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A one-step procedure is described for the preparation of l-substituted-4-carbethoxy-2,3-dioxopyrrolidines from ethyl 
acrylate, a primary aliphatic amine, and ethyl oxalate as starting materials. Three of the products so obtained have been 
acetylated to yield 3-acetoxy-4-carbethoxy-2-oxo-3-pynrolines, and seven have been hydrolyzed and decarboxylated to yield 
l-substituted-2,3-dioxopyrrolidines. Among the latter substances four have been reduced to  3-hydroxy-2-oxopyrrolidines 
and two further reduced to 3-hydroxyppolidines. All of these conversions can be achieved in fair to  good yield and may be 
considered of preparative value. 

The l-substituted-2,3-dioxopyrrolidines are readily converted into a variety of derivatives by reaction with carbonyl 
reagents. They also undergo self-condensations of the aldol type with great facility to yield products which contain the 
3,3'-bipyrrolidine system. 

Recent investigations in this laboratory have led 
to the development of a new and convenient method 
of synthesis for 4-carboalkoxy-2,3-dioxopyrrolidines 
(I) from readily a.vailable starting materials. The 
method is based upon the condensation of alkyl 
oxalates with esters of N-alkyl- or N-aryl-p-amino- 
propionic acids (IT) in the presence of sodium 
a lkoxide~.~ .~  In the present work the application of 

COzR CH2C02R O=C-CHCOnR 
KaOR o= AH2 + 2 R O H  

I +  
C02R AH2 

I \N/ 
H-N-R' I 

I1 

I 

R' 
I 

this method to  the synthesis of those members of 
the series which have aliphatic substituents in 
position 1 and the carbethoxy group in position 4 
has been simplified and improved. In addition, a 
number of aspects of the chemistry of these easily 
accessible pyrrolidine derivatives have been stud- 
ied. The simplified procedure for the preparation of 
the 4-carbethoxy-2,3-dioxopyrrolidines (I, R = 
C2Hs) and the results of the investigation of the re- 
actions of these compounds and of other pyrroli- 
dines derived from them will be considered below 
under separate headings. 

Preparation of 4-carbethoxy-2,3-dioxopyrrolidines 
(I, R = CzHs). An excellent method of preparing 
esters of N-alkyl- or N-aryl-P-aminopropionic acids 
is available through the addition of primary amines 

to  alkyl acrylates.6 In  the case of primary amines of 
the aliphatic type the addition often proceeds in 
very satisfactory yield when the amine is mixed with 
ethyl acrylate in absolute ethanol solution, and no 
catalyst is required. The 4-carbethoxy-2,3-dioxo- 
pyrrolidines (I, R = C2H6) can then be obtained 
by simply adding ethyl oxalate and sodium ethoxide 
to the ethanol solutions in which the ethyl p- 
aminopropionates have been formed in this man- 
ner. The intermediate P-aminopropionates need 
not be isolated, and the over-all yields obtained 
from this one-step process (5646%)  were often 
markedly superior to those secured by the use of the 
somewhat more laborious procedures described pre- 
viously.4 The simplified procedure was used for the 
preparation of the ten 4-carbethoxy-2,3-dioxo- 
pyrrolidines having one of the following substituents 
in position 1 : methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, fert-butyl, cyclohexyl, benzyl, and 
p-phenylethyl. 

Preparation and investigation of 3-acetoxy-&car- 
bethoxy-2-oxo-8-pyrrolines (IV) . The acidity of 4- 
carbethoxy-2,3-dioxopyrrolidines due to enoliza- 
tion is comparable to  that of carboxylic acidsS4 
Both their titration behavior6 and the strong, broad 
infrared band which they show a t  3.18 CI suggest 
that these compounds exist largely, if not entirely, 
in the enolic form, Le., as 4-carbethoxy-3-hydroxy- 
2-oxo-3-pyrrolines (111). It was previously shown 
that these compounds react with diazomethane to 
give enol ethers in high yield,4 and it has now been 
found that they react with ketene to yield 3-ace- 
toxy-4-carbethoxy-2-oxo-3-pyrrolines (ITr). Three 

(1) This work was supported in part by a research grant 
(RG-4371) from the National Institutes of Health, U. S. 
Public Health Service. Most of it is described in the thesis 
submitted by E. Herbert Carlson in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy at  
the Carnegie Institute of Technology, September, 1955. 

(2) Institute Fellow in Organic Chemistry, 1954-1955. 
Present address: Monsanto Chemical Company, Dayton, 
Ohio. 

(3) Southwick and Seivard, J. Am.  Chem. SOC., 71, 
2532 (1949). 

(1953). 
(4) Southwick and Crouch, J .  Am. Cheni. Soc., 75,  3413 

( 5 )  Riddle, Monomeric Acrylic Esters, Reinhold Publish- 
ing Corp., New York, X. Y., 1954, p. 154. 

( 6 )  A potentiometric titration (glass electrode) of 1- 
benxyl-4-carbethoxy-2,3-dioxopyrrolidine performed in an 
aqueous ethanol solution showed a sharp pH rise a t  the 
equivalence point and indicated a p K .  for this compound 
of approximately 4.25. There was no delay in the con- 
sumption of base in this titration such as was observed by 
Vaughan and Peters, J .  Org. Chem., 18, 405 (1953), in their 
titration of a 1,5-diaryl-2,3-dioxopyrrolidine. Thus there 
was no indication of incomplete enolization or of an attark 
by the base on the ester or lactam functions in the mole- 
cule. 
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such compounds (IV, R = H, CH3, or (CH3)&H) 
have been prepared. Investigation has shown that, 
as would be expected, this type of substance can 
serve as an acetylating agent. The 1-methyl de- 
rivative (IV, R = CH3), for example, was dis- 
solved in water to yield an aqueous solution which 
mas capable of acetylating sodium p-aminobenzo- 
ate. The same compound (IV, R = CH3) was also 
readily converted back into the parent enol (111. 

H.0 u 

I11 + CH?CONH 0 - C02Na 

R = CH,) by heating with ethanol containing a 
trace of sulfuric acid. However, an attempted 
saponification with sodium hydroxide in ethanol led 
t o  an altogether unexpected result; the compound 
(IT.’, R = CH,) was immediately converted into an 
intensely dark-blue pigment, which could be pre- 
cipitated by dilution of the solution with water. 
The pigment melted with decomposition above 
350°, and efforts to  crystallize it were unsuccessful. 

Hydrogenation of 3-acetoxy-4-carbethoxy-l- 
methyl-2-0~0-3-pyrroline (ITT, R = CH,) in acetic 
acid solution over a platinum oxide (Adams) cata- 
lyst resulted in the removal of the 3-acetoxy group 
as well as saturation of the double bond. Saponi- 
fication of the resulting 4-carbethoxy-l-methyl-2- 
pyrrolidone (Y) yielded l-methyl-2-pyrrolidone-4- 
carboxylic acid (TI), identical with a comparison 
sample made by means of the reaction between 
methyl amine and itaconic acid (TT).’ 

I\- + - 1 1  
H% H2C-CHC02C2HS H%O H,C---CHCO,H 

Pt O=C (!!HZ O=C CH? 

1 VI 
\x/ \S/ 

CH, CHB 

v T 
CH?-C-CO~H + CH,SH?-J 

CO2H 8H2 
VI1 

Preparation and characterization of 1 -substituted- 
2,3-diozopyrrolidines. The preparation of l-benzyl- 

( 7 )  Cy. Paytash, Thompson, and Fykes, J .  Bn2. Chem. 
S O C . ,  74,4549 (1952). 

2,3-dioxopyrrolidine (VIII, R = CH2CsH5) by 
means of the acid hydrolysis and decarboxyla- 
tion of 4-carbethoxy-l-benzyl-2,3-dioxopyrrolidine 
(more properly regarded as 4-carbethoxy-1-benzyl- 
3-hydroxy-2-0~0-3-pyrroline (111, R = CH,CeH,)) 
has been described previously.4 The method has 

H ~ O  O=C--CH2 + C02 + C2H,0H 

HC1 O=C AHz 
I11 + 1 

\N/ 
I 

R 
VI11 

since been used successfully for the preparation of 
other simple 2,3-dioxopyrrolidines (VIIJ) in which 
the 1-substituent, R, has been re-butyl, isobutyl, 
tert-butyl, cyclohexyl, phenyl, or p-phenylethyl. 
However, the isopropyl derivative (VITI, R = 
(CH3)&H), was obtained only in the crude form or 
in the form of derivatives, and the method has thus 
far failed when attempts have been made to apply 
it to the preparation of 2,3-dioxopyrrolidine itself 
(VIII, R = H) or the 1-methyl derivative (VIII, 
R = CH,). Seemingly other types of hydrolysis 
products were produced in these latter cases, but 
the nature of these products has not been deter- 
mined. 

The l-substituted-2,3-dioxopyrrolidines (YIII), 
as obtained by the acid hydrolysis and decarboxyla- 
tion of corresponding 4-carbethoxy derivatives 
(111), exhibited infrared spectra which lacked any 
indication of a band due to a hydroxyl group, but 
showed strong carbonyl absorption a t  5.67 p and a t  
5.86-5.89 p, presumably due to  the ketonic and 
lactam carbonyl groups respectively.* hll of a 
number of 1,5-diaryl-2,3-dioxopyrrolidines exam- 
ined by Vaughan and  peter^,^ on the other hand, 
displayed an hydroxyl band a t  2.93 p in chloroform 
or 3.04 p in dioxane, and hence mere presumed to 
exist a t  least in part in the enol form IX. The 

o= c! AH4r 

HO-C-CH 

\x/ 
I IX 

Ar 

simple 2,3-dioxopyrrolidines substituted only in the 
1-position which are described here may be the 
first true ( L e . ,  unenolized) 2,3-dioxopyrrolidines 
ever prepared. They give no ferric chloride test. 

T7erification of the presence of the pyrrolidine 
ring in these compounds was provided by the 

(8) In  the case of l-phenyl-2,3-dioxopyrrolidine the 
strong absorption a t  ca. 5 . 8 6 ~  resulted from two closely 
spaced hut distinct bands a t  5.84 and 5.88p, and the hand 
a t  5 . 6 7 ~  had a slight shoulder at ca. 5.65,. Infrared data 
mentioned here and elsewhere in this paper were obtained 
with a I’erkin-Elmer Model 21 spectrophotometer. Meas- 
urements were made on Nujol mulls unless otherwise 
indicated. 

(9) Vaughan and Peters, J .  Org. Cheni., 18,382 (1953). 
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results of a stepwise reduction of l-benzyl-2,3-di- 
oxopyrrolidine (VIII, R = C6H&Hz). Hydrogena- 
tion over an Adams’ platinum oxide catalyst in 
ethanol gave a 77% yield of l-benzyl-3-hydroxy-2- 
oxopyrrolidine (X), which then was converted into 
1-benzyl-3-hydroxypyrrolidine (XI) in 61% yield 
by lithium aluminum hydride reduction. The de- 

IC* HOCH-CH2 LiAlHd HOCH-CH? 
VI11 + j 1 __f I 

Pt O=C CHI CH2 b H 2  
‘d \+ 

CHZC~HS CHzC& 
X XI 

rivative formed from the latter substance with 3,s- 
dinitrobenzoyl chloride retained the basic nitrogen ; 
thus the amino function in the final reduction 
product (XI) was tertiary and evidently incor- 
porated into the assumed pyrrolidine ring. There is 
no reason to doubt the presence of the same ring in 
the precursors X and VI11 (R = CeH&H2), and 
hence in the other 2,3-dioxopyrrolidines (VIII), 
three of which, the 1-n-butyl, 1-cyclohexyl, and 1- 
p-phenylethyl derivatives, were also reduced to  the 
stage of 3-hydroxy-2-oxopyrrolidines, and one of 
which, the 1-P-phenylethyl derivative, was further 
reduced to  the 3-hydroxypyrrolidine. 

Most of the l-substituted-2,3-dioxopyrrolidines 
examined in the course of the present investigation 
reacted with phenylhydrazine to  give products cor- 
responding in composition (although not necessarily 
in structure) to  the formulas of the expected phen- 
ylhydrazones (XII). This is in contrast to  the re- 

C~HSNHN=C-CH~ 
I 

\y/ 
O=& CH? 

1 XI1 
R 

sults reported with the 1,5diaryl-2,3-dioxopyr- 
rolidines, which react in a complex manner with 
phenylhydrazine.10 In the case of I-cyclohexyl-2,3- 
dioxopyrrolidine (VIII, R = cycZo-C,jH~) , however, 
the product of reaction with phenylhydrazine dif- 
fered from the expected composition by the addition 
of the elements of a molecule of water. Oximes (of 
the expected composition) were formed from the 
only 2,3-dioxopyrrolidines tested, the 1-benzyl and 
1-/3-phenylethyl derivatives, and a semicarbazone 
was obtained from the 1-benzyl derivative. All of 
the 2,3-dioxopyrrolidines reacted with aniline to  
give products corresponding in composition to  anils 
of the type XIII. However, the infrared spectrum of 
the “ anil” of the 1-cyclohexyl derivative, the only 
such compound for which the spectrum was deter- 

(10) See 1-aughan, J .  Org. Chem., 20, 1619 (1955), for a 
discussion of the literature and a reinvestigation of reactions 
of 1,5-diaryl-2,3-dioxopyrrolidines with phenylhydrazine. 
Because of the possibilities for isomerism in phenylhydrazine 
derivatives of 2,3-dioxopyrroiidines, we assign structure 
XI1 to our products only on a tentative basis. 

I 
R I 

R 
XI11 XIV 

C&H6NH-C=CH 
I 

O=(! CH 

I 
CsH5 
xv 

mined, contains a band at 3.02 p probably due to  an 
N-H structure, and this observation suggests that 
the structure of the “anils” may be that indicated 
by formula XIV. Vaughan” had proposed an 
analogous structure (XV) for Doebner’s “anil- 
anilide,” an apparently similar derivative of 1,5- 
diphenyl-2,3-dioxopyrrolidine. 

A reaction which clearly did not follow the ex- 
pected course was observed when l-benzyl-2,3-di- 
oxopyrrolidine (VIII, R = C6HsCH2) was sub- 
jected to  the conditions of the Leuckart reaction. 
When refluxed in formamide solution this compound 
gave in rather poor yield a compound which crystal- 
lized from the reaction mixture as nearly black 
crystals with a greenish-bronze metallic lustre. 
This product melted a t  351-352” with decomposi- 
tion after recrystallization from dimethylforma- 
mide, the only solvent in which i t  was found to  be 
appreciably soluble. No information regarding the 
structure of this product has been obtained as yet. 

Self-condensation of l-substituted-2,3-dioxopyr- 
rolidines. Perhaps the most remarkable character- 
istic of the l-substituted-2,3-dioxopyrrolidines is 
the extreme ease with which some members of this 
class undergo self-condensation. The 1-cy clohexyl 
derivative was on several occasions observed to  
undergo this change upon standing in the solid 
state, and did so reproducibly and in nearly quanti- 
tative yield upon being allowed to  stand for a 
minute or two in an ethanol solution containing 
pyridine. The 1-tert-butyl derivative, the other 
member of the series which was studied in this re- 
gard, was best converted into the initial self-con- 
densation product by a short period of heating in 
refluxing toluene. 

Molecular weight data indicated that self-con- 
densation had occurred, and the preponderance of 
evidence suggests a condensation of the aldol type. 
The composition of the initial condensation prod- 
ucts corresponded to  the formula (XVI) of a 1,l’- 
disubstituted-2,4’,5’-trioxo-3-hydroxy-3,3’-bipyrro- 
Iidine (or to  its enolic modification XVII). Bands 
at,tributable to  the hydroxyl group were found at  
3.01 p for the tert-butyl compound and at  3.02 p 
for the cyclohexyl derivative when the infrared 
spectra were measured in Nujol mulls. The tert- 

(11) Vaughan, J .  Org. Chem., 20, 1613 (1955). 
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butyl derivative also showed a band of lower inten- 
sity a t  3.14 p.  The fact that the spectrum of neither 
compound contained a band in the range appropri- 
ate to  a ketonic carbonyl group suggested that the 
enolic formula XVII best represents these com- 
pounds as they exist in the solid state. This inter- 
pretation would require that the bands due to  two 
different lactam carbonyls and the enolic carbon to  
carbon double bond be accounted for in the case of 
the terf-butyl compound by an intense and broad 
absorption with a maximum a t  6.00 p and in the 
case of the cyclohexyl compound by an intense ab- 
sorption a t  5.91 p plus a less intense band a t  6.01 p.  
The curve of the tert-butyl compound showed ir- 
regularities on the lower wave-length side of the 
6.00 p maximum which suggested that it mas formed 
from overlapping bands. In  chloroform solution, on 
the other hand, both compounds showed a rather 
weak band a t  the proper position for a ketonic car- 
bonyl in a ring of five members.I2 (5.68 p for the 
tert-butyl compound, 5.69 p for the cyclohexyl com- 
pound) , and there was also a considerable weaken- 
ing of the hydroxyl bands, which now appeared at  
2.89 p in the tert-butyl compound and a t  2.88 p in 
the cyclohexyl compound. Thus there is evidence of 
tautomerism when these substances are in solution. 
The presence of an enolic form was also indicated 
by the very characteristic purple color given with 
ferric chloride, and by the reaction, studied only 
with the cyclohexyl compound, in which diazo- 
methane reacted to  give a product corresponding 
in composition to  the enol methyl ether, l-cyclo- 
hexyl-2-oxo-3-methoxy-4-( l-cyclohexyl-2-oxo-3-hy- 
droxy-3-pyrrolidyl) -3-pyrroline (XVIII). 

OH 
I 

H~C-C--C=FC-OCH~ 

H& C=O H2C C=O 
I I  I /  

\N/ \N/ 
I 
C6HIl 

I 
CsHu 

XVIII 

(12) Bellamy, The Infrared Spertra of Complex Molecules, 
John Wiley and Sons, Inc., New York, K. Y., 1954. 

Both of the self-condensation products which 
were studied underwent dehydration readily to  
give high yields of products which appeared to be 
1,l'- disubstituted -2,4',5'-trioxo-3,3'-bipyrrolidyli- 
denes (XIX) . The dehydrated condensation product 

H,C C=O HzA A=O 

H,C-C==C-C=O 
I 1  

\d \N/ 

was, in fact, formed directly in 95% yield when 1- 
tert-butyl-2,3-dioxopyrrolidine (VIII, R = tert- 
butyl) was treated with pyridine in ethanol solution; 
under these conditions the initial aldol (XVI, R = 
tert-butyl) evidently dehydrated rapidly. The cyclo- 
hexyl aldol (XVI or XVII, R = cyclohexyl) under- 
went dehydration when repeatedly crystallized 
from ethanol, when sublimed under reduced pres- 
sure, or when suspended in refluxing 20% hydro- 
chloric acid. The ultraviolet absorption spectrum 
was measured for the cyclohexyl dehydration 
product and found to  show bands at  2-47 mp, E = 
10,800, and at 295 mp, E = 11,400, which clearly in- 
dicated conjugation such as would be present in 
formula XIX. Infrared spectra for the two com- 
pounds of this type which mere studied were deter- 
mined in Nujol mulls and found to  be very similar 
to  each other. Both lacked any bands in the hy- 
droxyl region and were characterized by bands at  
5.92 1.1, 5.98 p )  and 6.12 p for the tert-butyl com- 
pound and correspondingly a t  5.91 p ,  6.01 p,  and 
6.15 p for the cyclohexyl compound. It seemed 
likely that the bands in the 6.12-6.15 p range corre- 
sponded to a carbon-carbon double bond. The only 
property of these compounds which is clearly not in 
accord with formula XIX is the characteristic 
green to  green-blue color produced with ferric chlo- 
ride. This color test may perhaps indicate the pos- 
sibility of tautomerism with a form represented by 
formula XX. The test color is reminiscent of that 
given by 1,4,5-triphenyl-2,3-dioxopyrrolidine with 
ferric chloride. 

The possibility of reducing the ketonic carbonyl 
(or enolic) function in the initial condensation 
products of the type XVI or XVII was investigated 
in the case of the cyclohexyl compound. Hydrogena- 
tion over an Adams' platinum oxide catalyst in ab- 
solute ethanol gave a new compound having the 
composition and properties expected for 1,1 '-di- 
cyclohexyl-3,4'-dihydroxy-2,5'-dioxo-3,3'-bipyrroli- 
dine (XXI). The hydrogenation product differed 
from the starting material in producing no 
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OH OH 
I I 

H,C-&----- C H - h ~  
I 1  I /  

\x/ 'N/ 
H,C C=O HZC C=O 

I 
GHii 

I 
CGHI1 

XXI 

color with ferric chloride. The infrared spectrum 
showed no band corresponding to a ketonic car- 
bonyl, but had a broad band in the hydroxyl region 
(max. a t  3.03 p with a slight shoulder a t  3.15 p )  and 
a strong band in the carbonyl region at  5.93 p 
(shoulder a t  ca. 6.01 p )  which is presumably due to  
the lactam carbonyls. It seems evident that con- 
densation products of the type XVI (or XVII) can 
scree as starting matrerials for the synthesis of a 
variety of 3,3'-bipyrrolidine derivatives. l3 

EXPERIMENTALI4 

l-Substituted-4-carbetho~y-d,S-dioxopyrrolidines ( I  or 111). 
In a typical run, equimolecular quantities of an aliphatic 
primary amine and freshly distilled ethyl acrylate were dis- 
solved in absolute ethyl alcohol (0.5- to 1.0-mole amounts 
in 250 ml. of absolute ethyl alcohol). After the mixture had 
been allowed to stand for 24 hours, there were added equiva- 
lent amounts of diethyl oxalate and an ethanolic sodium 
ethoxide solution prepared by dissolving 0.5- to 1 .O-g.-atom 
of freshly cut metallic sodium in 250 ml. of absolute ethyl 
alcohol. The reaction mixture was refluxed for one hour on a 
steam-cone, and then the solvent was removed by distil- 
lation. The solid residue was taken up in water (usually 
250 ml.) by heating on a steam-cone, and the resulting 
solution was acidified with 2Oy0 hydrochloric acid. The n- 
butyl, pphenylethyl, and cyclohexyl derivatives usually 
began to  precipitate a t  once, but in the case of the other 
compounds clear yellow solutions resulted which were fil- 
tered while hot to remove small amounts of suspended solid 
impurities. The solutions were usually allowed to stand 
overnight in the refrigerator to  complete the crystallization 
of the products, which m-ere removed by filtration and air- 
dried. All of the products gave a red color with ferric chlo- 
ride solution. Minor variations in the procedure are indi- 
cated in the sections devoted to the individual compounds.15 
The quantity of alcohol used was the same in all runs unless 
otherwise indicated. 

I-Methyl-~-carbethoxy-d,S-d~oxopyrrolidine. Yield, 57.8 g. 
(6070) of colorless needles, m.p. 155-157", from 16.2 g. 
(0.52 mole! of gaseous methylamine, 70.5 g. (0.7 mole) of 
ethyl acrylate, 76 g. (0.52 mole) of diethyl oxalate, and 12 
g. (0.52 g.-atom) of sodium. Crystallization from 95% 
ethanol raised the m.p. to 156-157". 

(13) Few compounds of established structure related 
to 3,3'-bipyrrolidine are described in the literature. For ex- 
amples, mainly of unsaturated derivatives, for which correct 
structural assignments have probably been made, see Knott, 
J. Chem. SOC., 1196 (1947) and Gabriel, Ber., 47, 3033 
(1914). 

(14) Melting points are corrected. Microanalyses are 
by Micro Tech Laboratories, Skokie, Illinois; Drs. G. 
Weiler and F. B. Strauss, Oxford, England; Geller Labor- 
atories, Hackensack, New Jersey; and 0. E. Harris, Uni- 
versity of Pittsburgh, Pittsburgh, Pennsylvania. 

(15) This procedure gave l-benzyl-4-carbethoxy-2,3- 
dioxopyrrolidine in 797, yield and 1-cyclohexyl-4-carbeth- 
oxy-2,3-dioxopyrrolidine in 65% yield. Since the properties 
of these two compounds mere described previoiisly (Ref. 4), 
no further dotails concerning them are given below. 

Anal. Calc'd for CsH11N04: C, 51.88; H, 5.99; X, 7.56. 
Found: C, 51.80; H, 5.82; N, 7.91. 

l-Ethyl-~-carbethoxy-2,S-diozopyrrolidine. Yield, 66.5 g. 
(60%) of fine, short, colorless needles, m.p. 97-98', from 
25 g. (0.555 mole) of gaseous ethylamine, 80 g. (0.8 mole) 
of ethyl acrylate, 81 g. (0.555 mole) of diethyl oxalate, and 
12.8 g. (0.555 g.-atom) of sodium. Crystallization from a 
high-boiling petroleum ether-benzene mixture ( 5  : 1 ) raised 
the m.p. to 105.5-106.5°. 

Anal. Calcd. for C9H13N04: C, 54.26; H, 6.58; N, 7.03. 
Found: C, 54.50; H, 6.87; N, 7.05. 

l-n-Propyl-4-carbethoxy-d,5-dioxop~jrrolidine. Yield, 80.5 
g. (69.5%) of long, fine, colorless needles, m.p. 114-116O, 
from 32 g. (0.545 mole) of n-propylamine, 54.5 g. (0.545 
mole) of ethyl acrylate, 80 g. (0.55 mole) of diethyl oxalate, 
and 12.5 g. (0.545 g.-atom) of sodium. The volume of abso- 
lute ethyl alcohol used in the ethyl acrylate-n-propylamine 
reaction was 200 ml., and the mixture was allowed to stand 
for 30 hours. Crystallization from a cyclohexane-benzene 
mixture (1O:l) raised the m.p. to 119-119.5". 

Anal. Calc'd for C1,,Hl5?;O4: C, 56.32; H, 7.09; X, 6.57. 
Found: C, 56.20; H, 7.26; N, 6.22, 6.25. 

l-Isopropyl-4-carbdhoxy-~,S-dioxopyrrolidine. Yield, 135 g. 
(63.57,) of light-yellow needles, m.p. 132-134', from 59 g. 
(1 mole) of isopropylamine, 100 g. (1 mole) of ethyl acrylate, 
146 g. (1 mole) of diethyl oxalate, and 23 g. (1 g.-atom) of 
sodium. The recorded yield was the combined weight of 
three crops of crystals after the third crop obtained from the 
mixture had been crystallized twice from a cyclohexane- 
benzene mixture. Further crystallization from a cyclo- 
hexane-benzene mixture (10 : 1) produced colorless needles, 
m.p. 135-136'. 

Anal. Calc'd for CloH15N04: C, 56.32; H, 7.09; Y, 6.57. 
Found: C, 56.20; H, 6.96; N, 6.75. 

i-n-Butz~l-~-carbcthcx~j-2,5-dioxopyrrolidine. Yield, 98 g. 
(78.57,) of colorless needles, m.p. 133-134", from 40 g. 
(0.55 mole) of n-butylamine, 55 g. (0.55 mole) of ethyl 
acrylate, 80 g. (0.55 mole) of diethyl oxalate, and 13 g. (0.55 
g.-atom) of sodium. Crystallization from 50% ethanol raised 
the m.p. to 136.3-137.5". 

Anal. Calc'd for CnHl~?i04: C, 58.13; H, 7.54; 5, 6.16. 
Found: C, 58.00, H, 7.48; N, 6.19. 

i-Zsobutyl-~-carbethoxy-2,S-dioxop~rrolidine. Yield, 75 g. 
(65.57,) of long, Aat,, colorless needles, m.p. 142-144', from 
37 g. (0.505 mole) of isobutylamine, 50.5 g. (0.505 mole) of 
ethyl acrylate, 74 g. (0.505 mole) of diethyl oxalate, and 
11.6 g. (0.505 g.-atom) of sodium. Crystallization from a 
high-boiling petroleum ether-benzene mixture (10 : 1) 
raised the m.p. to 165-156". 

Bnal. Calc'd for CllH17NO4: C, 58.13; H, 7.54; N, 6.16. 
Found: C, 58.45,58.50; H, 7.69, 7.61; N, 6.20. 

l-tert-Butyl-~-carbethox~j-~,S-di~xopyrrolidine. Yield, 64 g. 
(56.5%) of very light-yellow needles, m.p. 120-121 O ,  from 
36.5 g. (0.5 mole) of tert-butylamine, 50 g. (0.5 mole) of 
ethyl acrylate, 73 g. (0.5 mole: of diethyl oxalate, and 11.5 
g. (0.505 g.-atom) of sodium. The mixture of tert-butylamine, 
ethyl acrylate, and 200 ml. of absolute et'hyl alcohol was re- 
fluxed for one hour on a steam-cone, and then was allowed 
to stand for 24 hours. Crystallization from high-boiling 
petroleum ether produced stout colorless needles, m.p. 

Anal. Calc'd for CI1H,,NO4: C, 58.13; H, 7.34; N, 6.16. 
Found: C, 57.94; H, 7.46; Pi, 6.12. 

i-p-Phenylethyl-4-carbethoxy-2,S-dioxopyrr~lidine. Yield, 
191 g. (697,) of colorless crystalline flakes, m.p. l59', 
from 122 g. (1.01 mole) of P-phenylethylamine, 101.3 g. 
(1.01 mole) of ethyl acrylate, 148 g. (1.01 mole) of diethyl 
oxalate, and 23.2 g. (1.01 g.-atoms) of sodium in 400 ml. of 
absolute ethyl alcohol. Crystallization from 95% ethanol 
produced long, narrow colorless plates, m.p. 159-1595'. 

Anal. Calc'd for ClsHlrNOa: C, 65.44; H, 6.22; N, 5.09. 
Found: C, 65.40; H, 6.13; S, 5.35. 

Preparation of S-acetoxy-~-carbethox~-2-oxo-3-pyrrolines 

126.5-127.5'. 
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(IV). The stream of gas from a ketene generator" was 
passed for 40-45 minutes through a solution of 2-5 g. of the 
4-carbethoxy-2,3-dioxopyrrolidine in 75 ml. of chloroform 
which had been warmed initially to dissolve at least a part 
of the starting material. During this period any suspended 
starting material dissolved and the color of the solution 
changed from yellow to pale green. Concentration of the 
mixture a t  room temperature under reduced pressure left a 
solid residue. This material was washed with 50 ml. of cold 
ether and purified by recrystallization or sublimation as 
described below for the individual compounds. 

3-Acebozy-4-carbethoxy-2-oxo-S-pyrroline. Yield, 2 g. (go%), 
m.p. 148-149', from 2 g. of 4-carbethoxy-2,3-dioxopyrroli- 
dine; this compound was obtained as flat, colorless needles, 
m.p. 15%154O, following crystallization from toluene. 

Anal. Calc'd for CgHllN05: C, 50.70; H, 5.20; N, 6.57. 
Found: C, 50.87; H, 5.33; N, 6.60. 

S-Acetoxy-4-carbethozy-l-isopropyl-2-oxo~-pyrroline. 
Yield, 3.5 g. (58%) from 5 g. of 4-carbethoxy-1-isopropyl- 
2,3-dioxopyrrolidine; the substance was obtained as color- 
less prisms, m.p. 55.5-57.5", following crystallization from 
a 3: 1 mixture of low-boiling petroleum ether and toluene. 

Snal .  Calc'd for C12H1,N0,: C, 56.46; H, 6.71; N, 5.49. 
Found: C, 56.64; H, 6.54; S, 5.44. 
S-Acetoxy-4-carbethozy-l-methyl-2-oxo-S-py~oline. Yield, 5 

g. (81 %) from 5 g. of 4-carbethoxy-l-methyl-2,3-dioxopyrro- 
lidine; this material was obtained as stout colorless prisms, 
m.p. 9 1.5-93.5', following crystallization from water. 
The compound is also readily purified by vacuum sublima- 
t,ion. 

Anal. Calc'd. for C10H13N05: C, 52.86; H, 5.77; N, 6.17. 
Found: C, 52.87; H, 5.59; N, 6.23. 

When a 0.9-g. sample of this compound was heated in 
10 ml. of refluxing 95% et,hanol containing one drop of 
concentrated sulfuric acid, 4-carbethoxy-l-methy1-2,3- 
oxopyrrolidine was obtained. The ethanolysis did not pro- 
ceed in the absence of the sulfuric acid. 

Attempted saponification of 3-acetoxy-4-carbethoxy-l- 
methyl-2-0~0-3-pyrroline with one equivalent of aqueous 
ethanolic potassium hydroxide resulted in the immediate 
formation of a deep-blue pigment. Acidification of the 
basic solution with hydrochloric acid did not alter the deep 
blue color. The pigment was partially precipitated by dilut- 
ing the solution with water and allowing the mixture to  stand 
in a refrigerat'or. When dried, the blue material failed to 
melt below 350'. 

Anal. Found: C ,  55.70; H, 5.37; N, 7.50. 
Acetylation of sodium p-aminobenzaate by S-acetoxy-4- 

carbeth~i:y-l-n?ethy~-2-ozo-S-pyrro~ine (IV, R = CHs). A 
solution prepared from 1.5 g. (0.011 mole) of p-aminobenzoic 
acid and 1.9 g. (0.022 mole) of sodium bicarbonate in 15 ml. 
of water was mixed with a solution of 2.5 g. (0.011 mole) of 
3-acetox~-4-carbethoxy-l-methyl-2-oxo-3-pyrroline in 10 
ml. of hot n-ater. The mixture turned dark red. It was swirled 
until the evolution of carbon dioxide ceased, then allowed 
to cool in a refrigerator. Acidification to pH 3 with 30% 
hydroch:oric acid precipitated 2.8 g. of a grey-green solid, 
m.p. ca. 205'. Recrystallization from water with charcoal 
decolorization yielded 0.5 g. (a 25.5% yield) of p-acetyl- 
aminobenzoic acid, m.p. 260-261', which did not depress 
the m.p. of an authentic sample. 

Conversion of S-aceto~y-4-carbethoxy-l-methyl-2-oxo-3-pyr- 
roline (1 V, R = CH,) into l-methyl-2-pyrrolidone-~-car- 
boxylic acid (VI). A 6.2-g. (0.027 mole) sample of 3-acetoxy-4- 
carbethoxy-l-methyl-2-oxo-3-pyrroline was dissolved in 50 
ml. of glacial acetic acid and hydrogenated for 13 hours over 
an Adams' platinum oxide catalyst (ca. 50 mg.) using an 
initial hjrdrogen pressure of 46 lbs./sq. in. After removal of 
the catalyst and concentration of the solution by distillation, 
the residual oil  vas distilled under reduced pressure. The 

(16) Hanford and Sauer, Org. Reactions, 3, 132 (1946). 

product, 4-carbethoxy-l-methyl-2-pyrrolidone, was col- 
lected at 110-112' (1 ".)."The yield was 3.7 g. (79%). 

A 1.5-g. (0.009 mole) sample of this ester was saponified 
by dissolving it in a solution prepared from 0.75 g. (0.013 
mole) of potassium hydroxide, 2 ml. of water, and 10 ml. 
of 95% ethanol and allowing the mixture to stand in a re- 
frigerator for several days. Following acidification to Congo 
Red with 20% hydrochloric acid, the precipitated potassium 
chloride was removed by filtration and the solution was 
evaporated to  yield a solid product, which was obtained as 
colorless needles, m.p. 153-154' following crystallization 
from ethyl acetate. 

Anal. Calc'd for C6HBN03: C, 50.34; H, 6.31; N, 9.79. 
Found: C, 50.13, 50.39; H, 6.25, 6.34; N, 9.72. 

For purposes of comparison a sample of this compound was 
also made by means of the reaction of itaconic acid with 
methylamine.' A mixture of 10 g. (0.077 mole) of itaconic 
acid and 10 g. (0.0805 mole) of 25% aqueous methylamine 
was heated under reflux for 40 minutes. The water was 
removed by distillation under reduced pressure. The resi- 
due, which solidified upon cooling, was recrystallized from 
ethyl acetate to yield 7 g. (63.5% yield) of colorless needles, 
m.p. 152-153.5'. Further crystallization gave a product 
melting a t  153-154' which did not depress the m.p. of the 
product prepared by the other method. 

Preparation of I-substituted-2,S-dioxopyrrolidines (VIII). 
The l-substituted-4-carbethoxy-2,3-dioxopyrrolidines were 
refluxed with hydrochloric acid a t  least until the solution 
no longer gave a ferric chloride test. In some cases ethanol 
was added in the beginning to aid in dissolving the starting 
material. At the end of the heating period a clear solution 
had usually been obtained, but sometimes small amounts of 
suspended solids were present. The solutions were cooled to 
room temperature, filtered if necessary, and extracted with 
chloroform, using two to three 50-ml. portions of chloroform 
when there was ca. 200 ml. of acid solution to be extracted. 
The combined chloroform extracts were concentrated under 
reduced pressure to  yield the crude l-substituted-2,3- 
dioxopyrrolidine, which usually crystallized at  once or 
after a short period of standing. 

Phenylhydrazones'8 and oximes19 were made bj- standard 
procedures and were purified by crystallization from 95% 
ethanol. Anals were obtained by heating ca. 0.5 g. of the 
2,3-dioxopyrrolidine with an equivalent quantity of aniline 
in 10-25 ml. of 95% ethanol for 15 minutes to 1 hour on a 
steam-cone. The anils separated when the solutions were 
cooled, and were recrystallized from 9570 ethanol. 

Individual compounds are described below: 
I-Cyclohexyl-2,S-diozopyrrolidine. Yield, 5.1 g. (71%) 

from 10 g. (0.04 mole) of l-cyclohexy1-4-carbethoxy-2,3- 
dioxopyrrolidine heated for 2 hours with 200 ml. of 20% 
hydrochloric acid and 35 ml. of ethanol; obtained as color- 
less flakes, m.p. 93.5-95' after several crystallizations from 
a 2.5: 1 ether-petroleum ether (b.p. 30-60") mixture. 

Anal. Calc'd for C1oH&O:: C, 66.27; H, 8.34; S, 7.73. 
Found: C, 66.28; H, 8.43; N, 7.54. 

The ani1 was obtained as white Aakes, m.p. 221'. 
Anal.  Calc'd for C16HtJ20: C, 75.00; H, 7 . 5 i ;  X, 10.52. 

Found: C, 74.85; H, 7.80; N, 10.94. 
The phenylhydrazine derivatate was obtained as light- 

yellow flakes, m.p. 213-214". 
Anal.  Calc'd for C ~ ~ H S ~ X ~ O . H ~ O :  C, 66.41; H, 8.01; 

N, 14.52. Found: C, 66.20; H, 8.20; N, 14.90. 
I-n-Butyl-2,s-dioxopyrrolidane. Yield, 3 g. (S8%), n1.p. 

47-52 ', from 5 g. of l-n-butyl-4-carbethoxy-2,3-dioxopyrroli- 
dine heated for 1 hour with 200 ml. of 10% hydrochloric 
acid; obtained as thin colorless plates, n1.p. 56.547' follow- 

(17) This ester was prepared previously by another 
method. See Uhle, J .  Ani. Chenz. Soc., 73, 2402 (1951). 

(18) Shriner and Fuson, Identifiation of Organic Coni- 
pounds, 3rd Ed., John Wiley and Sons, Inc., New York, 
N. Y . ,  1948, p. 116. 

(19) Ref. 18, p. 202. 
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ing recrystallization by diluting a concentrated benzene 
solution of the compound with cyclohexane at room tem- 
perature. 

Anal. Calc'd for C8H13N02ZC, 61.91; H, 8.44; N, 9.03. 
Found: C, 62.01,61.94; H, 7.94,8.81; N, 9.33,8.82. 

The anil was obtained as colorless needles, m.p. 150.5- 
151.5'. 

Anal. Calc'd for Cl4Hl8N20: C, 73.01; H, 7.88; N, 12.17. 
Found: C, 72.65, 72.90; HI 7.77, 7.97; N, 11.84, 12.40. 

The phenylhydrazone was obtained as thin colorless plates, 
m.p. 195-196'. 

-4nal. Calc'd for C14H19N30: C, 68.54; HI 7.81; N, 17.13. 
Found: C, 68.50; HI 7.94; N, 16.90. 

l-lsobut!iZ-2,S-dioxopyrrolidzne. Yield, 2.6 g. (76%) from 
5 g. of l-isobutyl-4-carbethoxy-2,3-dioxopyrrolidine heated 
for 90 min Xvith 200 ml. of 10% hydrochloric acid; obtained 
as colorless plates, m.p. 59-60', by diluting a concentrated 
toluene solution of the compound with low-boiling petroleum 
ether a t  room temperature. 

Anal. Cslc'd for CsH13NOz: C, 61.91; HI 8.44; N, 9.03. 
Found: C, 62.05; H, 8.37; N, 9.05. 

The anil was obtained as colorless needles, m.p. 170-171". 
Anal. Cdc'd for CllHlsNzO: C, 73.01; HI 7.88; N, 12.17. 

Found: C, 72.80; H, 7.98; N, 12.30. 
I-tert-Butyl-2,S-dioxopyrrolidine: Yield, 4.7 g. (69% j, 

m.p. 94-97", from 10 g. of l-tert-butyl-4-carbethoxy-2,4- 
dioxopyrrolidine heated for 2 hours with 250 ml. of 10% 
hydrochloric acid; obtained by crystallization from toluene 
as needles, m.p. 103.5-104O, with a light-tan discoloration. 

Anal. Cdc'd for C&31"J02: C, 61.91; H, 8.44; N,  9.03. 
Found: C, 62.30, 62.25, 62.09; H, 8.58, 8.47, 8.56; N, 9.20. 

The am,' was obtained as colorless flakes, m.p. 185.5- 
186.5'. 

Anal. Calc'd for C14H18N20: C, 73.01; HI 7.88; W, 12.17. 
Found: C, 72.90; H, 7.79; N, 11.90. 

The phen ylhydrazone was obtained as yellow rectangular 
plates, m.p. 203-205O. 

Anal. Calc'd for C14H1&'30: C, 68.54; H, 7.81; N, 17.13. 
Found: C, 68.40; H, 7.80; N, 17.20. 

1-Phenyl-2,S-dioxopyrrolidine. Yield, 1.5 g. (41%), m.p. 
12&-138", from 5 g. (0.022 mole) of 1-phenyl-4-carbethoxy- 
2,3-dioxopyrrolidine4 heated for 4 hours wit.h 250 ml. of 10% 
HC1 to which 25 ml. of 95% ethanol had been added; ob- 
tained as t:olorless thin sheets, m.p. 154-155' (red melt) 
after recrystallizat,ion from toluene. 

Anal. Calc'd for CloHBNO,: C, 68.56; HI 5.18; N, 8.00. 
Found: C, 68.30; HI 5.13; N, 8.35. 

The anil was obtained as plates with a light-pink colora- 
tion, m.p. 188-190" (red melt). 

Anal. Calc'd for C1aHlaNzO: C, 76.78; H, 5.64; N, 11.19. 
Found: C, 76.41; H, 5.49; N, 11.22. 

1-p-Phenylethyl-&,$-diozopyrrolidine. Yield, 12 g. (81 %), 
m.p. 159-160", from 20 g. (0.073 mole) of l-p-phenylethyl- 
4-carbethoxy-2,3-dioxopyrrolidine heated for 70 minutes 
with 500 nil. of 207, hydrochloric acid; obtained as tiny 
white prisms, m.p. 161-162". 

Anal. Calc'd for C12H13NO2: C, 70.91; H, 6.45; N, 6.89. 
Found: C, 70.90; HI 6.46; N, 6.93. 

The ahenulhudrazone was obtained as short yellow needles, 
I ~1 

m.p. 214-21 5'. 

Found: C. 73.80: H. 6.82: N. 13.90. 14.10. 
Anal. Calc'd for C18H19X30: C, 73.80; H, 6.53; N, 14.33. 

, ,  , ,  
The o z i n e  was obtained as colorless needles, m.p. 189- 

Anal. Calc'd for C12H1,N202: C, 66.03; H, 6.47; N, 12.84. 

1-Benzyl-2,S-dioxopyrrolidine. This compound has been 

The anil was obtained as colorless needles or granules, 

Anal. Calc'd for Cl,H1&';20: C, 77.20; H, 6.11; PIT, 10.61. 

The phenylhydrazone was obtained as light yellow needles, 

190". 

Found: C, 66.08; HI 6.02; K, 13.11. 

described before,4 but the following derivatives are new: 

m.p. 15.2-155'. 

Found: C, 77.59; H, 6.24; N, 10.78. 

m.p. 187-1f48". 

Aml. Calc'd for C17H17N30: C, 73.20; H, 6.09; N, 15.05. 

The oxime was obtained as colorless needles, m.p. 219". 
Anal. Calc'd for Cl1H12N2Oh: C, 64.75; HI 5.88; N, 13.72. 

Found: C, 64.63; ET, 6.01; N, 13.30, 13.33. 
1-Isopropyl4,bdioxopyrrolidine. This substance was not 

obtained in completely purified form. However, crystalline 
derivatives were prepared from the oil obtained when 5 g. 
(0.024 mole) of l-isopropyl-4-carbethoxy-2,3-dioxopyrroli- 
dine was hydrolyzed by heating for 90 minutes with 200 ml. 
of 10% hydrochloric acid using the usual procedure. On one 
occasion a small amount of solid was obtained, m.p. 42- 
48', which may have represented a fairly pure sample of 
the 2,3-dioxopyrrolidine. 

The anil was obtained as colorless plates, n1.p. 130.5- 
131.5'. 

Anal. Calc'd for C13H16N20: C, 72.19; H, 7.46; r", 12.95. 
Found: C, 71.80, 72.20; H, 7.13, 7.47; N, 13.22. 

The phenylhydrazone was obtained as broad, colorless 
needles, m.p. 187-188'. 

Anal. Calc'd for ClaH17N30: C, 67.50; HI 7.41; K, 18.17. 
Found: C, 67.35; HI 7.47; N, 17.90. 

l-Substituted-S-hydroxy-.t?-oxopyrrolidines. The l-substi- 
tuted-2,3-dioxopyrrolidines were dissolved in 95yc ethanol 
or glacial acetic acid and hydrogenated over an Adams' 
platinum oxide catalyst. After removal of the catalyst and 
distillation of the solvent, the products were purified by 
crystallization or vacuum sublimation. These substances 
sublime very readily. Data on individual compounds are 

Found: C, 73.05; H, 6.16; N, 14.80. 

given below: 
1-n-Butyl-3-hydroxy-bmopyrrolidine. Yield, 1.5 g. (87%) 

after a 2.5-hour hvdroaenation of 1.7 a. (0.011 mole) of " -  
l-n-butyl-2,3-dioxopyrrolidine in 25 mc of ethanol over 
50 mg. of catalyst; obtained as a colorless oil, b.p. 105-107" 
(1-2 mm.). The compound was characterized as a phenyl- 
urethan by treating a 0.5 g.-sample of the oil with 0.4 g. of 
phenyl isocyanate as in the procedure of Shriner and Fuson.20 
The yield was 0.9 g. (quantitative) of a white derivative, m.p. 
93-97'. Further recrystallization from a 5:l high-boiling 
petroleum ether-benzene mixture gave m a l l  colorless 
prisms, m.p. 98.5-100'. 

Anal. Calc'd for ClaHaoN2O3: C, 65.19; H, 7.30; E, 10.14. 
Found: C, 65.48; H, 7.60; N, 10.26. 

l-Cyclohexyl-3-hydroxy-2-oxopyrrolidine. Yield, 2.9 g. 
(837,) after a 5.5-hour hydrogenation of 3.4 g. (0.019 mole) 
of l-cyclohexyl-2,3-dioxopyrrolidine in 100 ml. of ethanol 
over 40 mg. of catalyst; obtained as colorless crystals, m.p. 
117-119" after purification by vacuum sublimation. 

Anal. Calc'd for ClsH1,N02: C, 65.54; H, 9.35; N, 7.64. 
Found: C, 65.70; H, 9.31; N, 7.68. 

1-Benzyl-3-hydroxy-9-oxopyrrolidine (X). Yield, 4.3 g. 
(77.575) after a 2-hour hydrogenation of 5.5 g. (0.29 mole) 
of l-benzyl-2,3-dioxopyrrolidine in 200 ml. of ethanol over 50 
mg. of catalyst; obtained as an oil which solidified to a tan 
solid, m.p. 67.5-69' when a concentrated solution in toluene 
was diluted with high-boiling petroleum ether and allowed to 
stand in a refrigerator overnight. Purification by recrystal- 
lization from cyclohexane, or more readily by vacuum 
sublimation, gave colorless needles, m.p. 69-70 '. 

Anal. Calc'd for CIIHISNO,: C, 69.09; HI 6.85; N, 7 33. 
Found: C, 68.75; H, 6.87; N, 7.11. 

The acetate. Treatment of 5 g. (0.026 mole) of l-benzj-l- 
3-hydroxy-2-oxopyrrolidine with 20 g. of acetyl chloride, 
concentration of the mixture under reduced pressure, and 
crystallization of the product from high-boiling petroleum 
ether yielded 5.5 g. (91%) of thin colorless plates, m.p. 

Anal. Calc'd for C13H1bN03: C, 66.93; H, 6.48; N, 6.01. 
Found: C, 66.88; H, 6.68; N, 6.35. 

The phenylurethan. This derivative was prepared in 74% 
yield uHing a procedure of Shriner and Fuson;20 obtained as 

67-68'. 

(20) Ref. 18, pp. 163-164. 
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fine, short, colorless needles, m.p. 149-150" following crys- 
tallization from carbon tetrachloride. 

Anal. Calc'd for CI&~N& C, 69.66; H, 5.85; N, 9.03. 
Found: C, 69.45; H, 5.66; N, 9.31. 

1-p-Phcnylethyl-3-hydroxy-2-oxopyrrolidine. Yield, 5.6 g. 
(77%),  n1.p. 126-127', after a 2-hour hydrogenation of 
8.7 g. (0.043 mole) of l-p-phenylethyl-2,3-dioxopyrrolidine 
in 200 ml. of acetic acid over 50 mg. of catalyst. Purifica- 
tion by crystallization from a 1 : 1 benzene-cyclohexane mix- 
ture gave colorless needles, m.p. 128-129". 

Anal. Calc'd for C12H15N02: C, 70.22; H, 7.37; N, 6.82. 
Found: C, 70.27; H, 7.44; N, 6.89. 

1-Substituted-3-hydroxypyrrolidines. Somewhat different 
procedures were used in the preparation of two compounds of 
this type. 

1-Benzyl-5-hydroxypyrrolidine (XI). An ethereal solution 
of 4.4 g. (0.023 mole) of 1-benzyl-3-hj droxy-2-oxopyrrolidine 
was added over a period of one hour to 170 ml. of an approxi- 
mately 1 molar ethereal solution of lithium aluminum hy- 
dride. The mixture then was heated under reflux for one 
hour. The excess lithium aluminum hydride was destroyed 
by cautious addition of water, 500 ml. of 10% sodium hy- 
droxide was added, and the mixture was extracted with 850 
ml. of ether used in 4 separate portions. The combined 
ether extracts were filtered, dried over calcium sulfate, and 
concentrated by distillation. Distillation of the residual 
oil yielded 2.5 g. (61%) of a colorless product, b.p. 113-11B0 
(2 mm.). The same product was obtained in 65% yield by 
a similar reduction of the acetate of 1-benzyl-3-hydroxy- 
2-oxopyrrolidine. 

The product was characterized in the form of the 3,5-di- 
nitrobenzoate hydrochloride. The 3,5-dinitrobenzoate was 
prepared according to a procedure of Shriner and FusonZ1 
using 0.8 g. (0.0045 mole) of 1-benzyl-3-hydroxypyrroli- 
dine, 1 g. (0.0045 mole) of 3,5-dinitrobenzoyl chloride, and 
6 ml. of dry pyridine. The yield was 1.5 g. (89%) of a product 
melting a t  110-112' which proved difficult to recrystallize. 
I t  was dissolved in ether and precipit.ated as the hydro- 
chloride hy addition of dry hydrogen chloride. Following 
recrystallization from absolute ethanol, short, nearly color- 
less needles n-ere obtained, m.p. 230-231' (decomposition). 

Anal. Calc'd for C18Hl&1?IT$&: C, 53.01; H, 4.42; ?;, 
10.30. Foiind: C, 53.21; H, 4.47; N, 9.94, 10.26. 

1-p-Phenylethyl-3-hydroxypyrrolidine. l-p-phenylethyl-3- 
hydroxy-2-oxopyrrolidine (7.5 g., 0.036 mole) was extrocted 
from the thimble of a Soxhlet extractor during a period of 22 
hours into a solution prepared from 3.5 g. (0.1 mole) of 
lithium aliiminum hydride in 200 nil. of ether. The reaction 
mixture was treated with 100 ml. of 20% sodium potassium 
tartrate, and t,he layers were separated. The aqueous layer 
was extracted 3 times with 150 ml. portions of ether and the 
combined ether solutions were dried over Drierite and con- 
centrated by distillation. The residual oil dist,illed a t  145' 
(2 mm.) to yield 6.4 g. (949&) of a colorless oil which solidified 
to a waxy in-hite solid, m.p. 30-35". 

The compound was not easily crystallized as the free base, 
and was characterized as the p-toluenesulfonate, prepared by 
adding an equivalent of p-toluenesulfonic acid to the free 
base in a small volume of ethanol, removing the solvent by 
dist,illation, and recrystallizing the residue from ethyl ace- 
tate to yie.~d colorless needles, m.p. 137-138.5'. 

Anal. Cttlc'd for Cl9H&O4S: C, 62.79; H, 6.93; N, 3.85. 
Found: C, 62.35; H, 6.89; N, 3.52. 

SELF-CONDEKSATION PRODUCTS O F  l-SUBSTITUTED-2,3- 
DIOXOPYRROLIDINES 

1 ,1 '-Dicyclohexyl-2,~',6'-trioxo-5-hydrozy-S,S'-bipyrroli- 
dine (XVI or XT'II, R = cyclohexyl). To a solution 
of 2.5 g. (0.055 mole) of l-cyclohexyl-2,3-dioxopyrrolidine 
in 10 ml. of warm 95% ethanol was added 1.1 g. (0.055 
mole) of pyridine. The resulting mixture was diluted almost 

(21) Rei. 18, pp. 164-165. 

immediately with 100 ml. of water. A solid precipitated 
promptly, but the mixture was allowed to cool for several 
hours in the refrigerator before the precipitate (2.4 g., a 
96% yield) was removed by filtration. The substance 
melted a t  ca. 232' (decomposition). It was crystallized by 
dissolving it in chloroform, filtering out traces of insoluble 
material, and adding high-boiling petroleum ether; tiny 
colorless needles were obtained, m.p. 268-269" when the 
temperature of the sample was raised slowly from 200". 
However, when placed in a melting point block a t  240-250" 
the solid collapsed immediately and resolidified before finally 
melting near 268'. (The upper melting point is probably 
actually that of the dehydration product described in the 
next section.) 

Anal. Calc'd for C2oH&;zO4: C, 66.27; H, 8.34; K, 7.73; 
Rlol. Wt., 362.46. Found: C, 66.30; H, 8.63; N, 7.54; Mol. 
Wt., 437, 440 (Menzies-Wright ebullioscopic method, chloro- 
form). 

The compound gives a purple color with ferric chloride. 
I t  IS soluble in 5% aqueous sodium hydroxide solution. 

1,1'-Dicyclohexyl-2,4',5'-trio~o-3,~~-bipyrrolidylidene 
(XIX, R = cyclohexglj. -4 suspension of 1.3 g. of 1,l'- 
dicyclohexyl-2,4 ' ,5  '-trioxo-3-hydroxy-3,3 '-bipyrrolidine in 50 
ml. of 207, hydrochloric acid was refluxed for 6 hours. The 
mixture was cooled, and 1 g. of a light-tan solid, m.p. 271- 
272" (decomposition), was collected by filtration. Bnother 
0.1 g. of similar material was obtained by chloroform ex- 
traction of the acid filtrate, to bring the yield to 1.1 g. (92%). 
Crystallization from dioxane or 95% ethanol gave short, 
light-yellow needles, m.p. 273-274' with decomposition. 
The compound has also obtained from the same starting 
material simply by vacuum sublimation. 

Anal. Calc'd for C20H28X203: C, 69.74; H, 8.19; K, 8.13; 
Mol. Wt., 344.44. Found: C, 69.72, 69.75; H, 7.69, 8.37; pr', 
8.00; 3101. Wt., 362 (Menzies-Wright ebullioscopic method, 
chloroform). 

The substance gives a pale-green color with ferric chloride. 
~-Cyclohexyl-2-0~0-3-methozy-4-( l-cyclohexyl-2-oxo-3-hy- 

d~oxy-S-pyrrolzdyl)-3-pyrroZzne (XT'III). To a suspension 
of 1 g. (0.0028 mole) of 1,1'-dicyclohexyl-2,4',5'-trioxo-3- 
hydroxy-3,3'-bipyrrolidine in 60 ml. of rhloroform was 
added an excess of ethereal diazomethane. The starting ma- 
terial dissolved as the reaction proceeded. The mixture was 
allowed to stand overnight before the excePs of diazomethane 
was destroyed by addition of ca. 5 ml. of glacial acetic acid. 
The ethereal solution was washed successively T\ ith water, 
5% sodium hydroxide and water, then was dried over mag- 
nesium sulfate. Evaporation of the solvent left a tan oil 
which Crystallized from a 1 : 5 toluene-cyclohexane solu- 
tion nhen the mixtiire nas  allowed to stand overnight in a 
refrigerator. The solid which separated was removed by fil- 
tration and was washed with a small amount of cold ether. 
The yield was 0.4 g. (38.5%) of a colorless crystalline pow- 
der, m.p. 101-103". Recrystallization from cyclohexane 
raised the m.p. to 139-140". The compound appeared to be 
hvgroscoaic. and the initial lower m.p. may be that of a 
h$dratedor'solvated form. 

Anal. Calc'd for C21H82N204: C, 66.99; H, 8.57; S, 7.44; 
CH,O. 8.24. Found: C. 67.06: H,  8.61: N, 7.49: CH30. 8.24. 

. I  

1,1 '-Dicyclohexyl-S,4'-dihydroly-B,;5 '-cii~xo-S,S'-bipyrroli- 
dine (XXI). A suspension of 0.6 g. (0.00165 mole) of 1,l'- 
dicyclohexyl - 2,4',5'- trioxo -3 - hydroxy - 3,3' - bipyrrolidine 
(XVI or XS-11, R = cyclohexyl) in 50 ml. of absolute ethanol 
was hydrogenated over ca. 50 mg. of Adams' platinum oxide 
catalyst for 5 hours beginning at  a pressure of 45 lbs./sq. in. 
After removal of the catalyst the filtrate was evaporated to 
leave 0.6 g. (95.5%) of a light-tan solid, m.p. 166-176' (dark 
melt). Crystallization from toluene produced short, color- 
less needles, m.p. 204-206' (dark-red, glassy melt). The com- 
pound does not give a color with ferric chloride. 

Anal. Calc'd for C ~ O H ~ ~ N Z O ~ :  C, 65.90; H, 8.85; N, 7.69. 
Found: C, 66.34; H, 8.91; N, 7.67. 

1 ,1 '-Di-tert-butyl-2,~',5'-trioxo-5-hydroxy-~,3'-bipyrrolidine 
(XI? or YT'II, It = tert-butyl). In an attempt to recrystallize 
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a sample of l-tert-butyl-2,3-dioxopyrrolidine from hot 
toluene the compound was quantitatively transformed into 
a white powdery solid, m.p. 165" (red melt) which was 
insoluble in hot toluene. The substance was recrystallized 
by dissolving it in a small amount of warm chloroform, re- 
moving a small amount of insoluble impurities by filtration, 
and diluting the filtrate with high-boiling petroleum ether. 
The compound uas  obtained as short, colorless needles, 
m.p. 165' (red melt) and further crystallization did not 
raise the m.p. 

Anal. Calc'd for C16H26N2O4: C, 61.91; H, 8.44; N, 9.03. 
Found: C, 62.24; H, 8.46; N, 8.82. 

The compound gives a purple color with ferric chloride. 
1,l '-Di-tt~t-butyl-d,4 ',6'-trioxo--5,S'-bipyrrolidylidene (XIX, 

R = tert-butyl). To a solution of 1 g. (0.0065 mole) of 1- 
tert-butyl-2,3-dioxopyrrolidine in 10 ml. of warm 957, 
ethanol ~ 7 : ~ s  added 0.51 g. (0.0065 mole) of pyridine. The 
resulting mixture was diluted with 200 ml. of water, then 
was allowd to stand for several days in the refrigerator. 
The precipitated light-tan needles (0.9 g., 95.5% yield) 

melted a t  188-190" (dark melt). Crystallization from 50y0 
ethanol produced short, almost colorless needles, m.p  190- 
191 O (orange, glassy melt). 

Anal. Calc'd for ClsH24N20a: C, 65.72; H, 8.27; N, 9.58. 
Found: C, 65.25, 65.20; H, 8.30, 8.51; N, 9.08, 9.36. 

The compound gave a blue-green color with ferric chloride. 
Reaction of 1-benzyl-3,s-dioxopyrrolidine (VIII, R = 

benzyl) with foimamide. A mixture of 3 g. (0.0159 mole) of 
l-benzyl-2,3-dioxopyrrolidine and 80 ml. of formamide was 
heated a t  the reflux temperature for 2 hours. After the mix- 
ture had been cooled in a refrigerator for several hours, 0.8 
g. of greenish-black crystals with a bronze lustre, m.p. 351", 
had separated and were removed by filtration. Recrystalli- 
zation from dimethylformamide left the appearance of the 
compound unchanged and raised the m.p. only to 351-352' 
(decomposition). 

Bnal. Found: C, 74.06; H, 5.45; ?;, 9.56, 9.90. 
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