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The simultaneous action of lithium and alcohol on ~-alkyl- or ~-(w-carboxyalkyl)thio- 
phenes in liquid ammonia results in the elimination of sulfur and the formation of 
ketones, and, respectively, the corresponding ketoalkanoic acids in yields of 40-75%. 
Unsubstituted thiophene gives only an insignificant amount of a carbonyl compound. 

In recent years, the preparation of aliphatic and alicyclic compounds by the reductive desulfurization 
of thiophene derivatives has assumed great importance [1, 2]. Up until now, Raney nickel has remained 
practically the only agent for this process, although its use involves certain inconveniences and may not 
always prove to be economically justified. In searching for other routes for the conversion ~f thiophene 
compounds to compounds of the aliphatic series, we decided to study the action of alkali metals in liquid 
ammonia on the former. The reduction of thiophene with sodium and alcohol in liquid ammonia was first 
realized by Birch and McAllan [3]; the reduction product was a complex mixture of polymeric and low-mo- 
lecular-weight substances. Depending on the amount of metal, dihydrothiophenes or more profound reduc- 
tion products- butenethiols or butenes- predominated in the latter. The yield of 2,5-dihydrothiophene was 
twice that of 2,3-dihydrothiophene. The following were detected in the butenethiols: 15% CH 2 =CHCH2CH2SH, 
35-40% CH3CH=CHCH2SH , and only traces of CH3CH2CH=CHSH. Birch and MeAllan also studied the re- 
duction of 2-methyl-, 3-methyl-, and 2,5-dimethylthiophene in liquid ammonia [4]. In a number of the re- 
duction products of 2-methyl- and 2,5-dimethylthiophene, insignificant amounts (less than 1%) of carbonyl- 
containing compounds, which proved to be 2-pentanone and 2-hexanone, respectively, were also detected. 
Birch and McAllan depict the formation of the ketone from 2,5-dimethylthiophene by the following scheme: 
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I t  must be noted that the reduct ion of methylthiophenes was car r ied  out stepwise in [4]. In the f i r s t  stage, 
only two equivalents of sodium, i.e., an amount that is insufficient for complete desulfurization, was intro- 

duced. The thiol fraction isolated by distillation was then treated with three equivalents of sodium. The 

ketones mentioned above were obtained in both the first and second stages of the reduction. 

In a study of the action of sodium in liquid ammonia on w-(2-thienyl)caproic acid, we observed that 

a carbonyl-containing reaction product - 7-ketocapric acid - is obtained when i0 equivalents of metal are 

used. The reaction proceeded in the same direction also in the case of several other thienylalkanoic acids. 

In our first experiments, the proton donor (ethanol), in contrast to the Birch method, was introduced 2-2.5 

h after the addition of the sodium rather than at the start of the process. We later found that the yield of 

the keto acid can be raised if the acidified reaction mixture is heated on a water bath for 1.5-2 h (method 

A, Table i). The results of this part of the investigation are set forth in general outline in a preliminary 

communication [5]. 
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T A B L E  1. Keto Ca rboxy l i c  Acids  [n-C3HTCO(CH2)nCOOH] f r o m  

2 - (w -C a rboxya lky l ) th iophene  s 

rap, ~ ( f r o m  Semicarbazone, rap, ~ 
n Method Yield, % hexane) (from methanol) 

39 
61 
34 
42 
60 
73 
55 
65 

32,5__33,58, 7 

36,5--37,58 

40--419 

66,5--671~ 

186--188 

153--154 

156--158 

97--99 

T A B L E  2. Ketones  [R(CH2)3CO(CH2)nCH3] f r o m  Alk, r l th iophenes  

Yield, ~ Semicarbazone 
r n bp, ~ (ram) %=o rap, "C (from ' 

methanol) 

H 
CHa 
H 
H 
H 

59 
44 
56 
56 
74* 

43--44,5 (92) 
59 (70) 
59--59,5 (80) 
48--49 (23) 
117--118 (2O) 

1,3905 
1,40t0 
1,4015 
1,4061 
t,4270 

1 0 9 - - 1 1 0  I1 
1 t 8 - - 1 1 9 , 5  n 

1 0 9 , 5 - - 1 1 t  II 
I 3 3 - - 1 3 4  LI 
49--5212 

*The reduction was carried out in the presence of sodium. 

We subsequently established that the yields of the keto acids can be raised even somewhat more if 
lithium is used in place of sodium and the proton donor is introduced simultaneously with the starting com- 
pound (method B, Table 1). 

The results of research on the reduetive cleavage of thienylalkanoic acids compelled us to investi- 
gate the ac t ion  of a lka l i  m e t a l s  in l iquid  a m m o n i a  on oz-a lkyl th iophenes ,  a l though the r e s u l t s  in [4] w e r e  
not e n c o u r a g i n g  if one b e a r s  in mind  our  goal of ob ta in ing  a l ipha t ic  compounds .  We c a r r i e d  out e x p e r t -  
m e n t s  wi th  a lky l th iophenes  unde r  the s ame  condi t ions  as  in the p r e p a r a t i o n  of keto ac ids ,  except  that  the 
amoun t  of l i t h i u m  (and alcohol)  was 6 g - e q s  pe r  mole  of s t a r t i n g  compound r a t h e r  than 10. Under  these  
cond i t ions ,  2 - a lky l t h iophenes  and 2 ,5 -d ime thy l tk tophene  a r e  smooth ly  c onve r t e d  to the c o r r e s p o n d i n g  ke -  
tones  in s a t i s f a c t o r y  y i e ld s  (Table  2). 

It should be noted he re  that  l ower  a lky l th iophenes  a r e  con ta ined  in the p roduc t s  of the r e f i n e m e n t  of 
s e v e r a l  f o r m s  of fuel m i n e r a l s ,  for  example ,  sha le s  [13, 14]. Thus ,  f r o m  our r e s u l t s ,  one can  speak  of 
new p o s s i b i l i t i e s  for the use  of these  p roduc t s  of the r e f i n e m e n t  of fuel sha l e s .  

When l i t h ium is r e p l a c e d  by sod ium,  the y i e lds  of ke tches  d e c r e a s e  s u b s t a n t i a l l y .  However ,  the r e -  
v e r s e  was  o b s e r v e d  in the case  of 2 - n - h e p t y l t h i o p h e n e :  the y ie ld  of undecanone  in the r e duc t i on  wi th  l i t h -  
i u m  was only 38%. 

The s h a r p  d i f f e rence  in the r e s u l t s  of the hydrogena t ion  of me thy l th iophenes  that we obta ined  and the 
r e s u l t s  ob ta ined  by B i r ch  and McAl lan  is appa ren t l y  due to the d i f f e rence  in the e x p e r i m e n t a l  condi t ions .  
We a s s u m e  that  the e s s e n t i a l  m o m e n t  in the  p r o c e s s  is  the r e a c t i o n  of the i n t e r m e d i a t e  p roduc t s  of the r e -  
duet ion wi th  the ac id  agen t s .  As we e s t a b l i s h e d  in the case  of the r e d u c t i o n  of t h i eny la lkano ic  ac ids ,  t he r e  
is a d i r e c t  r e l a t i o n s h i p  be tween the a c i d - t r e a t m e n t  condi t ions  and the y i e ld s  of d e s u l f u r i z a t i o n  p roduc t s .  
In our  e x p e r i m e n t s ,  the r e d u c t i o n  p roduc t s  w e r e  sub j ec t ed  to the ac t ion  of m i n e r a l  ac id  while hea t ing  to 
90-100". The t r a n s f o r m a t i o n s  of the pos s ib l e  i n t e r m e d i a t e  r e duc t i on  p roduc t s  ( u n s a t u r a t e d  thiols)  should  
a p p a r e n t l y  be f ac i l i t a t ed  unde r  these  cond i t ions ,  as depic ted  in the s cheme  

C I t ,  C H - - - C t l . , - - C I I I - - R  ~ C I | ~ - - C I I  CH - ( I I - R  . . . .  (2113 CI I  - - C t l  : C - - R  

I St l  I I  S I I  I I I  SIt 

--.,. / 
C | t 3 - - C | 1 2 - - C t l 2 - - C - - R  ~ C I I j - - C t I : -  C t t 2 - - C - -  R 
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The III~ IV conversion corresponds to the Birch scheme (see above). Thiol II, which is the thio analog 
of a substituted allyl alcohol, can also apparently be converted to thioketone IV in the presence of acid 

(probably through the intermediate formation of Ill) as a result of a prototropic transformation similar to 
the known rearrangement of allyl alcohols to saturated ketones [15]. Finally, thiol I, if it is present in ap- 

1519 



p r e c i a b l e  amounts  in the mix tu re ,*  could be i s o m e r i z e d  to II as a r e s u l t  of the equ i l ib r ium migra t ion  of 
the double bond to the cen te r  of the chain, which is c h a r a c t e r i s t i c  for  1 -a lkenes  [15]. To this  it should be 
added that  heat ing with a m i n e r a l  acid  leads  to r ap id  and i r r e v e r s i b l e  hydro lys i s  of thioketone IV [16], and 
buildup of ketone V in the r eac t ion  mix ture  should thus be the ove ra l l  r e s u l t  of the indica ted  i s o m e r i c  t r a n s -  
f o rma t ions .  

Of c o u r s e ,  the p roposed  explanat ion cannot be cons ide red  to be exhaust ive;  o ther  f ac to r s ,  for  example ,  
the na ture  of the meta l ,  undoubtedly play a definite ro le .  

An a t t empt  to r e a l i z e  the desu l fur iza t ion  of thiophene in a d i rec t ion  s i m i l a r  to that  for a lkyl th iophenes  
was unsuccess fu l .  The ca rbony l -con ta in ing  desu l fu r i za t ion  p r o d u c t -  butyra ldehyde - was i so la ted  in ins ig -  
ni f icant  quant i t ies  as  the s e m i c a r b a z o n e .  

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

5 - K e t o c a p r y l i c  Acid.  A mix ture  of dry l iquid ammonia  (400 ml),  13.8 g (0.3 mole) of t echn ica l -g rade  
absolute  e thanol ,  and 5.1 g (0.03 mole) of w- (2- th ieny l )bu tyr ic  ac id  [17] in 50 ml of absolute  e ther  was p laced  
in a f l ask  through which dry  n i t rogen had been blown. The f lask  was cooled to - 65 ~ and 2.08 g (0 .3g-a tom)  
of fine l i th ium cl ippings  was  added to the v igorous ly  s t i r r e d  mix ture .  The reac t ion  mass  was then s t i r r e d  
for  2.5 h and ca re fu l ly  di luted with 100 ml of w a t e r .  The ammonia  was evapora ted  on a wa te r  bath, and 
the r e s idue  w a s  ac id i f ied  with dilute hydroch lor ic  ac id  and al lowed to s tand overnight .  The ac id i f ied  mix -  
tu re  was s t i r r e d  on a bo i l i ng -wa te r  bath for  2 h, during which the evolved hydrogen sulf ide was drawn off 
with a wa te r  a s p i r a t o r .  The mix ture  was then cooled and ex t r ac t ed  with e the r .  Dis t i l la t ion  of the r e s idue  
f r o m  the e the r  ex t r ac t  gave,  in addit ion to 5 -ke tocap ry l i c  acid  with bp 110 ~ (0.1 ram) and mp 32,5-33.5 ~ [6], 
a f r ac t ion  with bp 80 ~ (0.1 ram) and nD 20 1.4330, which p roved  to be ethyl 5 -ke tocap ry l a t e  [18]. Found: C 
64.5; II 9.8%; M 186 {mass s p e c t r o m e t r i c a l l y ) .  C10HisO3 . Calcula ted:  C 64.5; H 9.7%; M 186. A f t e r s a p o n -  
i f icat ion of the e s t e r  with 10% NaOH solution at 80 ~ for  1.5 h and i so la t ion  and pur i f ica t ion  of the acid by 
r e c r y s t a l l i z a t i o n  f rom hexane,  the overa l l  y i e ld  of 5 - k e t o c a p r y l i c  ac id  was 2.9 g (61%). The expe r imen t s  
with other  ac ids  were  c a r r i e d  out s i m i l a r l y ,  with the exception that  the crude reduct ion product ,  without 
d i s t i l l a t ion ,  was t r e a t e d  with a lka l i  as indica ted  above,  a f t e r  which the keto acid  was i so la ted  and pur i f i ed  
by r e c r y s t a l l i z a t i o n  f rom hexane.  

4-Undecanone.  A tota l  of 6.9 g (0.3 g-a tom)  of fine sodium cl ippings  was added slowly to a s t i r r e d  
solut ion of 13.8 g (0.3 mole) of t echn ica l -g rade  absolute  ethanol,  9.1 g (0.05 mole) of 2-n-hepty l th iophene  
[19, 20], and 70 ml of absolu te  e the r  in 500 ml of l iquid ammonia .  The mix ture  was s t i r r e d  at  - 3 3  ~ for  
2 h, a f t e r  which it was hea ted  slowly until the ammonia  had evapora t ed  comple te ly .  It was then cooledwi th  
ice and di luted with 150 ml of wa t e r ,  and the mix tu re  was ac id i f i ed  with dilute hydroch lo r ic  acid.  The fol -  
lowing day, the mix tu re  was  s t i r r e d  on a bo i l i ng -wa te r  bath for  1.5 h, during which the hydrogen sulf ide 
was drawn off by suct ion with a wa te r  a s p i r a t o r .  The mix ture  was then cooled and ex t r ac t ed  with e ther .  
The r e s idue  a f t e r  r emova l  of the solvent  by d i s t i l l a t ion  was f i l t e r ed  away f rom fine yel low c r y s t a l s  (0.05 g), 
which p roved  to be e l e m e n t a r y  sulfur .  The f i l t r a t e  was vacuum-d i s t i l l ed  to give 6.3 g (74%) of 4 -undecan-  
one with bp 127 ~ (35 ram) and nD 20 1o4270. The s e m i c a r b a z o n e  had mp 49-52 ~ [12] ( f rom methanol) .# The 
other  a lkyl th iophenes  we re  s i m i l a r l y  reduced,  except  that an equivalent  amount of l i th ium was used in  place  

of sodium,  and the r eac t i on  was c a r r i e d  out at  - 6 5  ~ 

Reduction of Thiophene.  An 8.4-g (0.1 mole) sample  of thiophene was r educed  by the act ion of 4.18 g 
(0.6 g-a tom)  of l i th ium and 27.6 g (0.6 mole) of ethanol in 500 ml of l iquid ammonia  under  the condit ions 
of the desu l fur iza t ion  of 2 -a lky l th iophenes .  The e the r  and low-boi l ing  subs tances  were  r e m ove d  f rom the 
e the r  e x t r a c t  of the reduct ion  product  by d i s t i l l a t ion  in a s t r e a m  of n i t rogen.  The d i s t i l l a t e ,  which, a c -  
cord ing  to g a s - l i q u i d  ch roma tog raphy  (at 80 ~ with a column f i l led  with polyethylene glycol  adipate  on C h r o m -  
osorb  W), conta ins  an ins igni f ican t  amount of bu tyra ldehyde ,  was s t i r r e d  at  30-35 ~ for  3 h with 10 ml of 
an aqueous solut ion of 1 g of s e m i c a r b a z i d e  hydroch lo r ide  and 1.5 g of sodium ace ta te .  The e the r  l a y e r  
was evapora t ed ,  and bu tyra ldehyde  s emica rba z one  with mp 100-103 ~ [21] (from hexane) was i so la ted  f rom 
the r e s i d u e .  The ma jo r  por t ion  of the product  of the reduct ion  of thiophene (6.2 g) was an orange oil with 
an unpleasant  odor ,  which we did not inves t iga te  fu r ther .  

*Birch and McAllan could not detect  this fo rm in the ac id  products  i so la ted  in the in t e rmed ia t e  s tage of 

the reduc t ion  of 2 -methyl th iophene .  
#The s e m i c a r b a z o n e  c r y s t a l l i z e d  poorly f rom both methanol  and other  so lvents .  
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