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changes in the polarization of bonds may create
surface effects on the insoluble sodium alkyl ag-
gregates which overrule the acidity influence.

A homogeneous system should greatly simplify a
study of transmetalation reactions. As the complex
formed by ethylsodium and diethylzine is soluble
in benzene,’ its use as a metalating agent was at-
tempted. For convenience a solution of the complex
in diethylzine was chosen which contained ethyl
sodium and diethylzine in a ratio of 1:1.84 and
which could easily be prepared according to Hein.®

The complex, dissolved in benzene or 1,2-
dimethoxyethane, metalated fluorene but not tri-
phenylmethane at room temperature. Thus, the
activity of the complex, relative to the hydrocarbon
acidity series,” was intermediate between that of
ethylsodium and diethylzine. Complex formation
does, therefore, decrease the activity of ethyl-
sodium.

The complex seemed to be stable at room tem-
perature, as a 29, solution in styrene did not give
any visible signs of polymerization, which would be
indicative of the presence of radicals according to
Ziegler.® When the solution was warmed to 60°,
a red color developed and the styrene was poly-
merized violently. This is in agreement with the
thermal instability of the complex as reported
by Wanklyn® and by Carothers and Coffman.’
A transmetalation by the complex was attempted
with thiophene which according to Schick and
Hartough® cannot be metalated by sodium
alkyls except in the presence of mercury, although
Morton!* has claimed lately that thiophene can be
dimetalated by amylsodium in presence of sodium
t-amylate.

On addition of the complex to thiophene a clear
solution resulted, gas development began, and later
two layers formed. After several hours the mixture
was carbonated and thiophene-2-carboxylic acid
was isolated in a 55% yield. The acidity rule
predicted metalation by alkylsodium rather than
by the less reactive complex. The separation of the
solution into two phases suggested the formation of
a compound of the complex with thiophene, which
seemed to be responsible for the unexpected course
of the reaction.

EXPERIMENTAL

Metalation of Fluorene by the Ethylsodium—Diethylzince
Complex. Fluorene, 0.248 g. (0.00149 mole), was treated

(5) J. A. Wanklyn, Ann., 108, 67 (1958).

(6) Fr. Hein, E. Petzschner, K. Wagler, Fr. A. Segitz,
Z. anorg. u. allgem. Chem., 141, 161 (1924).

(7) W. K. McEwen, J. Am. Chem. Soc., 58, 1124 (1936).

(8) K. Ziegler, W. Deparade, H. Kithlhorn, Ann., 567,
151 (1950).

(9) W. H. Carothers, D. D. Coffman, J. Am. Chem. Soc.,
51, 588 (1929).

(10) J. W. Schick, H. D. Hartough, J. Am. Chem. Soc.,
70, 286 (1948).

(11) A. A. Morton, Ch. E. Claff, Jr., J. Am. Chem. Soc.,
76, 4935 (1954).
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with 0.408 g. of the ethylsodium~diethylzinc complex (con-
taining 0.00145 mole NaC.H;) in 40 ml. of dry benzene under
nitrogen at room temperature. Gas bubbles developed, and
the solution became reddish orange. After 30 minutes the
reaction mixture was carbonated by pouring into Dry Ice
and ether, and worked up to give 0.125 g. (41.2%) of fluo-
rene-9-carboxylic acid, m.p. 221-223°. A mixed melting point
with an authentic sample of fluorene-9-carboxylic acid was
not depressed.

The result was the same with 1,2-dimethoxyethane as
solvent.

Diethylzine did not affect fluorene under these conditions.

Reaction of the Ethylsodium-Diethylzinc Complex with
Styrene. The complex (0.534 g., containing 0.0019 mole
NaC;Hj), dissolved in 20 ml. of freshly distilled styrene and
kept under nitrogen at room temperature, gave no indica-
tion of reaction after 30 minutes. The flask was then heated
to 60-65° with a water bath. At this temperature the solu-
tion became dark red and the styrene polymerized violently.

Metalation of Thiophene by the Ethylsodium-Diethylzinc
Complex. The complex (2.99 g., containing 0.0106 mole
NaC.H;) was dissolved in 25 ml. of dry thiophene under
nitrogen at room temperature. Gas development was noted.
After about 10 minutes a second phase, from which the gas
bubbles appeared to originate, separated. After 4 hr. the
reaction mixture was carbonated by pouring into Dry Ice
and ether. 0.75 g. (65%) of thiophene-2-carboxylic acid was
isolated, m.p. 127-128°. No depression of a mixed melting
point with an authentic sample of thiophene-2-carboxylic
acid was observed.

No reaction was observed between thiophene and di-
ethylzine under the same conditions.
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Synthesis of 4(5)-Imidazolylacetylcholine
and 2-Pyridylacetylcholine

Frank H. CLarRgE anp C. M. WATNICK

Recerved April 2, 1959

The isolation from natural sources of §-[4(5)-
imidazolyl]-acryloylcholine (murexine)b? as well
as the apparent isolation of 4(5)-imidazolylacetyl-
choline? from mammalian brain has led to numerous
studies of the pharmacology of these choline esters
as well as B-[4(5)-imidazolyl]-propionylcholine
(dihydromurexine*5). These compounds are potent
ganglionic stimulants and neuromuscular blocking
agents.* In order to study the pharmacology of

(1) V. Erspamer and O. Benati, Sctence, 117, 161 (1953).

(2) V. P. Whittaker and I. A. Michaelson, Biol. Bull.,
107, 304 (1954).

(3) G. Gruner and H. Kewitz, Naturwissenschaften, 42,
628 (1955). No physical constants other than an Ry value
were reported for the compound.

(4) I. I. A. Tabachnick, F. E. Roth, J. Mershon, A. A.
Rubin, E. T. Eckhardt, and W. M. Govier, J. Pharmacol.
Ezxp. Therap., 123, 98 (1958).

(5) See references cited in footnote (4).
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compounds of this type we have synthesized
4(5)-imidazolylacetylcholine® and 2-pyridylacetyl-
choline. The pharmacology of 2-pyridylacetyl-
choline was of special interest since 8-(2-pyridyl)-
propionylcholine had been shown to be the most
potent of a series of heterocyclic analogues of
murexine and dihydromurexine in causing contrac-
tion of the frog rectus abdominus muscle.”

The preparation of the intermediste B-bromo-
ethyl esters of 4(5)-imidazoleacetic acid and 2-
pyridineacetic acid and their conversion to the cor-
responding choline esters was similar to the reported
syntheses of murexine and dihydromurexine.’*

Details of the pharmacological properties of
these compounds have already been pub-
lished.%#19-12 In summary, it may be stated that
as neuromuscular blocking agents the order of
decreasing potency is as follows: dihydromurexine,
murexine, 4(5)-imidazolylacetylcholine, and 2-
pyridylacetylcholine; while as ganglionic stimulants
the order is changed only in that 2-pyridylacetyl-
choline is more active than 4(5)-imidagolylacetyl-
choline.

EXPERIMENTALI?

48)-Imidazoleacetic acid hydrochloride was prepared by
the method of Bauer and Tabor!¢ modified to avoid any
possibility of ester formation. Steam was passed through a
boiling solution of 60.4 g. (0.56 moles) of 4(5)-imidazole-
acetonitrile!® and 40.0 g. (1.00 mole) of sodium hydroxide
for 1 hr. at the end of which time ammonis evolution had
ceased. The solution was cooled and 115 ml. of concentrated
hydrochloric acid was added and the mixture taken to dry-
ness 1n vacuo. The residue was triturated with 800 ml. of
warm concentrated hydrochloric acid and the solution
filtered through a sintered glass funnel to remove sodium
chloride. The filtrate was taken to dryness in vacuo to leave
a residue of 90.4 g. (999%,) of 4(5)-imidazoleacetic acid hydro-
chloride, m.p. 220-225° (lit.* m.p. 223°).

B-Bromoethyl 4(6)-imidazolylacetate. A solution of 9.9 g.
of 4(5)-imidazoleacetic acid hydrochloride in 100 ml. of
ethylene bromohydrin was saturated with anhydrous hydro—
gen chloride and slowly distilled over a period of 90 min.
to remove 50 ml. of solvent. The addition of ether to the
cooled solution gave an oil which was separated and dis-

(6) V. Erspamer and A, Glasser [Brit. J. Pharmacol., 12,
176 (1957)] report that imidazolylacetylcholiné is less
potent than imidazolylpropionylcholine in its nicotinic and
neuromuscular blocking actions. However, the authors do
not describe the physical constants of imidazolylacetyl-
choline {see ref. (3)] and no reference to the synthesis of
4(5)>imidazolylacetylcholine could be found in the litera-
ture.

(7) C. Pasini, A. Vercellone, and V. Erspamer, Gass.
chim. ilal., 86, 266 (1956).

(8) C. Pasini, A. Vercellone, and V. Erspamer, Ann., 578,
6 (1952).

(9) A. Stempel, U. 8. Patent 2,774,769, Dec. 18, 1956
[Chem. Abstr., 51, 5841g (1957)].

(10) M. M. meury, Nature, 180, 988 (1957).

(11) M. M. Winbury, J. K. Wolf, a.ndI 1. A. Tabachnick,
J. Pharmacol. Exzp. Therap., 122, 207 (1958).

(12) A. A. Rubin, J. Mershon, I. I. A. Tabachnick, and
W. M. Govier, J. Pharmacol. Bzp. Therap., 123, 104 (1958).

(13) All melting points are corrected.

(14) H. Bauer and H. Tabor, Biochemical Preparations,
John Wiley and Souns, Inc., New York, 1957, Vol. 5, p. 97.
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solved in ice water. The aqueous solution was extracted
with methylene chloride, made alkaline with ammonis,
and the precipitate taken up in methylene chloride. The
organic layer was dried over anhydrous potassium carbonate,
the solvent removed and the residue triturated with ether
to give 9.9 g. of the crude ester, m:p. 74-80°. After several
recrystallizations from acetone-ether the melting point was
constant at 88-90°.

Anal. Caled. for C;HgN,Q,Br: C, 36.07; H, 3.89; N,
12.88. Found: C, 36.04; H, 3.49; N, 12.52,

4(8)-Imidazolylacetyleholine. The ecrude B-bromoethyl
ester (prepared from 9.9 g. of 4(5)-imidazolescetic acid
hydrochlotide), was dissolved in 100 ml. of acetone, the
solution eooled with dry ice, 40 ml. of cold anhydrous tri-
methylamine added, and the solution shaken in a pressure
bottle for 22 hr. at 28° (20 p.s.i.). The viscous oil which
separdted was washed with acetone, dissolved in absohute
ethanol, and the solvent removed ¢n vacuo at room tempera-
ture to remove traces of trimethylamine. The crude 4(5)-
imidazolylacetylcholine bromide (11.1 g.) was again dis-
solved in absolute ethanol and converted to the hydro-
bromide salt with anhydrous ethanolic hydrogen bromide.
After seeding the solution and allowing it to stand over-
night at room temperature, the erystals which had separated
were triturated with 50 ml. of absolute ethanol and collected
to give 4.8 g. (21%,) of 4(5)-imidazolylacetyleholine bromide
hydrobromide as colorless crystals, m.p. 183-185°. The
product was too hygroscopic to be recrystallized but was
stable in 4 dry atmosphere.

Anal. Caled. for CpHoN;O.Br: C; 32.19; H, 5.13; N
11.26. Found: C, 32.25; H, 4.89; N, 11.26,

The dipicrate of 4(5)-imidazolylacetylcholine crystallized
from water as yellow crystals, m.p. 199-200°.

Anal. Caled. for CoeHaN Oy C, 39.46; H, 3.46; N, 18.84.
Found: C, 39.59; H, 3.62; N, 19.01.

B-Bromomethyl 2-pyridylacetate. The crude lithium salt of
2-pyridineacetic acid was prepared® from 97 ml. of a-
picoline and dissolved in 1 kg. of ethylene bromohydrin.
Anhydrous hydrogen chloridé was passed into thé cooled
solution for 1 hr. After standing at room tempéerature for
4.5 days the solution was dituted to 4 1. with methyléne
chloride and extracted twice with a small volume of cold
water. The cold aqueous solution was washed with ether,
madé alkaline with ammonia, and extractéd with ethéf. The
ether extract was washed once with water and dried oVer
anhydrous potassium carbonate. The ether and unreacted
a~picoline were removed in vacuo finally using a rotary
evaporator at 45° and 1.0~2.0 mm. pressure. The residue
was taken up in anhydrous ether and the solution filtered
to remove a small amount of insoluble material and again
evaporated in vacuo to give 23 g. of the crude ester as a
yellow oil. A portion of the oil gave the picrate salt of
B-bromoethy! 2-pyridylacetate as yellow crystals from aque-
ous ethanol, m.p. 126-128°.

Anal. Caled. for C;sHi:BrN,Oy: C, 38.07; H, 2.77; N
11.84. Found: C, 38.34; H, 2.45; N, 11.32.

2-Pyridylacetylcholine bromide hydrobromide. A solution of
20.0 g. of crude g-bromoethyl 2-pyridylacetate in 100 ml. of
acetone was cooled in dry ice, 40 ml. of anhydrous liquid
trimethylamine added and the mixture shaken in a pressure
bottle at 26° (20 p.s.i.) for 17 hr. The precipitate was col-
lected and washed with acetone to give 17.5 g. of a hygro-
scopic solid. The latter was dissolved in absolute ethanol
and the solution acidified with alcoholic hydrogen bromide
and cooled to give 18.5 g. of colorless crystals which melted
at 120-130° with gas evolution. Two reerystallizations from
absolute ethanol gave colorless platelets, mi.p. 130-135°,
which lost solvent of erystallization upon drying in high
vacuum at 78° for 2 hr. and finally at 110° overnight; yield,
11.5 g.; m.p. 169-170°.

(158) R. B. Woodward and E. C. Kornfeld, Org. Syntheses,
Coll. Vol. IIT, 413 (1955).
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Anal. Caled. for clezoBl'zNzogt C, 3752, H, 5.25, N,
7.29. Found: C, 37.46; H, 5.05; N, 7.01.

Anhydrous 2-pyridylacetylcholine bromide hydrobromide
was kept for long periods over anhydrous calcium chloride
but it rapidly absorbed water in a moist atmosphere.

Acknowledgment. The authors are thankful to
Dr. I. I. A. Tabachnick of the Pharmacology
Department of Schering Corporation for his in-
terest and kind advice with regard to the pharma-
cological aspects of this work, to Dr. H. Tabor of
the National Institute of Arthritis and Metabolic
Diseases, National Institutes of Health, Bethesda,
Md., for a copy of his manuscript!* in advance of
publication, and to Mr. Edwin Conner and his
associates of the Microanalytical Laboratories of
Schering Corporation for the microanalyses reported
herein.

MepiciNaL CHEMICAL RESEARCH DEPARTMENT
ScHERING CORPORATION
BroomrigLDp, N. J.

A Seven-Membered Heterocycle from
o-Aminobenzenethiol and Chalcone!

Wirniam D. STEPHENS AND LAMAR FIELD
Received April 6, 1959

Herz and Tarbell found that the thiol group of a
thiophenol could be blocked to permit operations
elsewhere in the molecule by addition of the thio-
phenol to 3-nitrobenzalacetophenone, which sub-
sequently could be removed.? When chalcone
(benzalacetophenone )itself was used in essentially
this procedure to protect the thiol group of o-
aminobenzenethiol (I), prior to reactions of the
amino group, two products were obtained. These
proved to be the desired ketone (II) and a cyclized
product (III).

SH
Q + CeHsCH=CHCOC¢H; —>
NH.
I
SCH(CﬁHﬁ)CH;COCng, SCH\/CoHS)
- CH.
NH. N=C(CaH5)/
11 111

Preparation of II (589, yield) could be achieved,
however, by omitting acetic acid and using only
piperidine in the procedure of Herz and Tarbell.

(1) Research supported by the Office of Ordnance Re-
search, U. 8. Army.

(2) A. H. Herz and D. 8. Tarbell, J. Am. Chem. Soc., 75,
4657 (1953).
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Addition of acetic acid to the reaction mixture
resulted in the isolation of the eyclized product
(III) in 629, yield. Treatment of the isolated
ketone II in methanol with acetic acid also con-
verted it to II1 (78%).

The structures of IT and III are supported by the
elementary analyses and by the fact that II has a
strong infrared-absorption band in the region ex-
pected for & carbonyl group, unlike ITI which lacks
this band but has another in the region reasonably
attributable to a C=N linkage. Further evidence
is provided by the fact that since our work was
completed Ried and Marx have demonstrated the
same reactions with thiophene counterparts of
chalcone; they reported the independent synthesis
of a typical heterocyclic product.? It is interesting
that the heterocyclic ring of III withstands the
action of alkali, at least in water.

EXPERIMENTAL*

B-Phenyl-8-(o-aminophenylmercapto)propiophenone  (1I).
Chalcone (5.00 g.) and o-aminobenzenethiol® (I, 3.00 g.)
were dissolved in 50 ml. of boiling methanol. The heat was
removed and piperidine (25 drops) was added. White
needles of IT precipitated upon cooling; yield, 4.64 g. (58%),
m.p. 127-134°. Repeated recrystallization from hexane gave
II with a constant m.p. of 134-135°. Strong infrared ab-
sorption at 1670 cm. ! is consistent with the presence of an
aryl ketone linkage.

Anal. Caled. for C4H;,NOS: C, 75.64; H, 5.74. Found:
C, 75.42; H, 5.59.

2,4-Diphenyl-6,7-benzo-1-thia - § - aza - 4,6 - cycloheptadiene
(ITI). Chalcone (5.00 g.) and I (3.00 g.) were dissolved in
25 ml. of boiling methanol. The heat was removed and
piperidine (25 drops) was added. After the mixture had
cooled to room temperature, an additional 25-ml. portion
of methanol was added and the slurry heated until all mate-
rial dissolved. Glacial acetic acid (10 ml.) then was added
and the mixture allowed to stand overnight at 25°, Yellow
crystalline III separated which amounted to 4.70 g. (62%),
m.p. 111.5-115°. This material was repeatedly recrystal-
lized from t-butyl alcohol to a constant m.p. of 114-115°.
Strong infrared absorption occurred at about 1613 ecm.™!
(C==N), which was absent in the spectrum of II, with no
other appreciable absorption from 1613-2940 cm. ™}

Anal. Caled. for CyH;NS: C, 79.95; H, 5.43. Found:
C, 79.64; H, 5.31.

When 1.00 g. of the III was heated at 70° for 2 days with
50 ml. of 109 aqueous sodium hydroxide, 0.98 g. of III
was recovered, m.p. and mixture m.p. 111-114.5°.

Converston of 11 to III. A mixture of 0.50 g. of IT and 25
drops of glacial acetic acid was heated in 10 ml. of methanol
on a steam bath for 20 min. After standing overnight, the
mixture was concentrated to about one-half volume; yield
of I1I, 0.28 g. (59%), m.p. and mixture m.p. (with III as
prepared above), 114-115°. A second crop of 0.09 g. (19%),
m.p. and mixture m.p. 112-115°, brought the total yield to
78%.
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(4) Melting points are corrected. Analyses are by Gal-
braith Laboratories, Knoxville, Tenn.

(5) Kindly provided by the American Cyanamid Com-
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