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A new method is p roposed  for  the synthes is  of py r ro lo [1 ,2 -a ]py raz ines  and py r ro lo [1 ,2 - a ] -  
quinoxalines.  By the a lkylat ion of sodium der iva t ives  of 2 - a c y l p y r r o l e s  with ~ - b r o m o  c a r -  
bonyl compounds or  the i r  ace ta l s  and subsequent  t r e a t m e n t  of the reac t ion  products  with a m -  
monium ace ta te  in ace t ic  acid,  a number  of de r iva t ives  of py r ro lo [1 ,2 -a ]pyraz ine ,  including 
the f i r s t  m e m b e r  of the c l a s s ,  py r ro lo [1 ,2 -a ]pyraz ine  i tself ,  have been obtained. S imi la r ly ,  
f r o m  2 -benzoy lpy r ro l e  and the dimethyl  ketal  of a -b romocyc lohexanone  was obtained 4-phenyl -  
t e t rahydropyr ro lo[1 ,2-a ]qu inoxa l ine ,  which r ead i ly  dehydrogenates  in the p r e s e n c e  of Raney 
nickel  to f o r m  4-phenylpyrrolo[1 ,2-a]quinoxal ine .  

P rev ious ly ,  py r ro lo [1 ,2 -a ]pyraz ine  and 4 -me thy lpy r ro lo [1 ,2 -a ]py raz ine  were  obtained in admix ture  
with de r iva t ives  of pyr ro lo[2 ,3-e ]pyr id ine  by the cycl izat ion of subst i tuted a c y l p y r r o l e  imines  [1,2]. The 
necess i ty  of using difficultly a c c e s s i b l e  s t a r t ing  m a t e r i a l s  for  the reac t ion  and the diff icult ies connected 
with the sepa ra t ion  of the py r ro lo [1 ,2 -a ]py raz ines  and the pyr ro lo [2 ,3 -c ]pyr id ines ,  which have s i m i l a r  
p rope r t i e s ,  l imi ted  the poss ib i l i t i e s  of this method.  

We have p roposed  a new method  for  the synthes is  of de r iva t ives  of pyr ro lo [1 ,2 -a ]pyraz ine  which is 
f r ee  f r o m  these  defects .  Var ious  r e p r e s e n t a t i v e s  of this c l a s s  of condensed he t e rocyc le s ,  both those  con-  
taining subst i tuents  in any posi t ions of the molecu les  and also the f i r s t  m e m b e r  of the c l a s s  - pyr ro lo [1 ,2 -  
a ]pyraz ine  (I) i t s e l f -  have been obtained. 

2 -Acy lpy r ro l e s  were  used  as the s t a r t ing  m a t e r i a l s  for  the synthes is  of the pyr ro lo [1 ,2 -a ]pyraz ines .  
By the action of sodium alkoxides they were  conver ted  into the i r  sodium der iva t ives ,  which were  a lkylated 
with the dibutyl ace ta l  of ~ - b r o m o a c e t a l d e h y d e  or  with w-bromoacetophenone .  The dicarbonyl  de r iva t ives  
so fo rmed  were  not i so la ted  but were  conver ted  by boiling with ammon ium ace ta te  in acet ic  acid solution in-  
to the py r ro lo [1 ,2 -a ]py raz ines  (I-IV), which were  isola ted in the f o r m  of the hydrochlor ides .  
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Analogously,  the sodium der iva t ives  of 2 -benzoy lpyr ro le  and the dimethyl  ketal  of o~-bromocyclo-  
hexanone gave the hydrochlor ide  of 4-phenyl te t rahydropyrro lo[1 ,2-a]quinoxal ine  (V). The dehydrogenation 
of the base  V over  Raney nickel  ca ta lys t  in boiling toluene gave an a l m o s t  quanti tat ive yield of 4-phenyl-  
pyrrolo[1,2-a]quinoxal ine (VI). Some subst i tuted pyrrolo[1 ,2-a]quinoxal ines  have been obtained recen t ly  by 
a mul t i s tage  synthes is  f r o m  quinoxaline de r iva t ives  [3]. 
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The UV spec t rum of pyr ro lo [1 ,2 -a ]pyraz ine  (I) taken in ethanolie solution has s eve ra l  absorpt ion  
bands with Xma x 226, 285, 294, 303 and 340-360 nm,(log e 4.39, 3.45, 3.53, 3.37, and 3.41). The s t ronges t  
band with Xmax 226 nm (log e 4.39) is connected with the absorpt ion  of the py r ro l e  ring, which genera l ly  
appea r s  at 210 nm (log e 4.0) [4]. The conjugation of the py r ro l e  r ing with the double bonds of the pyraz ine  
r ing  leads  to a d i sp lacement  of the peak  into the longer -wave  region of the spec t rum and to an inc rease  in the in- 
tensi ty of absorpt ion.  In the s p e c t r u m  of the pyr ro lo [1 ,2 -a ]pyraz ine  (Ill), in which the re  is a phenyl rad ica l  
in position 4, the absorpt ion of the py r ro l e  r ing is shifted to 230 nm (log e 4.27) and a broad  high- in tens i ty  
band appea r s  in the s p e c t r u m  wi th  Xmax 250 nm (log e 4.2) which is connected with the absorpt ion of the 
benzene ch romophore  conjugated with the pyr ro lo [1 ,2 -a ]pyraz ine  molecule .  

In the UV s p e c t r u m  of 4-phenyl te t rahydropyrro lo[1 ,2-a]quinoxal ine  (V) there  a r e  absorpt ion  bands 
with Xma x 230, 252, 317 and 365 nm (log s 4.29, 4.29, 3.97 and 3.6). The f i r s t  two m a x i m a  a r e  also found 
in the s p e c t r u m  of 4 -phenylpyr ro lo[1 ,2-a ]pyraz ine  (III) and a r e  due to the absorpt ion  of the py r ro l e  and 
benzene r ings  of the molecule .  

The UV s p e c t r u m  of 4-phenylpyrrolo[1 ,2-a]quinoxal ine  (VI) in ethanol di f fers  cons iderably  f r o m  that  
of 4-phenyl te t rahydropyrro lo[1 ,2-a]quinoxal ine  (V) and has the shape  cha rac t e r i s t i c  for  complex  condensed 
s y s t e m s  with high-intensi ty  absorpt ion  m a x i m a  at  227, 243, 248, 268 and 340 nm (log e 4.36, 4.38, 4.40, 4.20 
and 3.86). 

E X P E R I M E N T A L  

Hydroehlor ide  of Pyr ro lo [1 ,2 -a ]pyraz ine  (I). An ethanolie solution of sodium ethoxide p r epa re d  f r o m  
4.6 g (0.2 g -a t )  of sodium was added to a solution of 19 g (0.2 mole) of 2 - f o r m y l p y r r o l e  in 50 ml  of dioxane. 
The solvent  was dist i l led off f r o m  the solution formed,  the l a s t  t r a c e s  in vacuum. To the solid sodium de-  
r iva t ive  of 2 - f o r m y l p y r r o l e  so produced a solution of 50.6 g (0.2 mole)  of the dibutyl ace ta l  of b r o m o a e e t a l -  
dehyde in 100 ml of dry d ime thy l fo rmamide  was added, and the reac t ion  mix tu re  was boiled for  1 h r  and 
was then poured into water .  The oil that s epa ra t ed  out was ex t rac ted  with benzene and the benzene ex t rac t  
was dr ied with a D e a n - S t a r k  a t tachment .  The solvent  was dist i l led off in vacuum, the res idual  oily sub-  
s tance was dissolved in 250 ml  of acet ic  acid, and the solution was t r ea ted  with 150 g of ammon ium ace ta te  
and boiled for 2 hr .  Then the acet ic  acid was dis t i l led off in vacuum, the res idue  was dissolved in water ,  
the r e s in  that deposi ted was sepa ra ted  off, and the mother  solution was made alkaline with concent ra ted  
caust ic  soda solution. The emuls ion fo rmed  was ex t rac ted  with e ther .  The e therea l  ex t rac t  was shaken 

TABLE i .  

Corf l  - 
pound 

II 

Ill 

IV 

mp ~ 

Pyr ro lo  [1 ,2-a]pyrazine Hydrochlor ides  

Empirical 
[ formula 

CIsHITN202CI 

ClaH~IN~CI 

CI9HIsN~CI 

180 182 
(decorum.) 

1~5-- 187~ 
(decomo.) 
ll5--115 

Found, % 

57,75 6,35 
58,07 6,39 

482 
4,89 

Calculated, % 
I N C l H I N 

-- 58,09 6,33 -- 

12,50 67,68 4,80 12,14 
12,46 
9,15 -- -- 9,13 
9,39 

Yield, 
% 

37,5 

50 

25 
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with 10 g of ac t ivated carbon,  f i l te red,  dr ied  with magnes ium sulfate ,  and then t r ea t ed  with an equivalent 
amount  of e the rea l  hydrogen chlor ide .  Yield 8 g (26%), mp 160-161~ (from acetone).  Found, ~ :  C 54.44; 
H 4.86; N 18.16. Calculated for  CTHTN2C1, %: C 54.38; H 4.56; N 18.12. 

For  informat ion  on the other  py r ro lo [1 ,2 -a ]pyraz ines  (II-IV), see Table  1. 

Hydrochlor ide  of 4- Phenyl te t ra  hydropyr ro lo  [1,2-a]quinoxaline (V)I The exper imen t  was c a r r i e d  out 
with 8.5 g (0.05 mole)  of 2 -benzoy lpyr ro le ,  20 ml  of dioxane, the sodium ethoxide p r epa red  f r o m  1.15 g 
(0.05 g-a t )  of sodium, 11.2 g (0.05 mole)  of the dimethyl  ketal  of ~ -bromocyc lohexanone ,  30 ml  of dry di-  
me thy l fo rmamide ,  60 ml  of acet ic  acid, and 40 g of ammonium aceta te .  The reac t ion  and the isolat ion of 
the product  were  p e r f o r m e d  under  the conditions for  the p repa ra t ion  of I. The yield of V was 7 g (56.4%), 
mp 202-204~ (decomp.) Found, %: C 71.36; H 6.37; N 10.04. Calculated for  CzTHITN2C1, %: C 71.69; 
H 6.01; N 9.83. 

4-Phenylpyrro lo[1 ,2-a]quinoxal ine  (VI). A f lask fitted with a D e a n - S t a r k  a t tachment  was charged  
with 2.4 g (0.01 mole)  of the base  V, 6 ml of a suspens ion  of Raney nickel in water ,  and 60 ml  of xylene. 
The reac t ion  mix tu re  was boiled with the el iminat ion of water  for  4 hr  and was f i l te red  hot, and then the 
ca ta lys t  was washed repea ted ly  with xylene and the f i l t r a te  was evapora ted  in vacuum.  This gave a v iscous  
oily subs tance  which c rys t a l l i zed  on standing. Yield 2.3 g (96 %), mp 94-95~ (f rom pe t ro leum ether) .  
Found, %: C 84.43; H 4.82; N 11.49. Calculated for  C17H12N 2, ~0: C 83.58; H 4.95; N 11.46. 

1. 
2. 
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