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In  another attempt to  prepare 11, an aqueous 
solution of compound I was refluxed with excess 
acrylonitrile for 36 hours, but the starting materials 
were recovered. 

The failure of unsymdimethylhydrazine to  
undergo double cyanoethylation can be compared 
to  the difficulty with which methylamine and ethyl- 
amine react with a second mole of acrylonitrile.' 
The amines do yield dicyanoethylated products, 
however, under conditions in which only mono- 
cyanoethylation of unsym-dimethylhydrazine oc- 
curs. 

Although i t  is known that alkylhydrazines 
undergo alkylation on the nitrogen which already 
bears an alkyl groupl2I3 the reaction of chloroacet- 
amide and unsym-dimethylhydrazine was examined 
as a possible route to the desired acetic acid de- 
rivative. 

(CHs)zNKHz + ClCHzCONHz + 
( c H ~ ) ~ ~ ~ H ~ c o N H ~  c i -  

I I NHz 
Raney Ni I11 

J. 
(CH3)zNH + ClCHzCONHz + ' 

( C H ~ ~ H C H ~ C O N H ~  c i -  

The product isolated was 1-carbamylmethyl-1,l- 
dimethylhydrazinium chloride (111) as shown by 
the following observations. Hydrogenolysis of the 
nitrogen-nitrogen bond with Raney nickel in 
ethanol4 produced a crystalline solid which did not 
depress the meltJing point of an authentic speci- 
men of N,Ndimethylaminoacetamide hydrochlo- 
ride. The latter compound was prepared by passing 
dimethylamine into a solution of monochloroacet- 
amide in dioxane. 

Although no attempt was made to hydrolyze 111, 
the hydrolysis of I was tried using the barium hy- 
droxide method which has been employed in the 
hydrolysis of 6-aminopropionitrile to 
No identifiable material was isolated. Hydrolysis 
with concentrated hydrochloric acid was also un- 
successful. From an attempt to  convert the nitrile 
to the corresponding amide using polyphosphoric 
acid* only resinous materials were isolated. An 
attempt was also made to  convert I directly to the 
ester by refluxing with an ethanolic solution of 
hydrogen chloride, but again only tars were ob- 
tained. 

EXPERIMENTAL' 

1 ,I-DimethyZ-,%-(8-eyanoethyl)hydrazine. Acrylonitrile ( 17.5 
g., 0.33 mole) was added slowly to a refluxing solution of 

(1) H. A. Bruson in R. Adams, Org. Reactions, 5,79 (1949). 
(2) C. D. Harries and T. Raga, Ber., 31,58 (1898). 
(3) 0. Westphal, Bw., 74,759 (1941). 
(4) C. Ainsworth, J .  Am. Chem. Soc., 78, 1635 (1956). 
(5) J. H. Ford, J .  Am. Chem. SOC., 67, 876 (1945). 
(6) H. R. Snyder and C. T. Elston, J .  Am. Chem. Soc., 

(7) Melting points and boiling points are uncorrected. 

- 

76,3039 (1954). 

30 g. (38 ml., 0.5 mole) of unaym-dimethylhydrazine in 40 
ml. of water. After an additional two hours of heating the 
reaction mixture was distilled under reduced pressure. 
The principal fraction distilled a t  80-90' (3 mm.) and 
weighed 33 g. (87%). The product was a colorless, odorless 
oil, na$ 1.441, d:' 0.92, which slowly turned red on standing. 

1 ,I-Dimethyl-,%-( 8-cyanoethyl)-.$-phenylthiosemicarbazide. 
Equal amounts of l,l-dimethy1-2-(8-cyanoethyl)hydrazine 
and phenyl isothiocyanate were heated together for three 
minutes. The mixture solidified on cooling and was recrys- 
tallized three times from 95% ethanol. The pale yellow 
crystalline solid melted at 104-105'. 
Anal. Calc'd for C12HL8NIS: C, 58.03; H, 6.49; N, 22.56. 

Found: C, 58.56; H, 6.39; N, 22.48. 
l,l-Dimethy1-,%-(8-cyanoethyl)hydrazine hydrochlrn.de. A 

dioxane solution of 1,l-dimethyl-2-( 8-cyanoethy1)hydrazine 
reacted with dry hydrogen chloride gas to form an insoluble 
oil which, after separation from the dioxane by decanta- 
tion, solidified to a pale yellow wax. Three recrystallizations 
from a mixture of absolute ethanol and petroleum ether 
(b.p. 60-70') (2: 1) yielded a white crystalline deliquescent 
solid melting a t  90-92'. 

Anal. Calc'd for CsH1~CINI: C, 40.12; H, 8.08. Found: 
C, 39.91; H. 8.40. 
l-Carbamylmethyl-1,1-dimethylhydraziniu chloride. Dry 

monochloroacetamide (9.3 g., 0.10 mole) was mixed with 
7.5 g. (0.13 mole) of unsym-dimethylhydrazine. After the 
initial exothermic reaction the mixture cooled and solidified. 
Three crystallizations of the solid from absolute ethanol 
yielded 7.5 g. (48%) of white crystals, m.p. 145-148'. 

Anal. Calc'd for C4H&1NaO: C, 31.27; H, 7.87. Found: 
C, 31.09; H, 7.31. 

N,N-Dimethylaminoaeetamide hydrochloride. (A) .  A one- 
gram sample of 1-carbamylmethyl-1 ,1-dimethylhydrazinium 
chloride was subjected to Ainsworth's method' for hydro- 
genolysis of the nitrogen-nitrogen bond with Raney nickel. 
A few milligrams of crystalline material was obtained, which 
melted at 195-196' and did not depress the m.p. of the 
authentic specimen prepared as described below. ( B ) .  Dry 
dimethylamine gas was passed through a dioxane solution 
of monochloroacetamide. The white crystals which sepa- 
rated were removed by filtration and recrystallized from ab- 
solute ethanol. The product melt,ed at  195-196'. 

Anal. Calc'd for CIH11ClN20: C, 34.65; H, 8.01; N, 20.24. 
Found: C, 35.02; H, 8.01; N, 19.64. 
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The detection of a very slight anti-neoplastic 
activity' in N-benzyl-5-oxo-2-pyrrolidinecarbox- 
amide (Ib)2 led to  the preparation of a number of 
its derivatives and analogs. This report describes 
a series of N-substituted derivatives of 5-oxo-2- 
pyrrolidinecarboxamide (Ia) . 

Several N-aryl derivatives of Ia have been de- 

(1) Private communication from s. Halliday and D. 

(2) Angier, U. S. Patent 2,651,639 (Sept. 8, 1953). 
McKenzie of this laboratory. 
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~ c r i b e d . ~  These were prepared by heating a mix- 
ture of L-glutamic acid and the aryl amine a t  150- 
210". However, the only previously described 
N-alkyl derivative of Ia is N-amyl-5-oxo-2-pyr- 
rolidinecarboxamide, prepared by heating ethyl 
5-oxo-2-pyrrolidinecarboxylate with amylamine at  
150°.4 Ia has previously been prepared by the ac- 
tion of alcoholic or aqueous ammonia on diethyl 
 g glutamate^ and this method was utilized for prep- 
aration of the compounds listed in Table I. An 
excess of the amine was mixed with diethyl gluta- 
mate and alloLTed to react under the prescribed 

H&- CHz 

NH - I '  R\ 

I /  R1' 
O=C HC-COOEt + 

OEt NHB 

I I  / 
O=C HC-CON, + 2 EtOH 

/ /  R' N _ .  
H 

Ia: R = R ' = H  
Ib: R=Benzyl, R1=H 

conditions after which the product was isolated. 
Although no rate studies were conducted i t  was 
evident after several reactions that the aminolysis 
of diethyl glutamate (or the possible intermediate 
ethyl 5-oxo-2-pyrrolidinecarboxylate) was a facile 
reaction, and that the reactivity of diethyl gluta- 
mate in this respect compared favorably with that 
of methyl lactate.6 This might be expected since 
diethyl glutamate, like methyl lactate, has an 
electron-attracting group in the a-position which, 
as Gordon, et aL6 explain, should increase the rate 
of aminolysis. Since it is known that certain 
secondary amines react readily with methyl lactate 
to form amides' two secondary amines, dimethyl- 
amine and pyrrolidine, were allowed to react with 
diethyl glutamate and the expected amides were 
obtained in good yield. 

No significant anti-neoplastic activity was noted 
in any of these compounds. 

(3) Gray, J. Chem. SOC., 1264 (1928); Dewing, Gray, 

(4) Sauer and Adkins, J. Am. Chem. Soc., 60, 402 (1938). 
(5) Abderhalden and Rossner, 2. physiol. Chem., 152, 

281 (1926); Angier, et al., J .  Am.  Chem. SOC., 72 ,  74 (1950). 
(6) Gordon, Miller, and Day, J. Am. Chem. SOC., 70,  

1946 (1948). 
(7) Arnett, Miller, and Day, J. Am. Chem. SOC., 73, 5383 

(1951). 

Platt, and Stephanson, J. Chem. SOC., 239 (1942). 

EXPERIMENTAL* 

Diethyl L-glutamate. L-Glutamic acid (1 kg.) was slurried 
in 3 1. of absolute ethanol and dry hydrogen chloride gas 
was bubbled through the mixture rapidly until solution was 
complete. One liter of absolute ethanol was added and the 
solution was refluxed on a steam-bath for one hour. The etha- 
nol then was distilled in vacuo and 500 cc. of water was added 
to the residue before it could solidify. This was cooled to 
15' and mixed with 500 cc. of ether. With good stirring con- 
centrated ammonium hydroxide was added slowly to pH 
9.4 while controlling the temperature at 15'. The two layers 
were separated and the water layer was washed with 500 
cc. of ether. The ether extracts were combined, dried over 
hlgSO4, and then evaporated under reduced pressure to re- 
move the ether; yield 900 g. This material (a liquid) was 
quite satisfactory for the preparation of the various pyrroli- 
dine derivatives. 

Amides listed in Table I .  Three general procedures were 
used. Examples are given below. 

Method A .  Diethyl L-glutamate (550 g.) (2.46 moles) and 
an excess of benzylamine (900 g.) (8.4 moles) were mixed 
and heated on the steam-bath for three hours. The reaction 
mixture was cooled to room temperature, diluted with 4 1. 
of ether, and cooled overnight. The product was collected, 
washed well with ether, and dried; yield 435 g. (74%); m.p. 
131-132.5'. For analysis a sample was recrystallized once 
from ethanol; m.p. 134-136'. 

Method B. Diethyl L-glutamate (88 g.) (0.43 mole) and an 
excess of allylamine (122 g., 160 cc.) (2.14 moles) were mixed 
and allowed to stand at  room temperature for three days. 
The allylamine then was evaporated a t  atmospheric pres- 
sure (reduced pressure is necessary in other reactions) on a 
steam-bath during a period of 1.5 hours and then evacuated 
for a short time to remove residual amine. To this sirup was 
added 75 cc. of ethanol and 100 cc. of ether and the solution 
was cooled to give a crystalline mass. More ether (about 
500 cc.) was added to give a slurry which could be filtered. 
The product was collected and recrystallized from 450 cc. 
of ethyl acetate; yield 32 g. (46%); m.p. 93-95'. A sample 
was recrystallized again from ethyl acetate; m.p. 94-95'. 

Method C. The amines used in this procedure were prepared 
as exemplified below using a modification of the method of 
Galat and Elion.9 

Hexamethylene tetramine (220 g.) (1.57 moles) and so- 
dium iodide (240 g.) (1.60 moles) were dissolved in 3 l. of hot 
95% ethanol. To this hot solution was added 250 g. (1.55 
moles) of Pchlorobenzyl chloride.10 

The crystalline quaternary salt formed quite quickly. 
After standing overnight hydrogen chloride waa bubbled 
through the mixture until it was saturated. During this time 
the crystalline precipitate dissolved and ammonium chlo- 
ride separated. The ammonium chloride was filtered off and 
the filtrate was evaporated to dryness. The dry residue was 
slurried with water and made alkaline with sodium hy- 
droxide. The amine separated as an oil. It was extracted 
with ether, and the ether was dried over magnesium sulfate 
and filtered. Evaporation of the ether gave 110 g. of crude 
4-chlorobenzylamine. This material was satisfactory for the 
subsequent reaction. 

This amine (110 g.) was mixed with 88 g. of diethyl L- 
glutamate and allowed to react a t  room temperature for 2 
days a t  which time the product had crystallized. The mix- 
ture was diluted with several volumes of ether, cooled, and 
filtered; yield 57 g. This was recrystallized from 750 cc. of 

(8) All melting points, including those in Table I, are 

(9) Galat and Elion, J. Am. Chem. SOL, 61, 3585 (1939). 
(10) PChloro-, 4-methyl- and 2,Pdimethyl-benzyl chlo- 

ride were all obtained from Ohio Apex Inc., Nitro, W. Vir- 
ginia. 

uncorrected unless otherwise noted. 
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absolute ethanol; yield 45 g. (41y0); m.p. 187-188'. A sample 
was recrystallized again from ethanol; m.p. 191-192'. 
N-Guanyl-5-oxo-2-pyrrolidinecarboxamide. A mixture of 

50 g. (0.53 mole) of guanidine hydrochloride and 28 g. (0.52 
mole) of sodium methoxide in 200 cc. of methanol was 
stirred for 10 minutes. The sodium chloride then was fil- 
tered off and the filtrate was mixed with 55 g. (0.27 mole) of 
diethyl L-glutamate. After about two minutes the product 
crystallized; yield 33 g. (72y0); m.p. 180-182'. A portion of 
the compound was recrystallized from water; m.p. 187-189". 

Anal. Calc'd for C6Hl0N402: C, 42.3; H, 5.9; N, 32.9. 
Found: C, 42.0; H, 6.2; N, 32.9. 
N,N-DimethyL5-oxo-2-pyrrolidinecarboxamide. Diethyl L- 

glutamate (66 g.) (0.32 mole) and an excess of anhydrous di- 
methylamine (68 g., 100 cc.) (1.5 moles) were mixed in a 
pressure bottle and allowed to stand a t  room temperature 
for 4 weeks. The excess dimethylamine then was evaporated 
and the residue was distilled; b.p. 210-214"/0.3 mm. Shortly 
the product began to crystallize. The mixture was quickly 
poured into a small amount of ethanol, cooled, and the solid 
was collected; yield 32 g. (63%); m.p. 114-116'. The product 
then was recrystallized from 350 cc. of ethyl acetate; yield 
28.8 g.; m.p. 115-117O (corrected); [CY]': -33.5" (e, 2 in 
water). 

Anal. Calc'd for C7H12N~02: C, 53.8; H, 7.7; N, 17.9. 
Found:C,53.6;H,7.1;N, 18.3. 

N,~r-I'etramethylene-5-oxo-bpyrrolidinecarboxamide. Di- 
ethyl L-glutamate (88 g.) (0.43 mole) and an excess of pyrro- 
lidine (136 p., 160 cc.) (1.9 moles) were mixed and allowed 
to stand a t  room temperature for 4 weeks. The excess pyrro- 
lidine then was distilled under reduced pressure on the 
steam-bath. The resulting sirup was diluted with two vol- 
umes of ethyl acetate and seeded with crystals obtained by 
distilling the product from a previous small run (b.p. 225"/ 
0.4 mm.). After cooling, the product was collected; yield 
47 g. (60'35). This was recrystallized from 250 cc. of ethyl 
acetate; yield 38 g.; m.p. 111-112" (corrected); [CY]': 

-40.5" (c, 2 in water). 
Anal. Calc'd for CsH14NZ02: C, 59.3; H, 7.7; N, 15.4. 

Found: C, 59.5; H, 8.0; N, 15.4. 
W,N '-( d-Hydrozytrimethylene)bis-(6-0~0-2-p yrrolidinecar- 

boxamide). 1,3-Diamino-2-hydroxypropane (35 g., 30 cc.) 
(0.33 mole), an excess of diethyl bglutamate (198 g.) 
(0.97 mole), and 150 cc. of absolute ethanol were mixed 
and allowed to stand at  room temperature for 4 days. The 
mixture then was cooled overnight and the product was 
collected; yield 78 g. This was dissolved in 350 cc. of warm 
water, decolorized with Norit, and the filtrate was diluted 
with one liter of acetone. Upon cooling overnight the product 
rrystallized; yield 52 g. (50%); m.p. 227-229" (corrected). 

A sample of this material was dissolved in 50 cc. of water, 
diluted with 150 cc. of acetone, filtered hot, and cooled 
overnight; yield 7.7 g. This process was repeated twice; 
yield 4.7 g., m.p. 235-237' (corrected); [CY]? -22.1' (e, 2 
in water). 

Anal. Calc'd for CI~HZON~OL: C, 50.0; H, 6.4; N, 17.9. 
Found: C, 50.2; H, 7.0; N, 18.2. 

Attempts to prepare and isolate the monosubstituted 
derivative of 1,3-diamino-2-hydroxypropane were unsuc- 
cessful. 
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The cleavage reactions of 1,3diols have been 
studied in some The products obtained 
from the acid catalyzed cleavage's2 are the cor- 
responding carbonyl compound and olefin while the 
products from the base cleavage depend on whether 
the free diol or monotosylate is employed. The free 
diol with base yields a carbonyl compound6 and, un- 
like the other cleavage reactions, a derived aIcoh01,~ 
while the monotosylate3 gives a carbonyl compound 
and olefin much like the acid catalyzed cleavage. 

7 7 8" Ri-C-C- -R4- 
Acid (Ra = H) 

Base (Ra = TS) 
A H A  OR, 

R* 
I 

RI-C-R~ + Ra-C=CHZ 
/ I  
0 

Base 4 (Rs = HI 

Ri-C-Rz + CH3- r -R4 
I 

ORs 
/ I  
0 

These studies, however, have not included the 
cleavage of a cyclopentane-l,3di01. We have pre- 
pared 1,3-diphenyl-l,3dihydroxy-2,2-dimethylhy- 
drindene (I) and studied its behavior under acidic 
conditions which previously led to  cleavage in 
simpler aliphatic cases. This paper reports the acid 
catalyzed cleavage of I and qstructural proof of its 
cleavage product. 

A mixture of I, readily prepared by the method 
of Geissman and Tulagin,' and fused potassium bi- 
sulfate was heaked for 8 hours a t  150-160" to yield 
a non-crystalline material characterized by a strong 
band in the infrared a t  5 . 9 8 ~ .  This band suggested 
the presence of a conjugated carbonyl group. 
Ozonization of the oil and subsequent workup led 

(1) J .  English Jr. and F. V. Brutcher Jr., J. Am. Chem. 
SOC., 74,4279 (1952). 
(2) H. E. Zimmerman and J. English Jr., J .  Am. Chem. 
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(3) R. B. Clayton and H. B. Henbest, Chemistry & Zn- 

dustry, 1315 (1953). 
(4) S. Searles and E. K. Ives, Abstracts of 127th Meeting 

Amer. Chem. SOC., Cincinnati, Ohio, P. 24N, 1955. 
(5) For a recent review see H. H. Wasserman in M. S. 

Newman, Steric Efects in Organic Chemistry, J. Wiley & 
Sons, Inc., N. Y., 1956, p. 375-378. 
(6) This cleavage of the free diol with base to carbonyl 

compound was first reported in 1951 (F. V. Brutcher Jr., 
Ph.D. Thesis, Yale University, P. 67, 68) and later studied 
in some detail by S. Searles and E. K. Ives.4 
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3354 (1941). 


