

h) The hyphcn - 4is used to join non consegutive
locents as in 3.5,

5) Arabic numersls ere used

a) to indigete number (of ring stoms) i) as in
B6 -~ @ 'B' type rinz of six members, and
ii) es locants to descrive the point of
attechment of stem and substituent,

)  es subseripts, to multiply, thus, 53 ’hpliu
en agrregete of three B6 rings, ¢, /5
indicetes three ethyl groups.
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¢) as Superseripts placed to the left of an
element symbol to indicete the mass mumber
of isotopes, or placed to the rig:t, to
indicete abnormel velencies in elements of
free radigels. Thus 184 (oxygen - 18 )
N° ( bivelent nitrogen), C° (methyl redieel)

ete.

This monograph deseribes in deteil rules with exemples

for the use of this system in eese of

A eyeliec hydrocerbons

Substituted Acyelic structures

Aliphatic Heterogeneous structures.

Cerboxylic compounds with one rins,

Ring eggregotes,

Heterocyclic systems.

Assembly notetion of e¢yelic compounds,

Compounds with elements other them C, H, 0, N, S
and Helogens,

Stereoisomerism,

Abnormel valencies, sslts, isotopes, and
persubstitution,

It elso shows the mode of eciphering end deeiphering

€+8. Yor ciphering

I I

HO< > -0 giiji;>—_cH2$HCOon
b Nty
T T




The ¢erbon skeletons of the gomponents ere sepersted from
eech other end from the links, thus

@ +0+ ¢ yYy—c—c—c

Ciphering these will result in es

B6 + Q «+ 3603

The compound is e derivative of PB6C.:4Q/B6 with
verious substituents in the components, These are best
added while the compound is in fregments. Thus

S 0 ¢ H, CH:COOH
O o L

B6Q1I26  + Q + B6(3C,X1N,)1I35.

By joining these together, starting with the senior
component the e¢ipher obteined would be

36(303X1l2)11‘55 s 4Q/4B6Q1126.

Tor deeipherins, it is essential to stert et the left
end proceed to the right end to consider the significence
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of esch group of symbols in turn. Tor exemple 47 the
following notetion is to be deeiphered

A6351370'§E‘50m1? H 17/60761302

The presence of the colon end gtroke denotes thet the
gtructure is an massembly, By recomstitutine® the portion
A635137, whigh comprises three 6-membered rinjys end one
5-membered ring joined at 1.2, 7.4 and 7-8 positions
respectively, thus the. atmct&a got

The portion C3E5QI3F12 merely represents four
modifigetions in the elready deeiphered structure which
would give

CHsz
F iz
Ho &

The °nd component c,cxscz comprises a chain of
7 cerbon atoms, with a carboxyl group et *3' and a methyl



37

gt '2', It is joined et its '6' position to the other
component et its position '17' -

1
c ?Hz

-—LH . CH, , CH, , CH , CH , CH,
6 5 2 2 1

COOH

Putting these two components together, the structure
obtained would be

CHz

\

CH3
F cooH

HO CHs CHs

The rules for the errangement of e¢iphers in index form
ere elso given, The logic of the IUPAC system is to describde
the espproprieste hydrocerbon structure end to modify it
hierarchicelly when cited, This system results in the lerpger
fragments congregeting towerds the left, end meens thet
when a group of eiphers is errenged in order, the probebility
is thet, substences of similer fundementel skeletons will be
found together, This constitutes an advantage in indexing.
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The verious chemicel coding systems or the non-
conventionel chemigel notetions which have been proposed
fell into following four broad cetegoriesi-

i) Those which are unique (only one notetion is
possible for a given compound) but embiguous ( notetion
genereting more then one compound). Yor exesmple, Frear,
CECC end Wiselogle codes,

ii) Those #n which the notetions are unique end
unembiguous ( notetion generating only the original compound)

such s the Dyson, Silk, Cruber, Wiswesser, G K D codes,

1ii) Those in which notetions sre non-unique (when more
then one notetion is possible for a given compound) but are
unembiguous such es the systems of Opler and HNorton, the
U.,S.,Patent O0ffice Code ete.

iv) Those in which the notations ere non-unique but
gre embiguous such as sny fregmentetiosn or elassification
code, to the extent that their rules are incomplete,

Codes in cless (i) heve demonstreted their ussfulness
in correletion studies involvi ng structurel features,
especielly when used with punched cards, and in a limited
way in indexing end ¢lessifying, Tor exsmple, the CBCC
code hes been spplied to espproximetely 70,000 compounds to
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relate their structure to biologicel ectivity; the Tresr
Code hes been used to relete the structure to inseeticidel

efficieney in 10,000 ecompounds,

The completely specific codés in class (ii) promise to
- be useful for structure sesrching, indexing end classifying.
Tor exemple, the ¥Wiswesser notetion is being used by g

A. Addelston of the Speciel Chemiecrls lepartment of Yinthrop
Leborestories, New York, with 10,000 compounds snd in Althouse
Chemicel Compeny, at Rehding, Pennsylvenie, for 1300, The
IUPAC-Dyson notation is being tried by Chemicel Abstracts

3Jervice,

The codes in ¢less (iii) recuire fewer riles but
more compliceted mechinery. These ¢en be useful where

lerge numbers of compounds ere involved,

Coces in cless (iv) are not much evolved end are
tried only by individusl institutes heving their particuler

problems,

A very brief outline of & few more useful notetions

is followed with examples,

1) The ™wear Code (1946)70+?

This code for assigning numericsl designetions to
chemicel structures wes devised by "resr, D,E,H,, Seiferle E,7,

end King H,L. to ensble them to @) order the compounds in



40

such e way thet an individuel compound could be loceted in

e file containing several thousand other compounds with a
minimum of effort and without any possibility of error;

b) errenge the compounds, so far as possible in such a way
that related compounds would be grouped together in the file,
end ¢) make possible the gollection and stetistigel study of
data on the frequency of occurrence of all chemical groupings
eppeering in the compounds under study.

After a number of triels by the euthors with existing
classificetion end indexing systems, ineluding molecular
formules, alphabetieel errencements snd several others, it
begeme @pparent thet esch of these failed to fulfill the
recuirements mentioned sbove, Accordingly this elassificetion
systemwe- devised and was first epplied inm 1943, Sinece then
it hes been used suceessfully on epproximetaly 8000 different

chemicel compounds, both orgenic end inorgenic ones,

This classificetion is besed on "¢ode numbers" assigned
to esch chemical compound., The code number for & particuler
compound consists of one or more group numbers, depending upon
its type end complexity. These group numbers ere sssigned by
referring to e prearrenged list in which constituent chemicel
groupings ( not necesserily functionel groups ) are given
numericel designations., The groups are listed in degressing
order of complexity.
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To assign a code number to e perticuler compound, the
list of constituent groups is reed downwerd, sterting with
the most complexj eas & group present in the compound is
encountered in the list, the number is noted, end the process
continued until ell constituent groups heve been agcounted
for. Tor exemple, in ethyl elecohol, the first croup encountered
is hydroxyl, which bears the group number 581, The remeinder
of the compound, the two cerbon chein, is farther down the

list end beers number 1051. There fore
GHBCH2OH = 581 « 1011

Similerly, the following compounds are sssigned code
numbers, as indicated:
(dotted lines sepearste the constituent groups)

1
1) ¥  CHyCH,CH, § N, = 671-1003
1003 671

'
!
924 56
In the second exemple, the sulphonemide group - SO?NH?,

is numbered 56, while - S0, - and - an individuaelly bear
higher numbers 264 and 671 respectively, so that the more cm"Ph*(§"
is coded eas a unit and not split into smaller perts,
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The common inorgenic anions end ¢cetions sre coded in
the seme way so thet e sirple inorgenic selt will have two

group numbers,

This very simple code has been reported to heve
severel adventeges, The procedure may be learned easily
by snyone with a2 minimum of chemicel knowledge. The code
numbers may be used on either hend-sorted or meschine-sorted

punched cexrds,

However, with & short list of constituent groups, it
is obviously not possible to meke provision for all possible

combinations,

2 MWLWM
i or National RMeseerch Couneil Code 1950 P 93144% 454,81
During the wer it wes necessary to cerry out larpge-

sgele test progrems to find efficient insecticides, insect
repellents, rodenticides, fungicides, antimeleriasl compounds,
chemicel warfare toxicents, and other spplicetinns of chemical
compounds, The only possible method wes e general sercening
progrem to test sveilable compounds for each type of action,
In order to carry out correlation studies of chemical
structures with biological properties, a system of classifying
end inspecting chemicel compounds .as required, Existing
systems of indexing compounds - the alphsbetical nomencleture
system or the empirickl formule classificetion were not
suitable for the purpose, It wes found thet though the
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position - by structure -, yet ¢lovely related compounds
heving slight verimtion in substituent groups often peeurred
in widely separested locetions,

Becouse of the lerge number of chemicel compounds
involved snd the neture of the informetion desired, the

fundementel requirements set up were:

1) +the code should be specificelly designed for mechine

sorted punched cerd use, and

2) 4t should indicete corstituent groups in the
compounds, The Chemicel Codificetion Subcommittee of the
li,,C, decided to adept the code devised by Treer end

essocistes ( desgribed eerlier).

The besie principles of the Treer code ere reteined
in this code., The code number for 2 riven compound is mede
up of e series of four-digit group numbers, eech representing
e specific structure in the moleculec, The first cherscter
in the group number designetes the femily to which the
structure belongs, i,e, whether it conteins, for exemple,
1) eerbon, hydrogen, nitrogen, oxy~en, end sulphur or ?) eerbon,
hydrogen, nitrogen end oxysen, or *) earbon hydrogen end
nitrogen in orgenic group. The 2nd end *rd digits in the
group number identify the perticular chemicel structure end
the 4th digit denotes the number of times, the group oceurs in

the compound or ion,
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The femilies are clessified in four mein divisions-
orgenic rroups, orgenoheteroid groups, inorgeniec rroups and
indetorminete structures, In the orgenic division, the fami-
lies ere arranged according to the number of differemt elements
present in the groups within the femily. Only eerbon, hydro-
wen, nitrogen, oxygen, sulphur snd helosen ere ¢lessified in
this group. All other elements attached diregtly to carbon

ere congidered orgenoheteroid elements,

The degree of hrenching in noneyelic structures is not
considered, but only the totel number of gerbon egtoms linked
directly together end the ¢orbon to earbon unseturstion e,g.

1) CH3 OH? Cﬂé GH? CHQOHP CH3 = $6 I.1
2) CH3 Cl: . ?32 - CIH5 = 78I
CH3 7H2
a,
3) OH3 CH, CH = 0“052 CH,, CK3 = g6H ., 1

In bresking down compounds into seperste groups for coding,
the groups ere ordinerlly sepereted st the point of attechment

t0 & grrbon atom.

02H5

789.1

QH = 38)4.1 - ¢89.1
H8M, 1

- - . e -
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In the orgenoheteroid division, the elements are
classified according to their combining power, defined es
the number of elegtrons which the etom in question furnishes

for sherin- or transfer(s) +to other stoms e.g.

( CgHg)y | 48

NIR,3 PIL.1

In ionic inorganiec compounds sinple combimations of two
¢lements are coded by tv& £roup numbers, one indiceting the
element end its oxidation stete present in the cetion, snother
for the enion, In more complex structures one or more atoms
in esch portion is considered ecentrel end the other stom or
atoms coordinated to it, Yor exemple, sulphur in 30;2 is
ThJ .1, The oxygen etoms in 30;2 are coded es U6%,4, Thus, *he
combinetion of two group numoers THJ,1 - U6%,4, chereeterising

the 50;‘ O,

The system does not distinguish between position and
stercoisomers. It is slso true thet the code designations
are not unique end ocecesionally two compounds having dissimiler
structures will have the seme code numbers. Over 60,000

compounds have been coded by this system et the genter,

3) The Wiselorle Code. 1946 '°

It hes been aslreedy deseribed in Chepter II, Pe22.
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4) The Dyson Notation (1946) 1224

This is first notation system developed for e substitute
for nomeng¢lature, sccepted with modificetions ss Internstionsl
System of Chemical notetion,

The system uses the upper and lower cese letters of
the elphebet, arebic numerels 0 - 9 in ordinary end subseript
forms, ©, = and simple punctuation marks ineluding perenth:ses

end squere brackets,

The notetion is considered under the following hesds

Satureted acyclie hydrogerbons,

Unsetureted asyclic hydroesrbons,

Cyelic compounds,

Fused rings.,

Ring egeregetes,

Heterogyelic compounds,

Any of the above with eddition of functional

croups,

Saturated Acvelic Hydrogerbong

A straight chain hydrogcerbon is sirni‘ied by C followed
by a subseript numeral indieatins the number of cerbon atoms
involved, as in 02 for ethene, c4, butene, and 010 degeane,
The longest ghein is cited first, snd the side chains in turn,
commencing with the largest 033.



cfy  CHyOR
1 20 3 45 6 7
GH"? .Qﬂa z.cﬂz 0“2 0!, = 07003"002’40022.2
)
éﬂ, HyCH,CH,,
This shows propyl, ethyl end methyl side cheinas, The verious
portions of the eipher, 'opereations' sre separsted by full

stops, es in

C7. 03.4 . 02 . 4 . 0)2,2

The numerieel su seript indiestes the number of stoms in
streight chein assoecistion, the normel fisures, after the
commes et the end of esch operation, are locants ond serve
to locate the position of the side cheins e.g. '4' and

‘
.:. 2 .

The prineiple of longest chain is cerried to side
¢hein es in ’

15 16 18

CHBCH .083

c
w9 la 76 ls4 3 2 1

CHy CH, CH , CHy CH, ., C , CH, CH, CH, CH,
1 £1213 14

CHS H 0820H3
c1°o°4’ 5’120 03’ 8-16. 0'5

The hypheneted locents '5-12' gnd '8-16' indigcete the points
ofbat{t'achmnt. Bvery structure ¢ited by the notetion is sssumcd
to e full

/\saturatzd unless otherwise spegcified pnd henece no sccount is

taken of hydrogen atoms in eitetions.



Unsetureted Aevelic Hydrocerbons

The presence of unsaturstion is signified by 'S' for

e double bond or 'dl' for e triple bond,

aX

The '3' following

the 'E' is termed 23 2 modulent, Thus
Sthylene 62.8
Butane - 2 Cyoly2
Butediene CyeBy1,3
Acetylene Coeliy
Butyn - 2 04.83.2

The moduleted forms £1 end E2 are used to delineste

the e¢is end errengements et the double bond,

¢is
1 2
CHy CH, .

6 5

CHB CH,

4

3
¢ .

|

an

c. cﬂ.5

CgeCo39ds B 1,3

Cyelic Compouunds

trens

1 2 3

CH, CH, . C . OH,
4 5

CH3. g. 032 CH3

Cge C344.582,3.

Rings are ciphered @s A - satureted end B - arometic.

AS

A6
B6
Bs

cyclopentane
cyclohexane
bengene
eyclooctatetrene,
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Any edjustment of hydrogen is mede, either by esdding en
operation in H to the B ring, or by adding sn E operation
to en A ring, Vhere the ssme compounds would result from
either en A or B ring, the choice of method is governed by
the number of lo: ents produced, the method givine the fewer
being chosen, Thus AG,E is selegted for evelohexene and
not B6,H, 1,7,3,4 where either method prives the seme

number of locents, B is selegted, Thus

26 c¢yclohexene

A6,E c¢yclohexene

A8 cyclooctane

A8,E eyelooctane
A8.5,1,3 cyclooctadiene
B3.H,1,2 eyclooctatriene
B8 cyclooctatetrene,

~used rings

These are delinested from A or B sccording es they
ere setursted or erometic, the number and size of the
individuel members of the network are steted, followed by o
series of lo-ents which indicote the mode of attechment. Thus:

Be, 663,1,3 AC,5,1,4

The rings ore eited in degresaing order of sisze,
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Ring sroregates

Agerepetes of similer rings ere ciphered with @ es:

26,9, diphenyl
E6, 93 terphenyl
136.04 tetraphenyl
36.95 pentaphenyl

The locents after © Dbecome necessary es there are
seversl ways in which more then two benzene rings cen be

couple d.

Ageregetes of dissimiler rings are ciphered by tresting
esch ring ss & separste component in squere breckets, e.g.

A6.[A6y.4] . [A65.7], 4

The senior of two components is alweys cited first,

When similer groups ere joined through e cerbon atom,
it is included efter ©. However when dissimiler rings ere
joined through a ¢arbon, the letter is held to be essocisted
with the senior ring e.g.
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O,

o,

SORRY

B6, o Cyd . [ 367, 11

Heterocvelic compounds

The internetionel symbols ere used for eloments other
than c¢erbon end hydrogen except thet '0' is used for oxysen
to evoid confusion with zero., The heternatoms are shown by

'2' preceding the symbol for the atom, Thus:

sHvo IS

15.2Q A5, 2N B6, 2N A6.2Q,1,4

ITunctionel groups

)
The use of 'Q' to denote oxyren leeds to O for hydroxyl,

&2Q for eerbonyl, whilst X 49 used for cerbonyl as:



CH,CH,,0H - €2.Q
CH ,CH,,CHO - €3.8Q
CHyCOOH . c2.X
CH4COCH = ©3.28Q

The notetion of all aleohols, glycols, sldehydes,
ketones, acids would be meccording to the above rule, Ethers
gnd esters ere ciphered from the side conteining the lerger
hydrocerbon residue thus -

CH,CH,0CH,CH; =  ©2.0[C2)
CHyCH,CO0CHg =  €3.X7C?)

CH,CO0C, ., = €3.[%XC2)

Yhen san ester is ciphered from the seid side, X is cited
outside the scuere bracket, when from the aleohol side, X is
included within the brecket, thus distinguishing the two

modes of treatment,

The following modulsted forms of N are used for

different nitrogenous compounds.

N - Amino - HH,
N5 « Pentavelent nitrogen
N¢ -~ DNitroso - NO
N2 « HNitro - 302
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N3 ~ Azido - '3

N4 - ggo - N - N -

Né - Alidiezo nitrecen,

These symbols ere cited in the order set down es mbove,
but efter operations in X end Q, Where both oxygen end
nitrogen ere present in the seme symbol as ENQ for the oxime
grouping = N,OH; BC § N for the scid emide, etec, such
symbols ere ¢ited efter X, sand Q but before N, The sulphur
enalogues of Q snd EQ ere S snd 8S; the various thio seids ere
ciphered in terms of the composite symbols Q 3 B3, 8Q : 8
end 3 § B8, 8,2 and 83 ere the - 30, -~ and 8035 Froups
respeciively, as in sulphones snd mulphonic aeids, The S
citatiom follow those of Q end precede those of N, Hologens
are denoted by their usual symbols: I, Br, C1 and T and sre

cited in this order efter the nitrogenous substitente e.g.

CH’NHQ - Methylemine - C,N.

0634(0H)N0 - p - nitrosophenol - B§,Q.N1,4

C . H_N(C Br - Trimethyl - B6.05TCY.[B
[ 6H5 ( %)3] phon;;nznonim [ ]3[ "]
bromide

3 ecetic meid 2:%L T3

NC_H,S80 - Sulphenilae~ « B6,52H,N,4
o e Ty T4 !

The following order of citetion is slways used

1. Rings
?2. Heterosotoms



N
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e Cheins
4, Adjustments of H { unseturation,
5. Tunctionsl groups.

The monogreph gives deteiled expositien of rules for
the delineation of 2ll possible structures,

Dyson hes ¢leimed thet both the ciphers end the
releted enumerstion pattens are unious end unembipuous; no
structure ¢en heve more then one ¢ipher; no cipher cen refer
to more then one compound, This meens thet the giphers cen
be used es 2 meens of reference to structures entirely unambi-
guously end indep.ndently of existing nomenclstures. The
giphers cen be indexed readily and have e powerful classifying
effeet when arrenged in list form, which will be evident from
eppendix,

1

He elso eleims®! thet this motstion fulfills the

desidersta set out by IUPAC's commission,

1) It is essy to lerrn end simple to use, so thet both
coding end degoding become sutometie for the simpler instances.
The user soon begins to think in terms of cz.x for acetic
ecid} 35.32 for nitobenzene, B6,ZN for pyridime ete, This
ease of use extends to indexing singe the eiphers are emenable

to alphebeticel errsngement,

2) The notetion is concise, elways shorter than the
systemetic neme end often shorter then the trivial neme. Thus



Cts ‘)/CH;
>c 1y 1=Dimethyl-3-( 32 -metho
propen (3)yl) cyclohexen-4
l (Beilstein)
7 CH
A6.03.0,3.3.8.8.5.7

3) The principle of using seperste operetions for each
structural features end of citing these in a spegific order
has the e ffeet of produging recognizeble sequences such as
AS.CB, 1-8,C,4 in the terpene femily for the femilier
hexshydro-p-gcymene structure,

4) Use of the sccepted symbole for heteroids snd of the
subseript numersls for enumerstion of quentity mekes the
syctem quite gompetible with inorganic conventions, Thus a
compound in which four molecules of triethylersine combines
with two of cuprdus iodide g¢ennot be logicelly portrayed as
2 velence structure, but resdily be c¢cetalogued ss

{As.[c.‘,], } . {%14 ,

The composition is immedietely spparent end the structure would
fell sutometically into the arsenic section of the index,



Seb ) The eiphers are unique end generate unicue

enumeration patterns,

7) The notetion hes been designed with the possibility
of applicetions of punched gerd tedhnicues in mind. It is to
be noted thet the recognizebility associeted with eiphers
built in the notation is cerried over into punched g¢erds,
end the machines ¢sn be adopted to seerch for such sssocia-

tions es mey be desired,

8) The verious essocistions which may interest the chemist
ere set in the notetion with each operation, All the associe-
tions could be seerched for opticelly or mecheniecelly. It is
possible to seerch for certesin combinetions of essociations,
which is not normally fessible.

phadi

9) It is essentisl thet a notation heve ssproper meens
of indexing end deseribing substanges in which the structure
is not fully revesled e.g, o nitro-ethyl-enthrecene in which
the position of either or both substituents is unknown, These
possibilities ere deslt with thus:

B6,,144.0,,7.82, 7

37
“3.1.4.02. ? 0‘2’ 3

u3'1.4002’ ? . '2' ?

10) The system is independent of lengusge since it is
presumed thet ell seientific workers in the chemicel field
mey be expected to be familier with the English and CGreek
alphebets and Arebiec numersls, |
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Moreover the suthor says thet the ¢ipher cen be used
to generste e universel and unembiguous nomengleture. In fact,
the ecipher ¢sn be regarded es the abbreviated written form of
en exactly perallel expanded form which e¢an be printed or
syoken in exectly the seme wey as existidng nomencleture, with
the enormously enhenced velue which the eipher confers upon
it. As e sirplest exemple, the connotation of 04 02, 03 sesee
sesese c,o etc.s the methene, ethene, propene ..... degene ete.

ere preserved intsot,

5) 841k motation 1951,5466
“A Lineer Notetion for Orgenic Compounds" wses first
four letters of the elphabet to eipher the fundementel cheins
end ring systems of orgenic molecules end these sre referred
to es baesic symbols.,

A ~ An sliphatic cerbon stop, together with the
sppropriete number of h,dm_nn..

B - Sirple (unfused) benzene ring,

€ - Gonerel symbol for & eyelic structure. The number
following it gives the number of rings in the
structure. Ring systems are understood to contein
the meximum number of noncumulative double bonds and
rincs to be six-membered in the absence of other
informetion,
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D « Individual heteroeyclic rings in a ring
system, The number following it showe= the
pige of rings end it is followed by the
symbols for each of the hetero atoms,

A, C, D and eplso H, are the mein letter symbols for
which numbers immedietely following serve es multipliers,
Multiplicetion of most other single letter symbols is shown
by repeeting the symbol., These letters are chosen for the
giventege for indexing end classifigetion for these basiec

structures,

) doulile bond is denoted by E end a triple by EE. The
symbol H is used in those situetions where hydrogen atoms
require to be specified, nemely, on ring systems, snd with
elements other then oxygen, nitrogen snd sulphur.

The rules for ciphering brenched carbon cheins such es
1) the locents for substituents precede the symbols to
which they refer, snd multipliers follow the symbols,

2) In e series of locents no punctustion is used between
numbers upto nine, but every two-digit number,
including e single one, is preceded by s comma,

%) Enumeration is determined by considering the atteched
substituents, one st a time, in order of seniority,
end spssigning esch the lowest aveilsble loceant until
the enumeretion has been uniquely determined,
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Stops ere used to seperste parts of the eipher
end bresk it up into more resdily recognizable
portions,

functional groups are denoted as follows:

- for « 0 - 4i.,e, divelent oxygen linking two
other atoms, one of which may be hydrogen.
This hydrogen is implicit, so thet AQ denotes
methenol,

-~ denotes = 0, or— 0, i.e, divalent oxygen
Joined to only one other atom, so thet formale
dehyde is ciphered AO or it demotes oxygen in a
higher velency stete,

- denotes - 8 « i,e, divelent sulphur joined to
two other etoms, methene thiol is diphered es AT,

~ denotes = 8, or— 8 i,e, divelenm sulphur joined
to only one other atom, or sudphur in higher
veleney state,

-~ denotes smino-type nitrogen end is used to eipher
nitrogen in all groups releted to NH,, MQOH, BH?SH
end NH,NH, (out never « N = N - )

- represents nitrogen in all other circumstances.
- Tluorine satom

- Iodine stom
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K -~ Bromine stom
L - Chlorine atom,
P « Phoaphorus stom,

Multiplicetion of single atoms in functions is shown
by repeating the symood, thus peroxide is written ms QQ, @
disulphide es TT ete, The nitro group is written NOO end
not NO,, beceuse 0 is terminel, Similerly, a sulphome is
$00, end e sulphonemide is SOOM. The eerbonyl group is
denoted by AQQ,

The enumeration in ring systems starts in the most
gentrel ring of & system, regerdless of its sige and procecds
throughout in one direetion, clockwise or amiclockwise, It
proceeds in the msnner which sives the lowest total of fusion

point loecents,

The rules for anelysis of structures and the seniority
principles sre given exheustively.

6) w”-“’

In this system aliphatic compounds are coded by
numbers indiceting the number of cerbon atoms in the chain,
plus designations for the attached groups { 1 - dodecanol
for exemple, is C12,0H, The symbol Z is used to denote an
interrupted gerbon chain or hetero structure,
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To code the compound
cn,coua «CH - ((m.‘,)8 - OH’
' .

Ohy
Cruber uses the symbols 213[C2(=0)NC10,4C). The figure 13
refers to the totsl number of carbvon atoms, the oxygen in
the acetyl g roup is enclosed in paeremtheses to indicete its
position es e substituemt group., The methyl proup is loceted
by the designation 4C,

Cruber indicates & bengene ring by 6], so that the

compound cuz

N (Cis),

OCOCHz

is coded es 6)C.222[ H(C)C)425[0(0=)C2], the dimethylemino
atructure being represented es z2[l(0)0j. The scetete group
is coded es 83[0(0-)021. The sroups of gymbols are preceded by
2 end 4 respeetively, indiceting attachment to the benzeme ring
in these positions,

In the triel coding tests cond@ieted by tho N.R.Cz.16
it was noted that the order of ecitetion is frequently not
cleer including the functional groups end rings, end the
enumeration of rings other then the parent rine is often
difficult,



More recently Cruber hes contributed a number of
suggestions to the Wiswesser system and these have been
incorporeted into the latter, As far as is known, this system
hes not been used to any dextent.

7) EAswesser notetion 1950. 111007

First proposed in 1950, to deseribe complex ring
gtructures in e simple yet logicel manner, 2nd to celculete
hydrocerbon isomers in ﬁna of femilier methematicel series.
In 1945, ",D.Rossini and his mssocistes published a report
showing thet hydrocerbon properties could be esloulated
precisely only in terms of the primary, secondary, ternery
end quaternary carbon stom components, These sand other
properly correlations with strugture convingced Wiswesser thet
the basicslly significent hydrogarbon seogments sre not the
'cerbon skeleton' abatractions of the Ceneva nomenglature but
the pictorielly obvious elkyl) cheins snd bronched carbdbon atoms
of the much older 'line formule' notation, Thus he solved the
isomer celeculating problem in 1955 through this nsturel
'branch group' enelysis of structuves,

This system of notetion has been systematized by
1) extendbg the longest chein deseriptive technique to cyecliec
systems, of sll degrees of complexity end 2) by sup-lementing
the customary atomic symbols with e few new gsymbols in order
to retein the versetility snd grephiesl direetness of the
method, Tunctional groups are emphssiszed with distioctive
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gingle letter symbols to facilitate visuel and mechenicel
scanning., The following exemples show how Q is used to denote

the Oﬂ-mup,Zthohm?-group,Vtho Keto - CO - group,
N the - NH group and R the benzene ring,

Argbic numerals are reserved to denote the n-alkyl
groups end unsubstituted slkylidene segments es show,

Iypigel Orgenie Structure Hotations

Heme Idne Tormula Hotation
Acetenilide Oﬂs-CD.HH,-OSHS 1VMR
Ethyl vinyl ether 02ﬂ5 - G,~ CHS CH, 20131
Ethyl serylate czns -0 - co.cn:cnz 20V
Tluorobenzene F - CgHg ¥R
Acrylonitrile NC - CH : CH, NC1:1
Allyl eynnate NCO - 0820!1101!2 N002:1
Cinnemeldehyde 0:CH CHICH - C6l-l5 0:2:1R
Diethylene glycol OH-QH444234-0H Q202¢Q
Diezoagetic seid  OH-CO,CHINN QVICRN
Disgoeminobengzene cslg-d:li - un-c.‘,as RNSNMR
Phenyl isothiogcyenate SCN - 0685 SCNR
Biurea NH,_,-CO o NH-NHCO , m2 ZVMMVZ

Hydrogen atoms joined to etoms other than C, N and 0
in open chein segments are indicated with the eppropriate
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number of H letters (avoiding subseripts) but cited imme-
dietely efter the adjoining symbol, Thus hydrogen sulphide
is denoted ee SHH end arsine AsHHEH,

Only eleven new letter symbols are used to denote
commonly engountered atoms or functionsl moups.

6 « denotes ghlorine

E « denotes bromine,

# - denotes 0, group joined to & third ptom as
in N0, or 50, sroup.

- denotes Y forked C(H) group,

- denotes querternary C gtoms

- denotes §* atoms,

hydroxyl group.

- NH, zPoup.

- NH group

- G0 growp

- bengene,

oo OMN OO ™M M g
!

The cheracteristic festure of this notation is thet
the atomic gymbols are cited "end to end"™ in & pictorislly
direet conmeeoting order. This prectice follows the oldest
structure delinesting tredition end eliminstes much unnecessery
enumersting labour,

Another chsragteristic festure ias thet all otherwise
equel seqances of symbols, ere resolved through their
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self-evident alphebetie order, Preference is n'iyo given
to the highest renking sequence of open chain symbols, in
order to preserve the tra¥ditionel emphesis on terminal
functions rather then the cerbon chein symbols,

Punctustion merks show modes of connection or disconne-
ction, such ss the brench~terminatirg period merk. Thus
butyl ethyl propyl methane is 4Y3,2

Colon . denotes g single unseturstion in the femiliar

menner of use,

Double Colon :: - denotes the doubly unsatursted escetylenic
1ink with quentum-mechanicel sccuracy s & double
double bond. Thus ethylenec is 1.1 end acetylene
is 1331

Lower cese letters ere used in a distinetive menner
to locete relative rins positions, The first two, a- end b-
positions are not specified when the corresponding atomic
group symbols ere next to the benszene ring symbol, Thus the
ortho-phenylene connective is denoted sas - R -, the mete
es - Re -, end the pere #s - Rd = , Thus aspirin is QVROVI
resorcinol is QReQ, end benzidine is ZRARAZ,

Numerals hsve been used to denote the number of atoms
in a given ring. These are enclosed in parentheses with the
other heteroetomic or heterocyelic symbols that are a part of
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the ring deseription., The ring numersls ere punctusted with
2 stroke mark if the ring is setursted or "nonesrometik”., Thus
( 3/ ) is eyclopropene end ( 6/ ) is eyclohexene, (5/M) is
pyrrolidine end (6/M) is piperidine, Heterocyclic numerels
ere punctueted with @ period merk if the ring is dehydro-
genated to the eromatic limit, thus (5.0) is furene, (5.5) is
thiophene, end (6,N) is pyridine,

Withtn the ring perentheses, 2ll othorwise equel delinea-
tions ere resolved by ecléctug the sequence that gives the
lowest possible meesure of every kind - lowest set of hetero-
gyclic symbols, lowest set of locants, and the like. Thus
pyragole is (5.,MN) end thiazole is (5.NeS). The ring branches
ere cited in simple slphabetic order of their locents., Thus
proline is (5/M)bVQ end niscin is (6.N)eVQ,

Bieyclic systems ere pictured through the use of prime
merks that are inserted between the ring numersls to show the
atomic bridges, No saturation stroke is necessery with prime
merks, Thus norpinene is (4'6) end quenuclidine is (§ "6/eN),
The stroke merk is edded to show seturstion in unbridged
systems, s with (6 6/ ) for decelin emd (66/ ) for tetrelin,

It hes been claimed by the author of the system that the
gystem cen be very effigiently used,
1) to meke lueid two-dimensionel structure diegrams with
printeble symbols,
2) to prepere long listings of the gorresponding delince
tions with ease.
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33 to correlate physicsl, chemical and biological
properties with structures,

4) to sort end list such informetion with stenderd
tabulating mechinery or with the new IBM scanning
mechinery,

The rcviuoun of the system done by £,G,5mith hes
grown out of the precticel experiences of chemists who have bern
using this notetion in a veriety of operating and experimentel
systems for the retriecvel of chemicel structure information,
The Chemical Notation Association formed out of the sbove
chemists now governs the rules of this notation system,

This 1|onograpk73 presents the Stenderd Notetion Rules
which heve been tested snd approved by the Associetion which
cover the greet bulk of orgenic compounds, It also dseribes
certein tentetive and proposed procedures thet ere still being
tested for denotmg such structure types es cheletes and
inorgenigs, end for denoting speeiel problems such as
stereoisomerism, uncerteinties, Merkush structures, mixtures
end the like,

%) Gode of Gorden, Kendsll and Devison 1348 >'+>T+'6
The besic conecept of this code is the chemical species,

which is defined gs "e set of stoms individuslly given, given
peirs of these stoms being linked together by directed bonds,

The net charge of the set and of any diserete ion eonteined in
it must be specified,"” Thus no distinetion is made between the
verious types of chemicel bonds.
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Commonly used chemicel symbols sre used for the eleme nts,
with the following additions:

1) CH3, 032 end CH ere represented by letters J, L end M
respectively.

2) X i9 used to indicete ring closure,

%) E end G indigete negetive or positive net cherges.

4) Isotopes ere indicated by the 1tter T,

5) Repesting (polymerie¢) units are indicsted by Q.

6) Stryctures designeted for purposes of classificetion
ere indicated by R,

7) Diserete portions of the molegule are aepareted by
oblique / .

In trensleting chemigel structure to the eipher, the
symbcls ere listed in sequence as the elements oecur in the
compound, Rules for the seniovity of symbols are steted so
thet every one will beging the eipher at the seme point, To
the symbols representing the elements ere added supcrseript
numbers indiceting their coordinetion numbers. Branching in
corbon cheins is indiceted as |

-/”/OH’ 1oa3 .1
CHy CH, CH ~ = JIM’J'2
CH,
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Ring compounds are ciphered using the symbol X to
indicete the point of closure, e.g,

CHsz
|
CH
s = JM15x
"lc CHy
CHy

methyl eyclohexane.,

lonic compounds are eiphered using the eppropriete
symbols E end G, TYor exemple

NeCl = EC1%/cNe®
BaBr, = G5Pr%/2/GoBe®
(0HyC00) 00 = 50'c%0's"/2/620a°

The seniority rule also determines the order of indexing,
The prineiple is thet of the diectionary, except that the
ciphering seniority of successive symbols is used rather then
alphebeticsl seniority. The repetition figures sré trested
es symbols in their own right, being junior to other symbols,
Tor exemple 2ll L2 ,..'s ewindexed after all single Leseo-'s,

The system is feirly essy to lesrn snd 2 chemist could be
treined in its use in about en hour es is claimed by the authors.
This system ¢en be sdepted readily to computers, for the
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presence or sbsence of any structurelly defined chemicel
group, Such e group is defined in terms of atoms end bonds,
with provigion for slternstives end veryins degrecs of

sp ecificity., It is estimeted thet searches could be carried
out with 1004 effidiency end no redundeney.

9) Qeler and Nort@n Svsten 1957.° '+

The besis of this coding system is actually one used for
encoding metworks, Chemical compounds are regerded as networks
o’ chemigsl g¥oups., Using intuition end experienge, a judicious
selection of 332 structural elements ore sssigned arbitrary
three~digit numbers, The mode of ettachment of these groups
one to enother is indiceted by three additional digits, end a
geventh digit serves to number the group., No speciel order
of listing the groups is necesseary,

Tor coding 2-ghloro-4-isopropyl bensoic eeid, the
compound is divided into four groupm es followse:

1) ©Bengzene ring

2) Chloro ( - C1)

3) Aeid ( - COOH)

4) Propyl ( - CgHy )
The three digit numbers mssigned t o these groups are entered
es 3rd, 4th snd 5th digits in the seven digit unit es follows -

- -d 2 8 o o bengene
- - 2 & 1 . O chloro
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- -a 2 4 . ecid
- - 20 3 O o propyl

Then the groups ere numbered sequentielly, starting with
eny group, (digit 7).

- - 4 2 & . 1  benszene
- - 2 8 1 _ 2 ehloro
- - 420 4 . 3 eeid
--29 2 . 4 propyl

Tor esch group, the number of previous group to which it is
ettached is listed, Bengene, heving group 1 in this cese hes
no number under this step, The previous grouwp to which chloro
is attached is benzene group 1, This digit is placed in the
6th position,

- -1 2 & . 1 |Denzene
- -2 £ 1 1 2 chlore
- - 2 2 4 13 ecid
--2020232 14 prooy

The position in esch group by whigh it is atteched to the
previous group is given in the 2nd position. Chloro and seid
croups ere attaghed to the benzene ot its 1 position to benzene
end the propyl group is atteched to at its 2 position, snd the
1st digit indicates the position in the previous group to which
the group being coded is etteched, Tor exemple, chloro is
atteched to the 2 position on the benzene ring,



- =128 o1 yongene
2106112 ehloro
1120413 ecid

4 2020232114 propyl

The completed code for “-gchloro-4-isopropyl bengoic ecid
begomes

/ ==106=1/2106112/1130413/4200314/

Tew conventions ere followed, such es the use of the
numeral 9 in the 18t position of the seven digit code number
to indicete indeterminete structures; bridged, spiro and fused
compounds are identified with e two-digit (instes’ of e nomsl
three~digit) number in the 4th end S5th positions. This number
begins vith 7, so thet the numerel 7 occurring in the 4th
position sutomatieelly indicates this type of structure, Stereo-
end opticel isomers sre indigcated by numbers between 900 and
999.

The sdventages cleimed for this system eare its sirpli-
¢ity end adeptability to high speed computing machines, It is
reported thet coding compounds of eversge complexity fequired
less then ? minutes per compound, Once the ecompounds have
been coded - reduced to their digital equivelents - and key
punched on cards, they ere ready for storsge end search by a
high speed computer, The degigners of the system have
prepared a menuel for programming fi- computers for the



use with this system, which includes a list of cherscteristiecs
e8 well as detailed directions for eerrying out the sear hing

operations,

Other systems developed by particular group for e
perticular problem include Zetopleg System devised by M
Mooers;>' The Nodal Index for brench structures developed
by H.I’.I.uhu;31 Coding on the basis of the atomic m-bu'.1
Code for cerbohydrste durintivu,‘e snd so on,
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The lerge number of chemicel compounds now known, mekes
it imperetive thet eny chemicel notation system be adeptabdble
to mechenicel menipuletion, Punched errds offer e reedy
meens of sorting, clessifyins ond correleting large numbers
of individuel pieces of deta, E£leetronic seerching end eesleu-
lating mechines have been developed for the purpose of ecomputing
end correlating mess of dete, These complex mechines, when
supplied with suitaeble 1nforpation cen comp rre structurel units

end determine relationships between such units in molecules.

The present trend seems to be towerds the development
of specific coding systems for particuler applicetions, The
choice of the code to be used depends on whether the purpose
is indexing, clessifying, correleting or structure scarching,
It elso depends on the aveilability of mechanicsl equipment,

such ss punched e¢srd sorters, digitel computers ete,

"Eeee of manipuletion by mechine methods e,g, punched
cerds” wes one of the eleven recquisites of the desiderste set
up by the Commission of IUPAC in 1946, With the advent of
computers the new systems coming up sre being desi~ned to be
used by the computers for indexing,clessifyins or correlating
the structures, The 0ld systems are beins remodelled to suit
the recent trend of mechenizetion,

In reviewins the potemtislities of organic eiphering
systems with respeet to indexing end related topiecs 7,
R:I.t:htox'63 sayst-



'The comprehensive ond unique ciphering systems of the
type et present under review in different countrics seem to
open up interesting possibilities in the field of literature
seerching, Mejor epplicetions sugrestins themselves sre
1) replecement of officiel nomencleture in indexes, 2) suto-
metic generstion of en erranvement approsching to some extent
e system of orgenic chemistry, and %) sorting of chemicel
structures ss to deteils of speeisl interest.”

Recent development of the notetion systems enlishten the
above epplications, mostly with the help of computers.

As eerly as 1942-45, Frederich Y, Wiselogle devised
"A New System for the Clessifiertion of Co pﬂmdl"Q which wes
used for correleting the esgtivities with the enmtimeleriels by
using punched ¢erds,

Further Arendell V.H? degigned 2 % symbol code besed on
the Viselogle clessifieetion for phermeceu*icel chemicels., The
functionsl units present in the compounds ere deseribed in
deseending order of importence, The % symbol code consists of
divisgion, ecless snd deseriptor. The 1st symbol conaisted
simply of chemicrl symbol for the stom of prineipnl importence.
The “nd symbol wes s number clessing the functionsl unit in

one of six weys, in descendinz order of importance,
6 - as a heterostom in an erometic ring.

5 « 88 a heteroatom in & pseudoorometic or five

membered ring,
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4 « g8 a functionel unit ettached to sn arometic
ring.,

3 - es a functionsl unit attached to 2 pseudoaromatic
ring.

2 « @8 a functional unit ettached to an eliphstic
chain.

1 « as en inorgenic functional unit,

The third symbol wes a “nd number designating one of the
functional unit deseriptors selected from & list provided for

each cless,

Moreover Geer H,A, et gl. " hed tried to use the
Wiselogle classificetion system with computer,

The ¢ - K - D eiphers of Gorden, Kendall and Davison
hed designed their system for eerly versions of computers,
Su'sequently Davison W, H,T., reported on "Progrems end Enuip-
ment for sorting G-K-D punched errds for any structurally

defined mup".16

He geve prosrsms end schemetic designs
for e special purpose electronic structurel computer, which
would sort e peeck of cerds, punched with C-K-D eciphers only,
for the presence or absence of eny structurelly defined
chemicel group, Such & group is defined in terms of atoms snd
bonds, with provision for slternatives end varying degrecs of
specificity, The statisticel snslysis of the probrdble numdber

of provisionsl sssignments in the course of s sesrch enebles
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to show thet searches could be gerried out with 100 ¥
efficiency end no redundency.

The “reer Code - H.R,C, -~ CBCC -~ Code was glso désigmed
with the use of machine sorted punched c¢rrd with one ¢ard for
eech compound, The ¢eord heving 80 columns is divided into
5 sections -~ serial number, empiricel formmuls, structure,
relevent physicsl properties and biologicel dete, In order
to select pll emino sulfonemide compounds, the empiricel
formule section cen be sorted to select ell compounds contein-

ing two or more nitrosen stoms end one or more sulphur stoms,

John A.S4lk hed responded to the IUPAC Commission's
invitetion with his "New System of Organic Notetion" in 1951,
After e decnde, he published gsdditionesl deteils end improve-

66 The

ments in his "Linear Hotetion for Orgenic Compounds”,
Dyson system develops the systemetic deseription and enumera-
tion of ring structure in which individusl rings ere built wp
one by one, Silk presented the modifigcetions in this system
which yield improved enumerstion petterns, (reticuler systems),
show the charsg¢teristic types of ring fusion ¢leerly snd emsble
molecular Tormules to be gelculated from the systemstic expre-

ssions without eny sdditionsl informetien,®’

onN b
He hes further developed & notation based fregment code !

for chemicol patents,

T.R.Benson showed how Wiswesser Notetion could be used

for "Regcording end Regovering Chemicel Informetion with Stendard
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Tobuleting Squipment,"® . G, Smith sterted using this

notation with stenderd punghed ¢cerd equipment in 1952 and

in 1954 wrote e feoulty report on its use in "A Punched

Cerd Cetelog of the Physicel Properties of Some Common
Orgenic Chemicels." In 1960, he gave s deteiled sccount of
his experience in engoding some 50,000 structures in "Mechine
Seerching for Chemicel Strmmn.‘" and ¢leimed thet in
meny ceses the sesrch could be mede within few minutes, He
completed o menuel thet incorporates o number of his own

ifess end provides more comprehensive waran.n

Opler A en¢ Beird N,°° ghowed how this nmotstion could
be used end fed to digitel computers, DSonnett H,T, end
Calhoun, D,W, in 1961 deseribed the “"Applicetion of a Linme
Yormule Notstion in en Index of Chemicsl Structures."® They
gove the detedls of the gerd formst essisning columns for e
four digit 1) clesei fieetion number of which eech digit ie
itsel? s code-showing the number of rings, ty,es and number
of hetero atoms, snd the type snd amount of noneromstie
unseturetion present in e compound, 2) Reference field,

3) Author field end 4) Notetion field,

This design of the system provides a totel of eight
indexes of which they heve printed seven with the help of
tebuletor into o list form, These are 1) structure sequencd,
2) nume-ic sequence, 3) suthor seguenge, 4) ring index, 5) hetero
atom index, 6) heteromtom count, end 7) unseturetion index, The

structure secuence ¢en be schieved by sorting the file of cer’s
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alphebeticelly beginnins et column 79 and moving toward end

including column 39 of s 80 column gerd,

Their attempts elso heve shown the desirsbility of
indiceting how the fregments are connegted inecluding such
foirly deteiled 1nfprnation a8 : 1) ettechment to rings,

2) ettechment to non-gorbonyl ecerbon stom, 3) attechment to
cerbonyl eerbon etom, 4) ettachment to non-gerbon etom,

5) multiple occurrenge, 6) positional relation of hetero
etoms in rines, 7) ring-sises, 8) aromatic rines, 9) hetero-
atoms end the like,

From their experience it seemed thet the noteton
1) provides e meens of recording structures in ummoiified
mechine lengus~e in punched e¢ords and tebuleted listings,
end 2) the notetion ¢en be sernned much like a structural

formule, end gen be orgenizcd alphebetigslly,

At the same time, Gelberg, A Nelson, W,; Yee, 5, end
Metealf, E.,A, reported on “A Progrem Retricvel of Orgenie
Strugture Informetion vias Punched cnrdn.'35 using the seme
notetion in colleborstion with E,G,Smith, The suthor o the
notetion gelled the sttention of the Americen Chemicel Society's
Division of Chemiecel Educetion to the fect thet the notetion
coul’ be used es "A New Tool for Tesghin- Structmrsl ch.niatry.“vq
for seccelereting studies by better understending of the loricnl

sets of structures snd orgenization of structursl knowledre,
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Horner ’J.K.45 and Lefkovitz D?z have tried to use the
Wiswesser's line notetion with computers et low cost storage
end petrievel system,

Horeover iHyde B, Mettews ¥,W,, Thomson L,H, end Wiswesser
w.J.‘6 end Lynch M.'.F.53 heve tried the computer progrem for
this notation for the conversion to a connectivity metrix end

vige versa,

Hoffmann B,%¢ hos tz;ied to use the modified version
oY this notation for the encoding of proteins, The protein
chein ie trested os one uniform structural entity consisting
of o defined number of repeasted peptide linkares, The side
cheins of the emino scids which make up the protein are trented
a8 substituents of this entity and their order of eppeesrsnce
in the notation,deseribes the sequence of the emino ecids in
the chain,

61,62 end Carfield E. g_fan.” hove designed

e one letter code for peptides with the combinationof IUPAC
notation with Wiswesser's which is being used in Index Chemicus

Revesz G.8,

Registry System,

This ebove system has snnounced sn ICRS Su structure
Index which is en elphebeticel listing of Wiswesser line
notetion deseriptions of each of the 200,000 new chemicel com-
pounds reported in Current Abstreets of Chemistry end Index
Chemicus eech yeer, It hes been cloined to have been
orgenized for quick efigcient seerching “or all types of
compound fregments,
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The "Survey of Chemical Notation Sy.mr'ss in 1964
revepled thot Wiswesser Notation is being sdopted by more
users rether than the IUFAC notetion, The remsons given by

the users are
1) It een be hendled by stenderd IEM mechines,

2) It requires, on the sversge, fewer gsymbols per
structure, thus leeving room on sn I'M gard for more informe-
tion of other kinds,

%) It emphesizes functionel groups rether than the less
sirnificent ¢erbon skeletons,

4) It is less corplex end/or eesier to learn,
%) It wes eleerly shown ( in user's opioion) to be

superior by the 1952 NRC volunteer study,

A few further ressons gre also cited by one o7 the

users.

1) The blenk spsces divide most Yiswesser notation
into "words", thus meking them easier to read,

2) The method of handling ring systems is superior,

3) Heving less punctuetion snd no subseripts or supere
seripts, it is essier to typewrite,

4) Ceneric seerches are performed without adding o fun-
ctionsl group field to the suxiliery clessificetion code used
with the notation,
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Heyweard H,W, in 1961 announced g "lNew Sequentiel Enu-
meretion end Line Tormuls Notetion System for Orgenic Compounds,"”
He leter on rcportod‘z on some experiences v»ith his notetion
@8 the definitions end rules of the system are such thet esch
aetom end bond in a structure frlls into one and only one of the
following five set-based structure ¢lesses:-

1) ring,

2) bridge,

3) link,

4) chain,

5) non-gkeletal,
The progcedure for renking and engipherin structursl festures
is such thet gomplex networks of rings snd chains gen be
uniquely end unembiguously delineeted without the inelusion of
seniority mumbers (locents) to show how the component perts sre

interconnegted,

In the meentime Dyson G,M, end Riley E.T.29 tried to
shift the use of IUPAC's notetion from stendard IBM punched
cords to magnetie tepes, which are sesrched by the I™ 140%
dizitel computer. This notetion is beinz tried end experi-
mented on for computerigetion snd for the production of nota-
tionel indexes at Chemicel 2bstresets. Dysson hes citod% the
follovine ressons for edoyting the IUPAC rather than the
Wiswesser notetion for this experiment:

1) It hes received officiel spproval by IUPAC for

international use,

2 ) It is essier to use,
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3) It is more reedily edspeteble to computer searches
of mmtic'tapo - gn important desiderstum not considered
by IUPAC,

4) It does & better job of grouping related compounds

together in ean index,
5) It ¢en generate s systemetic nomenclature,

6) It is simpler to encode snd decode, even though it
does not differe greatly from the Uiswesser notetion in brevity

or in enerding time,
7) It is hiererchiecel,

) Its numericel enumeration of ring systems is superior

t0 Viswesser's slphsbetiesl enumeration.

The survey hes mentioned thet the Wiswesser notation
¢cen be hendled on stenierd typewriters snd on the ordinery
punched eerd mechines then commonly eveileble, while the
I1UPAC end Heywerd notetions gennot. The IUPAC notetion, in
perticulsr, conteins so meny symbols not present on en ordinery
IBM mechines thet Chemicel Abstrects hed to instell specielly
built mecknes to desl with this notmtion,

“?T for the

Sinece then this system is beins modidod?s
hendling of organic structures in the form of conneetion
tebles end ciphers by computers ss the originel notation wes
conceived only ss e meens of trensleting structures into exact

lineer algebraic forms and without much of knowledge of
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present computer systems, A fully modified version is given

by Dyson G.M,, Lynch M.F, end Morgen H,L,28

Simulteneously, Dammers H,"., and Polton D.J.ﬂ5 have been
using the computer operated storage end retrievel system for
chemicel structures based on the use of the IUPAC notetion et
~>hell Resesrch Ltd, Sittingbourne, singe mid of 1965, Use of
the notation for e file of neerly 50,000 structures provides,
the adventage of speed end lov ¢ost, The cipher is converted
by en input progrem into en intevnsl representetion, more
suited for search purposes, snd requiring 26 chersgters per
cipher on aversge, The computer progrems now ensble the
conversion of eiphers into stom-connegtion tables, end also
assists in the ¢erlculetion of empiricel formulse, Progrems
for generating a fragmentetion code from the e¢ipher heve been
tried, This encbles on one hend for memuel searching and on
the other it provides the mesns of settins up inverte! files
in the computer system for rapid on-line consultetion o the

gstructure file,

Meanwhile Sorter, Granito, CGelberg end their essocistes
developed encyeclopedic notation indexes mede by 'permuting!
the symbols, of the Wiswesser Line Notation with computer
proe'ramn.m'}g’u A funetionsl group search would require
the secenring of the line-notation for each compound in the
cntire list, To overcome this deficiency, it has been nece-
soary to edopt functional group codes for use with IEM punch
cord gystems, If the functionsl groups could be loecsted by
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meens of the line-notation, the need for such a special
code would be obviasted,

A list of permutetions of chemical line notstions
elphebetiged on individusl symbols could be used to locote
reedily all compounds conteining eny specified functionsl
group as well es speeifie compounds and specific clesses of
cerboxylic or heteroeyelic atrucfuros. The firure show: the
permutation of the notetion rst BG ( 2-chloropyrldim)._

44 ‘ 1
T|6|(N|J| |B|G
|6 |N|J B
rl6|N|J
r(g|8| 3
T|g|N|J B
(6 |N|J B| G
T J B

Column 44 of 80 column punched ¢erd could b e used for setting
up en index, If all of the columns from 44 to 79 are pleced
in elphenumeric order, then this compound could be found in

35 locetions in a permuted index, However, only six entries
in this exemple ¢en be considered to be of velue, since

column 44 is blenk on the remaining 29 c¢erds. =xelusion

rules sre given to avoid indexing symbols for which seerch
would be done rerely. This study hes shown that tabulsted
lists cen be used to rapidly locete speecific compounds, clesses
of compounds or all oompoun‘l having some functionel group.



=6

Lendee T,A, in 196451 have tried computer progrems
for hendling chemicel structures expressed in the Wiswesser
notation end recorded on megnetic tepe as e pert of file
system including structure in notetion form, molecular formuls,
systemetic name, properties ete. By computer enelysis of the
notation end moleculer formule portions of the file, an in-
verted group end formule file index is created, By eppropriste
progremming, seerches of verying depth ere possible even

atom by etom,

He with his associafug'ﬁ

hes developed notation pro-
eremm ng further in creating the correct Wiswesser notation
for polyecyelie structures, The progrem developed requires
ns input e definition of the rings etom connections, It
exemines every possible peth throurgh the network end selects
the one which meets the requirements of the notation rul:cs.
It then generates the correct notation end identifies all the
atoms ir the network which m'e multicyclic, bridges, spiro
points ete, The progrem's grestest velue is its speed end

accurscy in encoding complex polyeyelic structures,

The Wiswesser Line Notation has been tried for various
purposes for different computers, Ofer K.D.57 has progremmed
in TORTRAN to be used to prepere o key symbol out of context
index, to disseminete no*ices on sdditions to the file to
interested chemists, tomearch the file for compounds with
certein strugturel elements end list the selegted items, or

+o convert from e lineer to a fragmentetion code,



Skolnik H.”® hes devised "A New Lineer Notation System
besed on Combinations of Cerbon and Hydrogen", which he has
further modified for NMR M-‘g end for indexing pclylou.m

Daffin W.M." hio developed a code consisting of 3 perts
«a / B/ Y, vhere a - indicetes senior ring present, p - other
rings snd groups end Y -« total number of cerbon atoms present,

S0 6190 Yaldo W.H,'° hes desigmed o method for sesrching
the structures by gomputer, The structure is written on
cross hetched peper with numersls written for chemicel bonds
and single cherscter letters for the elements, Thus

cn,cn,‘,an becomes | C|I(0|I|5

The development so far seen revesls the feset thet eny
new system being developed or the old ones are modified keeping
in view of its use with mechenicel deviges., The chemigel notation
systemswill be there as long ms chemists continue to resd end
write about the substances they sre cresting end studying.
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AsZ, 7, B,y 1, B, 8, 2, 5, 10

A8Z, 7, B6,, 1, 3, 8, 2N, 10

AsZ, T, B6,, 1, 3, 8, 2, 10, 11

AsZ, 7, B6,, 1, 3, 8, 2Q, 10, H, 7, 10

AsZ, 10, I“

y 1 3,8, 28, 7

AsZ, 10, 36‘, 1, 3, 8, 20, 7, H, 7, 10
“35' " 13“3’ 3' s. 1(2)9

1645, 13, 11,
A635‘, 1"" 10.

2«2, %N, 5, 8, E,10(2)16
2«2, 2Q, 5, 8, B, 9(2)15

A64, 1‘1' ?. 5' SQ. ‘. 1. ‘8. "0. 8. 2.5’
12(2)18

5640 1=1, 2y 5, Zq, 7, 28, 10, 2N, 4, B,
2, 5, 12(2)18

A6y, 1-1, 4=4,
Ky, 1=1, 4-4,
A6y 1=1, 4=d,
36,5, 15 30 1
B655, 1y 34 59
B655, 1, 3, 5,
B655, 15 3y 5
B6,5, 1, 3, 5,

“350 1y 34 5
u35o 1y 3y 5

9-9, 2ZQ, 3, 5, 8

9-9, 28, 3, 5, 8

9-9, 8, 3, 5, 8, 10, 14, 19
2, 16, H, 1, 2, 15, 16, 17
H, 15

H, 16

2N, 15, H, 15

ZN, 16, H, 16

2q, 15, H, 15

n, 15, 17, H, 15, 16, 17
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2677
2683
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2497
2564
2565

2454
2489
2406
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B645,
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5 - 14

5 - 14, 20, 7, 10
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5 - 14, 2N, 10
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5 - 14, ZN, 16 .
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7, Hy 17
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7, 2N, 15, B, 15
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