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N-(2,3-Epoxypropyl)-a-pyrrolidone and N-(2,3-epoxypwpyl)-c(-suc- 
cinimide have been obtained for the first time. It has been shown that 
N-(2,3-epoxypropyl)-c(-pyrrolidone readily reacts with ammonia and 
diethylamine to form the corresponding amino alcohols. 

In the p r e s e n t  work  we s tud ied  the  p r e p a r a t i o n  of 
~ - o x i d e s  con ta in ing  a l a c t a m  r i n g  o r  a s u c c i n i m i d e  
grouping,  a - O x i d e s  with l a c t a m  r i n g s  have not been 
d e s c r i b e d  in the  l i t e r a t u r e .  With the  ob j ec t  of syn the -  
s i z ing  N-epoxy  a m i d e s  and N-epoxy  i m i d e s  we i n v e s t i -  
ga ted  two r e a c t i o n s :  the  oxida t ion  of v inyl  and a l l y l  d e -  
r i v a t i v e s  of a m i d e s  and i m i d e s  and the r e a c t i o n  of e p i -  
c h l o r o h y d r i n  with a l k a l i - m e t a l  s a l t s  of a m i d e s  and i ra -  
ides .  When v iny l  d e r i v a t i v e s  of cyc l i c  a m i d e s ,  n a m e l y  
N - v i n y l p y r r o l i d o n e ,  N - v i n y l p i p e r i d o n e ,  and N - v i n y l -  
c a p r o l a c t a m ,  w e r e  ox id ized  (under  the condi t ions  d e -  
s c r i b e d  in a pa ten t  [1]), we w e r e  unable  to obta in  a~- 
ox ides .  Only the  p r o d u c t s  of t h e i r  f u r t h e r  t r a n s f o r m a -  
t ion ,  1 , 4 - d i o x a n e s ,  we re  ob ta ined  [2]. Under  the  s a m e  
condi t ions  N - v i n y l p h t h a l i m i d e  and N - v i n y l s u c c i n i m i d e  
did not unde rgo  oxida t ion .  H y d r o l y s i s  y i e l d e d  p h t h a l -  
imide  and s u c c i n i m i d e .  

The oxidation of N-allylpyrrolidone and N-allyleap- 

rolactam with 89% peraeetie acid at temperatures of 
from -I0 ~ to +60 ~ C and times of 3 hr-30 days did not 

give ~-oxides either. The starting materials were 

recovered. Since the oxidation of unsaturated com- 
pounds under the conditions given did not lead to the 
synthesis of epoxy derivatives, we undertook a study 

of the reaction of alkali-metal salts of lactams and 

imides with epichlorohydrin. 

It is known that when potassium phthalimide is 
heated with epichlorohydrin at 115-116 ~ C, epoxypro- 

pylphthalimide is formed [3]. Under the same condi- 
tions, from potassium succinimide and epichlorohy- 

drin we obtained epoxypropylsuceinimide (I). The iso- 

lation of the epoxypropylsuecinimide from the reaction 
mixture presented great difficulty. The epoxypropyl- 
succinimide was isolated in the pure state by chroma- 
tography on a column of alumina (elution with acetone). 
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We w e r e  unable  to ob ta in  e p o x y p r o p y l p y r r o l i d o n e  
u n d e r  the  cond i t ions  d e s c r i b e d  by  W e i z m a n n  and M a l -  
kowa [3]. In th i s  c a s e ,  l o w - m o l e c u l a r - w e i g h t  p o l y m e r s  

of e p o x y p r o p y l p y r r o l i d o n e  ( t r i m e r s  and t e t r a m e r s )  
w e r e  f o r m e d .  The  IR s p e c t r u m  of the  p o l y m e r s  ob -  
t a ined  had a band at  1100 c m  -1 which  is  c h a r a c t e r i s t i c  
fo r  the  e t h e r  g roup  and a band  at  850 c m  - i  c o r r e s p o n d -  
ing to an epoxide  group ,  E p o x y p r o p y l p y r r o l i d o n e  (II) 
could be  ob ta ined  only u n d e r  m i l d e r  cond i t ions  at  t e rn -  

p e r a t u r e s  f r o m  40 to 80 ~ C in so lu t ion  in d ie thy l  e t h e r ,  
me thy l ene  c h l o r i d e ,  o r  benzene .  
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The r e a c t i o n  of e p i c h l o r o h y d r i n  with p o t a s s i u m  
p y r r o l i d o n e  was  c a r r i e d  out a t  a l ower  t e m p e r a t u r e  
(40 ~ C) than tha t  with s o d i u m  p y r r o l i d o n e  (80 ~ C). 
Hea t ing  the r e a c t i o n  m i x t u r e s  at  the  t e m p e r a t u r e s  
g iven  l ed  to p o l y m e r i z a t i o n  and r e s i n  f o r m a t i o n  with 
both  the  s o d i u m  and the p o t a s s i u m  d e r i v a t i v e  of p y r -  
ro l idone .  Under  the  cond i t ions  g iven ,  i t  was i m p o s s i -  
b l e  to e f fec t  the  s y n t h e s i s  of epoxy l a c t a m s  with l a r g e r  
r i n g s  (p ipe r idone  and c a p r o l a c t a m ) .  The  b a s i c i t y  of 
the in i t i a l  n i t r o g e n - c o n t a i n i n g  h e t e r o c y c t e  is  a p p a r -  
ent ly  of fundamen ta l  i m p o r t a n c e  fo r  t h i s  r e a c t i o n .  

The p r e s e n c e  of an epoxy g roup  i s  r e s p o n s i b l e  for  
the  high r e a c t i v i t y  of e p o x y p r o p y l p y r r o l i d o n e .  Thus ,  
even at  r o o m  t e m p e r a t u r e  i t  adds  a m m o n i a  and a m i n e s  
with the  f o r m a t i o n  [4, 5] of the  c o r r e s p o n d i n g  amino  
alcohols II t  and IV. 
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N-(2,3-Epoxypmpylisucc~Lmide (I). A mixture of 6.8 g (0.08 
mole) of potassium ~accinlmide and 13.8 g (I.5 mole} of epichlorohy- 
drin was boiled for I hr. The potassium chloride was filtered off and 
the epiehlorohydrln was driven off in a vacuum at 15 mm. Chromatog- 
raphy on a plate ~howed that Re reaction mixture consisted of succinl- 
mide and epoxypropylsuccinimide. Product I was isolated on a chro- 
matographic column 1.2 m x 2.5 cm filled with alumina of activity 
grade IL This gave 2.66 g of I (yield 35%), mp 52 ~ C, readily soluble 
in many organic solvents, Found, ~. C 54.58; H 5,81; N 9.22: con-" 
tent of epoxy groups 23.11@o| tool. wt. 154 (in benzene). Calculated for 
C?HgNO3, %. C 54.14; H 5.80: N 9.03: content of epoxy groups 
27.74~oI mol. wt. 155. 

Oxlda~ion of N.vlnylphthallmide and N-vinylsuccinlmlde. The ini- 
tial N-vinylphthallmlde and N-vinylsuccinimidc were obtained by the 
method of Nikolaev and Ushakov [6]. In drops, a solution of 5.5 g 
(0.055 mole) of 85% peracetin acid in 20 ml of methylene chloride was 
added to a solution of 8.6 g (0.05 mole) of N-vinylphthalimide in 40 
ml of methylene chloride at -20 ~ C. The reaction mixture was kept 
at - 5  to -10 ~ C for 3 hr and then at 18-22 ~ C for two weeks. After 
the elimination of methylene chloride and repeated washing with di- 
ethyl ether, the reaction mixture gave phthalimide (yield 90~o), mp 
238 ~ C. 

Under analogoul conditions, in me oxidation of N-vinylsuccinimlde 

with peracetlc acid succinlrnide was obtained (yleld 90%, mp 125 ~ C). 

N-(S,S-Epoxypropyl)-~-pyrroltdone (II). a) At 20" C, 2%6 g (0.3 
mole) of epichlorohydrin was added to 12.4 g (0.I mole) of potassium 
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pyrrolidone in 60 ml of absolute diethyl ether, and the mixture was 
heated to the boil for 3 hr. Then the potassium chloride was filtered 
off, the ether and epichlorohydrin were eliminated from the filtrate in 
vacuum, and the residue was distilled at 112.5-113 ~ C (3 ram). This 
gave 9.6 g of II (yield 68%). When the reaction was carried out in 
methylene chloride, the yield was 56%. The constants were deter- 
mined: d~ ~ 1.1362; n~ 1.4877. Found, %: C 59.20; H 7.86; N 10.08; 
content of epoxy groups [5] 28.64%; tool. wt. (in benzene) 142; MRD 
35.71. Calculated for C?HllNO2, %: C 59.63; H 7.85; N 9.95; content 
of epoxy groups 30.31; mol. wt. 141; MRD 35.85. Readily soluble in 
water and many organic solvents. Insoluble in hydrocarbons. 

b) At 20 ~ C, 27.6 g (0.3 mole) of epichlorohydrin was added to 10.7 g 
(0.1 mole) of sodium pyrrolidone in 50 ml of absolute benzene. The 
mixture was heated to the boil for 5 hr, the potassium chloride was fil- 
tered off, the benzene and epichlorohydrin were eliminated from the 
filtrate in vacuum, and the residue was distilled at 112.5-113 ~ C (3 ram). 
Yield 55~o. 

Reaction of N-(2,f-epoxypropyl)-=-pyrmlidone with ammonia. 
With stirring, 3,5 g (0.025 mole) of IX was added at 18-20"C to 35 ml 
of an 18% aqueous ammonia solution. The temperature rose to 30 ~ C. 
The reaction mixture was kept at 18-20 ~ C for 70 hr, and then the 
water and ammonia were eliminated in vacuum to give N-($-amino- 
~-hydroxypropyl)pyrrolidone fill) in the form of a colorless mass. The 
IR spectrum had a band at 3200 cm "1 and lacked the band at 850 em "1 
that is characteristic for an epoxy group. Found, %: N 17.01: tool. wt. 
154 (in dioxane). Calculated for C~H14N202, %: N 17.703 tool. wt. 158. 
Picture of the amino alcohol III, mp 175" C. Found, %: N 1~.75. 
Calculated for CTH14NzOz �9 CdrIs(NOz)sOH, %: N 17.09. 

Reaction of N-(2,3-epoxypropyl)-aopyrrolidone with diethylamine. 
A mixture of 3 g (0.025 mole]( of II, 2.5 ml (0.025 mole) of diethyl- 
amine, and 0.1 ml of water was stirred at 35-40 ~ C for 3.5 hr. N-(y- 
Diethylamino-~-hydroxypropyl)pyrrolidone (IV) separated out in the 
form of a viscous colorless liquid, bp 140-140.5" C (3 ram). Found, %: 
N 13.02; tool. wt. 212.5 (in benzene). Calculated for CnHz2N202, %: 
N 13.07-" tool. wt. 214. 
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