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A number of unsaturated ketones containing a thiophene ring were obtained by the crotonic 
condensation of 2-thienyl-substituted carbonyl compounds with acetylenic ketones and alde- 
hydes. 

We have previously reported the synthesis of some thienyl ethynyl ketones by the oxidation of the cor -  
responding secondary alcohols [1,2]. Continuing our investigations of the chemistry and biological activity 
of unsaturated ketones of the thiophene ser ies ,  we have synthesized previously unreported thienylenyl 
ethynyl and thienyldi (tri)enyl ethynyl ketones of the thiophene ser ies .  

To obtain thienylenyl ethynyl ketones I-V we used the crotonic condensation of 2-formylthiophene 
with methyl ethynyl ketones. The corresponding thienyldi- and thienyltrienyl ethynyl ketones (VI and VII) 
(see Table 1) were obtained by the condensation of 2-thienylacrolein and 2-thienylpentadienal with 1-phenyl- 
1-butyn-3-one. 

I I 

I R=H,  R'=CH 3. n = 0 ;  II R=H,  R ' = C 4 H g , . n = 0 ;  Ill R = H ,  R'=C6H 5, n = 0 ;  

IV  R ~ Br, R ' =  Call 5, n - - 0  ; V R = N O  2, r ' =  C6H 5, n =  0 ; V I  R = H ,  R ' =  C6H 5, n = l ;  

V I I  R = H .  R'=C,~H 5. n = 2  

1- (2-ThienyI)-l-nonen-4-yn-3-one (II) was also obtained by alternative synthesis from an enyne alco- 
hol prepared from 2-thienylacrolein and butylethynylmagnesinm bromide and was oxidized, without isola- 
tion, with manganese dioxide at room temperature.  The structure of this ketone was also confirmed by its 
hydrogenation over a Pd/BaCO 3 (5% Pd) catalyst to 1-(2-thienyl)nonan-3-one [bp 145-146 ~ (1.5 ram), n~ 
1.5064, d 2~ 1.0410]. 

Ethynylenyl ketones VIII-XIII, in which the carbonyl group is adjacent to the thiophene ring, were ob- 
tained by the condensation of 2-acetylthiophene with ethynyl and ethynylvinyl aldehydes. 

,'~'.coc.~ R,c~c(c.=c.)oc.o R.~co<c.=c.).§ 
V I I I  - X l l l  

V I I I  R=H,  R '=  C6H~, n ~ O ;  IX R ~ Br, R'=CsH s , n~O ; X R = R ' ~  H, n=O ; 
XI R=C2Hs,R '=C4H$,n= 0 ;XII R=H.R '=C6Hs ,  n =  I; Xll l  R= C~Hs,R'=C6FIs, n=I  

In contrast  to thienylenyl ethynyl ketones I-VII, thienyl ethynylvinyl ketones VIH-XIII are extremely 
unstable. In a number of cases ,  they were not isolated in pure form but characterized by means of their 
2,4-dinitrophenylhydraz ones. 

The condensation of thienylideneacetone [3] with phenylpropargyl aldehyde yielded 1-(2-thienyl)-7- 
pheny1-1,4-heptadien - 6-yn- 3-one (XIV). 
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The IR s p e c t r a  of ketones  I-XIV contain the c h a r -  
ac t e r i s t i c  f requencies  of the thiophene ring (756, 1024, 
1440, and 1535 cm-1) .  The absorpt ion band of the t r ip le  
bond is dis t inct ly  displayed at 2210-2225 cm -1 . The ab-  
sorpt ion band at 1620-1650 c m  -I  co r r e sponds  to the 
s t re tching v ibra t ions  of the carbonyl  group, while the 
absorpt ion at 1590-1618 cm -1 c o r r e s p o n d s  to the v i b r a -  
tions of the C ~ C  bond. 

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

1- ( 2 - T h i e n y l ) - l - h e x e n - 4 - y n - 3 - o n e  (I). A 1-ml 
sample  of 10~c aqueous NaOH was added to a cooled (to 
-40  ~ mix tu re  of 1.34 g (0.012 mole)  of 2 - fo rmy l th io -  
phene and 1 g (0.012 mole) of 2 -pen tyn-4 -one  in 30 ml  
of ethanol.  The mix tu re  was s t i r r e d  at -40  ~ for  3 h and 
neu t ra l i zed  with 10~c acet ic  acid.  The reac t ion  product  
was ex t rac ted  with e ther .  The ex t rac t  was dr ied with 
sodium sulfate ,  the e ther  was r emoved  by dist i l lat ion,  
and the res idue  was r e c r y s t a l l i z e d  f rom alcohol to give 
1.05 g (50%) of ketone I .  

Ketones H-VII  were  s i m i l a r l y  obtained. 

1-  ( 2 -Th i eny l ) -5 -pheny l -2 -pen t en -4 -yn - l -o n e  
(VIII). A 1-ml sample  of 10% aqueous NaOH was added 
dropwise  with s t i r r ing  and cooling (at 0 ~ to a mix tu re  
of 1.26 g (0.01 mole) of 2-acetyt th iophene and 1.3 g (0.01 
mole) of p h e n y l - I - p r o p y n - 3 - a l  in ethanol .  The reac t ion  
was moni to red  by means  of th in - l aye r  ch roma tog raphy  
on s i l ica  gel .  At the end of the reactio;~, the react ion  
mix tu re  was neu t ra I i zed  with 10~ acet ic  acid, and the 
reac t ion  product  was ex t rac ted  with e ther .  The ex t rac t  
was dr ied with magnes ium sulfate,  and the e the r  was 
evapora ted .  Ketone VIII was isola ted f rom the res idue  
by ch roma tog raphy  on s i l ica  gel with elution by 
pe t ro leum e t h e r -  diethyl e t h e r - b e n z e n e  (3 : 1 : 17; R f  
0.27. The oil that was isola ted c rys t a l l i zed  in the cold 
and was r e c r y s t a l l i z e d  f rom alcohol to give 1.31 g (55~c) 
of ketone VIII .  

Compound IX was s i m i l a r l y  obtained (see Table  1). 

1-!  2 - T h i e n y l ) - 2 - p e n t e n - 4 - y n - l - o n e  (X). This  c o m -  
pound was siI:nilarly obtained f rom 1.26 g (0,01 mole) of 
2-acetyl th iophene and 0.54 g (0.01 mole) of propynal .  
Chromatography  on s i l ica  gel yielded 0.51 g (32~) of X 
as an oil that darkened rapidly  in a i r ;  Rf  0.28. Ketone 
X fo rmed  a c rys ta l l ine ,  l ight-yel low s i lve r  acetyl ide 
with an ammoniaca l  solution of s i l ve r  n i t ra te .  The 2,4-  
dini t rophenylhydrazone mel ted  at 175-177 ~ Found: N 
16.0%. CI~HIoN4OtS. Calculated:  N 16.4%. 

1- (5-Ethyl-2- thienyl) -2-nonen-4-yn-1-_one (X-I). 
This compound was s i m i l a r l y  obtained f rom 1.54 g 
(0.01 mole) of 5 -e thy l -2-ace ty l th iophene  and 1.1 g (0.01 
mole) of 2 - h e p t y n - l - a l .  Chromatography  on s i l ica  gel 
yielded 1.1 g (43%) of ketone XI as an oil that darkened 
rap id ly  in a i r ;  R f  0.21. The 2 ,4-dini t rophenylhydrazone 
mel ted  at 184-185 ~ Found: N 13.3%. C21H22N404S. Ca l -  
cultaed:  N 13.1~.  
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1-(2-Thienyl)-7-phenyl-2,4-heptadien-6-yn-l-one (XII). This compound was similarly obtained from 
1.26 g (0.01 mole) of 2-acetylthiophene and 1,56 g (0.01 mole) of phenyl-2-penten-4-yn-l-al .  Chromatog- 
raphy on silica gel yielded 0.62 g (24%) of ketone XII as a viscous oil that darkened rapidly in air; R f  0.26. 
The 2,4-dinitrophenylhydrazone melted at 128-129 ~ Found: N 12.5%. C23HlsN404S. Calculated: N 12.6%. 

1-(5-Ethyl-2-thienyl)-7-phenyl-2,4-heptadien-6-yn-l-one (XI!I). This compound was similarly ob- 
tained from 1.54 g (0.01 mole) of 5-ethyl-2-acetylthiophene and 1.56 g (0.01 mole) of phenyl-2-penten-4-yn- 
1-al.  Chromatography on silica gel yielded 0.61 g (21%) of ketone XIII as an oil that darkened rapidly in air;  
R f  0.24. The 2,4-dinitrophenylhydrazone had mp 140-141 ~ Found: N 11.7%. C25H20N404S. Calculated: N 
II.9%. 

1-(2-Thienyl)-7-phenyl-l ,4-heptadien-6-yn-3-one (XIV). A 1-ml sample of 10% sodium hydroxide 
was added to a mixture of 1.52 g (0.01 mole) of thienylideneacetone and 1.3 g (0.01 mole) of phenyl-1- 
propyn-3-al in ethanol, and the mixture was s t i r red at +5 ~ for 3 h. It was then neutralized with 10~ acetic 
acid and extracted with ether.  The ether extract was dried with magnesium sulfate, the ether was evapo- 
rated, and the residue was recrystal l ized from ethanol to give 1.72 g (65%7 of a product with mp 142-143 ~ 
Found: C 77.3; H 4.6; S 12.1%. CITH12OS. Calculated: C 77.3; H 4.6; S 12.1%. 
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