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Previouslywe have proposed a simple method for the preparation of the diimides of alkylenebisaspar- 
tic acids [i, 2], which is based on the addition of primary and secondary diamines to the double bond of un- 
saturated cyclic imides in the absence of moisture, for example: 
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It was reported that two stereoisomeric diimides are formed only when piperazine is used as the di- 
amine component. The theory was expressed that one of the reasons for the isomerism of the diimides is 
the isomerism of the substituted piperazine ring. As it was, this phenomenon was corroborated at the 
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Fig. i. Infrared spectra of reaction products: Ia 
and Ib) diethylene-N' ,N" -bismethylasparagine-(N- 
methyl)diimide; IIa and IIb) N' ,N"-xylylene-bis- 
asparagine-(N-methyl)diimide; Ilia and IIIb) N',N"- 
hexamethyl ene-bisaspar agine- (N-methyl)diimide; 
IV) N-methyl citr aconimide. 
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TABLE 1 

Compound Mp, ~ 

Ia 20t--202 

lb 247--248 

lla t25--t27 

I[b t68--170 

Ilia 74,5--75,5 

IIIb t t4--i t5 

Found/Calculated,% 

C 

57,t6 

57,24 

60,67 

60,41 

57,t2 

57,10 
5-6,,S0 

Empiric al 
formula 

t t  N 

7,08 ' 16,57 
7-~  t6,67 C16H~4N40~ 
7,34 t6,67 

6,56 15,76 I 
6 ~  15,64t Cx~H~N~O~ 
6,20 t5,68 I 
6-~ t5,64 ] CtsH22N404 
8,i0 i5,26 
7-~ i~,56 C16H~6N~04 
7,96 16,42 
7~ 16,56 } C~HzsN~04 

Dihydrochlo 
ride, C1 
found 
'calculated 

t7,20 
t7,36 
t7,80 
t7,36 
t5,7t 
t6,30 
t5,80 
t6,30 
t7,45 
17,27 
i7,40 
t7,27 

T e t r  a l l l ide ,  

N, found, 
/calculated 

% , 

t9,65 
20,00 
2t,20 
21,0t 
20,96 
2t ,0I 

start of the present investigation, since when studying the reaction of piperazine with the N-methylimide 

of citraconic acid, in the absence of moisture, the reaction product immediately separated easily into two 
isomers. 

O N =O + o=%N9=o o= N/ o 
CH a CH 3 CH~ 

Mp, 247-248 ~ and 201.-202 ~ 

H o w e v e r ,  in s u b s e q u e n t  w o r k  with  h e x a m e t h y l e n e d i a m i n e  and p - x y l y l e n e d i a m i n e ,  a c a r e f u l  c a r r y i n g  
out  of the  e x p e r i m e n t  a l s o  l e d  to the i s o l a t i o n  of two s t e r e o i s o m e r i c  d i i m i d e s  in each  c a s e ,  the  f o r m a t i o n  
of wh ich  can  be  e x p l a i n e d  by  the  g e n e s i s  of two a s y m m e t r i c  c a r b o n  a t o m s  when  d i a m i n e s  add to the  doub le  
bond of i m i d e s  ( see  T a b l e  1). I t  i s  p o s t u l a t e d  tha t  one of  the  i s o m e r s  is  the  m e s o  f o r m ,  wh i l e  the o t h e r  is  
a r a c e m i c  m i x t u r e  of the  dd '  and l l '  f o r m s .  In each  c a s e  the  i s o m e r i c  d i i m i d e s  have  the s a m e  e l e m e n t a l  
c o m p o s i t i o n ,  c o r r e s p o n d i n g  to the  a d d i t i o n  of one m o l e c u l e  of the  d i a m i n e  to two m o l e c u l e s  of the  u n s a t u -  
r a t e d  i m i d e .  The  1~ s p e c t r a  of the  i s o m e r s  a r e  i d e n t i c a l ,  and in t hem can  be  d i s t i n c t l y  s e e n  a b s o r p t i o n  
b a n d s  a t  1700 and 1780 c m  - / ,  wh ich  a r e  c h a r a c t e r i s t i c  fo r  the  s t r e t c h i n g  v i b r a t i o n s  of C = O  in a f i v e - m e m -  
b e r e d  i m i d e  r i n g ,  w h i l e  an a b s o r p t i o n  band  a t  1645 c m  - i ,  c o r r e s p o n d i n g  to the  C = C of a doub le  bond (this 
band i s  d i s t i n c t l y  s e e n  in  the  s p e c t r u m  of  the  s t a r t i n g  N - m e t h y l c i t r a c o n i m i d e ) ,  is  a b s e n t  (F ig .  1). The  
p r e s e n c e  of two a m i n e  g r o u p s  in each  d i i m i d e  was  p r o v e d  by  p r e p a r i n g  the d i h y d r o e h l o r i d e s .  The  a d d i t i o n  
of  the  a m i n o  n i t r o g e n  to a t e r t i a r y  c a r b o n  a t o m  w a s  adop ted  by  a na logy  wi th  [31, w h e r e  th i s  a d d i t i o n  w a s  
p r o v e d  b y  the  NMR s p e c t r u m .  

EXPERIMENTAL METHOD 

Preparation of Diethylene-N',N"-bismethylasparagine-(N-methyl)diimide (Ia) and (Ib). To a stirred 
solution of 25 g of N-methylcitraconimide in 20 ml of absolute methanol was added in drops a solution of 
8.6 g of piperazine in 40 ml of absolute methanol. After 15-20 h the obtained precipitate was filtered. We 

obtained 20.3 g (60%) of (1). The product was separated into two products by fractional recrystallization 
from methanol: (Ia), with mp 201-202~ and (Ib), with mp 247-248 ~ 

Preparation of N',N"-Xylylene-bisasparagine-(N-methyl)diimide (IIa) and (lib). To a stirred solution 
of 34 g of N-methylmaleimide in 20 ml of absolute methanol was added in drops a solution of 20.8 g of p- 

xylylenediamine in 40 ml of absolute methanol. A precipitate began to deposit within several minutes. The 
solution was heated and stirred for 1 h. After 16 h the obtained precipitate was filtered. The yield of pro- 

duct was 49.18 g (9]%). The product was separated into two products by fractional recrystallization from 
methanol: 19.32 g of (IIa) with mp 125-127 ~ and 29~ g of (IIb) with mp 168-170 ~ 

Preparation of Tetramide of Product (lib). An excess of alcoholic methylamine solution was added 
to the diimide. After 2 days the obtained tetramide was filtered and then recrystallized from methanol; 
mp 231-232 ~ 
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Preparation of N',N"-Hexamethylene-bisasparagine-(N-methyl)diimide (IIIa) and ~IIIb). To a stirred 

solution of 42.84 g of N-methylmaleimide in 20 ml of absolute toluene was added 22.39 g of hexamethylene- 
diamine in a mixture of 50 ml of absolute toluene and 35 ml of absolute methanol. After 3-4 h the obtained 
precipitate was filtered, washed with cold toluene, and dried in a vacuum oven at 50 ~ We obtained 30.23 
g (46.3%) of product (IIIb) with mp 111-112 ~ After two recrystallizations from acetone, yap 114-115 ~ To 
the mother liquor was added i00 ml of diethyl ether; the precipitate represented 23.07 g (35.3%) of product 
(Ilia). After two recrystallizations from a mixture of acetone and CCI 4, mp 74.5-75.5 ~ 

Preparation of Tetramide of Product (IIIa)~ An excess of aqueous methylamine was added to 2 g of 
diimide (Ill) and the mixture left to stand for 2 days. Removal of the excess solvent resulted in the deposi- 
tion of a white crystalline precipitate. We obtained 2.14 g (93%) of the tetramide. After recrystallization 
from water, mp 182-183 ~ 

Preparation of Tetramide of Product (IIIb). An excess of aqueous methylamine solution was added 
to 2 g of diimide (IIIb). The precipitate failed to dissolve completely. After 2 days the precipitate was 
filtered. We obtained 2.1 g (91.2%) of the tetramide. After recrystallization from water, mp 204-205 ~ 

CONCLUSIONS 

When piperazine, p-xylylenediamine and hexamethylenediamine are reacted with the imides of citra- 
conic and maleic acids in the absence of moisture the amines add to the double bond of the imide rings. 
Two stereoisomeric diimides of the corresponding alkyleneb[saspartic and methylbisaspartic acids are 

formed here. 
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