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Studies of molecul lati

udmm-uu.mmdu:dmy Sets of lated

for & set of 157 aromatic amines are reported. A
Wuhpmw“n«hﬂwmwm
The 15 :mdmdodhwuuhwmcdmwmmnlu route of

com-
a seriea of discriminants for aromatic

linear discriminant functions able to separate sets of active

d that could support
d t among

lmmln.:ﬁw Prominen
thnmpoﬂ.nnmmvddmﬂmmthmmdhgmdnhwdthlm The pattern-recognition
mﬂumnm-tmn‘ly.mﬂodbydiﬂmn«llnuﬁwdu.mdlhnwdy:hondlhnnmddmmewld
) A - i

be used in

Aromatic amino compounds have been studied and a
great deal of data accumulated over the years. The first
report on the carcinogenicity of aromatic amines was by
Rehn' in 1895 who described bladder cancers among em-
ployees in a Swiss dye factory. Many studies have fol-
lo“d.mptnboauunmuncsmmnmmmdynhud
to indust and h have been d to
tbemmdoly Focmmpk -mhm-lmployodwodd md.e

.

conjugated system lends stability to the ultimate reacting
species. However, these theories do not explain all
available biological duu. and they are still under devel-
opment. The ic activity of ic amines and
some structure-activity relationships have been d
and discussed in several books and reviews. >3

The present work involves the oomp\mr-udsud study
of & et of 157 uomnuc amines using chemical structure

p.zum-umgmummhoduo
The

v daval Vet ‘and ‘such
n&nﬂryoﬂovhmbmnm.dufoodnddmvul’nm
amines are ly used in i ] azo dye

h and as antioxid, in rubber p

to develop
mnhodology of this npprotch to SAR ltudm has been
and will be d here.

d Thus,
the study of the cucmoumc potential | of this class of
compounds is o( vnduprud mumL

A variety of ng the relationships be-
mnmwnmduuvxtyofmmcmuhuwbun
These usually produce tumors at
umnmmfvmtlwmdldmlnmmmchdml
liver, intestine, and bladder. Thoeﬂmd' amine

Methodology
The fundamental premises involved in applying pattern-rec-
mmmmmummmmm
are as follows: (1) Molecul and b ical activity
{(genetic wudty)unnhbd. (2) The structures of eunpoundn
having genetic and compounds of similar structural classes
Mmmwﬂcmhdmuub'wudbynutol

exposure are species depend fon through
is an ial step in ic amine

carcinogenesis. The most prominent theory involves N-
hydroxyhuon of nromnw amines > Conveu!on to N-
y app to be a for

ip can be die-
mmm-wmmmybywmu
and/or pattern-recognition methods to & set of tested compounds.
(4) The relation can be lated to untested o

provide predictive ability.
The structure-activity studies were done using the ADAPT

data anal,

i ic activity. not all N-hyd eom
are Althouuh N-hydroxylati

to be necessary for cnmnopmc activity, it is not lufﬁcum

to explain the effect. The “para principle” involves the

proposition that an amine should have a long, uninter-

rupted conjugated system with the amino group attached

to one of the para carbons.”® The presence of such &

{1) L. Rehn, Arch. Klin, Chir., 50, 588 (1895).

(2) J. L. Radomski and E. Brill. Science, 167, 992 (1970).

(3) J. L. Radomski and E. Brill, Arch. Toxikol,, 28, 159 (1971).

(4) G. M. Conzelman, Jv A. A Rey, and E Brill, J. Nat!, Concer
Inat., 50, 989 (1973)

6) F F. Kadlubar, J. AMﬂhr,lﬂdEC Miller, Cancer Res., 37,

(1977).
®) F. Kélwvhhwnr Annu, Rev. Pharmacol. Toxicol., 18, 386

m H Druckrey, Arzneim. Forech., 2, 503 (1952).

(8) N. P. Buu-Hoi, Areneim, Forsch., 4, 531 (1954),

(9) J,C. Arcos and M. F, Argus, “Chemical Induction of Cancer”,
Volume 2B, Academic Press, New York, 1874,

using the ADAPT system are as follows: (a) Identify, assemble,
input, store, and describe a dats set of structures for chemicals
that have been tested for lh- Nolopc-l activity oﬂnunﬂ. b
Develop i for
mho{th»mnbu-o!mdnum The descriptors may be
derived directly from the stored topological representations of

(10) J.C. Arcos and M. Arcos, in “Progress in Drug Research”, E.
ucker, Ed., Wiley-Interscience, New York, 1962.

1) w.C. Huepn W. D. Conway, * Chmchmmml
and Cancers”, Charles C. Thomas, Springfield, Ill., 1964,

(12) D, kCI-ywude C. G-mn in “Chemical Carcinogens”,
CC \ Searle, Ed,, American Chemical Society, \S-hugton

.. 1976
19 JQL.BMWN Annu. Rev. Pharmacol. Toxicol., 19, 128

14 A J. Stnpﬂ w E. Brugger, and P. C. Jun “Couw\ah-
sisted Studies of Chemical Structure and Biological Function
Wiley-! Inunchm New York, 1079,
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ERTF— 26 (kAW 1~15) In Sitice pats

compounds breast earduct liver other all  mixed
1. 4-biphenylacetamide po + + — + + +
2. 4-biphenyldimethylamine po + + — + + +
3. 4-biphenylacethydroxamic acid po + -+ — 4+ + +
4. 2-fluoro—4—phenylaniline DO + — — — _ +
5. 3’—fluoro—4—phenylaniline p O + — — — +
6. 2-methyl-4-phenylaniline po — + — + +
7. 3—methyl-4-phenylaniline po — — — _ _ _
8. 2’~methyl-4—phenylaniline po - — — — _ _
9. 4’-methyl-4—phenylacetanilide poO — — — _ _ _
10. 3,2°—dimethyl-4-biphenylamine po + — — + + T
11. o,0’—dianisidine DO — na — _ _ _
12. 3,3’—dichlorobenzidine DO + i _ 4 4 4
13. 3,3’—dihydroxybenzidine po — — _ _ _ o
14. 2-methyldiacetylbenzidine po — — na — — —
15. 4.4’-methylenedianiline po + — + + + +

“Survey of Compounds Which Have Been Tested for Carcinogenic Activity”,U.S. Department of Health, Education and Welfare, U.S.Public Health Service, National Institute of Health.
D.B.Clayson and R.C.Garner, in “Chemical Carcinogenesis and Cancers”, Charles C. Thomas, Springfield, III., 1964.



FHTF— &ty DT — 2R (—) In Ojlico.Paga

structure _active site breast earduct liver
administration po other all po other all po other all
biphenyl active 9 1 10 / 2 9 0 4 4
not active I / 14 3 6 14 15 4 19
stilbene active 4 0 4 / 4 11 1 4 o)
not active 6 11 17 1 6 ! 9 ! 16
azo active 0 0 0 2 0 2 3 1 4
not active 16 2 18 13 2 15 13 1 14
fluorene active 18 10 28 16 4 20 15 3 18
not active 10 4 14 10 3 18 13 11 24
methylene active 1 0 1 0 0 0 3 0 3
not active 3 0 3 4 0 4 0 0 0
misc active 19 3 22 3 0 3 3 0 3
not active 15 11 26 25 14 39 29 14 43
total 108 49 157 101 46 147 104 49 153

] AL EMEETH. REEEBIUCRA VRIS Y BREICKELERENIROND,
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1.
2.
. number of nitrogen atoms

. number of single bouds

. number of double bonds

. number of aromatic bonds

. number of basis rings

. number of ring atoms

. path 3 molecular connectivity
10.
11.
12.
13.
14.
15.

O 3 O O1 v W

number of carbon atoms
number of oxygen atoms

path 4 molecular connectivity

total number of paths

molecular connectivity environment: SS1
molecular connectivity environment: SS2
molecular connectivity environment: SS3
molecular connectivity environment: SS4

16.
17,
18.
19.
20.
21.
22.
23.
24.
25.
20.
217.
28.
29.

30.
31.

molecular connectivity environment: SS5
molecular connectivity environment: SS6
largest principal moment

intermediate principal moment

smallest principal moment

ratio of largest to smallest principal moment
ratio of intermediate to smallest principal moment
molecular connectivity environment: SS7
molecular connectivity environment: SS8
molecular connectivity environment: SS9
molecular connectivity environment: SS10
molecular connectivity environment: SS11
molecular connectivity environment: SS12
molecular connectivity environment: SS13

molecular volume
number of F + CI + [ + S




BEFREGEDIEIEBR 1. N-hydroxylation theory ; SS2, SS7
2. o—hydroxy theory ; SS3, SS8
3. co—planality of biphenyl structure ; SS6, SS12, SS13
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NE—=v1: BTIEVWHEREZHZE-S

[ =8 ] 3, /7, 8, 9, 13, 14, 18,
19, 21, 24, 26, 31

FHH BB EEDEEICHEI N,

KA ICARBRICEELRER

NR—=2: TN—7ATeVHERR#MZEFED

[ z4 ]
mixed admin. group; 2, 3, 4, b5, 7, 8, 9,

26, 31
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18. largest principal moment
19. intermediate principal moment

. humber ol nitrogen atoms

21. ratio of largest to smallest principal moment

. number of basis rings
8. number of ring atoms
9. path 3 molecular connectivity 24. molecular connectivity environment: SS8

26. molecular connectivity environment: SS10

. molecular connectivity environment:
14. molecular connectivity environment: SS3
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BERGORIEBR - 1. N-hydroxylation theory ; SS2, SS7
2. o—hydroxy theory ; SS3, SS8
3. co—planality of biphenyl structure ; SS6, SS12, SS13
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BHS5 X — &ty R (SR> 2) T it Do

B /V-7ATEVWHRERER > (REFBEOERICLIZEDEW)
1. number of carbon atoms 16. molecular connectivity environment: SS5

number of nitrogen atoms

6. number of aromatic bonds 21. ratio of largest to smallest principal moment
7. number of basis rings 22. ratio of intermediate to smallest principal moment

8. number of ring atoms 23. molecular connectiviti environment: SS7

25. molecular connectivity environment: SS9
26. molecular connectivity environment: SS10

10. path 4 molecular connectivity

. molecular connectivity environment: 27. molecular connectivity environment: SS11
13. molecular connectivity environment: SS2 28. molecular connectivity environment: SS12
14. molecular connectivity environment: SS3 29. molecular connectivity environment: SS13

31. number of F+ Cl+1+ S

_ :Mixed admin. group | : Oral administration group




BERINT A -ty &

classifier
data set

Bayes (quadratic) BA
Bayes (linear) é
KNN (k=1) %
KNN (k=3) %
iterative least square éA
simplex /;B

linear learning machine

set A: original data set

N/ B

% correctly classified

active not active total

90.9 87.0 83.6
96.7 93.3 94.7
/5.8 84.8 8l.0
83.3 91.1 33.0
06.7 73.9 70.9
73.3 32.2 8.7
06.7 82.6 76.0
73.3 36.7 8l.3
34.9 97.8 92.4
96.7 97.8 97.3
81.8 39.0 84.3
93.3 93.3 93.3
100.0 100.0  100.0

setB: pruned data set
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Q.Q Nf’ 2-Fluorenyldiethylamine (4)

HHM 2-Phenanthrylacetamide (11)
4@7 4'[(p-Methoxyphenyl)azo]-o-anisidine (4)
: fﬂ MH

N N2 4‘-Fluoro-p-phenylaniline (4)
FnHz 4-(Phenylazo)-o-anisidine (6)
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