
F U N C T I O N A L  D E R I V A T I V E S  O F  T H I O P H E N E  

XV.* fl-THIENYLHYDRAZINE DERIVATIVES IN THE SYNTHESIS 

OF THIENO[3, 2-b] PYRROLES 

V.  I .  S h v e d o v ,  Y u .  I .  T r o f i m k i n ,  
V.  K.  V a s i l ' e v a ,  a n d  A .  N. G r i n e v  
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A new prepara t ive  method fo r  the synthesis of thieno[3,2-b]pyrrole der ivat ives  by con- 
densation of f l- thienylhydrazine derivat ives with diverse carbonyl  compounds under {he 
conditions of the F i scher  react ion is descr ibed.  

Thienopyrroles ,  as i sos te res  of indole derivat ives,  a re  of considerable  theoret ical  and prac t ica l  in- 
te res t .  However, the here tofore  known methods for  the synthesis of th ienopyrroles  a re  ex t remely labor ious  
and have a number  of l imitations [2, 3]. We propose  a new prepara t ive  method for  the synthesis  of thleno- 
[3,2-b]pyrroles  that is based on the react ion of acyl derivatives of substituted f l- thienylhydrazines [4] (Ia, 
b) with carbonyl compounds in the p resence  of acid catalysts ,  i.e., under the conditions of the F i sche r  r e -  
action. A number  of d iverse  thieno[3,2-b]pyrrole  derivat ives {iIa-o) were  obtained in this way. 

It 

+ R,COCH21~2 

I ~. b II a - o  

t a R=cHo; b R = C O C H  3 

It was shown that carbonyl compounds of various c lasses  -- ketones of the aliphatic ser ies ,  aliphatic 
a romat ic  and cyclic ketones, and carbonyl  compounds with other  functional groups,  for  example, levulinic 
acid and y-chloropropyl  methyl ketones - can be used for  the synthesis  of thieno[3,2-b]pyrroles .  

In most  cases  the react ion is ca r r i ed  out in a methanol o r  acetic acid solution of hydrochloric  acid 
and also by react ion of the carbonyl compounds with hydrazines Ia, b in the presence  of p-toluenesulfonic 
acid. In addition to Ia, b, 2 -methyl -3-carbe thoxy-4- th ienylhydraz ine  hydrochloride {III) was used in the 
synthesis of thieno[3, 2-b]pyrro les .  Heating an alcohol solution of hydrazine III with 1-methyl -4-piper idone 
gave 2 ,7-d imethyl -3-carbethoxy-5 ,6 ,7 ,8- te t rahydroth ieno[3 ,2-b]pyrro lo]3 ,2-c]pyr id ine  (IV) - the f i r s t  
representa t ive  of a new class  of heterocycl ic  compounds - which is the thiophene analog of te t rahydro-3,-  
carbol ines .  It was established that, in contras t  to the react ion of aeetoacetic es te r  withphenylhydrazine,  
which gives a pyrazolone derivative,  the react ion of IH with acetoacet ie  es te r  gives a thieno[3,2-b]pyrrole  
derivat ive (V). 

However, in an attempt to synthesize  a thieno[3,2-b]pyrrole  derivative f rom hydrazine Ia and acetyl-  
acetone we obtained only 1- (2-methyl -3-carbe thoxy-4- th lenyl ) -2 ,4-d imethylpyrazole  (VI). We were  also un- 

H H 
C~HsOOC~ /N~ C 2 H s O O C ~ C H ~  

CH~~N( "CI13 CH f 'xS . /  "COOC2H 5 

IV V 

*See [1] for  communicat ion XIV. 
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TABLE i .  T h i e n o [ 3 , 2 - b ] p y r r o l e s  

Com- 
pound 

lla 

l i b  

IIc 

lid 

He 

IIf 

llg 

llh 

lli  

IIj 

Ilk 

II~ 

Ilm 

Itn 

Iio 

RI  R m 

CH3" CH~ 

CH~ C~Hs 

C~I-h C~Hs 

CH~ CH~CH~CI 

CHsCsHs COOCH~ 

C~Hs C6Hs 

C+Hs CH~ 

CH~ CHzCOOH 

CH~ C~Hs 

CHs CH~CH~OH 

--(CH2)~-- 

-- (CHJ 4-- 

- --(CHJ~-- 

-- (CHJ ~CH (CH~) CH~ 

o-C~H~ (CIh) 

mp, ~ 

170--171 

130--131 

109--110 

114,5--I  15,5 

94--95 

93--94 

84--85 

147--148 

115--116 

116--117 

170--171 

148--149 

128,5--129,5 

I54--I55 

111--112 

Reaction catalyst 
(solvent) 

HCI (CH3OH) 

HCI (CH~OH) 

HCI (CH3OH) 

HCI (CH3OH) 

HCI (CH3OH) 

HC[ (CH3OH) 

HCI (CH3COOH) 

HCI (CH3COOH) 

p- Toluenesulfonic acid 
(Cti~OH) 

p-Toluenesulfonic acid 
(Cn~OH) 

p - Toluenesulfonic acid 
(CH~OH) 

HCI (CH~OH) 

HCI (CHzOH) 

HCI (CH~OH) 

p- Toluenesulfonic acid 
(CH~OH) 

Empirical 
formula 

I C12Hj~NO=S 

CITH~TNO2S 

C22HtgNO~S 

CtsHLsNO2SCI 

CI~H~gNO4S 

CIsHIgNO~S 

C;7HITNO~S 

CmHIsNO4S 

CI3HIvN02S 

c13HIvNO3S , 

CI3HIsNO2S 

CI4H]TNO2S 

C~sHIgNO2S 

CtsHIgNO2S 

C]aHITNO2S 

Found, % 

C i' }I N 

I 

= 

60,4 I 6,3 5,8 

68,0 I 5,5 4,9 
I 

73,2 t 5,2 3.8 

55,1 I 5,7 5,1 

63,7 I 5,3 3,8 
69,0 I 6,0 4,7 

Calculated, % 

c H ; N 

6,4 5,9 

5,7 4,7 

4,9 

5,4 3,9 

6,1 4,5 

67,9 

55,5 

~ I 
58,2 

62,7 

63,91 
64,8 

65,0 1 

69,4 

5,7 

5.3 

6,8 

6,3 

5,8 

6,6 

6,7 

6,7 

5,3 

4,9 

5,4 

5,6 

5,3 

5,4 

5,3 

5,3 

52 

4,5 

5,7 

5,4 

6,8 

6,4 

6,1 

4,7 

5,1 

5,6 

5,2 

5.6 

6+5 5,3 

6,9 5,1 

6.9 5,1 

5,3 4,5 

13,5 ] 

10,7 

8,9 l 

11,2 

9,0 

10,2 

10,7 

ll,4 

12,8 

12+0 

12,9 I 

12,2 . 

11,6 l 
I1,6 

10,3 

* Compound IIc was  r e c r y s t a l l i z e d  f r o m  m e t h a n o l - a c e t o n e  (1 : 1), IIk was  r e c r y s t a l l i z e d  f r o m  m e t h a n o l -  
d ioxane  (1 : 1), and the  r e m a i n i n g  c o m p o u n d s  w e r e  r e c r y s t a l l i z e d  f r o m  m e t h a n o l .  

a b l e  to  s y n t h e s i z e  t h i e n o [ 3 , 2 - b ] p y r r o l e  d e r i v a t i v e s  b y  r e a c t i o n  of h y d r a z i n e s  Ia ,  b wi th  a c e tone  and 
a c e t o p h e n o n e .  As  a r e s u l t  of  t h i s  r e a c t i o n  we  ob t a ined  s u b s t i t u t e d  t h i e n y l h y d r a z o n e s  VIIa,  b, wh ich  
we w e r e  unable  to  c y c l i z e  to  t h i e n o [ 3 , 2 - b ] p y r r o l e s .  

CH 3 "' 

C H~ .S / "  N~CH 3 CH~f~S~ 

V! Vii a ,  b 

u R'=R~=C,%. b R'=CH 3, R:=C6H 5 

In o r d e r  to s y n t h e s i z e  d i t h i e n o p y r r o l e  d e r i v a t i v e  VIII,  we  s u b j e c t e d  Ia  to  r e a c t i o n  wi th  4 - h y d r o x y -  
2 - m e t h y l - 3 - c a r b e t h o x y t h i o p h e n e .  Howeve r ,  i n s t e a d  of VIH, we ob ta ined  4 - a m i n o - 2 - m e t h y l - 3 - c a r b e t h o x y -  
5 - ( 4 - a m i n o - 2 - m e t h y l - 3 - c a r b e t h o x y - 5 - t h i e n y l ) t h i o p h e n e  {IX), wh ich  we  p r e v i o u s l y  ob t a ined  in  [4] a s  a s i d e  
p r o d u c t  in  t he  s y n t h e s i s  o f / 3 - t h i e n y l h y d r a z i n e  d e r i v a t i v e s .  

I.I o%_ cooc..+  .ooo,. _Cy__roooc... 

I~ Vl|l 

The p r e s e n c e  of  i n t e r m o l e c u l a r  h y d r o g e n  bonds  be tween  the  a m i n o  and c a r b e t h o x y  g r o u p s  in  I X p r o b -  
a b l y  h i n d e r s  c y c l i z a t i o n  of  IX to d i t h i e n o p y r r o l e  VIII .  

The  IR s p e c t r a  of I I a - o ,  IV, and V con t a in  the  a b s o r p t i o n  band of an  NH group  a t  3310-3380 c m  -1. 
The  m a g n i t u d e  of  the  a b s o r p t i o n  band i s  s o m e w h a t  d e p r e s s e d ,  and t h i s  can  be  e x p l a i n e d  by  the  p r e s e n c e  
of an i n t e r m o l e c u l a r  h y d r o g e n  bond.  A s  c o m p a r e d  wi th  the  s p e c t r a  of  c o n c e n t r a t e d  s o l u t i o n s  of t h i e n o -  
[ 3 , 2 - b ] p y r r o l e s ,  one o b s e r v e s  a s h a r p  sh i f t  in  the  a b s o r p t i o n  band  of t he  NH g r o u p  to  h i g h e r  f r e q u e n c i e s  

-d 
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(from 3340 and 3370 to 3470 and 3480 cm "l) in the IR spec t ra  of dilute solutions of these compounds, and 
this is in agreement  with the l i t e ra tu re  data [5]. The absorption at 3100 cm -1 associated with the vibrations 
of the a romat ic  CH bond of the thiophene ring vanishes in the spec t ra  of IIa-o,  IV, and V. The UV spec t ra  
of th ieno[3,2-b]pyrroles  contain two absorption maxima at 232 and 292-294 nm. The absorption bands at 
3280 and 3340 cm -1 that cha rac te r i ze  the vibrations of the NH groups vanish in the IR spec t rum of thienyl-  
pyrazole  VI, and absorpt ion at 975 cm -1 due to vibrations of the pyrazole  ring appears .  

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

The IR spec t ra  of minera l  oil suspensions of the compounds were recorded with a UR-10 spec t rom-  
eter .  The UV spec t ra  of alcohol solutions of the compounds were recorded with a Hitachi EPS spec t ro-  
photometer .  

General Method for  the Prepara t ion  of Thieno[3,2-b]pyrrole  Derivat ives.  A solution of 0.005 mole 
of In, b, 0.005 mole of the carbonyl compound, and 0.005 mole of the catalyst  in 50 ml of solvent (methanol) 
was refluxed (for the synthesis  of I Ia- f  and IIi-o) o r  heated at 100 ~ in acetic acid solution (for the synthesis 
of IIg, h),* af ter  which the react ion solution was cooled, and the result ing precipi ta te  was removed by f i l t ra-  
tion, Data on I Ia -o  and the react ion catalysts  are  presented in Table 1. 

2 ,7-Dimethyl -3-earbe thoxy-5 ,6 ,7 ,8- te t rahydroth ieno[3 ,2-b]pyrro lo[3 ,2-c]pyr id ine  (IV). A solution of 
1.2 g (0.005 mole) of III and 0.6 ml of (0.005 mole) of 1-methyl -4-piper idone in 50 ml of ethanol saturated 
with hydrogen chloride was refluxed for  4 h, af ter  which it was cooled, and the result ing precipi tate  was 
removed  by f i l t rat ion and dissolved in water .  Compound IV was isolated f rom the solution by the addition 
of ammonium hydroxide to give 1 g (76~0) of a product with mp 131.5-132.5 ~ (from methanol). Found: C 
60.2; H 6.5; N 10.2; S 11.570. C14HlsN202S. Calculated: C 60.4; H 6.5; N 10.1; S 11.57O. 

2 ,5-Dimethyl-3 ,6-dicarbethoxythieno[3,2-b]pyrrole  (V), A solution of 1 g (0.004 mole) of III and 0.6 
ml (0.004 mole) of acetoacet ic  e s t e r  in 30 ml of glacial acetic acid was refluxed for  3 h, af ter  which it was 
cooled and diluted with water .  The result ing precipi tate  was removed by fi l trat ion to give 0.7 g (55%) of 
th ienopyrrole  V with mp 120-121 ~ (from hexane). Found: C 57.0; H 5.5; N 4.77O. C14HI7NO4S. Calculated: 
C 57.0; H 5.6; N 4.7%. 

1-(2~Methyl-3-carbethoxy-4- th ienyl ) -2 ,4-dimethylpyrazole  (VI). A solution of 1.1 g (0.005 mole) of 
In, 0.52 ml (0,005 mole) of acetylacetone,  and 0.4 ml (0.005 mole) of concentrated HC1 in 15 ml of methanol 
was refluxed for  3 h, af ter  which it was cooled and diluted with water .  The result ing precipi ta te  was r e -  
moved by fi l trat ion to give 0.8 g (63%) of pyrazole  VI with mp 72-73 ~ (from hexane). Found: C 58.9; H 6.1; 
N 10.4; S 12.17O. C13H16N202S. Calculated: C 59.1; H 6.1; N 10.6; S 12.1%. 

Acetone 2-Methyl -3-carbe thoxy-4- th ienylhydrazone  (VIIa). A solution of 1.1 g (0.005 mole) of Ia, 
0.36 ml (0.005 mole) of acetone, and 0.4 ml (0.005 mole) of concentrated HC1 in 15 ml of methanol was 
refluxed for  3 h, a f ter  which it was cooled, and the result ing precipi ta te  was removed by fi l trat ion to give 
0.5 g (45?o)ofhydrazoneVIIa with mp 84.5-85.5 ~ (from methanol). Found: C 55.0; H 6.6; N 11.5; S 13.37O. 
CllHt6N202S. Calculated: C 55.0; H 6.6; N 11.7; S 13.37o. 

Acetophenone 2-Methyl -3-carbe thoxy-4- th ienylhydrazone  (VIIb), As in the preceding case,  a solution 
of 1.1 g (0.005 mole) of Ia, 0.6 ml (0.005 mole) of acetophenone, and 0.9 g (0.005 mole) of p-toluenesulfonic 
acid in 15 ml of methanol gave 0,7 g (51%) of hydrazone VIIb with mp 117-118 ~ (from methanol). Found: 
N 9.4; S 10.670. CI~H18N202So Calculated: N 9.3; S 10.67O. 

4-Amin•-2-methy•-3-carbethoxy-5-(4-amino-2-methy•-3•-•arbeth•xy-5-thieny•)thi•phene (IX!: A 
solution of 0.8 g (0,0035 mole) of Ia, 0.68 g (0.0035 mole) of 4-hydroxy-2-methyl -3-carbethoxythiophene ,  
and 0.65 g (0.0035 mole) of p-toluenesulfonic acid in 15 ml of methanol was refluxed for  4 h, a f ter  which 
it was cooled, and the result ing precipi ta te  of IX was removed by fi l t rat ion to give 0.5 g (41%) of a product 
with mp 144-145 ~ (from dioxane). No melt ing-point  depress ion was observed for  a mixture of this product 
with a sample  previously  obtained in [4]. 
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S Y N T H E S I S  O F  2 - ( A C Y L M E T H Y L ) B E N Z O - 1 , 3 - O X A T H I O L S  

F R O M  A C E T Y L E N I C  K E T O N E S  

V.  N. E l o k h i n a ,  A.  S. N a k h m a n 0 v i c h ,  
I .  D.  K a l i k h m a n ,  N. P .  S o k o l ' n i k o v a ,  
a n d  M. G. V o r o n k o v  

UDC 547.77.07 

2-(Acylmethyl)benzo- l ,3-oxathiols  were  synthesized by react ion of acetylenic ketones 
�9 wi tho-mercap tophenol  in alcohol in the presence  of a catalyst  - t r i e t h y l a m i n e .  

It has been shown [1-3] that the formation of cyclic products  as a result  of "double addition" to the 
acetylenic bond is possible in the addition of some bifunctional compounds to acetylenes.  

In developing our ea r l i e r  r e sea rch  [4-6.] we have studied the react ion of acetylenic ketones of var i -  
ous s t ruc tures  with o-mercaptophenol ,  which proceeds  readily in alcohol in the p resence  of a cata lyst  - 
t r i e t h y l a m i n e - t o  give the hard- to-obta in  2- (acylmethyl)benzo-l ,3-oxathiols  (III-XII, Table 1) in high 
yields (70-98%). 

The react ion of o-mercaptophenol  with acetylenic alcohols probably proceeds  through an intermediate  
�9 step involving t he  formation of ketovinyl sulfides (addition of the thiol to the aeetylenic bond) and cycl iza-  

tion of the la t te r  to the corresponding benzo-1,3-oxathiols .  

+ R--CO--C.~CR' R--CO-- = . ~ , x ~ K  
OH (C2Hs)3N H2COR 

! II I l I -X[ !  

Ill R=C4H3S, R'=C6Hg IV R=R'=C6Hs; V R~C4HsS, R'=H; VI R=CHs, R'=C6Hs:" 
VII R=C4H3S, R'=C4Hg; VIII R=5-C2Hs--C4H2S, R'=C4HsS; IX R=C4HsS, R'= 
=p-CGH4OCHs; X R=C4H3S, R'=p-CeH4CHs; XI R=C6Hs, R'=C4Hg; XII R=C4H3Se. 

R'=C6H5 
The s t ruc ture  of the compounds obtained was established by IR and PIVIR spect roscopy.  

The IR absorption band of the C = O  group lies at 1652-1681 cm -I  for  III-V and VII-Xll and at 1705 
cm - i  for  VI. The absorption band at 1070-1100 cm -I  corresponds  to the s tretching vibrations of the C - O  
bond, whereas  an absorption band at 680-710 cm -i  is charac te r i s t i c  for  the stretching vibrations of the 
C--S bond of the oxathi01 ring. The absorption bands of the C = C bond and the OH group are  absent in the 
IR spec t ra  of III-XII.  

Signals of olefinic and hydroxyl protons a re  absent i n the  PMR spect ra  of III-XII.  The geminal p r o -  
tons of the methylene group in the ~ posit ion relat ive to the C = O group give a quartet  at 5 4.15 ppm; J = 
18,6 Hz for  IV and 6=4.01 ppm; J=16 .8  Hz for III and V-XII. The multiplet at weak field, 6.64+7.85 ppm, 
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