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A New Research Tool
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Click for Introduction: "ISI's Chemical Substructure Index - Research Resource and Invaluable Tool

“for Health and Environmental Sciences!" p. 302, Essays, Vol:1
Indexes of permuted notations constitute one application of the Wiswesser Line Nota-

tion {(WLN) in industrial organizations. The Institute for Scientific Information (IS} has
introduced an index of this type for new compounds beging reported in the journal litera-
ture--.more than 150,000 per year. This new tool, called the Chemical Substructure
Index (CS)), was created solely for substructure searches. The creation, advantages,
and limitations of the CS| are discussed along with criteria used for selecting the more
than 1,000,000 entries for the 1970 Annual. Also discussed are design features of the
CSl that enable chemists unfamiliar with WLN to conduct substructure searches.

In recent years, the extremely limited value of traditional
indexes for substructure searching has become well recog-
nized. As a result, considerable research effort has been
financed for substructure search systems. However, with
few exceptions, this research effort has been aimed at de-
veloping computer systems, even though most chemists do
not have immediate access to computers. Manual sub-
structure searches remain laborious or impossible to per-
form. The development of “desk-top” manually search-
able indexes by permuting line notations was first reported
in 1963.! These indexes permit manual substructure
searching that is impossible or impractical with tradi-
tional manual indexes such as the subject or formula in-
dexes to Chemical Abstracts, Index Chemicus, or Beil-
stein. Various versions of permuted line notation indexes
are now used by many large organizations for internal files.
However, access to the open literature for the chemist in-
terested in finding new compounds that contain a particular
substructure was unachievable prior to the introduction of
the Chemical Substructure Index (CSI).

CHEMICAL SUBSTRUCTURE INDEX (CSl)

The Chemical Substructure Index 1s a monthly index of
permuted Wiswesser Line Notations (WLNs) covering new
compounds reported in the weekly issues of Current Ab-
stracts of Chemistry and Index Chemicus (CAC&IC). The
monthly issues are then cumulated annually. The first
annual cumulation available covers the CAC issues for
1970. Present plans call for also producing 1967-1969 an-
nuals. This will make substructure searching possible for
over 800,000 unique compounds.
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USE OF THE CHEMICAL SUBSTRUCTURE INDEX

Although it may take a full week’s study of WLN to
learn how to encode 90% of the organic compounds one
will encounter in the literature and it may take as much
as three months to become expert enough to encode com-
pounds for ISI, any chemist can learn enough about Wis-
wesser Line Notations to use the Chemical Substructure
Index in 20 minutes. To make CSI useful even to the
chemist who has never seen Wiswesser symbols, ISI has
introduced a number of aids. These are summarized in the
User’'s Guide to CSI. First, a ready reference list of
Wiswesser symbols is provided, explaining, in the order of
their ranking, the 40 symbols used to make entries in CSI.
Second, a dictionary of Frequently Found Substructures
(FFS) is supplied. The following paragraphs describe the
three methods of using CSI.

FFS Method. The FFS dictionary is an alphabetical list
of common substructures or “‘parent’ structures showing
their corresponding WLN Notations. To use the FFS
method, one simply looks up the generic name for a sub-
structure in the FFS dictionary. The corresponding WLN
is noted. Then the WLNs are scanned until the specific
substructure is found (Figure 1). In this case, the individ-

COMPQUND WLN
Phenotivasine T €666 BM 15
Phenoxazine T €666 BM 10J
2l Cotths LAyt
| Phosphorothioate 0.0 dunethy! R 0OPS&01&01 ]
3 Vi ¥ iy
Phthalinide 756 BMVMY

Figure 1. Phosphorothioates in FFS dictionary

ual interested in O,O-dimethylphosphorothioates in con-
sulting the FFS dictionary would find the OPS&01&01
WLN symbols. By looking these up in the Index, he would
find the new phosphorothioates which meet his request.
Two of these are noted in Figure 2. Finally, the searcher
would note the CAC&IC abstract number and compound
number and consult CAC&IC (Figure 3).

ABSTR (PO

OPSEOLEOR BG DSWNIE1 .] GNOPRSW l 172130 l 18
0P SEOLICOR BSWNIC .1 NOPRSWY 1
OPSEO1ENT: S1YENYEELSWR O NOPRSWY 14
0856050 SAMA LS DR St el
A4 U
*1Y 1] ]
0P SEC01£01 CIYLINIYEL SWR D NOPRSWY 16
OPSLO1EO1 #SNSLSWR D NOPRSW 17

Figure 2. Phosphorothiocates entered in CS/

305
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Figure 3. Phosphorothioates in CAC

Ring Index Method. The second method ot using the
CSI is the Ring Index method. To use this method, one
must have a copy of The Wiswesser Line Notations Cor-
responding to Ring Index Structures (a document avail-
able from the Clearinghouse?). With this method, one
consults The Ring Index'to find the ring svstem of interest.
When the ring system is located, the Ring Index number is
noted. This number is then found in The Wiswesser Line
Notations Corresponding to Ring Index Structures, and

Hy 2034 C oty Adamantane. Tricyclo-
€ .1%7]decane. Diamantane. um-Tricyclo-
IS decane. Coll. Czechoslov, Chem. Communica-
Mo B tons 5, 2(1931). CA 27, 2792
VoeNe s
| |

L}

Figure 4. Adamantane entered in The Ring Index

the corresponding WLN is noted. Once the WLN is found,
this is looked up in CSI. All new compounds containing the
ring system noted would be found in one place within the
CSI. Figure 4 shows the Ring Index entry for adamantane.
If one were interested in new compounds containing this
ring system, one would consult the Ring Index and find
that adamantane has the Ring Index number 3624. By
consulting the Wiswesser Line Notations Corresponding to
Ring Index Structures (Figure 5), one would find that 3624
has the line notation L66 B6 A B- 1B ITJ. Using this to-
consult the CSI, one would find all new compounds con-
taining the adamantane ring system located in one place.
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Those for Abstract 171543 are isolated in Figure 6. The
corresponding structures are shown in the CAC&IC abstract
(Figure 7).

WLN Method. The third method requires knowledge
of the Wiswesser Line Notation. The index is then con-
sulted without reference to the FFS dictionary or the Ring
Index. Rather, the user looks up directly the WLN symbols
corresponding to the structural feature(s) of interest.

3620 L666 1A M CHY
3621 L666/GL 2AF L)
3622 L B666/GL A 28G L GX JH)

326 LCO BX CHY B-8 ALEXTY
ICTT7 LG C by C-& ALESTY

Figure 5. Adamantanes entered in Wiswesser Line Notations
Corresponding to Ring Index Structures

ABSTR CPD
L66 BO A B- C 1B 1Ty A2 | L 1977 ?

16
ALAYYTY BUIG GLUY
06 C~7/

172155 1A

£G t28/32

LMNRYVY
LMRVZ
LMNRVY

18 ITJ BMYUSE- ATO6NTJ LMNSTUY 68

A (4
L66 86 A B- C 18 ITJ) BMYUSE- ATOGNTU CQ LMNQS TUY 6C
L66 B6 A B- C 168 17TJ BMYUSEMEIR LMRSUY 3
el N B A L BMYMSEMLY Y1175 4

Figure 6. Adamantanes entered in CS/

PERMUTATION—A SPECIAL FEATURE OF CSI

As can be seen in Figures 2 and 6, the WLNs are per-
muted—i.e., each CSI entry was created by rotating the
WLN to an appropriate index symbol.

Wiswesser Line Notations are on the average 20 charac-
ters in length (Figure 8). Of these 20 characters, five to
six are pertinent enough to justify an entry in a permuted
index. Note that the entire WLN is always shown for each
entry in the index. As a result, one can immediately locate
compounds represented by a particular symbol initiating
an entry. Additional fragments can be used to narrow the
search instantly to a more specific area. This is illustrated
in Figure 9. Pyridines are all located in the T section with
all other heterocyclic compounds. The T6NJ (pyridine)
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Figure 7. Adamantanes in CAC

symbols can be readily found. Furthermore, one cansearch
for substituted pyridines (e.g., all chlorinated pyridines)
by reading the symbols following the T6NJ's or by taking
advantage of QUIKSCAN.

QUIKSCAN

QUIKSCAN is an alphabetized list of the WLN symbols
which cause entries to be produced in CS1. However, it also
contains X, Y, R, and H symbols (nonlocants). The latter
are included in QUIKSCAN because they are useful sec-
ondary search terms. For example, if a searcher is in-
terested in benzoic acids he would not want to start his
search with R.  About 40% ot the new compounds contain
an unfused benzene ring,' and R is therefore not indexed
as a primary terin. The searcher would first look up QVR
and then VQ. The VQ section would contain a large num-
ber of entries. By including R in QUIKSCAN he can rap-
idly cover whole columns searching for VQ entries that
contain R. To illustrate QUIKSCAN further, consider
the search for all chlorinated pyridines noted in Figure
9. One could read all the symbols following the T6NJ's
in search of those containing chlorine (G). However, it is
far faster to read the QUIKSCAN column in search of G,
particularly since QUIKSCAN is alphabetized.

Three compounds from CAC&IC Abstract 171901 are
quickly spotted. Note that in QUIKSCAN a symbol can
only occur once, regardless of how often it appears in the
WLN. This is to conserve space and expedite scanning.
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Figure 8. Number of characters 1in Wiswesser Line Notations

T6NJ BVMI-
S bbbttt

O o

TGN |
U
Z QUIKSCAN ABSTR  CPO)
T6NJ BVH CMVY F HUNTYV 172368 S
TONJ BVH CZ F HNTVZ 12
T6NJ Bvil- BY6NJ MNTVY 171719 1
CT6NJ 2

MNTV

171901
171764 3

Pyndines entered in CS/

T6NJ BVQ DVQ

Figure 9

EXCLUSION RULES

To avoid large numbers of useless entries, certain WLN
symbols (or symbols in a particular context) are excluded
as main index entries. Figure 10 summarizes the excluded
symbols. As a result of the exclusion rules, an average of
slightly fewer than six entries per WLN was obtained for the
approximately 176,000 WLNs processed in 1970. Of
course, all symbols could be searched for (in any combina-
tion) by computer using the Index Chemicus Registry Sys-
tem tapes.® This backup is one benefit of having a machine
readable record.

STRUCTURES
The CSI hand-drawn structural diagrams help in using
this product. These structural diagrams are placed

throughout the index according to frequency of occurrence.
Within the computer program, a counter keeps track of the

309



Locants and Numerals

All locants (letters preceded by a space) and numerals are ex-
cluded as primary index entries. They are also excluded from
QUIKSCAN.

Special Characters

All special characters except hyphens.are excluded as primary
entries.

Hyphens

All hyphens are excluded as primary entries and QUIKSCAN
entries except those used to initiate two-letter atomic symbols.
For example, -Al- for aluminum. Inthe latter case, they create en-
tries and thus bring together in the front of CSl all metal-contain-
ing compounds.

RandY

R and Y have little or no primary indexing value and occur very
frequently. They are, therefore, excluded as indexing symbols, but
retained in QUIKSCAN.

X

X only creates an-entry when used to represent a spiral point in a

ring. However, all X’s are retained in QUIKSCAN.
J

Since only specific compounds are included in CSI, J is excluded

as a primary and QUIKSCAN entry.
H

H is always cited after the symbol to which it is attached. For
example, VH for aldehydes. As a result, H has no primary index-
ing value and is excluded. However, when used to represent deu-
tennum (H-2) or tntium (H-3), H is retained as a primary index-
ing symbol. Consequently, all deuterium and tritium compounds
are brought together in CS1 under H-2 and H-3 respectively.

T

When used to initiate a heterocyclic ring, T is used as a primary
index symbol and included in QUIKSCAN. T is excluded from
from both C51 and QUIKSCAN when used as a saturation mark.

Repeating Letters

Whenever a letter repeats itself in sequence, for example, GGG,
only the first occurrence is used for creating an entry. In this way,
extraneous entries are avoided. If the first symbol represents a
locant, it is not considered. For example, a WLN containing the
sequence NNNN (for an azide at the N position of a ring system)
would receive 1n entry under the second N but not the first, third,
or fourth.

Special Cases

Metals

Metals are indexed only once on the first hyphen. The two let-
ters and second hyphen are excluded.

Multi-cyclic points and Bridge atams

All multi-cyclic points and bridge atoms are excluded as indexed
entries.

Figure 10. Exclusion rules
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Figure 10.

Exclusion rules CONTINUED

Single Ring Atoms
Potential entries starting with the following WLN symbols are
excluded: M1, MJ, MT, N1, NJ,NT, ....... (where 1 = any

letter)

These ring segments have little, if any, value as primary search
terms and are, therefore, excluded. However, the initial symbols
are retained in QUIKSCAN.

NOTE: The rules noted above do not apply to the initial symbol
of any WLN. Therefore, one can easily use CSI for specific com-
pound searches as well as substructure searches.

frequency of occurrence of symbols, and a list of the most
frequently occurring sequences are supplied to ISI chemists
for a decision on what structures to provide. The inclu-
sion of structures facilitates use of the Index.

PEPTIDES

A separate section of CSI contains all new peptides.
Since a special one-letter code® is used for amino acids
occurring in peptides, these entries are separated from the
WLN section. The researcher interested in specific amino
acid sequences will find this section especially useful.

SUBSTRUCTURE STATISTICS

Figure 11 shows the most frequent six or more character
WLN sequences for 1970 (over 175,000 compounds). Not
surprising is the fact that the steroid nucleus is the most
common large fragment (6 or more WLN symbols) found in
new compounds being reported in the literature.

This information should be useful to those interested in
fragment codes or screens. Single symbol frequencies were
reported earlier* and the 2 to 5 range is now being studied.

LIMITATIONS

Most of the substructure questions can be routinely an-
swered through the use of CSI. However, there is a small
percentage of substructure gquestions which cannot be
easily handled with such a manual index. Included in this
category are some Qquestions requiring atom-by-atom
searches—for example, all compounds containing a carbon
atom connected to an oxygen atom which is two carbons
removed from a nitrogen atom. Although this type of
search could be performed with CSI, it would be quite la-
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1970 CS! Data—176.000 WLNs
wEN LJAN CIAN
Nvmbais Frey Sy mbols Frey Sumbls Frey
L E5 Bé 4990 N HNJ 1157 NUNRD 754
T6OTJ 4376 0O-BTé 1148 LeUTJ A 749
-Sl-1& 3246 0OV1 DO 1094 SWR D& 745
T56 BN 2870 01 EO! 1078 NRCNW 742
L6TJ A 2172 V1DOV 1071 Ts6 BOJ 738
T50TJ 2767 L50J O- 1048 WNRCN 733
T6NJ B 2542 OVIEO 1040 Le6J C 714
L66J B 2363 TeN CN 1029 L50J A 713
UTJAE 23% NCNE 1024 TsSJ B 710
QDQE 2322 T5NN D 1021 WR D& 698
Té6 BN 2040 VTI A s PO&O2& 685
01 DO1 1890 UNMRB 1015 TSNNJ A 670
N CNJ 1781 L3ITJ A 986 T56 BM 660
T6NTJ A 1772 MR BNW 982 -FE-- 655
oTI CQ 179 NDNJ 78 NDNTY 651
T C666 B 1763 T50.J B 967 OEV) 648
OTJ BI 1758 OSWRD 964 0GOoT) 632
N DOTJ 16338 T B656 963 Té6 BM 631
T56 BN 161 Y1 EOV 959 VNVIC 630
TeN DO 1578 NFNH 959 TENDNTJ 630
NDNF 1529 T50 CO 955 T3OT 607
Ts56 BM 1491 OTJ CO 920 NUNRBHB 601
QEQF 1486 T B666 898 OVIF1 597
NENJ 1463 O-5l-1& 881 VBUTJ 592
Té6 BO 1446 NMR BNW 78 Ts5BOD 591
T6N CNF 1416 T66 BN 857 GDGE 590
OTJ BO 1366 PR&R&R 831 C-l14& 588
0COoTJ [437) 01101 81t TéN C 547
NWDNW 1229 TENVMV 824 UTJ B 581
Ts6 BV 1212 0PQO&O 813 M DXNJ 581
OTJB 1198 T56 BO 796 NTJ Al 580
Te6 BO 1187 oTJC 780 oDOG 576
Te6 BY 1163 TSNTJ A 763 TSN CS 567
NTJ AV 565
Figure 11 QOne-hundred fragments {6 or more symbols} appear-
ing most frequently in 1970 C5/

borious. This type of question is best handled with a com-
puter.

Space limitations require that only an abstract and com-
pound number be presented with each entry in CSI. There-
fore, one must always return to Current Abstracts of Chem-
istry and Index Chemicus for additional information, such
as the original journal citation. This is in contrast to a
computer search where additional records such as journal
citations can be printed out in answer to the search ques-
tion.

SPECIAL NOTE FOR CS! SEARCHES

Because the WLN is linear, the symbols being searched
may appear in two arrangements. For example, NW or
WN for the nitro group. This should be kept in mind
whenever a substructure search is being performed using

CSl.
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ADVANTAGES OF THE INDEX

CSI permits the chemist to do manual searches based
on substructure alone. Since the data base is CAC&IC,
the compounds being searched are all the new compounds
being reported in the literature. Literally within minutes,
a chemist can find all of the new compounds containing
any specified substructure. He can, therefore, reduce the
number of hours he must spend in the library and expedite
his research projects. He can for the first time conduct
searches which heretofore were impossible. The advan-
tages of using CSI are both short- and long-range. The
short-range advantages are demonstrably economic and
include reduced product development costs, shorter re-
search time, and avoidance of duplicative research. The
long-range advantages, while less obvious, are hardly less
important. The history of research and development shows
that chemical discoveries have led to the introduction of
new industry or great expansion of existing technologies.
The use of CSI by those engaged in research and develop-
ment tasks should aid in making similar advances.
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