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g. of benzaldehyde, 20 g. of acetophenone and 50 ml. of
acetone-free methanol was then added dropwise with stirring
over 15 min. The reaction mixture was heated at 55~60°
with stirring for an additional 1.5 hr., during which colorless
solid precipitated. The mixture was cooled, filtered, and the
precipitate was washed with methanol, water, again with
methanol, and then ether. Upon drying, 49 g. of colorless
solid was obtained, m.p. 244-248°, recrystallized from a large
volume of acetone and also from benzene, m.p. 253-255°,
(lit.* m.p. 249°). Infrared analysis showed significant
absorption bands at 4.50 u and 6.12 .

Anal. Caled. for CyHuON: C, 87.50; H, 5.45. Found:
C, 87.67; H, 5.51.

Molecular weight, Caled.8 for CgHyON: 425. Found:
427,

Hydrolysis of CuHxON to the corresponding amide. Ten
grams of CyHyuON was added portionwise with stirring to
200 g. of concentrated sulfuric acid at room temperature.
Stirring was continued until all the solid dissolved. After
standing at room temperature for 4 hr., the solution was
poured with stirring into 2 1. water, solid precipitating. The
mixture was filtered and the solid washed with water. Upon
drying, 8.7 g. of colorless solid was obtained, m.p. 169-173°
(dee.), recrystallized from acetone, m.p. 194-196 (dec.).

Anal. Caled. for CuHgx0:N: C, 83.94; H, 5.68. Found:
C, 83.88; H, 5.82,

Reaction of 8-thiophenaldehyde, acetophenone and sodium
cyanide. A mixture of 3 g. of sodium cyanide and 30 ml. of
acetone-free methanol was heated to 55-60° with stirring,
10 g. of acetophenone was added, and then 4 g. of 2-thio-
phenaldehyde over 5 min. with stirring. The reaction mix-
ture was heated at 55-60° for an additional hour, cooled,
filtered, and the solid washed with methanol, water, a second
time with methanol, and dried. The colorless solid, 2.3 g.,
melted at 198-204°, recrystallized from acetone, m.p. 205~
207°. Infrared analysis showed significant absorption peaks
at 4.50 u and 6.13 u.

Anal. Caled. for CpHs8,0N: C, 74.13; H, 4.38. Found:
C, 74.16; H, 4.46.

Reaction of benzaldehyde, methyl-p-tolyl ketone and sodium
cyanide. In a similar manner, 53 g. of benzaldehyde was
added over 20 min. at 55-60° to a mixture of 30 g. sodium
cyanide, 400 ml. acetone-free methanol, 25 ml. water, and 90
g. of methyl-p-tolyl ketone. After stirring at 55-60° for 2
hr., the mixture was cooled, filtered, and solid washed with
methanol, water, methanol, ether, and then dried. The
colorless solid, 52.5 g., melted at 253-257°, recrystallized
from dioxane, m.p. 263-266°, Infrared analysis showed
significant absorption bands at 4.48 u and 5.91 .

Anal. Caled. for CzHpO.N: C, 84.04; H, 6.20. Found:
C, 84.16; H, 6.24.

Reaction of p-methoxybenzaldehyde, acetophenone and
sodium cyanide. In like manner, the addition of 20 g. of p-
methoxybenzaldehyde over 10 min. at 60-65° to 20 g.
sodium eyanide, 200 ml. acetone-free methanol and 35 g.
acetophenone produced 10.5 g. of colorless solid, m.p. 252—
255°, recrystallized from acetic acid, m.p. 258-260°. Infra-
red analysis showed significant absorption bands at 2.95 g,
3.06 u, and 5.98 u.

Anal. Caled. for CyHyON: C, 78.70; H, 5.80; N, 2.78.
Found: C, 78.52; H, 5.94; N, 2.81,

Reaction of p-methozybenzaldehyde, methyl-p-tolyl ketone
and sodium cyanide. Similarly, the addition of 20 g. of p-
methoxybenzaldehyde over 10 min. at 60-65° to a mixture
of 20 g. sodium cyanide, 200 ml. acetone-free methanol and
40 g. methyl-p-tolyl ketone yielded 8.5 g. of solid, m.p.
231-233°, recrystallized from dioxane, m.p. 233-235°
Infrared analysis showed significant absorption bands at
295 u, 3.05 u, and 5.99 pu.

(8) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The
Systematic Identification of Organic Compounds, Fourth
Edition, John Wiley and Sons, New York (1956), p. 55.
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Anal. Caled for CyHuON: C, 79.07; H, 6.26; N, 2.63.
Found: C, 78.82; H, 6.62; N, 2.67.
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Within the past few years several publications
have appeared3—!% in which hydroxamic acids and
oximes have been described and tested as protect~
ing cholinesterase (or alternatively reactivating
it) from the inhibiting effects of such substances
as tetraethyl pyrophosphate, di-isopropyl phos-
phorofluoridate and isopropyl methylphosphono-
fluoridate. It has been shown that while the
hydroxamiec acids exhibit little toxicity of their own
to enzyme preparations, the oximes which are more
potent prophylactically and therapeutically mani-
fest inhibiting properties of their own.** Some of the
most effective compounds described to date are
nicotin- and picolinhydroxamic acids and their
methiodides, and in particular pyridine-2-aldoxime
methiodide.'4—25 It seemed of interest to determine

(1) This research was carried out under Project D52-20-
20-20 of the Defence Research Board of Canada, whose per~
mission to publish this work is gratefully acknowledged.
Published in lieu of Suffield Experimental Station, Ralston,
Alberta, Technical Note No. 34.

(2) Present address: Jackson Laboratory, Box 525
Wilmington, Del.

(3) A. F. Childs, D. R. Davies, A. L. Green, and J. P.
Rutland, Brit. J. Pharmacol., 10, 462 (1955). .

(4) A. Funke, G. Benoit, and J. Jacob, Compt. rend,
240, 2575 (1955).

(5) B. E. Hackley, R. Plapinger, M. Stolberg, and T.
Wagner-Jauregg, J. Am. Chem. Soc., 77, 3651 (1955).

(6) 8. Ginsberg and I. B. Wilson, Arch. Biochem. Bio-
phys., 54, 569 (1955).

(7) B.B. Roy and A. 8. Kuperman, Proc. Soc. Bxptl. Biol.
Med., 89, 255 (1955).

(8) I. B. Wilson and E. K. Meislich, J. Am. Chem. Soc.,
75, 4628 (1953).

(9 1. B. Wilson, 8. Ginsberg, and E. K. Meislich, J.
Am. Chem. Soc., 77, 4286 (1955).
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(11) F. Hobbiger, Brit. J. Pharmacol., 10, 356 (1955).

(12) G. Benoit and A. Funke, Bull. soc. chim. France,
757 (1958).

(13) R. Holmes and E. L. Robins, Brit. J. Pharmacol.,
10, 490 (1955).

(14) T. Wagner-Jauregg, Arzneimitiel-Forsch., 6, 194
(1956).

(15) 1. B. Wilson and 8. Ginsberg, Biochim. et Biophys.
Acta, 18, 168 (1955).

(16) 1. B. Wilson and Sondheimer, Arch. Biochem. Bio-
phys., 69, 468 (1957).

(17) H. Kewitz and I. B. Wilson, Arch. Biochem. Bio-
phys., 60, 261 (1956).
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whether or not the activity displayed by these pyri-
dine compounds was retained when the hydroxamic
acid residue was attached through the nitrogen
atom, and a series of compounds have been prepared

rom pyridine and its homologs, utilizing the fol-
lowing sequence of reactions:

=

R
@R lﬁ?/cr
[' j} R CIXCOOEY 1‘\15/01_ NHOH,
X X 0
COOEt NHOH
1 11

R = H, alkyl or substituted alkyl
X = WCH2—, _CHQCH2_, or —CH(CHa)—-

Treatment of the appropriate base with the
ethyl ester of a- or 8-chloroaliphatic acids gave rise
to substituted carbethoxyalkyl pyridinium chlorides
(I). The ease of this reaction depends entirely on
the nature of the reactants and in some cases pro-
ceeds very slowly. The reaction was carried out at
a relatively low temperature in view of the fact
that alkyl B-chloropropionates can be dehydro-
halogenated by certain tertiary bases??; how-
ever, since this work was completed a paper has
appeared describing the formation of a base ester—
chloride from ethyl-8-chloropropionate and pyri-
dine by refluxing in ethanol.® The base ester—
chlorides are extremely hygroscopic solids which are
difficult to purify. They were reacted with hydroxyl-
amine in methyl alcohol to give the corresponding
hydroxamic acid (II) in good yield as colorless
erystalline solids. The hydroxamic acids prepared
in this fashion are listed in Table 1.

These compounds were found to be very effective
in preventing and reversing some of the physiologi-
cal effects of cholinesterase inhibition, presumably
by protecting, or reactivating the cholinesterase.
The precise results of the biological testing of these
compounds will be published elsewhere.?

EXPERIMENTAL?®

Base ester—chlorides (I). The appropriate base®! was
mixed with an equivalent amount of the ethyl chloroacylate

(18) H. Kewitz, I. B. Wilson, and D. Nachmansohn,
Arch. Biochem. Biophys., 60, 261 (1956).

(18) H. Kewitz, I. B. Wilson, and D. Nachmansohn,
Arch. Biochem. Biophys., 64, 456 (1956).

(19) 1. B. Wilson, Biochim. et Biophys. Acta, 27, 196
(1958).

(20) D. R. Davies and A. L. Green, Biochem J., 63, 529
(1956).

(21) F. Hobbiger, Brit. J. Pharmacol., 12, 438 (1957).

(22) B. M. Askew, Brit. J. Pharmacol., 12, 336 (1957).

(23) H. Kewitz, Arch. Biochem. Biophys., 66, 263 (1957).

(24) H. Kewitz and D. Nachmansohn, Arch. Biochem.
Biophys., 66, 271 (1957).

(25) H. Kewitz, Klin. Wochschr., 35, 550 (1957).

(26) C. 8. Marvel, J. Dec, H. G. Cooke, and J. C. Cowan,
J. Am. Chem. Soc., 62, 3495 (1940). )

(27) C. Moureu, M. Murat, and L. Tampier, Ann.
chim. (Paris), [9] 15, 221 (1921).
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and an equal volume of ether added. If after standing at
room temperature for 2 days little product had separated,
then the mixture was heated under reflux for several days,
ether being added if any was lost. The total time depended
on the nature of the reactants.’? No attempt was made to
obtain the maximum possible yield and the reaction was
terminated as soon as sufficient product had separated.
The product was rapidly filtered through a sintered funnel,
washed with ether, and dried in a vacuum desiccator. The
base ester—chlorides obtained in this fashion were sufficiently
pure for the subsequent reaction and as they are very hy-
groscopie, recrystallization is a tedious and wasteful pro-
cedure. These compounds form adducts with mercuric
chloride from an aqueous solution. Most of them were ob-
tained as oils which could not be crystallized; however, the
adducts of N-carbethoxymethyl pyridinium chloride, m.p.
124-125° (Kruger?®s, gives 124-125°); N-carbethoxymethyl~
3-picolinium chloride, m.p. 149-151°; N-carbethoxymethyl-
4-picolinium chloride, m.p. 104°; and N-carbethoxymethyl-
2,3-lutidinium chloride, m.p. 95-98° were obtained and
recrystallized from water.

Hydrozamic actds. A solution of hydroxylamine was pre-
pared by mixing hot methanolic solutions of hydroxylamine
hydrochloride (0.15 mole) and sodium methoxide (0.15 mole).
The mixture was filtered under suction into a flask containing
the base ester—chloride (0.1 mole) in methanol (40 ml.).
The flask was stoppered and kept at 0° for 4 days. The
solution was decanted from small amounts of solid that had
separated and then concentrated under vacuum until
crystallization of the hydroxamic acid commenced; ether
was then added to precipitate the produet which was finally
reerystallized from ethanol. Data for these compounds are
given in Table I.

SUFFIELD EXPERIMENTAL STATION
DrereENceE REsuarcH Boarp oF CANADA
RavsToN, AvtA., CAN.

(28) 8. A. Heininger, J. Org. Chem., 22, 704 (1957).

(29) W. C. Stewart and D. G. Coe, unpublished work.

(30) Melting points are uncorrected.

(31) The gift of several of the pyridine bases used in this
work by the Ansul Chemical Co. is gratefully acknowl-
edged.

(32) Ethyl chloroacetate reacts fairly rapidly at room
temperature with pyridine, 2-, 3-, and 4-picoline, also 4~
(3’-hydroxypropyl)-pyridine. All of the lutidines and any
of the reactions involving ethyl «- or g-chloropropionate
require heating; 2:6-lutidine gave no signs of reaction with
ethyl chloroacetate even after standing for several months.

(33) M. Kruger, J. prakt. Chem., 43 (2), 274 (1891).

Pyrolysis of N-Phenylthiocarbamylethylene-
diamine and Related Materials
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Imidazolines are formed readily from monoacyl-
or diacylethylenediamines? by heating the materials

(1) To whom inquiries for reprints should be addressed.

(2) K. Hofmann, The Chemistry of Heterocyclic Com-
pounds. Part I. Imidazole and Its Derivatives, Interscience
Publishers, New York, 1953, p. 214.



