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Tile crotonic condensation of 2, 5-diformykhiophene with various aro- 
matic and heterocyclie methyl ketones has given 15 a ,  ~-uasaturated 
diketones. By the reaction of the iatter with phenylhydrazine, ten 2, 
5-di( l ' -phenyt-3 ' -R-A 2 -py~azolin-5'-yl)thiophenes possessing a bright 
blue-violet or green luminescence have been synthesized. 

Continuing our work on the synthesis and study of 
various proper t ies  of a, fl-unsaturated ketones and 
their  derivatives,  we decided to obtain a number of 
heterocycl tc  analogs of the so-cal led p-dichalcone [1] 

__~co-c , ,  = c . - ~ -  c . = c . - c o - - ~ .  

in which the central  aromat ic  nucleus was to be re-  
placed by thiophene and the terminal  nuclei were to be 
various substituted aromat ic  or  heterocyclic  radicals .  
For  this purpose we have car r ied  out the crotonie con- 
densation of 2, 5-diformylthiophene with the appropr i -  
ate aromat ic  and heterocyclic  methyl ketones. 

R--CO--CH~ + O=CH CH~O + H~C--CO--R 

--~ R--CO--CH=CH~-~CH=~CH--CO--I~- 2H20, 

R = phenyl (I), 4-tolyl (II), 4 -metho-  
xyphenyl (Ili), 2, 4-dimethoxyphenyl 
(IV), 4-hydroxyphenyl (V), 4-d ime-  
thylaminophenyl (VI), 4-chlorophe-  
nyl (VII), 4-bromophenyl (VIII), 4- 
nitrophenyl (IX), 2-furyl  (X), 2-thi-  
enyl (XI), 2-selenienyl (XII), 2 -pyr -  
ryl (XIII), 2-pyridyl (XIV), or  3-py-  
ridyl (XV). 

When we had al ready begun this work, we became 
aware that Vaysse and Pas tour  [2] had performed the 
condensation of 2, 5-diformylthiophene with acetophe- 
none and 2-acetothienone and had isolated the co r r e -  
sponding analogs of the p-dichalcones I and XI. 

In almost  all cases,  the crotonic condensation took 
place fair ly smoothly with sat isfactory yields under 
the influence of small amounts of a 20-40% solution 
of caustic soda with brief  boiling in methanol. It is 
interest ing that analogous condensations with the par -  
ticipation of 2-thiophenealdehyde take place under 
mi lder  conditions, at room temperature  using a 5 -  
10% solution of caustic potash as catalyst  [3]. It is 
known that s trong electron-donating substituents in the 
ketone reactant  interfere with the crotonization reac-  
tion [4]. In actual fact, in the reaction of 4-dimethyla-  
mino- and 4-hydroxyacetophenone and also of 2 : ace ty l -  

pyrro le  (it has recent ly  been shown that 2 -pyr ry t  pos~- 
sesses  strong electron-donating propert ies  [5, 6]) 
with 2, 5-diformylthiophene, sat isfactory yields of the 
corresponding diketones V, VI, and XIII could be ob- 
tained only af ter  the reaction mixture had been allowed 
to stand at room temperature  for a long time (up to 
36 hr) with the use of a 40-60% solution of caustic soda 
as condensing agent. The diketone V can, however, 
also be obtained in 60% yield in an acid medium, as 
has been shown previously [7]. The condensation of 
3-acetylpyridine with 2, 5-diformylthiophene takes 
place most  readily in an aqueous pyridine medium in 
the presence of diethylamine [8]. 

All the a, fl-unsaturated diketone derivatives of thi- 
ophene that we synthesized consisted of fairly high- 
melting colored crystall ine substances (see Table 1) 
readily soluble in benzene, less readily in ethanol, 
and insoluble in water.  The majori ty  of them posses -  
sed well-defined haloehromic propert ies  and in con- 
centrated sulfuric acid solutions their color  deepened 
to red or  red-violet .  

We attempted to charac ter ize  the unsaturated dike- 
tones that we had produced by means of the cor respond-  
ing 2,4-dini trophenylhydrazones.  However, in spite 
of all our attempts to obtain the dinitrophenylhydra- 
zones by using various severe conditions [9], in each 
case we were able to isolate only sparingly soluble 
and high-melt ing products with nitrogen contents some-  
what (1-2%) lower than those calculated for the dihy- 
drazones,  and we were unable to purify these. 

The G, fl-unsaturated diketones of the thiophene 
ser ies  reacted considerably more  readily with phenyl- 
hydrazine. The reaction did not stop at the stage of 
the formation of the phenylhydrazones but cyclization 
took place and 2, 5-di(1 ' -phenyl -3 ' -R-A2-pyrazol in-5 ' -  
yl)thiophenes were isolated. 

R--CO--CH = C H - ~ C H = C H - - C O - - ~  C~H5--N H--NH'~ ~ 

R--C-- CH ~ C H - ~ - ~ C H  = C H--C-- R - - ~  

~_nn_gns "s" g.5_nn_[~ 
R--C---.-CH 2 ~ H2C--C--R 

N 
I I 
C~H5 C~H s 

R = phenyl (XVI), 4-tolyl (XVII), 4 - m e -  
thoxyphenyl (XVIII), 4-hydroxyphenyl 
(XIX), 4-dimethylaminophenyl (XX), 4- 
chlorophenyl (XXI), 4-bromophenyl 
(XXII), 2-furyl  (XXIII), 2-thienyl (XXIV), 
and 2-selenienyl (XXV). 
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7!16 KHIMIYA GETEROTSIKLICIIESKIKH SOEDINENII 

T h e  f o r m a t i o n  of  d e r i v a t i v e s  of  2 - p y r a z o l i n e  took 
p l a c e  when  the  in i t i a l  u n s a t u r a t e d  d i k e t o n e s  w e r e  

b o i l e d  wi th  p h e n y l h y d r a z i n e  h y d r o c h l o r i d e  in a m i x -  

t u r e  of  e t h a n o l  and  a c e t i c  a c i d .  The  r e a c t i o n  a p p a r -  

e n t l y  t a k e s  p l a c e  m o r e  r e a d i l y  than  w a s  found  by  two 

of  u s  in t h e  s y n t h e s i s  o f  the  a n a l o g o u s  f u r a n  [ i0 ]  and  

t h i o p h e n e  [11] d e r i v a t i v e s  of 1, 3, 5 - t r i p h e n y l p y r a z o -  
l i ne .  

T h e  s t r u c t u r e  of  the  p y r a z o l i n e s  tha t  we  o b t a i n e d  

w a s  c o n f i r m e d  by a s t u d y  of t h e i r  IR s p e c t r a ,  w h i c h  

l a c k e d  the  a b s o r p t i o n  b a n d  c h a r a c t e r i s t i c  f o r  N---H 

s t r e t c h i n g  v i b r a t i o n s  in the  3 2 0 0 - 3 5 0 0  e m - 1  r e g i o n .  

All  the  d i p y r a z o l i n y l t h i o p h e n e s  tha t  we  s y n t h e s i z e d  

(Tab le  2) c o n s i s t e d  of  c o l o r l e s s  o r  s l i g h t l y  y e l l o w i s h  

c r y s t a l l i n e  s u b s t a n c e s  l u m i n e s c i n g  b r i g h t l y  in s o l u -  

t i on  in b e n z e n e  o r  t o l u e n e .  T h e  K n o r r  r e a c t i o n  i s  

no t  c h a r a c t e r i s t i c  f o r  the  m a j o r i t y  of t h e m  ( s e e  T a b l e  

2). The  o p t i c a l  p r o p e r t i e s  of  t he  p y r a z o l i n e  d e r i v a -  

t i v e s  wi l l  be  s t u d i e d  in d e t a i l  s u b s e q u e n t l y .  

EXPERIMENTAL 

2, 5-Diformykhiophene was obtained by Tuo Sone's method [12]. 
Crotonie condensation, a) Sroichometric amounts of 2, 5-diformyl- 

thiophene (0.01 mole) and a methyl ketone (0.02 mole) were dissolved 
in a small amount of methanol (20-40 ml), 20% caustic soda solution 
(1-3.5 mi) was added in drops, and the mixture was heated under re- 
flux for 10-15 rain, After 10-15 hr, the precipitate that had deposited 
was filtered off, washed with aqueous ethanol, and recrystallized from 
a suitable solvent (acetic acid for I-IV, VI, VIII, X, XIII, aqueous 
methanol for V, XV, and ehlorobenzene for XIV) to constant melting 
point, 

b) TMs was analogous to method (a) except that the 20% caustic 
soda solution was replaced by a 40-60% solution, and the reaction 
product was filtered off afte~ .30-86 hr. 

c) Equimolar amounts of 2, 5-diformylthiophene and 4-hydroxyace- 
tophenone were dissolved in the minimum amount of methanol, and 
the solution was saturated with gaseous hydrogen chloride at 0 ~ C. 

On the following day the crystalline precipitate that had deposited 
was filtered off, washed with aqueous ethanol, and recrystallized from 
methanol with the addition of activated carbon. 

d) With stirring, 1 ml of diethylamine was added to a solution of 
0.01 mole of 2, 5-diformylthlophene and 0.02 mole of 3-acetylpyridine 
in 3 m! of pyridine and 200 ml of water, and the mixture was left 
overnight. The precipitate that had deposited was filtered off and re- 
crystallized. 

Preparation of tho pyrazoline derivatives, A mixture of 0.01 mole 
of one of the ketones and 0.03 mole of phenylhydrazine hydrochkJridc 
was dissolved in the minimum amount of ethanol and acetic acid (1: ]). 
The solution was heated under reflux for 1/2-3 hr. On the following 
day the crystals that had deposited were filtered off, washed with eth- 
anol, and recrystallized from acetic acid. 
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