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dyl)-2-propen-1-ol, nnp. 74-73°. The nau.r. spectrum was
consistent with the proposed structure, with the expected hy-
drogen ratio of 2:2, peaks occurring at 3.06 (for ==CH.) and at
4.1 7 (for the methylene group of CHyOH).

Anal.  Caled. for CpHuNO.: C, 72.84; H, 8.356; N, 5.66.
Found: C,72.61; H, 8.29; N, 5.77.

The picrate, formed in methanol on addition of 2 methanol
solution of picric acid, decomposed violently with a brilliant pur-
ple flash at 243°, with gradual darkening above 150°.

5-Cyano-6-hydroxy-4-methyl-2-phenylpyrimidine.—710 & solu-
tion of 0.4 g. of sodium in 50 ml. of absolute ethanol was added
1.1 g. of benzamidine hydrochloride. After a few minutes, 1.3
g. of ethyl 3-ethoxy-2-cyanoacetate was added. The reaction
mixture was heated under reflux for 2 hr. and then allawed to
stand overnight at room temperatiure.  After the addition of 25
ml. of water, the reaction mixture was nentralized with glacial
acetic acid. A precipitate was deposited that amounted to 1 g.
Dissolution of this material in concentrated ammonium hydrox-
ide, followed by acidification with glacial aeetic acid, afforded
0.8 g. of product, m.p. 200-291°.

Anal. Caled. for CI;HQNS(): (:, U?’QA.;A H, —}.:50: N, 10,00,
I'ound: C, 68.59; H, 4.42; N, 20.05.

5-Carbethoxy-4-hydroxy-2-phenylpyrimidine.—"l'o u solution
of 1.38 g. of sodium in 100 ml. of absohite ethanol was added 6.25
g. of benzamidine hydrochloride, followed by 5.1 g. of diethyl
piperidylmethylenemalonate. The reaction mixture was heated
under reflux with stirring for 2 hr. After filtering the reaction
mixture, the ethanol was removed fram the filtrate in vacwo and
the residie was acidified with glacial acetic neid. The precipi-
tate that was deposited amounted to 1 g. Recrystallization
from ethanol afforded 0.9 g. of product, m.p. 214-215°, A mix-
ture melting point with an authentic sample gave no depressian.
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Diethyl morphohuyimethylenemnlonate (5.1 g.) reacted with
5.0 g of benzamidine hydroehloride nuder the snme conditions
o give 0.5 g. of S-carbethoxy-+-hyvdroxy-2-phenyipyrimidine,
nLp. 204-215°, and 1.2 g of S-carboxyv-4-hvdroxy-2-phenylpy-
rimidine, m.p. 270.5-271.5°.

Formation of Benzimidazole from o¢-Phenylenediamine and
Ethoxymethylenemalononitrile.——A solution of 6.1 g of ethoxy-
methyvlenemalononitrile and 5.2 g. of o-phenyvlenedinmine in @5 mkh
of absohite ethanol was heated under reflux for 1 hr. After
removal of the solvent n vacio on o rotary evaperator, the re-
sidual solid was washed with petrolemmn ether and amonnted io
Ten s 1T Comparison of the infrared spectrn wnd «
mixture melting point with henzimidazole showed the two mite-
rials to be identienl.

Formation of 2-Methylbenzimidazole from o-Phenylenediam-
ine and Ethy! 3-Ethoxy-2-cyanocrotonate.—A solution of 27.5 g.
of ethyl 2-cvane-3-ethoxyerotonate and 16.2 g. of p-phenylenc-
diamine in 30 ml. of absolite ethanol wis heated under reflux for
7.5 hr. FPhe solvent was removed O enene ona rotary evaporator.
The restdue amonnted to 24 g, mp. 150-160°.  Several re-
ervsiallizations from ethyl neetate-petrolemnu ether afforded pure
2-nethylhenzimidazole, mup. 176+-177° (e v, 17670

Acknowledgments.—T'he authors are indebted 1o
Messrs, Lee F. MceCardle and Ronald D. Stewart for
their able technical assistance, to Dr. Gordon Ellis and
staff for the microanalyses, and to Dr. M. Gluckman
for the pharmacological evaluation.
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Cyclic Analogs and Congeners of Succinyl Dicholine'”
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Dicholine- and bis(N,N-dimethylhydraziniumethyly esters of ¢is- and Dens-cyclopropane- and eyclobutane-
1,2-dicarboxylic acids have heen prepared to study the effect of forcing the ester groups to assnme 2 fixed confor-

mation which would be similar to one of the conformations of sneeinyl dicholine.

sented.

If the possible conformatious of the succinic acid
portion of suceinyl dicholine are considered, it would be
expected that ¢n vitro a staggered conformation would
be favored. The question then arises as to whether
this conformation would also be favored for adsorp-
tion at an ¢n viwo receptor surface. It was the purpose
of the research reported herein to limit the degrees of
rotational freedom about the two carbons alpha to the
carboxyls of certain succinic acid congeners, thus fore-
g the ester groups to assume a fixed conformation
which would be similar to one of the extreme conforma-
tions of succinyl dicholine. Inspection of Dreiding
niodels of the dicholine esters of cis-cyclopropane- and
of cis-cyclobutane-1,2-dicarboxylic acids indicates that

(1) Presented to the Division of NMedicinal Chewistry of the Ainerican
Cleniical Society, Los Angeles, California, April 1-4, 1963. Abstracted
in part from a thesis snbmitted by Jobn I'. MeCarthy in partial filfillment
of the reqilirements of the degree of 1doctor of PPhilosophy, University of
Wisconsin, 1962.

¢2) The investigatiin at the University of Wiscousin wus supporte.t hy
Iellowship Grant MF-11,607, National lnstitites of Health.

(3) To whom correspondence shoinld be addressed. Present a:dress:
College of Pharinacy, State University of lowa, Iowa City, lowa.

Biological test data are pre-

they coincide (as regards the carbonyl groups) with the
eclipsed form of the succinate ester. The trans isomers
are nearly superiniposable on the staggered conforma-
tion of the suceinate ester. Since the cyclopropane
and the cyclobutane rings are small, there should be a
mininnun of steric interference by the ring with the
receptor swfaces involved, and it might be possible to
evaluate the biological effects induced by the enforce-
ment of specific conforinations.

Tammelin* has prepared analogs of dicholine esters
of saturated alkyl dicarboxylic acids from oxalic through
adipic, in which one nitrogen-imethyl of each choline
was replaced by a primairy amino group, forming a hy-
drazinium structure. These hydrazine analogs of cho-
line esters possessed neuromuscular blocking activity,
but they were i1 general less potent than the correspond-
ing dicholine esters.® Nevertheless, it appeared that
comparative studies of ammonium and hydrazinium

{43 L. £, Tanonelin, Acte Chem. Scaod., 10, 1068 (11956).

3 T, Yredriksson, Acta 'karmacol. Toxicol., 18, 85 (1957).
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groups were incomplete, and that further studies were
indicated.

Due to low yields and to the lengthy procedures in-
volved in the literature methods leading to cis- and
trans-cyclopropane-1,2-dicarboxylic acids, it was at-
tempted to prepare them using the method employed
by Simmons and Smith® for the preparation of ethyl
cyclopropanecarboxylate, namely treatment of ethyl
acrylate with methylene iodide in the presence of a
zine-copper couple. Presumably, a carbene inter-
mediate is involved, and it would be expected that there
should be retention of configuration in such a reaction.
It was found that treatment of methyl fumarate with
methylene iodide in the presence of a zinc-copper
couple in tetrahydrofuran gave rise to a 59, yield
of methyl trans-cyclopropane-1,2-dicarboxylate. Side
products predominated, which will be the subject of a
future communieation.

The quaternary esters were prepared from the cor-
responding bis(2-bromoethyl) esters by treatment with
trimethylamine or with 1,1-dimethylhydrazine. Ace-
tonitrile appeared to be the solvent of choice; a reaction
time of 24 to 48 hr. was possible using acetonitrile, as
compared to a 1-2 week period with ethereal solvents.
Paper chromatographic analysis indicated that the
products of the quaternization reactions were homo-
geneous. Several of the quaternary bromides were
isolated as glasses which could not be induced to crys-
tallize.

Recently, Burger and Bedford” have reported syn-
thesis of dicholine esters of cis- and trans-cyclopropane-
1,2-dicarboxylic acids. Biological test data reported
by Burger and Bedford for these esters parallel the
data reported herein.

Experimental®

Mono(2-bromoethyl) cis-Cyclopropane-1,2-dicarboxylate (I).
—rcis-Cyeclopropane-1,2-dicarboxylic acid anhydride? (3.0 g.,
0.027 mole) and 3.35 g. (0.027 mole) of 2-bromoethanol (Eastman
White Label, redistilled ) were dissolved in 50 ml. of sodium-~dried,
thiophene-free benzene and the solution was allowed to stand
at room temperature for 48 hr. in a well closed container. The
benzene solution was diluted with 50 ml. of ether and was washed
with two 50-ml. portions of cold water. The ether-benzene
solution was dried over anhydrous magnesium sulfate and the
solvent was removed on a steam bath in a stream of dry nitrogen.
After removal of the last traces of solvent under reduced pressure,
5.6 g. (89%) of a viscous oil remained. The infrared spectrum
(film) showed typical H-bonded OH of a carboxylic acid at 3.0
to 3.2 u (broad) and at 3.6 to 3.8 u (broad). Bands were also
present at 5.75 u (ester carbomyl) and at 5.85 u (carboxyl car-
bonyl). Attempts to crystallize this material failed, and it was
used without further purification.

Bis(2-bromoethyl) cis-Cyclopropane-1,2-dicarboxylate (II).—
I (4.7 g, 0.02 mole) was dissolved in 50 ml. of sodium-dried,
thiophene-free benzene, and the solution was cooled to 5-10°.
Oxalyl chloride (Eastman White Label, redistilled, 3.0 ml., 0.035
mole) was added in one portion, and the solution was stirred for
1 hr. at 5-10°. The solution was allowed to come to room tem-
perature and stirring was continued for 1 hr. The benzene and
unreacted oxalyl chloride were removed under reduced pressure.
Benzene (50 ml.) was added to the residue and was subsequently

(6) H. E. Simmons and R. D. Smith, J. Am. Chem. Soc., 81, 4256 (1959).

(7) A. Burger and G. R. Bedford. J, Med. Chem,, 6, 402 (1963).

(8) All melting points are corrected and were determined on a Fisher-
Jobns melting point apparatus. Botling points are uncorrected. Elemental
analyses were performed by Huffman Microanalytical Laboratories, Wheat.
ridge, Colorado, Infrared spectra were recorded on a Beckman IR5 or
IR5A spectrophotometer.

(4) L. L. McCoy, J. Am. Ckem. Soc., 80, 6568 (1958).
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removed under reduced pressure; this procedure was repeated and
the residue was redissolved in 50 ml. of dry benzene and was
cooled to 5°. A solution of 5 ml. (8.75 g., 0.07 mole) of 2-bromo-
ethanol in 50 ml. of dry benzene was added from a dropping
funnel over a period of 10 min. to the rapidly stirred cold solution.
The reaction mixture was maintained at 5° for an additional 5
min., allowed to warm to room temperature, and stirred for
1 hr. Ether (100 ml.) was added, and the ether-benzene solu-
tion was washed successively with 30 ml. of ice-water, two 30-ml.
portions of cold, saturated sodium bicarbonate solution, and two
30-ml. portions of ice—water. After drying over anhydrous mag-
nesium sulfate, the solvents were removed under reduced pressure
and the viscous residue was distilled at 0.05 mm. in a short path
distillation apparatus which provided no opening for a ther-
mometer; total yield of distillate, 4.1 g. (609).

Anal. Caled. for CsH:BrOy: C, 31.42; H, 3.52; Br, 46.46.
Found: C, 31.55; H, 3.50; Br, 46.41.

The infrared spectrum (film) showed no absorption in the OH
region, but had an ester carbonyl band at 5.75 u; n%p 1.5150.

di-Bis(2-bromoethyl) trans-Cyclopropane-1,2-dicarboxylate
(II1).—A solution of 3.45 g. (0.028 mole) of irans-cyclopropane-
1,2-dicarbonyl chloride!® and 10 g. (0.08 mole) of 2-bromoethanol
in 75 ml. of sodium-dried, thiophene-free benzene was refluxed
for 24 hr. and the product was isolated as described in the prep-
aration of II. The crude product (8.3 g.) yielded 5.2 g. (549)
of material boiling at 184-186° (1.5 mm. ).

Anal. Caled. for CsH):BrO,: C, 31.42; H, 3.52; Br, 46.46.
Found: C, 31.59; H, 3.16; Br, 46.60.

The infrared spectrum contained a band at 5.80 u (ester car-
bonyl).

Mono(2-bromoethyl) cis-Cyclobutane-1,2-dicarboxylate (IV).
~—This compound was prepared in the same manner as described
forI. A viscous oil (9.4 g., 909%) was obtained from 5.04 g. (0.04
mole) of cis-cyclobutane-1,2-dicarboxylic acid anhydride!'and 5.16
g. (0.041 mole) of 2-bromoethanol. The product showed OH ab-
sorption typical of a carboxylic acid and two bands in the car-
bonyl region of the infrared spectrum. No anhydride bands
were present at 5.40 and 5.65 . This material was used in sub-
sequent operations without further purification.

Bis~(2-bromoethyl) cis-Cyclobutane-1,2-dicarboxylate (V).—
This material was prepared from 8.2 g. (0.033 mole) of IV in the
same manner as described for II. A yield of 7.2 g. (609%,) of
material boiling at 124-126° (0.03 mm.) was obtained.

Anal. Caled. for C,oH,Br:04: C, 33.54; H, 3.94; Br, 44.64,
Found: C, 34.42; H, 3.97; Br, 43.55; n%*p 1.5101.

dl-Bis(2-bromoethyl) trans-Cyclobutane-1,2-dicarboxylate
(VI},—A solution of #rans-cyclobutane-1,2-dicarboxylic acid!
(3.8 g., 0.026 mole) in a mixture of 76 ml. of sodium-dried, thio-
phene-free benzene, 10 ml. of purified!* dioxane, and 5.1 ml.
(0.06 mole) of oxalyl chloride (Eastman White Label, redistilled)
was stirred at room temperature for 3 hr. and then was refluxed
0.5 hr. Removal of the excess oxalyl chloride was accomplished
by distilling 50 ml. of the solvent at atmospheric pressure. Dry
benzene (50 ml.) was added to the residue; 12.5 g. (0.1 mole) of
2-bromoethanol in 100 ml. of dry benzene was added over a period
of 15 min., and the mixture was stirred at room temperature for
16 hr. The solution, diluted with 200 ml. of ether, was washed
suceessively with 50 ml. of cold water, two 50-ml. portions of cold,
saturated sodium bicarbonate solution, and with two 50-ml.
portions of cold water. The ether-benzene solution was dried
over anhydrous sodium sulfate and the solvent was removed
under reduced pressure. An infrared spectrum (film) of the vis-
cous residue (9.9 g.) showed no OH absorption bands, but there
was present a broad band at 5.75 u (ester carbonyl). The crude
material was fractionated twice; the second distillation gave 5.1
g. (66%%) of material boiling at. 140-142° (0.05 mnu.).

Anal. Caled. for CoH14BrOs: C, 33.54; H, 3.94; Br, 44.64,
Found: C, 33.84; H, 3.91; Br, 44.231; n%p 1.4938.

The infrared spectrum showed a single sharp symmetrical band
at 5.78 u. A low boiling fraction from these distillations crys-
tallized on standing and was identified as bis(2-bromoethyl)
oxalate.

Quaternary Salts.—The appropriate big(2-bromoethyl) ester
was dissolved (A) in a convenient amount of acetonitrie, or (B)

(10) A. T, Blomquist and D. T. Longone, tbid., 81, 2012 (1959).

(11) E. R. Buchman, A. O. Reims, T. Skei, and M. J. Schlatter, :b1d., 64,
2696 (1942).

(12) A.IL Vogel, *“Textbook of Practical Organic Clewistry,” Longinans,
Green Coupany, New York, N. Y., 1957, p. 177,
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Cyerie ANaLocs axp ConcuNurs or Svcersyn Diwcnonise, (R7(CH; N CH.CH,OCO LR 2831
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b els-1,2-Cycloprapane CHy S0 BNOT G G060 KN 8N800 603 5,060 3108
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3 els-1,2-Cyclobutiune CH, 00 035 6.7 388 33060 4004 6oL A 3402
4 {rans-1,2-Cyclobutane  CHy  100-102 00 40,35 6.73 0 588 33,000 30,93 0.58 575 3322
dee.!
5 cs-12-Cyclopropane N, 196198 (19 CulleBreNys 3365 6 06 12,04 3430 3558 0.23 12 10 33,02
e
G drans-1,2-Cyclopropane NH; 105-177 02 CouHa BraNgoh 33,65 6,060 12,04 34.50 34,03 599 11,92 3127
dec.
7 as-1,2-Cyclobutane NH; Class’ S0 CaHaBraNy)y 35160 682 1t 3342 35,42 6.5 1E5D) 5300
S trans-1,2-Cyclobutane NH.  Class” 96 CoHeBreNy, 35160 6.32 11 A3 42 3535 6,00 12,00 35,068

e Taken i1 a silicone oil buath which was prehensted to 10° helow the nip.

on the basis of erude produet obtained. ¢ From 2-propanol-ethber.
in sodium dried ether, and a 100 excess of trimethylamine (pre-
pared by henting trimethylamine hydroehloride with solid po-
tussium hydroxide) or of 1,1-dimethylhydrazine (Hastman Yellow
Label, redistilled) was added. The mixture was vlaced in 4 well
closed container and was allowed to stand at roomn temperatine
in a desiccator for 48 hr. (A), or for 1 week (I3). The solvent
was decanted from the gummy precipitate which was washed with
several portions of dry ether. Attemipts to recrystallize the crude
quaternary sults resulted, in the majority of experiments, in
isolation of noncrystalline produnets.  All of the quaternary salts
were extremely hygroscopie, with the exception of the dicholine
ester of trans-cy clopropane-1,2-dicarboxylic acid (see Table I).

Paper Chromatographic Determinations.—The method wits 2
modification of that of Angustinsson and Grahn.'?  Whatnau
No. 4 filter paper wasg nsed, and a golvent system consisting of
I-butanol, ethanol, acetie acid, aud water (8:2:1:3) was em-
ployed. Solntions of the compounds (o be chromatographed
were prepared inmediately before application to the paper by
dissolving 10-13 mg. in 0.5 ml. of methanol or methanol-wwvater.
These sohitions (2.0 wl.) were then delivered 10 em. from the
edge of a rectangle of paper which was placed i the chronn-
tography chamber arranged for descending flow. The golvent
was allowed to descend 33—10 e, which required 5 hr. The
papers were dried nt 120° for | hr., and the spols were loeated
by sprayving the dried chromatograms with 145 iodine solution’!
and with a hydroxylamine—ferric ehloride reagent.®  Modifica-
(ions in the nse of the Iatter rengent were as follows. A saturated
ethanolie potassinm hydroxide solntion was mixed with the hy-
droxylamine hydrochloride sohition (1:21; (he potaggiuni chlo-
ride was removed by filtention and (he elear filtrate was sprayed
on the dried chromatograms.  After 5 min., the papers were
sprayed with the ferric chloride reagent.

Dimethyl trans-Cyclopropane-1,2-dicarboxylate.—Zinc-ropper
couple™ (4.5 g., 0.07 mole) was added to 50 ml. of purified tetra-
hydrofuran.  To this mixture was ndded @ eryvstal of odine md
gtirring was continned nntil the iodine color faded. A solution of
D g. (0.035 mole) of dimethyl fumarate and 19 g. (0.071 mole of
methylene todide in 150 ml. of purified tetrahydrofuran was added
and the mixture was refluxed with stirring for 48 hr.  After
appraximately 2 hr., n vigorous reaction oecawrred and the gray
color of the zine-copper conple was replaced hy a red-hrown color.
The reaction mixture was cooled to room temperature and was
pussed throngh a fine grade filter paper.  The clear filtrate was
dilnted with 400 ml. of ether, and (he ether—tetrahyvdrofuran
solntion was washed snecessively with three sU-ml. portions of
satnrated ammoniim chloride sohiton, two 30-mlb. portions of
saturated sodinm biearbonate solution, and two 50-ml. portions

A3t N B Aosnstinssen and M. Gratoy, deta Chem. Scand., T, 409 {195
S Gl Bronte, Nabuse, 163, H71 (100191,

(rae VP Whictaker and 800 mddra, Biochem. ., 81, 3148 (19723,
(16) . DRk ol T B Sheasns, O, Sue., 41, T2 11061,

117y Poastman White Lobol tetretevdesforan (2 100 was re@aoxed over 211D
wr =T b and was distitled. This Jdis
. of Hthinta alominnmy baslrible, The
opperesd fhisk aver o Uright eoppes

w.oowf potassinee hyeroxile petlers £
tithwre waos twice medistilied from 1
finol Jdistitliere wis sunee] oo

wire.,  Alignots osed in tlee zine - D eany e reactons wees qeain distitbed

from Hrhmm alawinom bydride TA-31 ean. Lefor: ase.

Temperstiure wig inereased ot the rate of 2°,min.  * Caled,

L From 2-propuanol-ethanol (2:1). « From 2-propunol.
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NELROMUSCILAR BLockiNa AcriviTy or

Srceaxyn Crnonizeg axp Its ConceEnnrs
Clinnge in
Threshiold Doration hiood
No.of of netion pressare
Na. Cits (nin.) anm.
I 2 .3 2 + 12
2 I 0. 02 20 +2 (o 400
3 2 10.0 11 + 42
4 ) 0.9 2 -0
D 2 2.3 2 + 15
G 3 0. 04 24 +129
v 2 1.0 0 -+ 10
8 o 20 4 + 12
Sueeiny'l
choline 1 0.04 4 + 12

of water.  The organte solution was dried over anhydrous nag-
nesium sulfute and the solvent was removed on a steam bath
under reduced pressure. An amber liquid (6.1 g.) remained,
whose infrared spectrum lacked the characteristic bands of the
starting material (5.80, 6.08, and 10.2 u), but contained a car-
bonyl band at 5.75 w.  Distillation at 0.02 mm. gave 0.30 g.
(5¢) of a product boiling at 35° whose infrared spectrum was
superimposable upon one of an authentic sample of dimethyl
{rans-cy clopropune-12-dicarboxylate.  Saponification  of  the
product of the renction giave rise to o white solid (n1.p. 175-178°)
which, when recrystallized from acetonitrile, was shown, by mix-
ture melting point determination with an authentic sample, to
be identieal with frans-cyclopropane-t,2-dicarboxylie acid. b
Pharmacology. Methods.—All compounds were screened for
neuromuscular blocking activity in cats anesthetized with a-
chloralose and urethane (30 mg./ml. of a-chloraloge in 259
urethane sohition, 1.83 mlb. /kg.). The right posterior tibiul
nerve was separated from the peroneal nerve for a distance of
2% em. and the right femoral nerve severed. The tibinl nerve
was ligated at a distance of 4-5 cm. from its union with the
peroneal nerve and cut distal to the higature.  The bony tuberele
on the medial edge of the foot was detached and the tendon of the
tibinlis anticus muscie ligated just above the tubercle and at-
tached to a muscle lever recording systeni.  Platinum electrodes
were fixed nround the intact peroneal nerve and the nerve bathed
in warm mineral oit maintained hetween 35 and 38°.  Blood pres-
sure was recorded from a earotid artery ¢ia » mercury manonieter.
A Grass stimulator (Model 815) delivered 0.8 to 1.0 v. square wave
impulses every 6 see., and the contractions of the tibialis antiens
muscle were recorded on a smoked kymograph. The experi-
mental componnds or suecinyl choline were administered via a
femoral vein, and the approximate minimal dose produeing 1004,
blockade (threshold dose) was determined for each compound.

180 Poeaished thraosh the kindness of Professar bayton Lo MeCoy

Cotnebin University, to whoim onr thonks are extended.
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Results

The neuromuscular blocking activity of the eyclic
analogs and congeners of succinyl dicholine is sum-
marized in Table II. Compound 2 was the most active
compound in this current series and was approximately
twice as potent as succinyl choline, having a duration
of action 5 times that of succinyl choline. Compound
6 was approximately equipotent to sucecinyl choline,
although the duration of action was approximately
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6 times that of succinyl choline. In each instance,
the trans derivative was much more potent than the
cis derivative. For example, 2 was approximately 75
times more potent than 1, and 6 was approximately 60
times more potent than 5. The trans-1,2-cyclopropane
derivatives were much more potent than the frans-1,2-
cyclobutane derivatives. For example, 2 was approxi-
mately 45 times as potent as 4, and 6 was approximately
60 times as potent as 8.  All of the compounds produced
mild to marked pressor responses.

Quaternary Ammonium Compounds.

V. Antiacetylcholinesterase

Activity of a Series of N-t-Alkylpyridinium Compounds

J. TroMmas! AxnD W, MaRLOW

Department of Pharmacy, The Universily, Manchester, England

Recetved September 2, 1962

A series of N-{-alkylpyridinium compounds has been synthesized and the antiacetylcholinesterase activity
of the compounds determined. The activities of the compounds are compared with those of an isosteric series of
trimethylphenylalkylammonium compounds previously reported.? From these studies quaternary ammonium
compounds are classified into two types, “aliphatic” and ““aromatic,” from the point of view of charge delocaliza-

tion and stereochemistry.

Thomas and Marlow? have reported the antiacetyl-
cholinesterase activities of a series of trimethylphenyl-
alkylammmonium compounds. It was found that the
pattern of results obtained, as the homologous series
was ascended, was fundamentally different from a
“normal” series such as n-alkyltrimethylammonium
(see Fig. 1). The fact that activity was reduced as
saturated carbon atoms were introduced between the
trimethylammonium group and the aromatic ring
was explained in terms of the charge delocalization and
stereochemistry of the compounds. From an anti-
acetylcholinesterase activity point of view, quaternary
ammonium compounds were classified into two types,
“aromatic’” and “aliphatic.”

A prior? it might be anticipated that in a series of
quaternary ammonium compounds in which the only
difference between them was the structure of the onium
group, the one containing the trimethylammonium
group would be the most active antiacetylcholinester-
ase. There are two reasons for this; one is that acetyl-
choline, the natural substrate, contains the trimethyl-
ammonium group and in terms of ‘“‘stereochemical fit”
it could be expected that the enzyme surface could
accommodate this group better than any other. The
second reason is that in terms of the importance of the
availability of the a-carbon atoms, as suggested by
Thomas,® the trimethylammonium group is ideal,
Since the evidence for the relative importance of shape
and charge availability of a quaternary ammonium
group has been mainly obtained from the trimethyl-
phenylalkylammonium series in which each compound
contained the trimethylammonium group, then it
would be of value to examine the antiacetylcholines-
terase activities of ‘‘aromatic’” type compounds which
did not contain this group.

(1) To whom requests for reprints should be sent at Department of
Pharmacy. The University of Sydney, Sydney, N. 8. W., Australia.

(2) J. Thomas and W. Marlow, J. Med. Chem., 6, 107 (1963),

(3) J. Thomas, tbid., 8, 309 (1961).

There is some evidence reported in the literature
which supports the view that charge availability is more
important than shape. A particularly interesting series
of antiacetylcholinesterase activities, from this point of
view, is one reported by Long and Schueler,* who deter-
mined the activities of a series of bisquaternary am-
monium compounds of the type I. The compound

R* -CHz-COCO-CHz-R+

I

containing the trimethylammonium groups (I, 6
X 10~%) had next to the lowest activity and the 2-
methylpyridinium compound (I.4, 8 X 10~1) the high-
est. Although the compounds reported are not strictly
comparable, from the “distribution effect”’? and po-
tential van der Waals forces points of view, the results
suggest that there is some basic difference in binding
forces between “aromatic” and ‘‘aliphatic” quaternary
ammonium compounds and the anionic site of acetyl-
cholinesterase.

In order to obtain further evidence that there is a
difference in the coulombic component of the total force
of adsorption between ‘“aliphatic’” and ‘“‘aromatic”
quaternary ammonium compounds, a homologous series
of pyridinium compounds (II) has now been examined.
The pyridinium series of compounds (II) are isosteric
with the trimethylphenylalkylammonium series re-
ported previously? and so any differences in the pattern
of change of activity between the two series of com-
pounds, as the homologous series are ascended, should
be a reflection of differences in the coulombic compo-
nent of the total adsorption force of the two series.

<\—/N (CH)»C(CHy)s n=0-5
1

(4) J. P. Long and F. W. Schueler, J. Am. Pharm. Assoc. Sci. Ed., 43, 79
(1954).



