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f l , f l -Disubst i tuted monohydraz ides  of male ic  acid  form s table  amino i soma le in imides  on t r e a t -  
ment  with ace t i c  anhydr ide  in the p re sence  of anhydrous sodium ace ta te .  The s t ruc tu re  of the 
products  was conf i rmed by IR and PMR spec t roscopy  and by chemica l  methods.  

The assumpt ion  of the i s o m e r i s m  of N-subs t i tu ted  ma le in imides  was f i r s t  s ta ted by Piut t i  [1], but 
the f i r s t  pape r s  on the synthes i s  of i so imides  appeared  only r ecen t ly  [2-4]. N - A r y l i s o m a l e i n i m i d e s  were 
obtained by dehydrat ion of the co r re spond ing  monoamides  of male ic  acid  by means  of ace t ic  anhydride under 
mild  condit ions [2, 3] and a l so  by means  of d icyc lohexylca rbod i imide  and ethyl  ch lo ro fo rma te  [4]. The de-  
hydra t ion  of N-subs t i tu ted  monoamides  of the co r respond ing  ac ids  with t r i f luoroaee t i c  anhydr ide  [5] should 
probably  be cons ide red  to be a gene ra l  and mos t  convenient method for the synthes i s  of a r y l i s o m a l e i n i m i d e s  
and i soph tha l imides .  However,  N - a r y l i s o m a l e i n i m i d e s  a r e  obtained in low y ie lds  and are  r e l a t i ve ly  eas i ly  
i s o m e r i z e d  to s y m m e t r i c a l  a r y l m a l e i n i m i d e s .  In addi t ion,  only a sma l l  number  of i so imides  were obtained 
by the methods ment ioned above.  These a re  probably  the r ea sons  for the smal l  amount  of study devoted to 
i s o m a l e i n i m i d e s .  Some r e c e n t  pape r s  [5-7] were  devoted p r i m a r i l y  to the study of i sophtha l imides .  

We have obtained exc lus ive ly  s table  d isubst i tu ted  N-amino i soma le in imides  I Ia-c  (Table 1) by the a c -  
tion of ace t ic  anhydr ide  on d isubs t i tu ted  hydraz ides  of ma le i c  acid.  

I~ O R R O O 

I ]} | N--N O ~ N--NH- ' -C--CH~CH--c--N ~ N--N H--C--CH=CH--COOH - -  

I I 
C6H s C6Hs ~ C~H s 

I a - c  II a - c  I l l  a - c  

a R=C6Es~ b R~=CH3: c R=C6H~CH 2 

S y m m e t r i c a l  aminoma le in imides  a r e  not formed even under seve re  condit ions on heating to 90-95~ 
F r o m  the synthet ic  condi t ions ,  it  can be a s s um e d  that the d imethy laminomale in imide  and N-morphol ino-  
ma le in imide  desc r ibed  in the patent  l i t e r a t u r e  [8, 9] a r e  ac tua l ly  the iso fo rms .  The iso s t ruc tu re  of the 
compounds that we obtained (IIa-e) is  conf i rmed by the p resence  in their  IR s pe c t r a  of two very s t rong  
bands at  1760-1770 em -1 (VC=O) and 1730-1740 cm -~ (vC=N), while the s y m m e t r i c a l  ma le in imides  have a 

s ingle very s t rong  carbonyl  absorp t ion  band at  1710-1720 em - t .  The p resence  of two bands in the carbonyl  
absorp t ion  region  has been noted by a number  of inves t iga to r s  [4, 5, 10] as a c h a r a c t e r i s t i c  dis t inguishing 
fea ture  of i s o i m i d e s .  The PMR s p e c t r a  of IIa and IIb have a doublet a t  ~ 6.0 ppm, which is a s soc ia t ed  with 
ethylene protons (IIa 6 5.88 ppm, IIb 6 6.01 ppm), and a second doublet is over lapped  by the s ignals  of the 
a r o m a t i c  pro tons .  N e v e r t h e l e s s ,  the branching of the s ignal  of the ethylene protons s e rves  as an indispu-  
table proof  of the i r  nonequivalence;  i . e . ,  i t  conf i rms  the i so imide  s t ruc tu re  of II. The sp in - sp in  coupling 
constant  (J -- 6 Hz) c o r r e s p o n d s  to a c i s  o r ien ta t ion  of the r ing ethylene protons .  

A c h a r a c t e r i s t i c  r eac t ion  of i so imides  is the r eac t ion  with p iper id ine  [5], which leads to r ing  opening; 
under the same  condi t ions ,  p iper id ine  adds to the double bond of i m i d e s  This r eac t ion  p roceeds  r ead i ly  
with i so imides  in the cold and in e ther  solution to give high y ie lds ;  one should note the pronounced depen- 
dence of the r a t e  of this r eac t ion  on R, which d e c r e a s e s  in the o r d e r  R = CGH 5 > R = CH 3 > R = CCHsCH 2 
approx ima te ly  in a r a t io  of 1 : 5 : 50. The higher  r e a c t i v i t y  of the carbonyl  group of i soma le in imides  with 
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T A B L E  1. C h a r a c t e r i s t i c s  of the  S y n t h e s i z e d  C o m p o u n d s  

. ~  Empirical F_ound, % Calc., e],, IR spectrum, u, cm -1 
= ~ P '  formula C iH i N I--C ~;~t N e=o 1 C=N NH 

kJ~- 
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r e s p e c t  to the a c t i o n  of n u c l e o p h i l i c  a g e n t s  a s  c o m p a r e d  wi th  m a l e i n i m i d e s  i s  c o m p l e t e l y  r e g u l a r ,  s i n c e  
the  C O - O  bond  h a s  a b o u t  the  s a m e  c h a r a c t e r  a s  in  a n h y d r i d e s .  Th i s  r e a c t i o n  e x p a n d s  the p o s s i b i l i t y  of  
the  s y n t h e s i s  of a m i d e  h y d r a z i d e s  of  m a l e i c  a c i d  ( T a b l e  1) t h a t  a r e  d i f f i c u l t  to o b t a i n  by  o t h e r  m e t h o d s .  
The IR s p e c t r a  a r e  in  a g r e e m e n t  w i th  the  s t r u c t u r e s  of  the  c o m p o u n d s  o b t a i n e d .  

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrophotometer. 

The PMR speetraof CCI 4 solutions were recorded with a Varian I00 spectrometer with tetramethylsilane 
as the standard. The melting points given are uncorrected~ The purity and individuality of the substances 

were verified by thin-layer chromatography on LS254 5/40 p silica gel in chloroform. 

Maleic Acid Monohydrazides (I). A solution of an equimolecular amount of N,N-disubstituted hydra- 

zine in 50 ml of benzene was added by drops with stirring to a solution of 0.i mole o[ maleic anhydride in 

150 m[ of benzene at such a rate that the temperature of the reaction mass did not rise above 35~ the mix- 

ture was then stirred for 1 h. Monohydrazide la was removed by filtration, washed with benzene, and re- 

crystallized from benzene-acetone (2 : I) (see Table i)~ Liquid monohydrazides Ib,c were separated from 

the upper benzene layer, washed with benzene, and used for the eyclization without purification. Compound 

Ia was obtained as a light-yellow crystalline substance that forms a hydrate during crystallization from 
aqueous solvents. 

N-Aminoisomaleinimides (If) (Table I). A 1-mole sample of monohydrazide I was mixed with a five- 

fold excess of acetic anhydride and 0.5 mole of anhydrous sodium acetate. When the mixture was stirred, 

it warmed up spontaneously and became bright red-orange. When the temperature began to fall, the mass 

was heated to 70-80 ~ and stirred at this temperature for 40-60 min, after which it was cooled and poured 

into 2500 ml of ice water. The aqueous mixture was stirred for 0.5 h, and the liquid was decanted from the 
oily viscous precipitate. A total of 1 liter of a 3-5% solution of sodium carbonate was added to the precip- 
itate, and the mixture was stirred for 0.5 h. The resulting solid was washed with water and dried at room 
temperature. Isoim{des IIa-c were obtained as light-yellow readily crystallizable substances that are 
readily soluble in most organic solvents. 

Maleic Acid Piperidide Hydrazides (IIl) (see Table i). A 0.01-mole sample of piperidine was added to 
a solution of 0.01 mole of isoimide in 50 ml of diethy[ ether, and the mixture was allowed to stand at room 
temperature for 12 h. The colorless precipitate was washed with ether, dried, and crystallized from ben- 
z e n e .  
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