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A method was developed for the preparat ion of various pyrrole ,  tetrahydroindole,  and octa-  
hydrocarbazole  derivatives from the monophenylhydrazones of di- and t r icarbonyl  compounds. 
As a rule, the yields of the substituted pyrroles  obtained were higher than those obtained via 
the Knorr  method using isonitroso ketones. 

In a continuation of our investigations [1], we synthesized pyrro le  derivatives containing CHO, COR, 
and COOR groups in the ~ position. The Kno t t  method is used most  frequently for the synthesis of such 
pyr ro le  derivat ives.  According to one of the variants of this method, 1,3-dicarbonyl compounds are  con- 
densed with isonitroso ketones [2]. The synthesis of [sonitroso ketones is fraught with certain difficulties 
in the case of cyclic mono-  and diketones [3-6]. The yields of isonitroso ketones in the ni trosat ion of al i-  
phatic ketones are  far  f rom being always sa t is factory [7]. Since the n[trosation of ketones and the reduction 
of isonitroso derivatives under  the conditions of the Knorr  reaction are  often ca r r i ed  out in a single step, 
the yields of substituted pyr ro les  are  usually low [8, 9]. The possibility of using monoarylhydrazones  of 
polyearbonyl compounds instead of isonitroso ketones in the Knorr  synthesis of pyrro les  was used for the 
synthesis of 2 ,4-dimethyl-3 ,5-dicarbethoxypyrrole  from phenylazoacetoacetic es te r  [10]. However, this 
reaction has not undergone fur ther  development. In connection with the fact that the monoarylhydrazones  
of ~-d icarbonyl  compounds are  widely available [11], we decided to use them in place of isonitroso ketones 
in the Knorr  synthesis of pyr ro les .  Our pre l iminary  experiments demonstrated that substituted pyrro les  

r~-c=o + H2c--COr~ r2j-~ COR3 
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~ c o ~  c.~co~ ~ ~ . ' / o  " CORI Rf..~O V, vl, XII 
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Xl Ra~R i 

VIII-IX, XIII 
I Ri=COOC2HS,P2=R3=R4=CH3; 11 RI=COCH3, R2=R~=R4=Ctl3; I l l  Rt=cOcH3, R2=R4=CHa,Ra=OC2HS; 

IV RI=COCH 3, R2=R4=CH3 , R3=NHC6Hs; V RI=COOC2Hs, R2=CHa; VI RI=COCHa, R2=CHs; 

VII Ri=COOC2H 5, R2=CHa, R3=lt; VIII RI=COOC2H 5, R2=R3=CHa; IX R,=COCI%,R2=Ra=CHa; 

X RI=CH 3, R2~OC2Hs; XI RI=R2=CH3; Xll RIR2=(CH2)4; Xlll Ra=CHa, RIR2Z(CH2)4 

are  general ly obtained in higher  yields if monophenylhydrazones of ~-d icarbonyl  compounds are  used in 
the reaction instead of isoni troso ketones. 
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TABLE i. 

Corn- 
pound 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XlI 

XlII 

aFound :  

Pyrrole Derivatives 

Mp, ~ 

143--144 (143--144 iS) 
135--136 (134--1358) 
139--140 (139--140 l~) 
285--286a 
110--III (llO 3) 
I49--150 (149--150 ~) 
167--168 (163--1649) 
169--170 b 
185--186 c 
132--133 (132--13317 ) 
202--203 (201--2023 ) 
97--98 (97 's) 

203--204 d 

Yield,~ 

60 
67,4 
64,2 
85,5 
74 
57 
65 
51,5 
51 
52 
44 
60 
66,6 

C 7.03; H 6.5; N 10.9%. CIsHI6N202. Calculated: C 70.3; 
H 6.3; N 10.9%. 
bFound:  C 67.6;  H 7.4; N 5.8%. CI4HI~eNO~. C a l c u l a t e d :  C 67.4; 
H 7.7; N 5.6%. 
CFound: C 71.4; H 7.7; N 6.4%. C13H17NO2. C a l c u l a t e d :  C 71.2; 
H 7.8; N 6.4%. 
dFound:  C 77.8; H 8.6; N 0.5%. C14HI~NO. C a l c u l a t e d :  C 77.4; 
H 8.8; N 6.5%. 

T e t r a h y d r o i n d o l e  (X, XI) and o c t a h y d r o c a r b a z o l e  (XII, XIII) d e r i v a t i v e s  w e r e  ob t a ined  f rom c y c l o h e x -  
a n e - l , 2 - d i o n e  m o n o p h e n y l h y d r a z o n e .  It shou ld  be no ted  tha t  we i n t r o d u c e d  c o n s i d e r a b l e  s i m p l i f i c a t i o n s  
and r e f i n e m e n t s  into the  s y n t h e s i s  of  c y c l o h e x a n e - l , 2 - d i o n e  m o n o p h e n y l h y d r a z o n e .  The  sod ium s a l t  of f o r -  
m y l c y c l o h e x a n o n e ,  ob t a ined  in the  r e a c t i o n  of c y c l o h e x a n o n e  wi th  e thy l  f o r m a t e  in a l c o h o l i c  sod ium e thox ide ,  
was  coup led  wi th  b e n z e n e d i a z o n i u m  c h l o r i d e  and the  p r o d u c t  was u s e d  wi thout  i s o l a t i o n .  

The  s y n t h e t i c  m e t h o d  tha t  we d e v e l o p e d  is  e s p e c i a l l y  i n t e r e s t i n g  in connec t ion  with  the  fact  tha t  s e v -  
e r a l  of  the  t e t r a h y d r o i n d o l e  and o c t a h y d r o c a r b a z o l e  d e r i v a t i v e s  a r e  s t a r t i n g  compounds  fo r  the  p r e p a r a t i o n  
of  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  [9, 12, 13]. 

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

C y e l o h e x a n e - l , 2 - d i o n e  M o n o p h e n y l h y d r a z o n e .  An a l c o h o l  so lu t i on  of s o d i u m  m e t h o x i d e ,  p r e p a r e d  
f r o m  4.6 g (0.2 g - a t o m )  of s o d i u m  and 45 m l  of m e t h a n o l ,  was  a d d e d  with  s t i r r i n g  to a coo l ed  (5 ~ m i x t u r e  
of 19.6 g (0.2 mole )  of  e y c l o h e x a n o n e  and 22.2 g (0.3 mole)  of e thy l  f o r m a t e .  The  p r e c i p i t a t e d  sod ium d e -  
r i v a t i v e  of  f o r m y l c y c l o h e x a n o n e  was  a l l owed  to s t a n d  fo r  5-6 h at  room t e m p e r a t u r e  and was  then  d i s s o l v e d  
in 100 m l  of  co ld  w a t e r .  The  c o o l e d  (to 0-5  ~ so lu t ion  was  added  to an aqueous  so lu t ion  of b e n z e n e d i a z o n i u m  
c h l o r i d e ,  p r e p a r e d  in the  u s u a l  m a n n e r  f r o m  9.3 g (0.1 mole )  of an i l i ne ,  30 m l  of c o n c e n t r a t e d  HC1, and 
6.9 g (0.1 mo le )  of s o d i u m  n i t r i t e  and b rough t  up to pH 5-6 by  the  add i t i on  of  sod ium a c e t a t e .  The  p r e c i p i -  
t a t e d  c r y s t a l s  w e r e  r e m o v e d  by f i l t r a t i o n ,  w a s h e d  with co ld  w a t e r ,  and d r i e d  to g ive  18.0 g (90%) of  c y c l o -  
h e x a n e -  1 , 2 - d i o n e  m o n o p h e n y l h y d r a z o n e  with  m p  184-185 ~ 

G e n e r a l  Method  fo r  the  P r e p a r a t i o n  of Subs t i t u t ed  P y r r o l e s .  Zinc  dus t  (30 g) was  a d d e d  in p o r t i o n s  
to  a h e a t e d  (to 60 ~ m i x t u r e  of 0.1 m o l e  of  the  m o n o p h e n y l h y d r a z o n e  of a d i c a r b o n y l  o r  t r i c a r b o n y l  c o m -  
pound, 0.1 m o l e  of c y e l o h e x a n o n e  o r  a d i c a r b o n y l  compound ,*  10 g of  a n h y d r o u s  s o d i u m  a c e t a t e ,  and 100 
m l  of a c e t i c  ac id .  The  r e a c t i o n  m i x t u r e  was  r e f l u x e d  with  s t i r r i n g  fo r  1 h and d e c a n t e d  f rom the  s e d i m e n t  
into 500 m l  of  co ld  w a t e r .  The  s e d i m e n t  was  w a s h e d  wi th  hot  a c e t i c  a c i d  (four  1 5 - m l  p o r t i o n s ) ,  and  the  
a c e t i c  a c i d  s o l u t i o n s  w e r e  a l s o  d i l u t e d  with w a t e r .  The  r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n  and 
r e c r y s t a l l i z e d  f r o m  a l c o h o l .  Da ta  on the  p y r r o l e  d e r i v a t i v e s  o b t a i n e d  a r e  p r e s e n t e d  in T a b l e  1. 

* In the  c a s e  of  d i m e d o n e  and d i h y d r o r e s o r c i n o l ,  0.2 m o l e  of e ach  p e r  0.1 m o l e  of m o n o p h e n y l h y d r a z o n e  
was  u s e d .  The  p h e n y l i m i n o d i m e d o n e  o r  p h e n y l i m i n o d i h y d r o r e s o r c i n o l  that  a r e  f o r m e d  as  s i de  p r o d u c t s  
a r e  e a s i l y  s e p a r a t e d  f r o m  the  t e t r a h y d r o i n d o l e  d e r i v a t i v e  by  r e c r y s t a l l i z a t i o n .  
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