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Regression analyses by the Free and Wilson method? were applied to the tumor inhibition (per cent inhibi-
tion/mg of drug per kg of test animal) and cure potency (per cent prolongation of life/mg of drug per kg of test
animal) of 69 substituted acetylenic carbamate analogs.® The original biological response parameters yielded
more meaningful results than logarithms of these data. For regressions considered of predictive value, correla-
tions were significant at greater than the 909, level. It was found that statistical texts alone are not always
reliable means of judging the predictive utility of regressions of this type. Compounds predicted to be most
active against these tumors were among those not tested; some of the more promising compounds would contain
2-naphthyl, 4-fluorophenyl, or phenyl groups or combinations of them at the nitrogen with cyclohexyl, cyclo-
heptyl, or cyclopentyl groups or combinations at the 1,1-(2-propynyl) positions. In compounds with the highest
calcwlated activities, substituents on the nitrogen appear to contribute more to the total activity than do sub-

stituents at the 1,1-(2-propynyl) positions.

In the search for a method of accurate prediction of
therapeutically active molecules for specific pharma-
cological actions, the application of regression analyses,
of both the mathematical>? and linear free-energy*?
models, continues to hold much promise and interest.
In consideration of the labor of synthesis and testing
associated with drug development, any mechanism
suggesting molecules having a high probability of suc-
cess would be invaluable. An apparently good cor-
relation was found, for example, in the application of
Free and Wilson’s method? to an analogous series of
cholinesterase inhibitors.® More recently, applica-
tion of this techunique to hypoglycemic activities of
several piperidinesulfamyl semicarbazides has also given
interesting results.”

For meaningful application of the Free and Wilson
model,? the biological data should meet three basic
prerequisites: (1) molecules in the series should be
closely similar (to increase the probability of a con-
stant mechanism of action), (2) biological activity
selected should be accurate, quantitative, and mea-
sured under uniform conditions for the series, and (3)
the group contributions (to the chosen activity parame-
ters) must be intrinsically additive. Also, it is desira-
ble for the data to have a high number of degrees of
freedom since the greater the ratio of number of ob-
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servations to number of unknowns, the more signifi-
cant are the results,

Dillard, et al.,® have recently reported experimental
results® of the antitumor activities of 85 acetylenic
carbamates, most of which are well suited for applica-
tion of the regression analysis. Following the pro-
cedures of Johnson, et al.,10 the antitumor activities of
various analogs of the substituted acetvlenic carba-
mates (I) were tested against subcutaneously im-
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planted tumors in mice.® The tumors used were
X5563, a plasma-cell tumor, and C1498, an atypical
myelogenous leukemia.® Dillard, et al.,® reported the
per cent inhibition of the tumor X5563 aud the per
cent prolongation of life for those animals with tumor
C1498. We analyzed these data (1) to rank the anti-
tumor activities of the substituent groups and note
possible structure-activity relationships, and (2) to
predict the compounds of the series not tested, and
possibly not synthesized, which would have the
greatest potential as tumor inhibitors.
Calculations —By assuming the activity contribu-
tions of the substituent groups on the parent structure
to be constant and additive to the total activity of the

(8) R. D. Dillard, G. Poore, D. R. Cassady, and N. R. Faston, J. Med.
Chem., 10, 40 (1967).

(9) It should be recognized that tlie autliors® noted that tle activities
reported "‘are the results of a specific dose—response test for eacli compound
and should be considered in a rnualitative manner in comparing relative
potencies.” This limitation shiould not be overlooked wlien analyzing the
results of the regression.

(10) I. 8. Johnson, H. F. Wright, G. H. Svoboda, and J. Vlantis, Cancer
Res., 20, 1016 (1960). :
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moleeule, the data of Dillard, ef al. ® were analyzed ac-
cording to the method of Free and Wilson.2 I'or
this model, one generates o linear equation for each
observation (e.y., eq 1) where a. b, e, and d represent

[Callile + [CoHahy + [H 4 [CHala + 0 = 7.533
(1}

posttions R, Ry, Ry, and Ry, respectively, on the parent
structure while the brackets indieate the activity con-
tribution of the substituent group at that position
to the total aetivity; u represents the activity contri-
bution of the parent structure, Thus, [CeH,], ix
the activity contribution of a phenyl group at position
R; [CiH;l, represents the aetivity contribution of a
pheuyl group at position Ry; [HJ, 1= the activity con-
tribution of a hydrogen at position R.; and [CHyl,
15 the activity contribution of a methyl group at po-
sition Ry, The sum of these individual group con-
tribntions plus ¢ i each equation is equal to the bhi-
ological responsge parameter (eq 2). In searching for

Biological Response = u 4+ X group contributions  (2)

a biological response parameter whieh could be used
comparatively, the antitimor activity percentages
reported by Dillard, e ol.,® divided by the dosages
(mg'kg) administered to the test animals were se-
leeted.  This, the activity contributions in  these
regressions were set equal to the per cent inhibition
of the tumor /mg of drug per kg of the test animal in
systent X5503 and the per cent prolongation of life
myg of dmg per kg of the animals tested with tumor
CI98 (ey.. biological response i eq 1 is 7.533¢
prolongation of hfe/mg per kg).

From the assumption that position R is equivalent
to position Ry, and Ry is equivalent to Ry, the hnear
equations can be simplified by reducing the nwnber of
unknpowns,  For example, eq 1 reduces to eq 3. One

21CoHs)y + Ho + [CHslo 4+ 2 = 7533 (3)

can then generate 65 sunudtaneous equations with 36
unknowns for system X363 and 69 equations with 37
nnknowns for tumor CH49S, In addition. following
the method of Iree and Wilson,”? two restrictions
(xynimetry equations) were applied, namely, sumima-
tions to zero of the gronp contributions at positions
LR and Ry, Ry, The 67 =imultancous equations for
system Xa363 and the 71 simultaneous equations for
tnor C1498 were then solved iudependently by the
method of least squares using the TBM 1620 computer,

Results and Discussion

Least-squarex solution of the linear equations yielded
the caleulated activity contribution of each substit-
nent group as well as that of the parent structure.
The caleulated total activity of each molecule was
fonud by summation of these group contributions and
u (cq 2). These calculated activities were then
plotted against the observed biological activities;
moxt of the poluts were very unear the 45° line of the
graph, indicating o relatively good correlation between
the two sets of values. Tt was observed, however,
that certain groups (eyclohexyl, propyuyl, and tetra-
methylene) substituted at positions Ry R; probably
possessed nonadditive properties because there were

large deviations between their corresponding pointx
(plot of tumor X5563) and the ideal 45 line. OF
these, only the eyclohexyl groap, which had the highest
culenlated activity. exhibited an aetivity contriba-
tion (5.040¢ hibition/mg per kg) sufficient to he
considered as wetive.  Similarly, the regression analy-
sikoof systemn CI49S8 indicated that three substituent
groups (eyelohexyl, tetramethylene, and ethyl) ox-
hibited nonadditive activity contribution properties.
Here, too, the magnitude of the activity contribution
of only the eyelohexyl group (6.679¢7 prolongation of
life ‘mg per kg) warrants its consideration i potential
antitumor agents of this type.

These observations prompted the deletion of data
obtained from  the “nouadditive”  groups. and  the
simultaneous equitions were once again sotved.

From the results ol these second analyses, the ranks
of antitumor activity coutributions by the substituted
groups m ecach tumor system were found to be quite
similar (Table 1), It was observed that 5 of the 18
groups substituted at positions R, and 6 of the
14 groups substituted at positions R.Ry contributed
constructively ipositive sign, Table D) to the anti-
tumor  activity ol the compounds  tested  agalust

tiumor Xo563.  On the other hand, only 3 out of the

Panng 1
SUNSTITUENT GROUE CONTRIBUTION o
ANTTIUMOR ACTIviey

Thumor Njd63 Raak = Tre C L8~
Croup Ae(iviny” Gronp Activin®
Substituents at Position B, By
2-Coll; 2 {04 | 2-Cpls 2047
4-FCsliy bohe2 2 4-I"Cyl Ly 400
1-Coll: (.67 B Cell; 1,240
CICH. 1h.570 4 $-CHC T -1}, 381
(‘5”‘ (],,'),—” ") l'(.‘!()”'. - l '_)”1—
4-C1CsH, — 1020 [ $-1C311, — 1541
1-1CqH, Rl T 4-CylT;Celly — .84
+-BrCyll, —- 1. 012 N +-BrClly —2.176
2-C5HN —2 1151 lt 3 4-CLCs1 -3 416
2-Cl1CeH —2.246 1t 2,4-ClCelly —~3.416
3-CHCsH; - 2522 T 3-CLCH —23 445
2,4-ChCgls —2.3560 12 3-BrCyt -3 665
34-CLCgH 2 N2 15 ClIl, —3. 697
CI1. =2 057 14 I — 36497
1] — 2007 1> 4'(.F‘15(.Gllt -~ 3. 67
$-0.NCslhly -2 HAY 16 4-CICoH, — GYHY
4-CHLCH, -2 B 17 2-Cy S =35 607
REGHI PN —~ 2T I~ '_’-(',IC(,}I; -3.970
19 2-CL TN —] ONT
Substityents at Position Ry, 1y

Cyeloheptyl 50T I Cyelopentyd 5,500
ClHL,CH==CII, b 265 2 Cyeloheptyl 4285
Cyelopentyl 1.207 3 R
(CH ) N(CHu) 0.R7TH 4 O8N
CH; 0.372 0 o412
Cyclooctyl 0.073 6 0.021
CaH; -, 027 T (CHuuN(Cllyyy =191
H — .03 N Cyelopropyl —2.315
CI’I;CEI;CGIIQ — 2477 i (,‘_\'1']()()(‘1}'1 — 2. 348
4-Cl1CsH, —:3.060 10 NI, —4.24%
Cyclopropyl —-3.260 11 CH.CH.CsH; —4.582
CH,CH.OH --3.2060 12 4-CICGI‘I5 —4.067H
CI{,CsH; —3.260 13  CH.CH.,OH —4.915
NH, —-5.260 14 CIHLGeH;s —4.915

+ Activity is given as per cent inhibitiou of the tumor/mg of
drug per kg of the test animal. ? Activity is given as per cewt
prolongation of life/mg of drug per kg of the test animal.
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OBSERVED AND CALCULATED ANTITUMOR ACTIVITY OF VARIOUS SUBSTITUTED ACETYLENIC CARBAMATES AGAINST TUMOR X5563
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@ Activity is given as per cent inhibition of tumor/mg of drug per kg of test animal.
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Substituents at position Ra.Rs

Cyclopropyl
CIL:C1011
CH2C11:Csl 15
Cyclopentyl
Clyeclolieptyl

CH2ClH==CHa2
Cyclooctyl

CH2CsHs

(CH2)sN (Clla)e

3; Antitumor

= o activity?®
Y2 Obsd “Cated?
0.000 0.000
0.000 0.000
2.213 3.227
4.267 3.632
3.233 3.233
5.555 4.525
0.000 0.000
0.000 0.000
0.000 0.000
0.783 0.783
4. 467 4.467
6.667 6.667
3.333 3.333
1 4.133 4.133
1 0.200 0.200
1 0.000 0.000
4.333 4.037
0.000 0.000
2500 2.632
3.200 3.038
2.900 3.930
3.333 3.442
0.000 0.335
1.111 0.741
1.111 1.146
0.911 0.411
0.722 1.221
0.160 0.275
0.493 1.084
0.000 0.297
1.583 1.644
1.667 2.050
2.900 2,455
2,000 3.819
6.667 4.629
2,222 2,222
0.000 0.000
0.000 0.000
8.000 3.261
3.333 6.071
3.333 3.333
0.667 0.606
1.533 1.011
(0.833 1.416
(0.000 0.000
1.550 2.038
4.167 2.444
1.667 2. 848
0.387 —0.319
0.000 -—0.297
2. 857 4.411
6.667 5.222

b Calculated using eq”2 where u = 2.153% in-
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19 groups substituted at positions R, R, and 6 groups
of 14 substituted at R.,R; were not deleterious to the
activity of those compounds inhibiting tumor C1498.
Also, these rankings were noticeably similar to those
of the original regressions in that the number of active
groups was the same in each and many of them were in
the same relative order. Too, the significance of the
correlation increased markedly in the second regres-
sions indicating that statistically they are considerably
better: the correlation coeflicient, level of sig-
nificance of F ratio,!' and ¥'? for system X5563
changed from 0.816, 0.940, and 0.578 to 0.915, 0.995,
and 0.403, respectively, while the corresponding values
for system C1498 went from 0.800, 0.900-0.950, and
0.600 to 0.882, 0.975-0.995, and 0.471, respectively.
Tables II and III give the calculated and observed
activities for the second regression analyses. In-
cluded i the total calculated activities is the calculated
value of u for each system; u = 2.1539%, inhibition of
tumor/mg of drug per kg of test animal for tumor X5563
and p = 2.4149, prolongation of life/mg of drug per
kg of test animal in system C1498. Deviations between
the calculated and observed activities for most ob-
servations are quite small; of course, there is neces-
sarily no activity deviation for those compounds with
substituent groups observed only once.

In other attempts to find a more significant regres-
sion, thie linear equations were solved using the loga-
rithms of the biological responses as the activity parame-
ters since logarithms of biological activity data are
often considered free-energy related, and therefore
may be additive. These calculations were based on
all substituent groups analyzed in the first calcula-
tious (4.e., 1o groups of the original data were deleted
in these regressions). From calculation of the F
ratios,’ ¥, 12 and correlation coefficients, it was found
that these regressious of logarithms were statistically
better than the original calculations. In order to make
a valid comparison of the degree of fit between the
linear data and logarithmic data, calculated total
activity was plotted against the observed total ac-
tivity for each observation using the antilogarithms of
the results of the logarithmic regression. Table IV
sumimarizes the statistical results and makes it clear
that the preferred choice of biological response param-
eter for tumor C1498 is the original linear data and
not their logarithms.

It is important to emphasize that one could be misled
from the statistiecs of the regression analysis using
the logarithms of the original linear data (cor-
relation coefficient = 0.927, level of F ratio!! = 0.995,
Y1 = 0.373) which are better than those for the origi-
nal linear data (Table IV). Statistical calculations
(correlation coefficient, F' ratio,!* and ¥!2) alone are
not suitable as a means of judging the predictive utility
of regression analyses of this type.

Perhaps the most interesting point in this study
is the fact that several molecules which were not tested
in vivo have calculated antitumor activities greater

(11) G. W, Snedecor, ‘‘Statistical Methods."” 5th ed, The Iowa State
College Press, Ames, lowa, 1936, pp 417-420, 276-279.
(12) 0. Exner, Collection Czech. Chem. Commun.. 81, 3222 (1966).
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TasLe IV

STATISTICAL RESULTS OF REGRESSION ANALYSES OF
LiNgar AND LogariTHMIC DATA (SystEM C149%)

= (obhsd
Results of regression Cor Signif of -
analysis of coef F ratio® ¥ caled)?°
Original linear data 0.800 0.90-0.95 0.600 527.6
Logarithms of original
linear data (results
converted to anti-
logarithms) 0.636 <0.75 0.793 920.8

a Reference 11, ? Reference 12. ¢Sum of squares of deviations
between the observed and calculated activities.

than those tested. It would appear that the best
compounds would contain 2-naphthyl, 4-fluorophenyl,
or phenyl groups or combinations of them substituted
at positions R and R; with cyclohexyl, cycloheptyl,
or cyelopentyl groups or combinations at R, and Rs.
For example, the caleulated activity of the molecule,
1,1-(2,2’-dinaphthyl)-2-propynyl N,N-dicycloheptyl-
carbamate, with 2-naphthyl groups substituted at
positions R and R; and cycloheptyl groups substituted
at R, and R; is 14.1759, inhibition/mg per kg against
tumor X5563 while the most potent molecule tested,
1-(2-naphthyl)-1-phenyl-2-propynyl carbamate, had an
observed activity of only 8.0009, inhibition/mg per kg.
On the other hand, when 2-naphthyl groups are sub-
stituted at positions R and R; along with cyclopentyl
groups at Rs and Rj;, the molecule, 1,1-(2,2’-dinaph-
thyl)-2-propyny! N,N-dicyclopentylearbamate, exhibits
a calculated activity of 17.6189 prolongation of life/
mg per kg against tumor CI1498 compared with the
13.8009, prolongation of life/mg per kg of 1-(4-
fluorophenyl)-1-phenyl-2-propynyl N,N-dimethylcar-
bamate which is the highest observed activity. One
would conclude that these and similar promising com-
pounds are worthy of synthesis and testing,

In the more active molecules of this series, substit-
uents at positions R, and R; contribute more to the
calculated total activity of the molecule than do sub-
stituents at R and R;. An example of this is 1,1-di-
phenyl-2-propynyl N-cyclopentylearbamate (8, Table
III), the compound tested with the highest calculated
total activity., Of the total calculated activity of
10.4679, prolongation of life/mg per kg, an activity
of only 2.4809, prolongation of life/mg per kg was con-
tributed by positions R and R; compared with 5.5769,
prolongation of life/mg per kg contributed by posi-
tions Re and R;.  This observation holds true uniquely
well for those molecules predicted as potent antitumor
agents and is also illustrated in Table I; the calculated
activities of the more potent substituent groups at R
and R; (2.047 and 1.499%, prolongation of life/mg per
kg) are only half these of the more active substituent
groups at R, and R; (5.555 and 4.2859, prolongation of
life/mg per kg).
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