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A series of eleven piperidinecarboxaniide derivarives vonainiug alkenyl, alkyiyl, and aralkyl substitnents
ui the ring nitrogen has been evalnated manometrically in isolated hunian plasma cholinesterase systems,  1,1°-
Nylyleue bis(N,N-diethylnipecotamides) were found to be better inhibitors of chnlinesterase than the 1,1 -atkenyl

and ' 1,1" -alkynyl derivatives sindied.

In an investigation designed to probe the anionic
site*? of human plasma cholinesterase (PChE: acyl-
choline acylhydrolase, FC° 3.1.1.8), Lasslo, ef al.*
showed that the inhibitory poteucies of unbranched
alkanes substituted with a N N-diethyl-3-piperidine-
arboxamide group in the « or @ and w positions vary
withh the chain length of the alkane substituent.  Berg-
mann. el el Wilson and Bergmann.® Blaschko, ef
al.,” Coleman and Eley,? Kell ett and Hite? and Long
and Sel liueler,® among others, have demonstrated that
variations in the molecular (011stitut101'1 of quaternary
ammonium ious can alter the cholinesterase!-inhibi-
tory properties of such entities.  Thomas and Marlow!
found that the presence of an aromatic group in (ua-
ternary ammonium inhibitors of AChE influences the
mhibitor-enzyme  binding  characteristies,  Colemun
and Eley® with AChE, and Long and Schueler, ' with
PCUL, have proved the effectiveness of 1)1»(111‘1t0111‘11_\
amimonium  compounds ax anticholinesterase agents
and have consgidered the activity of snch inhibitors in
relation to the structure of the nolecular segnient join-
ing the two nitrogen atoins,

Tl 1(\ ability of the organic moietiex which contain an

>,\'(7(‘(_f(:)N< grouping to perform effectively as cho-
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linesterase inhibitors has been demonstrated in several
previous studies, ™45 Analogs of nipecotamide (3-
piperidinecarboxamide) contain  this  aminopropion-
amide segment and have afforded couvenient homolo-
goits =eries for nwe in studying interactions between
cholinesterases and inhibitor molecules. We have
elected to incorporate this basic structure i a series of
Nlalkynyl-, Ntl-alkenyl-, and N'-aralkyl-sibstituted
N N-diethylnipecotamides designed for evaluating the
effects of structural rigidity and of uusaturation on
PCHE inhibition.

Experimental Section

Materials. -~1'he inhibitors for thix study were preparved hy
Quintana and vo-workers!s and were nxed in the form of their
hyvdrohalide =ult=.  All vf the compenuds emploved were of
analytically pure grade or the equivalent.  Human plasuia cholin-
esterase (Cholase, Chatter Laboratories, Berkelev, Calif.) wux
the enzyvie preparation ntilized in vur evaluation procedure.

Biochemical Evaluation.—Iphihitors were evaluated mano-
metrically nua GME-Lardy RWB-1 Warburg instrument usiug o
provedure describetl previousty.™  The euzyvme solutions were
prepared by dissolving the lvophilized erystalline powder in
0.9¢; salive sohution aud were stored iv the refrigerator when 1ol
i use.  No loss in activity wuas vhserved during the period in
which activity measurenients were condueted. Iz values (molur-
ity of romponnd ef e(tmg A0C% inhibition) were obtained frow
least-xquares lines.  Buffer, inhibitor, and substrate solutions
were prepaved fresh cach day using redistilled water.  The re-
spunse (Lo £ SEof var enzyine preparation against a referenee
reagent, physostigiuiine sulfate {Nuntrional Biochemical Chuy,

was checked aud found to he (7.24 == 0,11 X 11178 31,

Results and Discussion

Oy results have heen examined in the ight of severad
factors previansly invoked in rationalizing cholines-
terase inhibitor interactions.  These factors are simm-
marized here: (1) o positively charged center in un
inhibitor moicty may react with o negatively charped
anionic xite?® v oan enzyme surface f (2) the sterie
reghirentents of the 'mi(mi(' site of PChl are more ve-
stricted vhan for AChIS# ¢) the onle volume of the
cationic portion of 111}11])1t¢>1> may govern tlie sterco-
chemical fit ut the anionie site;® (4) the hydrocarbon
segnient of an inhibitor may bind to the engyme surfuce
through van der Waals forees™ 7 und/ or through hydro-
phobic interaetions:® (3) an inereased lipophilie -lipo-
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TaBLE I
THE INFLUENCE OF UNSATURATION IN THE NI-HYDROCARBON
STUBRTITUENT UPON THE CHOLINESTERASE INHIBITION
(I = SE) or N,N-DIETHYLNIPECOTAMIDES®

R _N%CON(Csz)z

HCI
Is &= SE
Comnpd R M X 104 wt
I CH,CH.,CH, 10.1 £ 0.14 1.50
II CH,—=CHCH. 11.6 £0.1 1.20
III CH=CCH, ¢ 0.90

@ These derivatives may also be named as 3-(N,N-diethyl-
carbamoyl)piperidines. * Standard error calculations are based
on the method of (. W. Snedecor and W. G. Cochran (“Statisti-
cal Methods,” 5th ed, Iowa State College Press, Ames, Iowa,
1956, pp 42-45) and utilize data from two to five independeit
determinations. ¢ Hansch's values?! (0.50 for CH; aud CH,,
0.70 for CH,=CH, and 0.40 for HC=C) are additive to
give the substituent coustants (=) listed; larger = values may
be considered to represent more lipophilic moieties. ¢ The
biochemical evaluation of this compound has been previously
reported.t ¢ Iuhibition not significant at 1 X 1073 .

phobic ratio usually enhances inthibitor effectiverness, 142,19
In this study, special eniphasis has been directed to-
ward elucidating characteristics affecting interactions
in the region of the anionic site. All of our derivatives
possess a positive nitrogen substituted with a hydro-
carbon function incorporating varying degrees of un-
saturation and structural rigidity.

The effect on inhibition induced in compounds II
and III (Table I) by unsaturation ig rather unusual.
Using the N'-propy! analog (I) for comparison pur-
poses, we see that the introduction of a double bond (IT)
causes no appreciable activity change while insertion
of a triple bond (I1I) is accompanied by a cousiderable
loss in activity. Two factors, electronic and lipo-
philic, may be considered in regards to this change in
activity. Should an electronic factor'® be involved
here, one niight expect interactions of the = electrons
(1) with the positively charged nitrogen?® and (2) with
the negatively charged aniouic site.? The probable
significance of ipophilic properties miay be inferred if
one uses Hansch's = values?! (Table I) as a basis for
comparing compounds I, 1I, and III, respectively.
These 7 values represent a decrease in lipophilic char-
acter and, therefore, one would expect a corresponding
decrease in hydrophobie binding to the enzynie. How-
ever, as the lipophilic properties decrease, the elec-
tronic factor appears to become more important and
even dominant in the N'-propargyl analog (IIT). Here,
both factors may contribute to the decrease in binding
cnergy and provide an explanation for its lessened in-
libitory activity.

In light of the finding of Coleman and Eley® and Long
and Schueler,!® as well as our own results,* a study of a
series of bis(N N-diethylnipecotaniide) hydrocarbons
(Table IT) appeared attractive. These will be consid-
ered first with respect to the N'-alkyl, N'-alkeny!, and

Lalkynyl derivatives (IV=VIII) and secondly with
respect to the N'-xylylene analogs (IX-XI).

{19) \W. P. Purcell, J. G. Beasley, R. P. Quintana, and J. A. Singer, J.
Med. Chem., 9, 297 (1966).

(20) H.J.S8mith and H. Williams, J. T/heoret. Biol., 11, 177 (1466).

(21) C. Hansch, A. R. Steward, and J. lwasa, J. Wed. Chem., 8, 868
(1V65).
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TaBLE 11

THE INFLUENCE OF UNSATURATION IN THE HYDROCARBON
LINKAGE UPoN THE CHOLINESTERASE INHIBITION (Is = SKE)
oF B1s[N,N-DIETHYLNIPECOTAMIDE| HYDROCARBONS

(CZH;,)ZNCMN —A— N%CON(CZH )

I = SE.¢
Cowpd HX A M X 104
v HBr —CH.CH,CH:CH 4.20 £ 0.17°
v HBr —CH:CH==CHCH:—(cis) 3.27 +£0.17
VI HCl1 —CHCH=CHCHzltrans) 5.80 %+ 0.01
VII HCl1 —-CH:C=CCHs 3.43 %+ 0.01
VIII HCI —CH:C=CC=CCH:- BN
IX HBr 0-(CHa)2CeHs 0.67 £0.05
X HCl1 m~-(C H2)2CsHs 1.47 £ 0.01
XI HBr p-(CH2)2CeHs 2.18 = 0.09

® The biochemical evaluation of
¢ Inhibition was

e See Table I, fontuote a.
this compound has been previously reported.*
409 at 1 X 1072 M.

A different spectrum of activities is found for deriva-
tives IV=VIII. Here, the effect of a single double bond
niay be related to the geometric configuration with the
cis derivative (V) being more active than the saturated
analog (IV) and the trans derivative (VI) less active.
A further increase in unsaturation, to the triple bond
level, vields a product (VII) with essentially the same
activity as the eis form (V). This result is in striking
contrast to the monosubstituted series (Table I} where
the change from single to double bond (I — II) pro-
duced no significant change in activity while the change
from double to triple bond (IT — III) was accompanied
by a sharp decrease in activity. In the bis series, how-
ever, the insertion of a second triple bond (VIII) does
induce a noticeable loss in inhibitory potency. It is
possible that in the bis series, the second N, N-diethyl-
nipecotamide function may anchor the niolecule to the
enzyme surface by means of ion-induced dipole forces,
as suggested by Coleman and Eley® for their diquater-
nary conipounds, and that the rigidity of the hydro-
carbon linkage may affect the extent of such nonspecific
binding. The stereochemistry of the inhibitor moiety,
therefore, could direct the conformational perturbation
of the enzyme surface as suggested by Belleau!®® and,
consequently, control the degree of inhibition. The
rigidity of the hydrocarbon linkage in VIII may also
indicate the influence of a spatial factor (e.g., nitrogen—
nitrogen distance) in binding of inhibitor to enzynie.

Thonias and Marlow!#® have shown that trimethyl-
benzylammoniuni iodide is a fair AChE inhibitor. This
prompted us to try an aralkyl group as a source of
structural rigidity and unsaturation in our bis-sub-
stituted inhibitors and led to the synthesis'® and bio-
cheniical evaluation of compounds IX-XI (Table II).

The order of decreasing inhibitory activity found for
these products was ortho (IX) > meta (X) > para (XI).
Differences in the stereochemistry and lipophilic charac-
teristics of these niolecules would be significant and, we
believe, niore influential in determining inhibitory
properties than the electronic and ionic volume factors
which should be similar for eacli derivative. Quin-
tana?? has found appreciable differences in the benzene/
water partition coefficients of unipecotamide and iso-
nipecotamide (4-piperidinecarboxamide) analogs. Tle
former was more lipophilic and niore potent as a ChE

122) R. P. Quintana, J. Phacm, Sci., 54, 462 11963).
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inhibitor,  Quintana points ont, however, that such
relationships do not necessarily hold outside o par-
tieilar homologous or isomerice series and should he used
with caution.  Moleenlar models of TX-XT show that
sufficient free rotation exists about the hond lnking
the benzene ring and the methylene group to allow the
ring to orient in a plane parallel to the enzyme surface.
Sueh an orientation wonld permit a greater degree of
Lhyvdrophobie interaction than ix possible far the uwon-
aromatic analogs <hown i Taldes T and 110 It s m-

Mammahian Antifertility Agents.

Vol. 10

{eresting to note that the most aetive xvlvlee analog
(IX) has a configuration analogons (o that of the more
wrtive cis-ethenylene isomer (V). o fuet which is in
agreement withe the possible existence of o spatial

faetor.
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IV. Basic 3,4-Dihydronaphthalenes

and 1,2,3,4-Tetrahydro-1-naphthols'*
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The preparation of busie cthers of 12-dipheny’-i 4-dihydronaphihalenes, 1-(pyridyvh-2-plienyl-s, 4-dihybng-

uaphthalenes, and 2-(3-pyridyvli-1-arvloxy-34-dihvdronaphthalenes is described.
AMany of the componnds prepared were fonud to he highly potent aunti-
soine of the active compaonnds were also potent nterntropie ageins while others antago-

soute of these prodiets are recorded.
fertility agents in rats;

Further vansformations of

nized the effect of concurrently administered estrogens on nterine weight.

Appropriately  substituted devivatives of  the 2-
phenyl-8,4-dihydronaphthalence  systemis  have  pre-
viously been shown to exhibit uterotropic activity.’
More recently™* compounds related to 1.2-diphenyl-
3. 4-diliydronaphthialene were alzo found to clicit a
nterotropic response. In the continuing scarch for un
orally effective nonsteroidal contraceptive, baste deriva-
tives of the 1,2-diaryl-3.4-dihydronaphthalene system
were investigated sinee the incluston of basic groupsinto
inherently estrogenic niolecules has occasionally been
found to lead to estrogen antagonists, whiclr in turn ex-
hibit antifertility activity.»

Basic Derivatives of 1,2-Diphenyl-3,4-dihydronaph-
thalenes.—In one of the preferred methods of syntliesis,
a substituted 2-phenyl-1-tetralone was allowed to react
with the Grignard reagent from a basic derivative of
bromobenzene.  The  derivatives of  p-bromophenol
were prepared as described previously.®  In order to
prepare the pyrrolidinoalkyibromobenzenes, the ap-
propriate w-bromoalkanote acid? was converted to its
acid ehloride and treated with an exeess of pyrrolidine
(Table 1).  Reduction of the amide thus obtained with
lithium aluminum hydride afforded the desired basces
(T'able IT).  These were carcfully purified by distilla-
tron and used 1 the ensning step (see Scheute T).
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