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Under the influence of acetic anhydride,  3 - ( N - n i t r o s o - 2 - n a p h t h y l a m i n o ) - l - R - p y r r o l i d i n e - 2 , 5 -  
diones a re  cycl ized to subst i tuted imides  of 5 ,6-benzoquinoxal ine-2 ,3-dicarboxyl ic  acid, the 
s t ruc tu re  of which was conf i rmed  by a l te rnat ive  syn thes i s .  

In the p re sen t  pape r  we have inves t igated the convers ion  of 3 - ( N - n i t r o s o - 2 - n a p h t h y l a m i n o ) - l - R - p y r -  
ro l id ine-2 ,5-d iones  ( I I I ) to  subst i tu ted imides  (IV) of 5 ,6-benzoquinoxal ine-2 ,3-dicarboxyl ic  acid under  the 
conditions that  we d i scovered  [1] for  the cyc l iza t ion  of N-n i t ro soa ry l amines  to quinoxalines.  
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We have p rev ious ly  shown [1] that heating of 3 -N-n i t ro sopheny lamino - l -pheny lpy r ro l i d ine -? ,5 -d iones  
in acet ic  anhydride g ives  quinoxal ine-2 ,3-d icarboxyl ic  acid N-phenyl imide.  The fo rmat ion  of a quinoxaline 
r ing in the r eac t i on  under  cons idera t ion  may  be due e i ther  to n i t rosa t ion  of the methylene group of the p y r -  
rol idine r ing or  - which is l ess  l ikely  - to i somer iza t ion  of the n i t rosamine  to an o - n i t r o s o a r y l a m i n e .  It is 
known that a romat i c  n i t ro samines  a re  i s o m e r i z e d  to p -n i t r o soa ry l amino  compounds ( F i s c h e r - H e p p  r e a r -  
rangement)  on t r e a t m e n t  with acids ,  while N-n i t ro so -N-a lky l -2 -naph thy lamines  undergo ortho i s o m e r i z a -  
t ion.  In confo rmi ty  with this ,  one.might  have expected a cons iderable  inc rease  in the r a t e  of fo rmat ion  of 
IV for N-n i t ro so -2 -naph thy lamines  III as c o m p a r e d  with N-ni t rosophenylamines ,  if the convers ion  of III to 
IV includes ortho i s om er i za t i on  of the ni t ros  amine . However,  we found that only an insignificant inc rease  
in the reac t ion  ra te  is obse rved  for  III as c o m p a r e d  with benzoni t rosamines ,  and the yields of cycl iza t ion  
products  in both c a s e s  were  a lmos t  the s a m e .  At tempts  to synthes ize  3 - ( 1 - n i t r o s o - 2 - n a p h t h y l a m i n o ) - l - R -  
pyr ro l id ine -2 ,5 -d iones  (VI) f rom n i t ro samines  IIl under  the conditions that a re  typical  for the F i s c h e r -  
Hepp r e a r r a n g e m e n t  were  unsuccess fu l .  

The informat ion  obtained con f i rm s  that  the conver s ion  of III to IV includes n i t rosa t ion  of the methy l -  
ene group;  the cyc l iza t ion  of the resul t ing  oximino der iva t ive  is apparent ly  r e l a t ed  to the r ecen t ly  observed  
[3] fo rmat ion  of a quinoline r ing f r o m  oximes  of 3-phenyl -A2-unsa tura ted  aldehydes under the influence of 
acet ic  anhydride.  
*See [1] for  communica t ion  II .  
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The s t ructure  of imides IV was proved by alternative synthe- 
sis f rom 5,6-benzoquinoxaline-2,3-dicarboxylic acid (V), which 
was obtained f rom 1,2-naphthylenediamine and dihydroxytartar ic  
acid. 

The synthesis of 3 - (2-naphthy lamino) - l -R-pyr ro l id ine-2 ,5-  
diones !II) was accomplished by the addition of 2-naphthylamine to 
N-R-maleinimides  (D. Compound IId was obtained by condensation 
of 2-naphthylamine with maleic anhydride in diethylbenzene with 
heteroazeotropic  distillation of the result ing water .  Compound III 
was converted to IV by heating III in excess acetic anhydride at 90- 
100 ~ for 10 h. 

There are two absorption bands in the IR spec t ra  of II, III, and 
IV in the carbonyl  region, and the h igher- f requency band appears 
as a shoulder on the principal band, while its intensity is cons ider -  
ably higher in the spec t rum of IV and is comparable to the principal 
band in the spect rum of imide IVa. The appearance of a broad band 
that is split into a triplet  is charac te r i s t i c  for ni t rosamines III in 
the region of the N - N O  stretching v ibra t ions  (1450-1500 cm -1) [4]. 

E XPE RI ME NTA L 

The IR spectra of KBr pellets were recorded with a UR-20 

spectrometer. 

3-(2-Naphthylamino)- l -R-pyrro l id ine-2 ,5-d iones  (IIa-c). A 
solution of 0.1 mole of N-R-maleinimide in 50 ml of ethanol was 
mixed with a solution of 0.11 mole of 2-flaphthylamine in 100 ml of 
aqueous ethanol (1 : 1), and the mixture was refluxed for 1 h. The 
result ing crysta l l ine  precipitate was removed by fi l tration from the 
hot solution (Table 1). 

3- (2- Naphthylamino)-l-  ( 2-naphthyl)pyrr olidine-2,5-dione (IId). 
A 24.5-g (0.25 mole) sample of maleic anhydride and 100 ml of di- 
ethylbenzene were placed in a flask equipped with a D e a n - S t a r k  
trap,  and 42.9 g (0.3 mole) of 2-naphthylamine was added with v igor -  
ous s t i r r ing .  The mixture was then re fluxed on an oil bath until 
the s toichiometric  amount of water (4.5 ml) had separated (this r e -  
quired 1.5-2 h), after which it was poured into a beaker,  cooled, and 
100 ml of alcohol was added. The result ing crysta l l ine  precipitate 
was removed by filtration (Table 1). 

3- (N-Nitr oso-  2-naphthylamino)- 1 - R - p y r r  olidine- 2,5-dione s 
(IIIa-d). A solution of 0.025 mole of sodium nitrite in 20 ml of 
water  was added at room tempera ture  in the course  of 30 min with 
vigorous s t i r r ing  to a suspension of 0.02 mole of 3-(2-naphthyl-  
amino) - l -R-pyr ro l id ine-2 ,5-d ione  in 50 ml of acetic acid, and the 
mixture was s t i r red  for another 30 min. The ni t rosamine was then 
removed  by filtration. Compounds III were yellowish crysta l l ine  
substances that were only slightly soluble in ether  and benzene but 
readi ly  soluble on heating in acetic acid, dioxane, and alcohols 
(Table 1). 

N-R-Imide s of 5,6-Benzoquinoxaline-2,3-dic arboxylic Acid 
(IVa-d). A solution of 0.02 mole of 3 - (2-naphthy ln i t rosamino) - l -R-  
pyrrol idine-2,5-dione in 75 ml of acetic anhydride (the amount of 
acetic anhydride should be such that the compound dissolves com-  
pletely at 90-100 ~ was s t i r red  vigorously at 90-100 ~ for 10 h in a 
three-necked flask equipped with a s t i r r e r ,  a reflux condenser,  
and a the rmomete r .  The result ing precipitate was removed by 
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f i l t ra t ion,  washed on the f i l t e r  with acet ic  anhydride, and dr ied.  When the heating t ime was inc reased  to 
20 h, the yield was r a i s e d  by 3-6%. Compounds IV were  yellow crys ta l l ine  subs tances  that were  only s l ight-  
ly soluble in mos t  organic  solvents .  

5 ,6-Benzoquinoxal ine-2 ,3-d icarboxyl ic  Acid (V). A 12.6-g (0.08 mole) sample  of 1 ,2-naphthylenedi-  
amine was d isso lved  in a mix ture  of 300 ml  of wa te r  and 100 ml  of alcohol by heating on a wa te r  bath, and 
9.0 g (0.04 mole) of d isodium d ihydroxy ta r t ra te  was added. The mixture  was heated with s t i r r ing  for  30 
rain and f i l t e red .  The f i l t ra te  was made s t rong ly  acidic with concent ra ted  HC1 or  by passage  of hydrogen 
chlor ide through the solution.  The resu l t ing  c rys ta l l ine  substance was r emoved  by f i l t ra t ion and washed 
thoroughly on the f i l t e r  with wa t e r  to give 5.5 g (51~c) of a product  with mp 228-230 ~ (dec .). Found,~: N 
10.2. CI4HsN204. Calculated,%: N10 .4 .  

5 ,6-Benzoquinoxal ine-2 ,3-d icarboxyl ic  Acid Anhydride (VD. A 5.36-g (0.02 mole) sample  of 5,6- 
benzoquinoxal ine-2 ,3-d icarboxyl ic  acid was ref luxed in 40 ml  of acet ic  anhydride for  10-15 rain. The mix -  
ture  was cooled, and the anhydride was c rys t a l l i zed  to give 4.76 g (95%) of l ight -brown leaf lets  with mp 
220-223 ~ (dec.). Found,~c: N 11.3. CI4H6N203. Calculated,~c: N 11.2. IR spec t rum,  c m - l :  VC= O 1870 and 
1795 c m  -i  . 

N - R - I m i d e s  of 5 ,6-Benzoquinoxal ine-2 ,3-d icarboxyl ic  Acid (IV). Equimolecular  amounts of the ap-  
p rop r i a t e  amine and anhydride VI were  ref luxed in alcohol for  10-15 rain. The acylat ion products  were  
sl ightly soluble in alcohol and c rys t a l l i zed  during the i r  fo rmat ion .  In the case  of methylamine ,  an excess  
of the amine was used,  and the r eac t ion  m a s s  was then acidified.  The isola ted subs tances  were  dr ied and 
ref luxed for  10-15 rain in acet ic  anhydride to give compounds with physica l  const~ants and IR s p e c t r a  that 
were  identical  to those of compounds obtained f r o m  n i t rosamines  III.  The yields based on anhydride VI 
were  usual ly  60-70~c. 
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