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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 : 

I I 

COOEt NHOH 
I I1 

R = H, alkyl or substituted alkyl 
X = -CHS-, -CHSCH,--, or -CH(CHS)- 

Treatment of the appropriate base with the 
ethyl ester of a- or 0-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 a t  
a relatively low temperature in view of the fact 
that alkyl P-chloropropionates can be dehydro- 
halogenated by certain tertiary b a s e ~ ~ 6 ~ ~ 7 ;  how- 
ever, since this work was completed a paper has 
appeared describing the formation of a base ester- 
chloride from ethyl-6-chloropropionate and pyri- 
dine by refluxing in ethanoLZ8 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 (11) in good yield as colorless 
crystalline solids. The hydroxamic acids prepared 
in this fashion are listed in Table I. 

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.29 

EXPERIMENTAL3' 

Base ester-chlorides (I). The appropriate base3' was 
mixed with an equivalent amount of the ethyl chloroacylate 
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china. (Paris),  [9] 15, 221 (1921). 

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.a2 KO 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- 
groscopic, 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" (Kruge~-33, gives 124-125"); N-carbethoxymethyl- 
3-picolinium chloride, m.p. 149-151 O ;  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. 

Hydroxamic acids. 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 a t  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 product which was finally 
recrystallized from ethanol. Data for these compounds are 
given in Table I. 
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Imidazolines are formed readily from monoacyl- 
or diacylethylenediamines2 by heating the materials 

(1) To whom inquiries for reprints should be addressed. 
(2) K. Hofmann, The Chemistry of Heterocyclic COVC- 

pounds. Part I .  Imidazole and Its Derivatives, Interscience 
Publishers, New York, 1953, p. 214. 
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HQC-KHZ Ib HzC-N 

with selected reagents. In  somewhat similar manner, 
Forsse13 prepared 2-substituted 2-imidazolines from 
thioamides and ethylenediamine. 

It seemed reasonable, therefore, to expect N- 
phenylthiocarbamylethylenediamine to eliminate 
hydrogen sulfide on heating to  give 2-anilinoimid- 
azoline. These substituted ethylenediamines are 
readily available by the process recently de~cribed.~ 
It had been observed that these materials evolved 
hydrogen sulfide above the melting points. The 
expected reaction follows. 

2 -NH "zr-yH \ i--NHC6Hj + HzS + >-NHC6Hi 

HzC-NHz HzC-N 

It was verified that this reaction did occur to an 
appreciable extent (about 20%). The hydrogen 
sulfide was precipitated as copper sulfide. The 2- 
anilinoimidazoline was isolated in quantity reason- 
ably equivalent t,o the hydrogen sulfide. The 2- 
anilinoimidazoline and its picrate proved to be 
identical with the same products synthesized from 
the methyl thioether of ethylenethiourea and 
aniline. 

The major reaction, however, was different. 
A liquid evolved during the pyrolysis proved to be 
aniline. The bulk: of the residue was ethylenethio- 
urea, about equivalent in quantity to  the aniline. 
It thus appears that initially there might be an 
elimination of aniline to give an intermediate 
isothiocyanate which intramolecularly reacts to 

HzC--n"Z H2C-NH 
\ 

Hz 1. --N=C=S HzC-NH 

--+ I /y 

give ethylenethiourea. This decomposition of 
ureas above the melting points is not unexpected for 
i t  has been shown repeatedly6 that substituted 
ureas and thioureas are thermally unstable. 

Similar results were obtained when the phenyl 
group was replaced by n-butyl and n-heptyl groups, 
respectively. The major reaction was the elimina- 
tion of the amine and the formation of ethylene- 
thiourea. The minor reaction was the elimination 
of hydrogen sulfide accompanied by imidazoline 
formation. The 2-alkylimidazolines were synthe- 

(3) Ref. 2, p. 216. 
(4) 0. Stoutland, I,. Helgen, and C. Agre, J. Org. Chem., 

(5) J. Saunders and R. Slocombe, Chem. Revs., 43, 211 
24, 818 (1959). 

(1948). 

sized6 and they and their picrates proved identical 
with those obtained from pyrolysis. 

Attempts were made to prepare the benzoyl 
derivatives of each of the three mentioned imid- 
aeolines. All three materials proved to be N,N'- 
dibenzoylethylenediamine. This reaction is in line 
with the known' reactions of 2-alliylimidazolines. 

N-Phenylcarbamylethylenediamine decomposed 
similarly to give a series of parallel products. 
Aniline was obtained in abundance and a small 
amount of ethyleneurea was recovered. How- 
ever, the bulk of the residue was a white solid 
melting above 300". This has not been identified 
but probably is a low polymer formed by the re- 
action of the hypothetical intermediate, HzNCH2- 
CH2NC0, to give a linear polymer as well as the 
cyclic urea. 

It was interesting to observe the pyrolysis of 
N,N'-bis-phenylthiocarbamylethylenediamine, for 
a number of possible reactions might be encountered. 
,4mongst the products obtained were hydrogen 
sulfide, aniline, N ,  N'-diphenylthiourea, and ethyl- 
enethiourea. It appeared, therefore, that in part the 
pyrolysis might have eliminated phenyl isothio- 
cyanate and thus formed N-phenylcarbamylethyl- 
enediamine. This latter material would decompose 
according to the earlier comments in this research. 
Lastly, the aniline and the phenyl isothiocyanate 
would unite to give the diphenylthiourea. 

EXPERIMESTAL~ 

AT-Phenylthiocurbamylethylmediamine. This material was 
prepared4 using benzene as the solvent. The yield was 16570 
of the quantity anticipated on the basis of random dis- 
tribution. 

Pyrolysis of N-phenylthiocarbamylethylenediamine. A 500 
cc. Claisen flask was partially filled with 168 g. (0.87 mole) 
of the amine. The flask was placed in an oil bath rnaintaincd 
a t  155' and a slow flow of nitrogen was introduced. A heavy 
evolution of hydrogen sulfide resulted and the gas was 
trapped reasonably effectively by copper sulfate solution. 
After 90 min. the reaction appeared complete and the flask 
was gradually evacuated until a t  the end of 1 hr. the vacuum 
was 10 mm. 

The distillate thus obtained weighed 60 g. (0.65 mole), 
boiled a t  182-184", and was identified as aniline by con- 
verting a portion to phenylthiourea. 

The residue in the pyrolysis flask weighed 101 g. It was 
washed several times with ethanol and yielded 61 g. (0.60 
mole) of a granular solid, m.p. 203-204", which was identified 
as ethylenethiourea. 

The balance of the residue was mainly 2-anilinoimid- 
azoline. The alcoholic filtrate from above was evaporated 
to a low volpme and was cooled to give an abundant pre- 
cipitate. This was filtered and washed with cold alcohol. 
The solid was dissolved in dilute hydrochloric acid, treated 
with charcoal, and was recovered by making the solution 
strongly basic. The 2-anilinoimidazoline thus obtained was 
a white solid, recrystallized from water, m.p. 137-138". 
Additional yield was obtained by working up the filtrate 
from this isolation. Even though the recovery was not 
quantitative, the yield was 9 g. 

(6) Chem. Abstr., 24, P732 (1930); British Patent 310,534. 
(7) Ref. 2, I). 221. 
(8) All melting points are uncorrected. 
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Anal. Calcd. for CSHllN3: N, 26.0; equiv. wt., 161. 
Found: N, 26.2; equiv. wt., 163. 

Treatment of the 2-anilinoimidazoline in alcohol with 
picric acid gave a picrate, recrystallized from alcohol, 
m.p. 201-202'. A mixed melting point with the authentic 
synthetic material waa unchanged. 

Anal. Calcd. for Cl~Hl&V~O~: N, 21.6. Found: X, 21.6. 
The copper sulfide was recovered and weighed 14 g., 

equivalent to 4.6 g. hydrogen sulfide. 
9-Anilimimiduzoline. This material was made by a modi- 

fication of the process of Aspinall and Bianco.9 A mixture 
of 12 g. of aniline, 16 g. of the methyl thioether of ethylene- 
thiourea,lO and 28 ml. of ethanol waa refluxed for 2 days. 
The volatile material waa removed by heating on a steam 
bath followed by evacuation for a few minutes. There 
remained a yellow, viscous oil which dissolved in dilute 
acid. Addition of base to the cold, filtered solution liberated 
an oil which solidified. The product, 1.8 g., is 2-anilino- 
imidazoline, m.p. 138-139' when recrystallized from water. 
The reported6 value is 122'. Treatment of an alcohol solu- 
tion with picric acid gave the picrate, recrystallized from 
alcohol, m.p. 201-203'. 

Treatment of 2-anilinoimidazoline with benzoyl chloride 
in aqueous alkali gave N,N'-dibenzoylethylenedamine, m.p. 
250' from alcohol. 
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Recently, Rainsdcn and Banks2 rcported that the 
product formed from the reaction of di-n-butyltin 
dichloride with ethylene glycol in  the presence of 
sodium hydroxide has the linear structure I. 
IIOCH2CH20Sn( C~HS-n)20CH~CI&OSn 

(C~H~-TZ)~OCH~CH~OI-I  
I 

We have repeated this reaction and the resulting 
product has been found by means of its elemental 
analysis, melting point, and infrared spectrum to 
be identical to the compound obtained in this 
laboratory from the treatment of di-n-butyltin 
oxide with ethylene glycol. Our results of the in- 

( 1 )  Department of Chemistry, Boston College, Chestnut 

( 2 )  13. E. Ramsden and C. I<. Banks, U. S. Patent 
Hill, Mass. 

2,789,994 (Apr. 23, 1957). 

vestigation of the structure of this product do not 
support structure I, however. Thc following evi- 
dence shows that the product is a cyclic tin cster 
which should be formulated as 111. 

When equimolar amounts of ethylene glycol and 
di-n-butyltin oxide were heated under reflux in 
benzene, an equimolar amount of water was evolved 
and a crystalline product separated from the 
resulting solution. This solid was found consistently 
to have the molecular formula C2oH44O4Sn2 from 
numerous elemental analyses3 and from thc dc- 
termination of its molecular weight by three dif- 
ferent methods. The infrared spectrum of the 
compound in the 0-FI stretching region was par- 
ticularly interestiiig. Thc spectrum in chloroform 
solution displayed a broad, medium intense band 
at 3250 cm.-l which could bc indicative of the 
presence of bondcd O-II.4 However, in carbon 
disulfide solution this band was completely absent. 
The identical behavior was observed with di-n- 
butyltin methyldioxolane (11) - 5  In contrast, this 

~i-CaHg, ,C,IIg-n 

?-S"'o CHA-ICI I~ 
I1 

band was not obscrvcd with di-n-butyltin dichloride 
in chloroform. These observations indicatc that the 
band is not due to thc presence of a hydroxyl group 
but, rather, may be due to hydrogen boding  
involving the hydrogen of the chloroform and the 
oxygen of the glycol derivative. Tests for thc 
presence of active hydrogen with methyl~rlag~~esiurrl 
iodide and with lithium aluniiiium hydride were 
negative and, hcncc, provided additional proof of 
the absence of the hydroxyl €unction. Thesc facts 
demonstrate that the product is a cyclic tin cster 
whose structure must be either I11 or IV. Structurc 
IV is precluded, howcvcr, since the compound is 
very rapidly hydrolyzed in boiling aqueous ethanol 

~~ 

(3) Ramsden and Banks (ref. 2) reported 36.95% Sn 
for their compound. Our Sn values were always significantly 
higher. C ~ T .  experimental section of this paper. 

(4) Dr. Ramsden has kindly pointed out (private com- 
munication to  J. B.) that although a hydroxyl group 
attached to tin is not always detectable by infrared, a 
hydroxyl bonded to carbon as in structure I should be 
observable. 

( 5 )  First prepared and characterized by Ramsden and 
Banks (ref. 2). Investigation of the structure of I1 in this 
laboratory supports their findings. 


