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dyl)-2-propen-l-ol, m.p. 74-75°. The n.m.r. spectrum was 
consistent with the proposed structure, with the expected hy
drogen ratio of 2:2, peaks occurring at 3.06 (for —CH2) and at 
4. L T (for the methylene group of CHoOH). 

Anal. Calcd. for C15H21X02: C, 72.34; H, 8.56: N", 5.60. 
Found: C, 72.61; H, 8.29; X, 5.77. 

The picrate, formed in methanol on addition of a 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-methyI-2-phenylpyrimidine.—To a 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 allowed to 
stand overnight at room temperature. After the addition of 25 
ml. of water, the reaction mixture was neutralized with glacial 
acetic acid. A precipitate was deposited that amounted to 1 g. 
Dissolution of this material in concentrated ammonium hydrox
ide, followed bv acidification with glacial acetic acid, afforded 
0.8 g. of product, m.p. 290-291 °. 

Anal. Calcd. for C,2H9X3(): C, 68.23; H, 4.30; N, 19.90. 
Found: 0,68.59; H, 4.42; X, 20.03. 

5-Carbethoxy-4-hydroxy-2-phenylpyrimidine.—To a solution 
of 1.38 g. of sodium in 100 ml. of absolute 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 from the filtrate in vacuo and 
the residue was acidified with glacial acetic acid. The precipi
tate tha t 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 depression. 

If the possible conformations of the succinic acid 

portion of succinyl dicholine are considered, it would be 

expected that in 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 in vivo receptor surface. I t 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 forc

ing 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 

models of the dicholine esters of a's-cyclopropane- and 

of m-cyclobutane-l,2-dicarboxylic acids indicates that 
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Diethyl morpholinylmethylenemalonate (5.1 g.) reacted with 
3.0 g. of benzamidine hydrochloride under the same conditions 
to give 0.5 g. of 5-carbethoxy-4-hvdroxy-2-phenylpyrimidi]H\ 
m.p. 214-215°, and 1.2 g. of 5-carboxy-4-hydroxv-2-plienylp\ -
rimidine, m.p. 270.5-271.5°. 

Formation of Benzimidazole from o-Phenylenediamine and 
Ethoxymethylenemalononitrile.—A solution of 6.1 g. of ethoxy
methylenemalononitrile and 5.2 g. of o-phenylenediamine in 75 nil. 
of absolute etlianol was heated under reflux for I hr. After 
removal of the solvent in vacuo on a rotary evaporator, the re
sidual solid was washed with petroleum ether and amounted to 
7 g., in.p. 171 173°. Comparison of the infrared spectra and a 
mixture melting point with benzimidazole showed the two mate
rials to be identical. 

Formation of 2-Methylbenzimidazole from o-Phenylenediam-
ine and Ethyl 3-Ethoxy-2-cyanocrotonate.—A solution of 27.5 g. 
of ethyl 2-cyano-3-ethoxycrotonate and 16.2 g. of o-phenylene-
diamine in 50 ml. of absolute ethanol was heated under reflux for 
7.5 hr. The solvent was removed in vacuo on a rotary evaporator. 
The residue amounted to 24 g., m.p. 150-160°. Several re-
crystallizations from ethyl acetate -petroleum ether afforded pure 
2-methylbenzimidazole, m.p. 176-177° (lit.1" m.p. 176°). 
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they coincide (as regards the carbonyl groups) with the 

eclipsed form of the succinate ester. The trans isomers 

are nearly superimposable on the staggered conforma

tion of the succinate ester. Since the cyclopropane 

and the cyclobutane rings are small, there should be a 

minimum of steric interference by the ring with the 

receptor surfaces involved, and it might be possible to 

evaluate the biological effects induced by the enforce

ment of specific conformations. 

Tammelin4 has prepared analogs of dicholine esters 

of saturated alky] dicarboxylic acids from oxalic through 

adipic, in which one nitrogen-methyl of each choline 

was replaced by a primary amino group, forming a hy-

drazinium structure, These hydrazine analogs of cho

line esters possessed neuromuscular blocking activity, 

but they were in general less potent than the correspond

ing dicholine esters." Nevertheless, it appeared tha t 

comparative studies of ammonium and hydrazinium 

!4) L. E. Tammelin. Acta Chem. Scand., 10, 1008 (llloCi). 
(-")) T. Predriksson, Acta Pharmacol. Toxicol.. 13, 86 (1!).">7). 
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mation which would be similar to one of the conformations of succinyl dicholine. Biological test data are pre
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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 
frGms-cyclopropane-l,2-dicarboxylic acids, it was at
tempted to prepare them using the method employed 
by Simmons and Smith6 for the preparation of ethyl 
cyclopropanecarboxylate, namely treatment of ethyl 
acrylate with methylene iodide in the presence of a 
zinc-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 5% yield 
of methyl <rans-cyclopropane-l,2-dicarboxylate. Side 
products predominated, which will be the subject of a 
future communication. 

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 Bedford7 have reported syn
thesis of dicholine esters of cis- and irans-cyclopropane-
1,2-dicarboxylic acids. Biological test data reported 
by Burger and Bedford for these esters parallel the 
data reported herein. 

Experimental3 

Mono(2-bromoethyl) as-Cyclopropane-l,2-dicarboxylate (I). 
—cis-Cyclopropane-l,2-dicarboxylic acid anhydride9 (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 
a t 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 y. (broad) and at 3.6 to 3.8 n (broad). Bands were also 
present at 5.75 M (ester carboriyl) and at 5.85 y. (carboxyl car-
bonyl). Attempts to crystallize this material failed, and it was 
used without further purification. 

Bis(2-bromoethyI) cis-Cyclopropane-l,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. Ckem. Soc, 81, 4256 (1959). 
(7) A. Burger and G. R. Bedford, J. Med. Chern., 6, 402 (1963). 
(8) All melting points are corrected and were determined on a Fisher-

Johns melting point apparatus. Bolting 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. 

(9) L. L. McCoy, J. Am. Chem. Soc, 80, G568 (1958). 

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. (60%). 

Anal. Calcd." for C9H,2Br204: 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 fi; n25D 1.5150. 

dZ-Bis(2-bromoethyl) £rans-Cyclopropane-l,2-dicarboxylate 
(III).—A solution of 3.45 g. (0.028 mole) of irans-cyclopropane-
1,2-dicarbonyl chloride10 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 I I . The crude product (8.3 g.) yielded 5.2 g. (54%) 
of material boiling at 184-186° (1.5 mm.). 

Anal. Calcd. for C9Hi2Br204: 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 /i (ester car
bonyl). 

Mono(2-bromoethyl) ci's-Cyclobutane-l,2-dicarboxylate (IV). 
—This compound was prepared in the same manner as described 
for I. A viscous oil (9.4 g., 90%) was obtained from 5.04 g. (0.04 
mole) of a's-cyclobutane-l,2-dicarboxylic acid anhydride11 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 y. This material was used in sub
sequent operations without further purification. 

Bis-(2-bromoethyl) m-Cyclobutane-l,2-dicarboxylate (V).— 
This material was prepared from 8.2 g. (0.033 mole) of IV in the 
same manner as described for I I . A yield of 7.2 g. (60%) of 
material boiling at 124-126° (0.03 mm.) was obtained. 

Anal. Calcd. for Ci0Hi4Br2O4: C, 33.54; H, 3.94; Br, 44.64. 
Found: 0,34.42; H, 3.97; Br, 43.55; B24D 1.5101. 

cM-Bis(2-bromoethyl) frans-Cyclobutane-l,2-dicarboxylate 
(VI).—A solution of 2rans-cyclobutane-l,2-dicarboxylic acid11 

(3.8 g., 0.026 mole) in a mixture of 75 ml. of sodium-dried, thio
phene-free benzene, 10 ml. of purified12 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 
successively 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 \x (ester carbonyl). The crude 
material was fractionated twice; the second distillation gave 5.1 
g. (56%) of material boiling at 140-142° (0.05 mm.). 

Anal. Calcd. for C,0H14Br2O4: C, 33.54; H, 3.94; Br, 44.64. 
Found: C, 33.84; H, 3.91; Br, 44.231; «25D 1.4938. 

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

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

(10) A. T. Blomquist and D. T. Longone, ibid.. 81, 2012 (1959). 
(11) E. R. Buchman, A. O. Reims, T. Skei, and M. J. Schlatter, ibid., 64, 

2696 (1942). 
(12) A. I. Vogel, "Textbook of Practical Organic Chemistry," Longmans, 

Green Company, New York, N. Y., 1957, p. 177. 
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TABLE 1 

CYCLIC AXAI.OGS AXD COXC-EXERS OF SICCIXYI. DICIIOI.IXE, ( H'( ('Hi bXCIFiCIFOCX ) j4{ - 2 B r 

Xo. \{ 

M.l. 

1 cits-1 ,2-C'yclopropane CIF Glass1' 50 
2 t /Ym.s-l ,2-Cvclopropane CIF, 234-235 (15 

d e c . J 

3 c;s-1,2-Cyclobutane CIF Glass" 00 
4 irrms-l^-Cvclobutane CHS 100-102 00 

dec." 
5 cis- 1.2-Cvclopropane NIL 100-108 00 

dec." 
0 i/'<ms-l,2-Cvclopropane XTI. 175-177 02 

dec." 
7 <:;s-l,2-Cyclobutune XHL. Class' SO 

', CuK-.i.— - — - — . ; r.Mind —• 
Formula <• H X I'.r C it X 

C,:,ll;i()BrA'ot>4 3,S 07 0 .40 tl.Oti 3 4 . 5 s 3 S . 3 0 0 03 5 , 0 0 
('i.-.HsJ.irjN:!!!; 3s .(17 (i |<l (i.(.)(i 34 5S 3 0 . 2 1 0 . 4 0 0 . 0 0 

OniHmBi'A'iO.i 40 35 0 . 7 3 5 , 8 8 33.00 40.04 0 It 5. IS 

Ci,iH.i2Br,.N..(), 40.35 0 73 5. SS 33.00 30.05 0 58 5.75 

C,,:,IU,Br,N.1
,.)4 33 05 0 00 12,04 34,50 33.5S 0.23 12.10 

CTljTiriN.,:), 33.05 0.00 12.04 34.50 34.03 5 00 11.02 

dUioBrsNj').; 35.10 0 32 11.72 33.42 35.42 0.51 1 1 50 
8 iraft,s--l,2-Cyclobutane NIL. Glass" 00 CUHMBIVX,') . , 35,10 0.32 11.72 33 12 35.35 0.00 12.00 

" Taken in a silicone oil bath which was preheated to 10° below the in.p. Temperature was increased at t he rate of 2°/ min. '• 
on the basis of crude product obtained. <-' From 2-propanol-ether. '' From 2-propanol--ethanol (2: 1). '' From 2-propanol. 

34.08 
31.35 

34 .02 

33.22 

33,02 

34,27 

33,00 
3:1.08 

Calcd. 

in sodium dried ether, and a 100',,c excess of trimethylamine (pre
pared by heating trimethylamine hydrochloride with solid po
tassium hydroxide) or of 1,1-dimethylhydrazine (Eastman yellow-
Label, redistilled) was added. The mixture was olaced in a well 
closed container and was allowed to stand at room temperature 
in a desiccator for 48 hr. (A), or for 1 week (B). The solvent 
was decanted from the gummy precipitate which was washed with 
several portions of dry ether. Attempts to recrystallize the crude 
quaternary salts resulted, in the majority of experiments, in 
isolation of noncrystalline products. All of the quaternary salts 
were extremely hygroscopic, with the exception of the dicholine 
ester of rrans-cyclopropane-l,2-diearboxy]ic acid (see Table I). 

Paper Chromatographic Determinations.—The method was a 
modification of that of Augustinsson and Grahn.13 Whatman 
No. 4 filter paper was used, and a solvent system consisting of 
1-butanol, ethanol, acetic acid, and water (8 :2 :1 :3) was em
ployed. Solutions of the compounds to be chromatographed 
were prepared immediately before application to the paper In-
dissolving 10-15 nig. in 0.5 ml. of methanol or methanol-water. 
These solutions (2.0 /A.) were then delivered 10 cm. from the 
edge of a rectangle of paper which was placed in the chroma
tography chamber arranged for descending flow. The solvent 
was allowed to descend 35-40 cm., wliich required 5 hr. The 
papers were dried at, 120° for 1 hr., and the spots were located 
by spraying the dried chromatograms witli 1 ' , iodine solution11 

and with a hydroxylamine-ferric chloride reagent.15 .Modifica
tions in the use of the latter reagent were as follows. A saturated 
ethanolic potassium hydroxide solution was mixed with the liy-
droxylamine hydrochloride solution (1:2); the potassium chlo
ride was removed by filtration and the clear filtrate was sprayed 
on the dried chromatograms. After 5 min., the papers were 
sprayed with the ferric chloride reagent. 

Dimethyl ir«»s-Cyclopropane-l,2-dicarboxylate.—Zinc-copper 
couple111 (4.5 g., 0.07 mole) was added to 50 ml. of purified tetra-
hydrofuran.17 To this mixture was added a crystal of iodine and 
stirring was continued until the iodine color faded. A solution of 
5 g. (0.035 mole) of dimethyl fumarate and 10 g. (0.071 mole) ot 
methylene iodide in 1.50 ml. of purified tetrahydrofuran was added 
and the mixture was remixed with stirring for 48 hr. After 
approximately 2 hr., a vigorous reaction occurred and the gray 
color of the zinc -copper couple was replaced by a red-brown color. 
The reaction mixture was cooled to room temperature and was 
passed through a fine grade filter paper. The clear filtrate was 
diluted with 400 ml. of ether, and the ether-tetrahydrofuran 
solution was washed successively with three 50-ml. portions of 
saturated ammonium chloride solution, two 50-ml. portions of 
saturated sodium bicarbonate solution, and two 50-ml. portions 

(US) K. B. AimuBtinsson and XI. C r a h n , Acta Chun. Scand., 7, HOC) ( l i tue) . 
C O C . Hran te , Xalu.e. 163, 6,"il C h t h : . 
(!.".' V. 1'. V h i t t a k c r and S. Wi iesundra . Hiorl.rm. ,/,. 51 , 348 C<).12!. 
(Hi) H. 1). Smi th and 11. E. S immons , On. +>" . , 4 1 . 72 ( in f i l l . 
: I7) E a s t m a n Whi te Label t e t r a h v d r o f u r a n (2 Li was refluxed over 200 

si. of potass ium hydraxidc pellets for -1-.1 lit. and was dis t i l led. This dis
t i l la te was twice redisti l led from 1 .> a. of l i th ium a l u m i n u m hydr ide . The 
final d is t i l la te was stored in a a lass-s toppered flask over a briaait copper 
wire. Alhpiots used in the nine -eopuet couple react ions w ere airain distil led 
from l i th ium a l u m i n u m hydr ide l.Vdhl min. before use. 

TABLE II 

XELROMLSCLLAR BLOCKIXG ACTIVITY OF 

SrrcixYi. CHOLINE AXD ITS CONGENERS 

Thresho ld 
dose 

ims. / fcc . i 

1 . •) 

0,02 
10.0 
0.0 

0.04 
10,0 

1 mra t iu i 
of act ion 

(min.) 

20 
11 

-

24 
0 

Chans 
bkx 

press 

+ 12 
4-2 p, 
+ 42 
+ 40 
J- 15 
+ 25 
+ 10 
+ 12 

uceinyl 
choline 0.04 + 12 

of water. The organic solution was dried over anlrydrous mag
nesium sulfate and the solvent was removed on a steam batii 
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 ^) , but contained a car-
bom-] band at 5.75 p.. 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 
.rrms-cyelopropane-l,2-dicarboxylate. Saponification of the 
product of the reaction gave rise to a white solid (m.p. 175-178°) 
which, when recrystallized from acetonitrile, was shown, by mix
ture melting point determination with an authentic sample, lo 
be identical with t/-«tt.s-cyclopropane-l,2-diearboxylic acid.1'' 

Pharmacology. Methods.—All compounds were screened for 
neuromuscular blocking activity in cats anesthetized with a-
chloralose and urethane (30 mg./ml. of a-chloralose in 25',', 
urethane solution, 1.83 ml./kg.). The right posterior tibial 
nerve was separated from the peroneal ner\-e for a distance of 
2-3 cm. and the right femoral nerve severed. The tibial nerve 
was ligated at a distance of 4-5 cm. from its union with the 
peroneal nerve and cut distal to the ligature. The bony tubercle 
on the medial edge of the foot was detached and the tendon of the 
tibialis anticus muscle ligated just above the tubercle and at
tached to a muscle lever recording system. Platinum electrodes 
were fixed around the intact, peroneal nerve and the nerve bathed 
in warm mineral oil maintained between 35 and 38°. Blood pies-
sure was recorded from a carotid artery via a mercury manometer. 
A (irass stimulator (Model Sl)5) delivered 0.8 to 1.0 v. square wave 
impulses every 6 sec, and the contractions of the tibialis anticus 
muscle were recorded on a smoked kymograph. The experi
mental compounds or succinyl choline were administered via a 
femoral vein, and the approximate minimal dose producing 100',,', 
blockade (threshold dose) was determined for each compound. 

urnisheri th rough th 
L rn ivc r s i t v , to who! 

' k indness of Professor La.yton L. M e C n 
i our t h a n k s are ex tended . 
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Results 

The neuromuscular blocking activity of the cyclic 
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 succinyl choline, 
although the duration of action was approximately 

Thomas and Marlow2 have reported the antiacetyl-
cholinesterase activities of a series of trimethylphenyl-
alkylammonium 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 w-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 derealization 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 priori 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,3 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. S. W., Australia. 

(2) J. Thomas and W. Harlow, J. Med. Chem., 6, 107 (1963). 
(3) J. Thomas, ibid., 3, 309 (1961). 

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 <raws-l,2-cyclopropane 
derivatives were much more potent than the trans-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. 

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,4 who deter
mined the activities of a series of bisquaternary am
monium compounds of the type I. The compound 

R+ -CHz-CO-^r^)— \)>~ CO-CH2-R
+ 

I 
containing the trimethylammonium groups (Iso, 6 
X 10~5) had next to the lowest activity and the 2-
methylpyridinium compound (I50, 8 X 10 ~10) the high
est. Although the compounds reported are not strictly 
comparable, from the "distribution effect"2 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 previously2 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. 

<r^N(CH,)„C(CH3)3 n = 0-5 

II 

(4) J. P. Long and F. W. Schueler, J. Am. Pharm. Assoc. Sci. Ed., 43, 79 
(1954). 
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A series of N-(-alkyIpyridinium 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.2 From these studies quaternary ammonium 
compounds are classified into two types, "aliphatic" and "aromatic," from the point of view of charge derealiza
tion and stereochemistry. 


