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During the past 15 months, ISl has encoded approximately 200,000
new chemical compounds In Wiswesser Line Notation (WLN). This infor-
mation is now being used in a service known as the Index Chemicus
Registry System. The service is being regularly supplied, on a
monthly basis, to a group of industrial, government and academic
organizations in the form of prinftfouts and magnetic tapes. The print-
out is a hierarchically arranged index in which classes of compounds
are grouped to permit visual scanning for compounds containing specific
sub-structure characteristics. The tapes are susceptible to both
simple and complex searching, using a series of programs developed by
ISI and others. Simple search programs such as one using the floating
stem, permit location of code fragments embedded in WLN in various
combinations., More complex programs involve conversion of the input
notations to connectivity tables. The tapes are also used for SDI
systems, employing "word" and other searching terms in addition to the
WLN fragments. This paper will report on the use of the tapes by ICRS
subscribers and on the status of more elaborate programs that will
permit conversion of WLN notations to a subscriber's individualized
fragment code.
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The Index Chemicus Registry System is designed to
solve the pfob!em of providing chemists with current and

retrospective chemical information reported in the Index

Chemicus.

Since the Index Chemicus has been described elsewhere (1)

we will not repeat here in detail the characteristics: of.
that weekly publication. It is sufficient to state that
I1C provides detailed abstracts of journal articles which
report new chemical compounds or chemical reactions.

On the o?hef hand ICRS has not been described in the
Iiferafqre as fe? and a brief description of st mafnl
characteristics is necessary to an understanding of our
main toplc -~ searching for sub-structures, both currently

and retrospectively, using the Index Chemicus Registry System.

ICRS consists essentially of- four data files: 1) WLN

Magnetic tapes, 2) lg Bibliographic Tape, 3) WLN Printouts,

4) Index Chemicus weekly issues.

The WLN Tapes (Slide #1) contain unique structural
descriptions of all new compounds reported in the liggi
Chemicus. These descriptions aré in the form of Wiswesser
Line Notations. The WLN tapes also contain molecular

formulas and IC registry numbers which identify an exact

line in the numbered Index Chemicus absfrac+ where a structural
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diagram and other information is given.
The 1C beliogrépﬁic Tape (Slide #2) provides, in
machine language, most of the data provided in fhe printed

Index Chemicus. |IC abstracts include molecular formulas,

codes - for new reactions and analytical instrumentation,
subjecf—ihdex terms assigned by chemists including terms
related to the properties gnd_biological activity of the
compounds and their uses or use profiles., The bibliographic
citation is also included in the IC tapes.

In Slide #3 you see a portion of the monthly WLN print-
out in which the information”from the WLN tape has been
alphabetized.

[n Slfde #4 you see a page from the corresponding IC.
abstract identified through the WLN printout.

- The WLN has been extensively described elsewhere (2).
It is sufficient to ﬁay that the WLN Tapes can be searched
for both "parent" or generic structures or more specific
sub-structures. While there are many instances, especially
in SDI uses, in which the IC Bibliographic Tapes are used to
apgmenf sub-structure searches, the primary sub-structure
searching capability is deriyed from the WLN encoding as
reflected in the WLN Tapes. For example, a rather generic
search could be conducted for all ortho-substituted aniline
cémpounds. (Slide #5 shows several such compounds and WLN
codes.)

It is important fto note that many searches can be done
by simply referring to the monthly or annual 1CRS printouts.

'n Slide #6 a search for substituted adamantanes is shown.
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Of equal importance is the use of the printouts to for-
mulate machine-search questions. The printouts frequently
enable the user to estimate the number of compounds which
answer a given question. In this way he can determine how
precisé the question shoulld be to receive a reasonable
number of responses.

On the other hand the IC Bibliographic Tape can be
used tfo further qualify the results of a WLN-Tape search.
1f a retrospective search of the WLN file produces a large
number of candidate compounds, the 1C Bibliographic file
can be used to indicate those papers in which certain bio-
logical or other properties, activities, uses or analytical

methods have been reported. The Index Chemicus itself can

then be used for making the final selections from the can-
didates produced by the computer search. The most imppr+anf
selection criterion I1C printed abstract provides is the.
s+rucfﬁral diagram or the flow diagram of the reaction in
which the compound occurs. As shown in Slide #7, IC's
abstract usually also contains an author-prepared summary

of the paper. Later on references will be made to programs
for printing structural diagrams directly on the computer

printer,

The WISWESSER LINE-FORMULA NOTATION (WLN)

To fully utilize the sub-structure search capabilities
of ICRS, one must understand the Wiswesser Line Notation.
In the time available today it Is not possible to describe
WLN in detail. However, as will be seen, it is not necessary
for a chemist to master every detail of WLN in order to.use

the results of a search.
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In Slide #8, you see the list of WLN symbols. As a
further example of WLN, some substituted 3-pyrazolidones
are shown in Slide #9. These are found in the printed
version of the WLN tape under T5NNVTJ._ Obviously any clerk
can find this section of the printout once the term pyra=
zolidones Is included in a search dictionary. Later on
we intend to incorporate such common terms in the printout.

In @ search of this kind, it is relatively easy to
visually scan the remainder of each notation. for substituents
Iin the remaining available positions.

It Is one thing fo provide a machine readable file
or tape of encoded compounds and subject descriptions--it
is another thing to use that file to provide information
to the ultimate user. To use such a file on a computer
obviously requires programs or software--and this implies
a system. The RADIICAL System is the software component
of the 1CRS.

Retrieval and Automatic Dissemination of Information

from Index Chemicus and Line Notations (RAD!ICAL)

There have been many programs written for machine
searching of a WLN file. For example, Hyde and Thompson (3)
at ICl| have described programs To.converf WLN into connectivity
tables. They have also written programs to convert line
notations to structural diagrams. Fraction (4) at NBS and
Kulpinsky of the University of Pennsylvania (5) have also
written algorithms which convert WLN to connectivity tables.
Barnard (6) of J. T. Baker & Co. and Finlay (7) of Pfizer
Research Center developed programs for a "Permuted WLN"

Index as did Gelberg, at al (8).
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At ISl we have developed a software system which can

be used in-two modes--one is for |51 Source Tapes, a by-product

of the Science Citation Index. We call that mode IS1S an

acronym for 1S| Search. The other mode is for ICRS Tapes.

We call that mode RADIICAL--an acronym for Retrieval and
Dissemination of Information by IC and Line-notations.
1S1S and RADIICAL are completely compatible. The basic
software is written for IBM 360/30 but is easily modified
to a larger 360 system. RADIICAL uses Basic Assembly
language and requires a 32K memory. | might add that at
least one ICRS user plans fo use the RADIICAL documentation
and flow charts to write programs for another computer.
Formuiation of the inftferest profiles for the RADIICAL
system is quite flexible. Questions may comprise segments
of names of authors, journal titles, (or portions thereof),
subject indexing terms, words in article titles, portions

of words or stems, word combinations,-organizational or

industrial names, etc. Search elements may be weighted.
or combined in a multitude of logical (combinational) or
syntactical relationships. Thus, one can specify the order

in which certain search elements must occur, and the envi-
ronment Iin which they must occur.

RADIICAL software consists of the following programs shown
in the flow chart on Slide #10.

1. The question (profile) update program will delete,
add, or change profile questions on the input tape. The
resu{fing output tape is acceptable to the Search Program.

It is in Account Number and Profile Number sequence.
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search program can search for:

WORDS (one or more characters surrounded by a
blank space).

STRINGS (one or more characters in sequence)
including spaces (such as two words). Strings
include word phrases, floating stems, and segments
of the notation.

PREFIXES (initial stem) meaning a series of characters
in sequence, but preceded by a space and not ending
with a space.

STEMS, a series of characters not preceded or followed
by 2 space, nor containing a space.
es of logic used with the RADIICAL Search Program
lude:

AND logic

OR logic (including exclusive or)

NOT logic (indicating absolute NOT or weighted NOT)
SAME WORD logic (looking for two Search Terms but
only if in same word)

FOLLOWED BY logic (two words, strings, stems or
prefixes, but only if one follows the other, rather
than precedes).

e search program results in a "hit" tape which must

be sorted undér control of the sort control card deck.

3.

The Sort Control! Program and Card Deck sorts the "hit"

Tépe.

The sort run arranges hits in order by account number.

The sorted hit tape then is used with the printout program.
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4., The Printout Program prints a separate report of one

or more pageé for each account number. Input to the Printout

Program is the sorted "hit" tape, and an Account Number

Address Tape. Account numbers with no hits during search

runs are identified, and the statement "NO HITS FOR THIS
ACCOUNT AND PROFILE" is printed. If for some reason there
are hits without mafcﬁing Account Numbers, the report prints
these out without an addreés, under the message "NO MATCH

IN ACCOUNT FILE FOR THE FOLLOWING HITS."

5. Card-to-Tape Program and Control Card Deck puts the

Account Number Addresses on tape. This can be done with
any card-to-tape prograh,

Users have a wide latitude for expressing their re-
quirements. However, search results will depend directly
upon the Information spécia!isf's.knowledge of the file
structure, his skill in designing profiles and familiarity
with appropriate terminology. For sub-structure searches
knowledge of WLN and chemistry is essential.

Neither software nor notation skill can replace
imagination and.ingenui+y on the part of the user in designing
intelligent questions.

To illustrate how the WLN can be used for sub=structure
searching let us examine the following-fwo slides.

Slide fjl——A researcher interested in fiﬂgiqg all pheno-
thiazines with piperazine in the side chain will search
for the string T C666 BN 1SJ followed by the string
T6N DM TJ or T6N DN TJ or T6N DK TJ.

Slide #12--A researcher interested in 17-ketosteroids

will took for L E5 B666 followed by the word FQ,
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These examples were aimed at illustrating the use
of the system by suitably formulated search questions.
Successful answers demand two prerequisites:
(a) the storage of as comprehensive a file of chemical

compounds as possible,

(b) programs for interrogating and retrieving from
the flle.

The former is accomplished in ICRS by encoding new
chemical compounds at an annual rate of over 150,000.
The latter requires a continuing development of software.
The foregoing descriptions indicate a beginning along these
lines; it is hoped that more such programs will be developed
in the future,

Returning to m? opening remarks it may not be obvious

that the ICRS RADIICAL System permits one to provide sub-

structure and other searches for continuous monthly SDI
reports as well as retrospective one-time searches. Depending
upon the amount of use made, each user may wish fo make
suitable modifications to take advantage of their own par-
ticular hardware configurations.

We mentioned before the problem of computer display
of structural diagrams. In the time available it is not
possible to detail what has been accomplished by others
nor what 1Sl contemplates in its on—going development programs.
Similarly, the use of connectivity tables for more sophisticated
sub-structure searches and generation of fragmentation codes
is under active study but we would prefer to report on these
at the ACS Meeting in Minneapolis after we have completed

some studies now in progress.
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SYHIHESLS OF ADAMAHNTANE DERIVATIVES. V.
REACTION OF ADAMANTANE-1-CARYOXAMIDES VITH OXALYL CHLORIDE;

A HOVEL ROARRANGEMENT OF ADANANTANE SKELETON TO SPIROHOMUADAMAMTANE .
SASAKI Ts EGUCHI S, TORU 7V H

IHNST APPL ORG CHEMN, FAC ENGH, HAGUYA WHiIVs CHIKUSA-KU, JAPAN.
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with participation of the carbonyl through intecrnediates which have been directly observed by ninr. The rates of

el

+« H13 o = P e ; )
214 H13 CL 0 ] ) C14 Hio N O3 (104 N B % HT WaESe, T
% CAROONYL PARTICIPATION IN THE SOLVOLYSIS OF KETONE DERIVATIVESe
10ﬁ0 1I ' )

THE GOSERVATION AND ISOLATION OF INTERHEDIATES.
Lw,a_“ YARD H R, SHERMAN P D. - e amed sk

HETCALF RES LAB, BROWN UNIV, PRD\."IDEHCE RI 0291 2.. .
4 AM CHEM SOC 90014),3812-7(1968)« RECD JAMN 17 .1956._
‘Th= solvolysts of 4- and &keto-p-bromobenzensselfonstss in formic or trifluoreecetic acid proceed

formation of these intermediale oxonfum ions (1 and 13) have been measured for 4-(p bremobenzenesulfonoxy)- Ilmuﬂ (Clig)y-bz
butyrophensne (1.9 % 1077 sz, 30%) 2nd $-(p-bromabenzenesulfonoxy)valzrophenane (4.9 % 104 sec=t, 30%), [$1:3]

The hexachlorcantimonate salt orl has baen isolated and found to be stable to 1207 The relative s‘n!'(s in the, :

i spectra of these intermediate jons compared Lo model :0‘(.pm.nd5 indicate that most of the. positive ch.:lrge RC-CHQ(CIIN‘—Bz
resides on oxyzen.  Intermediates hn- not been obszrvad for 8- or e-keto-p- bromotn.nrcnrsu!"oratcs
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ICRS®
WLN SYMBOLS
ALl international atomic symbols except K, U, V, W, Y, CI, and Br.
A generic alkyl T  hetcrocyclic ring
E bromine U double bond
G chlorine V carbonyl! _
J generic halogen W nonlinear Yioxo
K quaternary nitrogen X quaternary carbon
L carbocyclic ring Y tertiary carbon
M secondary nitrogen Z amino or amido
N nitrogen atom, tertiary nitrogen & punctuation mark
Q hydroxyl ' - separator or connective
R. benzene ring / multiplier stop

Numerals preceded by a space are multipliers of preceding notation symbols;
or within ring signs L...J or T...J show the number of multicyclic
points in the ring structure.

Numerals not preceded by a space show ring sizes if within the ring signs;
elsewhere numerals show the length of internally saturated, unbranched
alky! chains and segments.

Lettens followding a space and hyphen are proposed as symbols with special
meanings to denote stereoisomerism.
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Query: All phenothiazines with piperazine in the side chain; that is, compound_ﬁs_pﬂt}oded
R [
with the STRING T C666 BN 18J, followed by the STRING T6M DNTJ, or TGN DNTJ,

or T6K DNTJ.

The search profile would be:
Term Type
1) TC666BNIS)  STRING

2) TG DNTJ STRING
3) T6N DNTJ STRING
4) T6K DNTJ STRING
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AND

FOLLOWED BY

OR

OR

0

phenothiazine
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Query: All 17-keto steroids; that is, compounds whose WLN contains the STRING
L E5 B666, followed by the WORD FV,

The profile would be:
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1) L E6 BG66 STRING
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