
3 - C y a n o - 4 - ( / 3 - c a r b o x y e t h y l ) - 2 , 5 - d i c a r b o x y p y r r o l e  (VI). A m i x t u r e  of 0.89 g (2.9 mmole )  of p y r r o l e  IV 
and 12 m l  of 2 N s o d i u m  h y d r o x i d e  so lu t i on  was r e f l u x e d  for  1 h. a f t e r  which  it was coo led  and e ~ r a c t e d  with  
e igh t  3 0 - m l p o r t i o n s  of e t h e r .  The  e x t r a c t s  w e r e  d r i e d ,  the  so lve n t  was r e m o v e d  by vacuum e v a p o r a t i o n ,  and 
the  r e s i d u e  was r e c r y s t a l l i z e d  f r o m  a c e t i c  ac id  con ta in ing  hep tane  to g ive  0.61 g (83%) of a p r o d u c t  with mp 
270 ~ (mp 272-273 ~ [6]). IR s p e c t r u m :  3180 (NH), 2630 (COOH), 2245 (CN), 1730, 1680 (COOH) c m  -1. 

3 - C y a n o - 4 - ( p - c a r b o m e t h o x y e t h y l ) p y r r o l e  (VII). A m i x t u r e  of 100 mg of t r i c a r b o x y l i c  ac id  VI, 2 g of 
s o d i u m  a c e t a t e ,  and 3 g of p o t a s s i u m  a c e t a t e  was hea ted  in a s t r e a m  of n i t r o g e n  at 180-190 ~ fo r  10 rain and 
at  230 ~ for  2 rain.  The  m i x t u r e  was then  coo led  and d i s s o l v e d  in 40 m l  of w a t e r .  The  aqueous  so lu t i on  was 
e ~ r a c t e d  with fou r  1 0 - m l p o r t i o n s  of e t h e r ,  and the  e x t r a c t s  w e r e  d r i e d ,  c o n c e n t r a t e d  in vacuo  to a s m a l l  
vo l ume ,  and t r e a t e d  with e x c e s s  d i a z o m e t h a n e .  The  soR.ent  was e v a p o r a t e d ,  and the  r e s i d u e  was c h r o m a t o -  
g r a p h e d  with a c o l u m n  (1.5 15 cm) f i l l ed  wi th  s i l i c a  ge l  with e lu t ion  by c h l o r o f o r m .  The  s l o w - m o v i n g  f r a c t i o n ,  
which gave  a r o s e  c o l o r a t i o n  with E h r l i c h ' s  r e a g e n t  on Si lufo l  UV-254,  was e v a p o r a t e d  and the  r e s i d u e  was r e -  
c r y s t a l l i z e d  f rom benzene  con ta in ing  hexane  to g ive  4.5 mg  (6.5%) of a p r o d u c t  with mp 81-81.5  ~ IR s p e c t r u m :  
3340 (NH), 2240 (CN). 1725 CO2CH3) cm -1. M a s s  s p e c t r u m ,  m / e  (%): 178 (M+; 30), 147 (9), 119 (35), 118 (100), 
105 (53), 92 (8); m* : 126.4 (178- -150) ,  96.3 (147- -119) ,  71.1 ( 1 1 9 ~ 9 2 ) .  PMR s p e c t r u m ,  6, ppm:  2.63 (2H, t,  
CH2CHeCOeCH3), 2.90 (2H, t,  CH2CH2CO2CH3). 3.61 (3H, s ,  CH2CHeCOOCH3), 6.57 (1H, s,  7.20 (1H, s).  
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NEW S Y N T H E S I S  OF PYRROLES 
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S .  P .  G o d z h a e v .  V .  G .  D z h a f a r o v ,  
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The r e a c t i o n  of a m m o n i a  o r  a p r i m a r y  a m i n e  with a l k y l ( c y c l o a k l y l ,  p h e n y l ) - f l , y - d i h a l o p r o p y l  
ke tones  g ives  2 - .  2 ,4 - ,  and 1 ,2 -  o r  1 . 2 , 4 - s u b s t i t u t e d  p y r r o l e s  in high y i e l d s .  

We have p r e v i o u s l y  shown that  r e a c t i o n  of c a r b o x y l i c  ac id  c h l o r i d e s  with a l l y l  c h l o r i d e  in the  p r e s e n c e  of 
a l u m i n u m  c h l o r i d e  g ives  d i c h l o r o p r o p y l  k e t o n e s ,  which a r e  c o n v e r t e d  to 2 - a l k y l -  o r  2 - c y c l o a l k y l f u r a n s  on v a c -  
uum d i s t i l l a t i o n  [1]. 

In the  p r e s e n t  r e s e a r c h  we have e s t a b l i s h e d  that  p y r r o l e s  a r e  f o r m e d  in the  r e a c t i o n  of the  a b o v e - i n d i c a t e d  
d i c h l o r o  ke tones  with e x c e s s  a m m o n i a  o r  a p r i m a r y  a m i n e  (in w a t e r  o r  in w a t e r - e t h e r ) .  N i t r o g e n - u n s u b s t i t u t e d  
compounds  (in the  c a s e  of the  r e a c t i o n  with ammonia )  w e r e  ob ta ined  in 60-70% y i e l d s ,  the y i e l d s  of 1 - p h e n y l -  
p y r r o l e s  r e a c h e d  75'i~. and p y r r o l e s  with an a lky l ,  a l ly l ,  o r  c y c l o a l k y l  g roup  in the  1 p o s i t i o n  w e r e  ob ta ined  in 
y i e l d s  above  80~.  No s u b s t a n t i a l  d i f f i cu l t y  was o b s e r v e d  in the  s y n t h e s i s  of 1 , 2 - d i a l k y l p y r r o l e s  even in the 
c a s e  of t h o s e  with bulky s u b s t i t u e n t s .  

F o r  the  p r e p a r a t i o n  of 2 .4 -  o r  1,2 A - s u b s t i t u t e d  p y r r o l e s  we used  d i c h l o r o  ke tones  f o r m e d  by r e a c t i o n  of  
the  a p p r o p r i a t e  ac id  c h l o r i d e  with m e t h a l l y l  c h l o r i d e  in the  p r e s e n c e  of a l u m i n u m  c h l o r i d e ,  but we did not 
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isolate them in the individual state. These ketches enabled us to obtain substances with a methyl group in the 
4 position of the pyr ro le  ring. We were unsuccessful  in an attempt to extend this method to other substituted 
allyl chlorides because of a considerable amount of polymerizat ion.  However, in some cases  it was found to be 
advantageous to replace allyl chloride by the corresponding bromide.  For  example, we were unable to obtain 
any preparat ive  yields of the desired products s tar t ing from benzoyl chloride with allyl chloride, but the r e -  
action proceeded successful ly  when allyl bromide was used, and this made it possible to synthesize  2-phenyl-  
pyr ro le  and its 1-substituted derivatives.  

Sat isfactory resul ts  of e lementary analysis and charac te r i s t i c  UV and IR spect ra  were obtained for the 
synthesized pyr ro les  after  rectif ication (in vacuo, where necessary) .  Some of the pyr ro les  have beenprevious ly  
described,  and their  physical  constants did not differ substantially from our values. 

For  example, the boiling point of 2 -propylpyr ro le  is close to the l i tera ture  value~ Bands at 3392-3400 
(NH), 3095 (ring C - H  stretching vibrations),  1570 and 1475 (ring C - C  in-plane vibrations),  and 790 and 715 
cm -1 (ring C - H  deformation vibrations) are  observed in its IR spectrum. In the case of the spectra  of 1- 
substituted pyr ro les ,  the vibrations charac te r i s t i c  for the pyr ro le  ring at 1555-1560 and 1500-1505 cm -1 and 
the absence of NH group absorption were noted. The molecular  weights and the fragmentation of the molecular  
ion in the mass  spectrum correspond to the assigned s t ructure  (the mass  spect ra  willbe the subject of a special  
publication). According to g a s - l i q u i d  chromatography (GLC) data, the pyr ro les  obtained in this study contain 
no more  than 1.5-2% impurit ies,  mainly the corresponding furans.  An examination of the PMR spectra  makes 
it possible to assume that all of our substances have a 2-substi tuted pyr ro le  s t ruc ture  without a substituent in 
the 5 position, and this excludes possible migration of the groups during synthesis .  For  example, singlets of 
3-H and 5-H protons of the pyr ro le  ring are  seen in the spectrum of 2 - i sopropy l -2 -e thy l -4 -methy lpyr ro le  at 
5-34 and 6-10 ppm. A singlet at 1.94 ppm (4-H), a t r iplet  centered at 1.14 and a quartet  (2.46 ppm) of an ethyl 
group, and the charac te r i s t ic  multiplet of the isopropyl group (quartet of the CH group centered at 3.95 and 
doublet of methyl groups at 1.27 ppm, J= 6 Hz) are  present  at strong field. 

We did not make a special  study of the mechanism of the reaction, but it is most  likely that the f irst  step 
under the influence of amine is elimination of HHal, which ties up the amine and thereby prevents the possibili ty 
of polymerizat ion.  The result ing cation (D undergoes cyclization due to in t ramolecular  attack on the p pair  of 
electrons of the nitrogen atom with simultaneous migrat ion of the multiple bond. After this (or simultaneously,  
for otherwise attack by the cyclic cation on the neutral  pyrro le  molecule becomes likely), the intermediate 

undergoes deprotonation with aromatization.  

RCOCN~C(Cl)~. R2Nn2 R! CH21 - 

I P'~ R~ RZ 

One should, however, allow for the simultaneous or alternative formation of an a.fl-unsaturated y-chloro 
ketone, which is subsequently converted to an amino ketone and cyclized. The conversion of unsaturated 7-halo 
ketones with similar structures to pyrroles under the influence of ammonia or primary amines has been de- 
scr ibed [2], and Rodebaugh and Cromwell  [3] were even able to isolate unsaturated amino ketones in the case 
of cycl izat ion of bromomethylchalcones .  1 ,2-Dicyclohexylpyrrole  and some of its substituted derivatives were 
recently obtained [8] from the corresponding dichloro ketones, and it was assumed that the reaction proceeds 
through a step involving the formation of an aziridine. 

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

The individuality of the compounds obtained in this study was monitored by means of a Ch rom-3 - JKL 
chromatograph with PMS-100 as the mobile phase and Chromosorb  W as the support.  The solid compounds 
were  monitored by chromatography on Silufol plates. The IR spectra  of the compounds (without a solvent) were 
recorded with a UR-20 spec t rometer .  The PMR spect ra  of CC14 solutions of the compounds were obtained with 
an RS-60 or Varian T-60 spec t rometer .  The star t ing dichloro ketones were obtained via the Kondakov react ion 

as described in [1]. 

2-Methylpyrrole .  A solution of 15.5 g (0.1 mole) of freshly prepared 4,5-dichloro-2-pentanone in 100 ml 
of ether was added dropwise with s t i r r ing  while maintaining the tempera ture  at 30-35 ~ to a solution of 45 ml 
(0.6 mole) of 25% ammonium hydroxide, after which the mixture was allowed to stand at room tempera ture  for 
5 h with periodic s t i r r ing.  The ether layer  was then separated and washed with water, and the aqueous layer  
was extracted with ether.  The combined extracts  were dried with magnesium sulfates,  the solvent was removed 
by distillation, and the residue was vacuum fractionated in a s t ream of nitrogen to give 5.6 g {69%) of 2 -methy l -  
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pyrro le  with bp 60-61 ~ (30 ram), d4200.9456, and nD 201.5017. The results  of analysis for C, H, and N were in 
agreement  with the calculated values. The product was chromatographical ly  identical to a genuine sample. 
According to the data in [4], this compound has bp 146-148 ~ (749 mm), dl 2~ 0.9438 and nD 2~ 1.5025. 

1 - Isopropyl -2 ,4-d imethylpyr ro le .  A solution of 16.9 g (0.1 mole) of 4 ,5-d ichloro-4-methyl -2-pentanone  
in 50 ml of ether  was added dropwise at 20-25 ~ to a solution of 18 ml (0.3 mole) of isopropylamine in 50 ml of 
ether,  after  which it was s t i r red  at room tempera ture  for 2 h. It was then refluxed for 3 h, cooled, washed with 
water, and extracted with ether. The organic layer  was dried with magnesium sulfate, the solvents was removed 
by distillation, and the residue was vacuum fractionated in a s t ream of nitrogen to give 12 g (88c~) of 1- isopropyl-  
2 ,4-dimethylpyrrole  with bp 36-37 ~ (2 mm), d4200.8886, and nD 2~ 1.4788. Found: C 78.5; H 10.7; N 10.4%. 
CgH15N. Calculated: C 78.8; H 10.9; N 10.27o. 

The other 1-a lkylpyrroles  were obtained in the same way (at 20-35 ~ (see Table 1). 

1 -Phenyl -2 -methy lpyr ro le .  A 15.5-g (0.1 mole) sample of 4 .5-dichloro-2-pentanone was added dropwise 
at 30-35 ~ to a mixture of 27 ml (0.3 mole) of aniline and 100 ml of water,  after  which the mixture was refluxed 
for 3 h and worked up as in the preceding experiments to give 11.6 g (7470) of 1-phenyl -2-methylpyrro le  with 
bp 97-98 ~ (9 ram), d4201.0341, and nD2~ 1.5790 [bp 112.5-113 ~ (12 mm), d4201.0315, and nD 2~ 1.5775]. The other 
1-phenylpyrroles  were obtained in the same way (Table 1). 
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2-Benzyl idene-  and 2-benzyl te t rahydrocarbazoles  were synthesized, and the latter were con- 
verted to 4-benzylpyraz inote t rahydrocarbazoles .  

Up until now, only 3a .4 ,5 ,6- te t rahydropyrazino[3,2 ,1- jk]carbazoles  with substituents only in the aromatic  
portion of the molecule were known [1]. For  the f i rs t  t ime we have obtained carbazoles  of this sor t  with a 
benzyl substituent in the aliphatic ring for a compar ison of their  biological proper t ies  with those previously 
described.  1 ,2 ,3 ,4 -Te t rahydro- l -oxo-2-benzy l idenecarbazo le  derivatives (IIa-e), obtained by condensation of 
1 ,2 ,3 ,4 - te t rahydro- l -oxocarbazo les  (Ia-e) with benzaldehyde in the presence  of sodium methoxide or potassium 
hydroxide, were  used as the s tar t ing compounds. Both of these catalysts  ensure the synthesis of benxylidene 
derivatives IIa-e in high yields under mild conditions, as in the preparat ion of benzylidene derivatives of cyclo-  
hexanone and a - t e t r a lone  [2, 3]. 
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