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For some time now it has been our objective to
conduct a comparative study of the mathematical
model of Free and Wilson? and the linear free-energy-
related model of Hansch.* For such a study one needs
a series of congeners which can be treated by both
methods and reliable activity data for each molecule
in the series. Although limited in size, an ideal system
meeting these requirements is the series of 1-decyl-3-
carbamoylpiperidines which were evaluated for their
inhibitory potencies against butyrylcholinesterase (acyl-
choline acylhydrolase, EC 3.1.1.8).3¢ In 1965 we re-
ported the results of the application of the Free-Wilson
model using I, values (molarity of compound effecting
509%, inhibition) to 12 homologs of this series.” In this
paper we are presenting the results of Hansch and Free-
Wilson analyses of six of these derivatives and a com-
parison of the two methods.

Calculations.—The following variations of the gen-
eralized Hansch equation? (eq 1) were used in this study

(eq 2-10). In eq 2-10 pls is the negative logarithm of
log (1/C.) = —ar? 4 br 4+ po + ¢ ¢y

plso = —am? + br + ou + ¢ (2)

plio = —ar? +br + pim + ¢ (3)

plso = —ar? + br + po* + ¢ 4)

pleo = b + pu + ¢ (5)

plso = b + po* + ¢ (6)

plso = —am? + pu + ¢ (7

pleo = br 4+ om + ¢ (8)

(1) This research is being supported by the U. 8. Army Medical Research
and Development Command (DA-49-193-MD-2779), the National Science
Foundation (GB-4453), the Cotton Producers Institute, the National
Cotton Council, and a grant from Eli Lilly and Company. This paper is
Contribution No. 569 from the Army Research Program on Malaria.
Computer facilities were provided through Grant HE-09495 from the
National Institutes of Health.

(2) The work reported in this paper constitutes a segment of the thesis
to be submitted by John M. Clayton to the Graduate School—Medical
Sciences of the University of Tennessee in partial fulfillment for the degree
of Doctor of Philosophy.

(3) S. M. Free, Jr., and J. W. Wilson, J. Med. Chem., 7. 395 (1964).

(4) C. Hansch and T. Fujita, J. Am. Chem. Soc., 86, 1616 (1964).

(8) J. G. Beasley, R. P. Quintana, and G, G. Nelms, J. Med. Chem., T,
698 (1964),

(6) J. G. Beasley and W. P. Purcell, Biochim. Biophys. Acta, in press.

(7) W. P. Purcell, ibid., 105, 201 (1965).

pIso = —an? + br + c (9)
plo = br + ¢ (10)

I, a, b, p, and ¢ are the constants generated by the
regression analysis, = is the free-energy-related sub-
stituent constant defined as the logarithm of the parti-
tion coefficient of the derivative minus the logarithm
of the partition coefficient of the parent compound, u is
the electric dipole moment of the identically substituted
nicotinamides,® m is the amide group dipole moment,®
and ¢* is the Taft substituent constant which is
dependent only upon the net polar effect of the sub-
stituent' and is analogous to the Hammett substituent
constant.!* The 7 values used in the regression
analyses were derived from a phenoxyacetic acid
system and were obtained from the literature.?

The Free-Wilson regression analysis of these same
compounds followed previously deseribed methods.”!®
Unlike most series treated by this method, there is very
little variety in the substituent groups since they
constitute a homologous series. All calculations were
carried out with an IBM 1620 computer. The
Hansch regression analysis employed a program written
by one of the authors (J. M. C.). The correlation co-
efficients, », and F ratios were calculated according to
standard methods.*

Results and Discussion

Table I gives the constants generated from the re-
gression analyses of eq 2-10, the squares of the correla-
tion coefficients, and the F ratios for the Hansch
analysis of the butyrylcholinesterase inhibitory poten-
cies of six 1-decyl-3-carbamoylpiperidine hydrobro-
mides. The correlations of all six equations are quite
good. Since the level of significance of the F ratio for
each regression analysis is greater than 999, the F
ratios per se are given as a means of comparison of the
relative significance of the various equations. Since
eq 13 has the greatest F ratio, it was used in all Hansch
caleulations,

From the Free-Wilson analysis of these compounds,
Table II gives a relative ranking of the activity con-
tributions of the substituent groups and the parent
molety. The significance of this regression was quite
good; the square of the correlation coefficient is 0.999
with the level of significance of the F ratio greater than
999%,.* From these data, it appears that increasing
chain length of the alkane substituents parallels an
increase i inhibitory activity. It may also be ob-
served that, as might be expected from receptor
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HANSCH ANALYSIS OF BUTYRYLCHOLINESTERASE INHIBITORY
Porency UsiNg pli, a8 THE BloCHEMICAL D ESPONSE

O
CH,(CH,),N"HBr l
NRR
h=H H H CH, CH, C,H;
B'=1 CH; GH. CU, CGH; Cill:

Square of
vorrelation

liquatiun“"’ voeflicient, »2 F rado®
plas = —0.0587% 4 0 923r —
0.456u + 5.589 (7, = 7.96) 0,998 92650 11}
nlee = —0.060x + 0.9337 —
0.396m + 5.683 (my = 7.7%) 0. DON 1194 .50 (123
plio = —0.1197% + 1 205« +

0.657a* + 3.333 (my = 5.08) 0. 908
Pl = 06907 — 0.26%u +

sS4 10 {131

A7.061 0 994 274 .40 (14)
plaw = 0.397x — 0 .394¢* +

4.566 0.974 57.11 (15)
Pl = 013222 + 0.33% +

3302 0 041 24 71 (161
nla = 0.6677 — 0.227m +

5.094 0.994 269. 08 (17}
1w = 0.0 7 + 0.5357 +

4,205 1) O8N+ 102,99 (18)

plo = 0.570x + 4187 0985 265 43 (19)
«Ree ref 4, 810, and 12, * pL,y ix the negative lagarithm of the

molarity  of compannd effecting 0¢, inhibition. -« Level of

significanee of (he F ratio exceeds 99¢, for each eqnation. 14

theories, the parent moiety quantitatively contributes
the major portion of the inhibitory aectivity. The
substituent groups either enhance or decrease this
activity of the parent moiety depending upon the
relationship between the group properties and the
requirements for activity.

Tapre 11
PARENT AND SUBSTITUENT AcTIVITY CONTRIBUTIONS (fENERATED
BY THE FREE-WILsON DEGRESSION ANALYSIS

Act, cangnbntion,

CGraap” plad
H —~0.82
Me —~0.6}
ki —~0.29
Pr 0.0,
Parent maiety 5.80

» The gronps, substituted at positions Roand R, and the
parent moiety refer (o the homologs in Table 1. *pl, is the
inegative logarithm of the molarity of componud effecting 50¢¢
inhibition.

One congener, 1-decyl-3-(N-ethyl-N-methylcarbam-
avl)piperidine hydrobromide, was not included in
cither regression and, therefore, its calculated pls value
can be treated as “predicted.” Both predicted values,
5.00 by the Hansch method and 4.99 by the Free-Wilson
analysis, are within the experimental error of the
observed pls, 5.01 = 0.03 (Table ITI).

Table III gives the observed and calculated pls
values for both types of analyses and, therefore,
provides data for comparing the two methads. Bath
correlations are very good. The caleulated pli values
from the Hansch analysis (eq 13, Table I) are all
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Tapre 111
(BSERVED AND (‘,\I,(‘l'L.\'l‘Ell .B["l'\'l.‘\'“'l](ll,l,\l‘ls'l'l'jl! AN
INmiBITORY POoTENCIES 01 SOoME
1-DECY L-A-CARBAMOYLPIPERIIINE HYDRUBROMIDES

(N0
CH(CHLN"HBr l
NRR
pla
Culend
R Rt Ol ree- Wilson' Hanseld
1 1 4021 = (02 4.25 10
1 Me 1,46 = 0. 446 140
H It 1.8 = 0D 4.78 £ 86
Me Me 4606 =k 0048 446 4 606
Me It 5.01 42 005 4499 5. 00
1<t 1t 02N = 0,02 5.2 D2
Py Pr 5098 cx 0.05Y 508 RIRIA

« pli iz the negative logarthm of the malarity of compoimnd
effecting 50¢ inhibition. * Taken (rom ref 5.« Taken from ref
6. This is the compoind for which (he inhibitory poteney was
predicted accirately 4 vears before it was synthesized. The
abserved value, 5.01, was not included in either the Free-Wilsoi
ol Hansch regression analysix.  4J. (¢ Beaxley, nnpublished
results, < Calenlated by simamationr of  (he snbstitiient and
parent acivity contribntons obtained from Table ITT. 7 Eqnation
13, Table I, wax used.

within the experimental errar af the observed values.
The caleulated pls, values from the I'ree~Wilson analy-
g, liowever, are within the experimental error of the
observed valucs far only three of the six campounds,
and ane of these campannds, the dipropyl derivative,
i forced to fit since 1t represents a single observation.
One must conclude that both 1nodels fit these data
quite well although the Hanseh method gives somewhat
better quantitative results for this =eries.

Sinee the hydrophiobie parameter, 7, seems to be the
maost siguificant term in the Hansceh analysis, the
maximum or ideal = value, =, was caleulated. ™ lor
the equation used in the Hanseh analysis (eq 13.
Table 1), 7 15 306, One might conclude, therefore,
that the N N-dipentyl derivative nr other derivatives
with combinations of substituents with similar = values
would be worthy al’ syvuthesis and evaluation.  lor eq
1L and 12, =/~ are 7.96 and 7.76, respectively.  Values
of 7 between 5 and 8 would be expected to be optimum.

{15 17, Hanseb, A\ R Sreward, 80N Arolerson, and Do Benloy, /. e
Chem,, 11, 1 (11488

3-Azaspiro[5.5]lundecanes

1. B, Prricarat axp Co V. Deniwaate

Department of Chemotherapy, Haffkine Instivle,
Pavel, Bomhay-12, Indin

Receved Apyil 28, 1969

A broad program for the investigation of the chemical
and pharmacological properties of heterocyclic com-
pounds containing spiro carbon linkages at the ring
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