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TRANSFORMATION OF THIOPHENE DERIVATIVES I N T O  COM- 
POUNDS OF OTHER SERIES 

L .  I .  B E L E N ' K I I  

A b s t r a c t  Thiophene d e r i v a t i v e s  undergo  some reduc -  
t i v e  t r a n s f o r m a t i o n s  g i v i n g  r ise  t o  numerous a l i -  
p h a t i c ,  c a r b o c y c l i c  as w e l l  a s  t o  o t h e r  h e t e r o c y c -  
l i c  sys t ems .  One t y p e  o f  t h e s e  t r a n s f o r m a t i o n s  i n -  
c l u d e s  as t h e  f i r s t  s t e p  t h e  a c t i o n  o f  a r e d u c i n g  
a g e n t  on t h i o p h e n e  compounds g i v i n q  d i h y d r o -  o r  t e t -  
r a h y d r o t h i o p h e n e  d e r i v a t i v e s ,  and s u b s e q u e n t  c lea-  
vage o f  t h e  l a t t e r  w i t h  a n o t h e r  a g e n t .  While  t h e  u s e  
o f  c a t a l y t i c  h y d r o g e n a t i o n  i n  t h e  t h i o p h e n e  series 
i s  e s s e n t i a l l y  l i m i t e d ,  t h e r e  are now o t h e r  me-thods - 
e l e c t r o c h e m i c a l  r e d u c t i o n  and i o n i c  h y d r o g e n a t i o n -  
l e a d i n g  t o  d i h y d r o -  and t e t r a h y d r o t h i o p h e n e s ,  r e s p e c -  
t i v e l y .  The o t h e r  approach  which i s  more w i d e l y  used  
i n c l u d e s  f o r m a l l y  o n e - s t e p  r e d u c t i v e  c l e a v a g e  o f  t h i o -  
phene r i n g s  w i t h  t h e  s c i s s i o n  of one  o r  b o t h  C-S 
bonds .  The most i m p o r t a n t  methods of t h i s  t y p e  a r e  
r e d u c t i v e  d e s u l f u r i z a t i o n  w i t h  Raney n i c k e l  and t h e  
r e d u c t i v e  c l e a v a g e  by t h e  a c t i o n  o f  a l k a l i  meta ls  i n  
l i q u i d  ammonia. I n  t h e s e  p r o c e s s e s  t h i o p h e n e  p l a y s  
t h e  r o l e  o f  a " b u i l d i n u  b l o c k "  t h e  aromatic n a t u r e  of 
which a l lows  c o m p a r a t i v e l y  s i m p l e  c o n s t r u c t i o n  o f  a 
c a r b o n  s k e l e t o n  b e a r i n g  n e c e s s a r y  s u b s t i t u e n t s ,  t h e  
l a t t e r  a re  r e t a i n e d  o r  m o d i f i e d  unde r  t h e  c o n d i t i o n s  
of r e d u c t i v e  c l e a v a o e ;  moreover  d u r i n y  t h e  c l e a v a a e  
new s u b s t i t u e n t s  may b e  o r i g i n a t e d  c r e a t i n g  excep-  
t i o n a l l y  r i c h  s y n t h e t i c  p o s s i b i l i t i e s .  

I N T  RODU C T I OPT 

Durinq loo y e a r s  from i t s  d i s c o v e r y  by V .  Meyer the che -  

m i s t r y  of  t h i o p h e n e  became o n e  o f  t h e  most deve loped  

p a r t s  o f  h e t e r o c y c l i c  c h e m i s t r y .  U n t i l  t h e  b e g i n n i n g  of 

t h e  50 ' s  t h i o p h e n e  c h e m i s t r y  w a s  deve loped  main ly  i n  

w e l l  known ana logy  t o  benzene .  However, i n  l a s t  y e a r s  t h e  

r e a c t i o n s  o f  t h i o p h e n e  hav in?  no  a n a l o s y  i n  benzene  che-  

m i s t r y  have  assumed more impor t ance .  J u s t  t h o s e  r e a c t i o n s  

a r e  of  greatest  i n t e r e s t  which show t h e  f e a t u r e  o f  t h i o -  
321 
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328 L. 1. BELEN'KII 

phene as  a h e t e r o a r o m a t i c  system w i t h  i t s  own d i s t i n c -  

t i v e  non-equiva lence  of t h e  bonds i n  t h e  r i n g ,  t h e  spe-  

c i f i c  geometry of  t h e  l a t t e r  e t c .  T o  such  p r o c e s s e s  va- 

r i o u s  c l e a v a g e  r e a c t i o n s  of  t h e  th iophene  r i n g  be long  

l e a d i n g  t o  compounds o f  o t h e r  ser ies .  

The a i m  of t h i s  su rvey  i s  t o  c o n s i d e r  t h e  most impor t an t  

r o u t e s  f o r  t h e  t r a n s f o r m a t i o n s  o f  t h i o p h e n e s  i n t o  c o m -  
pounds of v a r i o u s  t y p e s .  More comple t e ly ,  t h o s e  d a t a  

w i l l  be p r e s e n t e d  which have been o b t a i n e d  i n  t h e  I n s t i -  

t u t e  of  Organic  Chemistry of  t h e  USSR Academy of  Sc ien -  

ces,  p a r t i c u l a r l y  t h o s e  of  i t s  l a b o r a t o r y  of  h e t e r o c y c -  

l i c  compounds headed by P r o f .  Ya .L.Gol 'd farb ,  where many 

p i o n e e r  i n v e s t i g a t i o n s  w e r e  performed i n  t h e  f i e l d  under  

d i s c u s s i o n .  

Some r e d u c t i v e  p r o c e s s e s  are  m o s t  u s e f u l  f o r  t h e  t r a n s -  

f o r m a t i o n s  of  t h i o p h e n e s  i n t o  a l i p h a t i c  and c a r b o c y c l i c  

compounds as w e l l  as  i n t o  o t h e r  h e t e r o c y c l e s .  There a re  

t w o  approaches  t o  t h o s e  t r a n s f o r m a t i o n s .  One way i n c l u -  

d e s  a s  t h e  f i r s t  s t e p  t h e  r e d u c t i o n  o f  t h iophene  com- 
pounds t o  d ihydro -  o r  t e t r a h y d r o t h i o p h e n e s  which are 
i n t e r e s t i n g  as  such and can  s e r v e  a l s o  as  i n t e r m e d i a t e s  

i n  t h e  s y n t h e s i s  o f  v a r i o u s  compounds be long ing  t o  o t h e r  

se r ies .  F o r  example,  t h e r e  are s o m e  methods f o r  t h e  c lea-  

vage of t e t r a h y d r o t h i o p h e n e s  g i v i n g  b i f u n c t i o n a l  a l i p h a -  

t i c  compounds 
can  be o b t a i n e d  by p h o t o l y s i s  of  d ihydro th iophenes  l e a -  

d i n g  t o  t h e  loss  of  s u l f u r  o r  by t h e r m o l y s i s  o f  t h e  

r e s p e c t i v e  s u l f o n e s  p roceed ing  w i t h  e l i m i n a t i o n  o f  t h e  SO2 

molecule  (Scheme 1 ,  a-c) 1 5 .  The o t h e r  approach  which 

i s  more wide ly  used  i n c l u d e s  f o r m a l l y  an one - s t ep  c lea-  

vage of  t h e  th iophene  r i n g  r e s u l t i n g  i n  t h e  s c i s s i o n  

of  one o r  b o t h  C-S bonds.  The m o s t  impor t an t  "one-s tep"  

methods a re  r e d u c t i v e  d e s u l f u r i z a t i o n  w i t h  Raney n i k -  

1 2 ;  d i e n e  sys tems having  an  open c h a i n  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 329 

ke 1 6 r 7  and t h e  c l e a v a g e  w i t h  a l k a l i  m e t a l s  i n  l i q u i d  

ammonia 8-10. I t  s h o u l d  be mentioned t h a t  t h e s e  p r o c e s -  

ses are  r e a l l y  c e r t a i n  sequences  of  r e a c t i o n s i  for 
example,  a t  t h e  b e g i n n i n g  d i h y d r o t h i o p h e n e s  can be f o r -  

med which t h e n  undergo  r e d u c t i v e  c l e a v a g e  (Scheme 1 ,  

'qH1O 

4 C4H8 f %S 
Scheme 1 

HYDROGENATION OF THIOPHEME TO DIHYDRO-  AND TETRAHYDRO- 

THIOPHENE DERIVATIVES 

The p o s s i b i l i t i e s  of c a t a l y t i c  hydrogena t ion  of t h i o p h e -  

n e s  a r e  v e r y  r e s t r i c t e d  by t h e  p o i s o n i n g  a c t i o n  of t h i o -  

phenes on c a t a l y s t s  and a l so  by t h e  n o n - c o n t r o l l e d  r i n g  

d e s t r u c t i o n  under  hydrogena t ion  c o n d i t i o n s .  Only few ca- 

t a l y s t s  a r e  s u i t a b l e  € o r  hydrogena t ion  of t h e  t h i o p h e n e  

r i n g ,  b u t  t h e i r  u s e  i s  o f t e n  l i m i t e d  by t h e  h i g h  cos t ,  

d r a s t i c  c o n d i t i o n s ,  and low s e l e c t i v i t y  of t h e  process. 
T o  some e x t e n t ,  p a l l a d i u m  c a t a l y s t  i s  a n  e x c e p t i o n  becau-  
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330 L. I. BELEN'KII 

se it acts at moderate temperature and pressure 'I. But 
the poisoning action of thiophene compounds on this ca- 

talyst makes it necessary to use large amounts, almost 
equal to the quantity of the substances under hydroge- 
nation. Therefore, the process is warranted only in spe- 

cial cases, for example, in stereospecific synthesis of 
biotin via the corresponding thiophenic precursor . 
Tetrahydrothiophenes can be obtained in high yields using 
rhenium heptasulfide as catalyst 

ditions (250-500 C ,  100-300 atm) and the hi7h price of 
the catalyst limit its use. 

There are now quite convenient methods for the reduc- 
tion of the thiophene nucleus that do not use heteroge- 
neous catalysts: electrophilic ionic hydrosenation is 
one. It consists in consecutive reversible protonation 
and irreversible addition of hydride-ion and is carried 
out by means of trialkylsilane in proton acid medium 
(usually in trifluoroacetic acid). When applied to thio- 

phenes the mechanism may be represented by Scheme 2 

Various thiophenes bearing electron-releasing substitu- 
ents enter into this reaction. Acylthiophenes under the 
conditions of ionic hydroaenation give alkylthiophenes 
which are then reduced to tetrahydrothiophenes. By ionic 

hydrogenation, alkyltetrahydrothiophenes with various 
terminal functional groups are obtained, for example with 
carboxy and dialkylamino groups. Mono- and diphenyl- 
thiophenes 7 ,  2 , 2 '-bithiophene 8 ,  benzo/b/thiophene and 
its homologues also undergo ionic hydrogenation. 
tetradehydrobiotin is hydroaenated with difficulty and the 

yield of cis-biotin is only 10% 

strongly facilitated in the case of some methylsubstitu- 
ted tetradehydrobiotins . 

1 2  

4 ,  but drastic con- 
0 

l 5 , 1 6  

, but the process is 2 0  

21 
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TRANSFORMATION OF THIOPIIENE DERIVATIVES 331 

R R - -Q- JJ 
R - A l k ,  A r ,  R ' C O ,  (CH2),NR>, (CH2)nC029 

+ JJ:: + A1C13 Scheme 2 

Under ordinary conditions 
50 C) ionic hydroaenation of thiophenes proceeds very 
slowly (as a rule, it requires 20-60 h). The rate of the 
reaction is increased considerably by the presence of 
boron trifluoride etherate 22 , p-toluenesulfonic acid, 
lithium tosylate , or lithium perchlorate 2 3 .  With such 
additives ( I - 3 %  by weicrht) the hydroaenation of the thio- 
phene ring proceeds at room temperature and is usually 
complete in 0.5-2 h. A study of the hydrosenation of 
stable o-complexes 24 formed by protonation of alkyl- 
thiophenes led to the elaboration of the novel variant 
of thiophene ionic hydrogenation with the system tri- 

(triethylsilane in CF3C02H at 
0 
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332 L. I. BELEN’KII 

ethylsilane - HC1 - A1C13 
minium chloride can be used in ca-talytic amounts 
The use of the latter system not only accelerates the 
ionic hydrogenation as it takes place when the additi- 
ves mentioned above are used, but also allows the hydro- 
genation of some compounds that are stable under the 
usual conditions of the reaction (triethylsilane in tri- 
fluoroacetic acid), for example, 2,5-diphenylthiophene. 

(It should be noted that alu- 
25,26) 

Preparative electroreduction of thiophenes has now been 

developed considerably. It should be emphasized that 
direct reduction is practically unapplicable to thiophene 
and its homologues because of their high reduction po- 
tentials. The use of indirect reduction with the aid of 
electrochemically generated radical anions of other 
organic substances able to transfer an electron to a mo- 
lecule, the reduction of which is very difficult, however, 
creates favorable possibilities, as shown by Xairanovs- 
kii et al. 27. In particular , electrolysis of dimethyl- 
formamide solutions of thiophene in the presence of biphe- 
nyl as a “carrier“ and 10% water as a proton donor leads 
to the formation of dihydro- (53.8%) and tetrahydrothi- 
ophene (42.8%),the conversion being 55% . 
Direct electrochemical reduction has been carried out 
successfully with thiophenecarboxylic acids that have an 

electron-withdrawing substituent stable under condi- 
tions of the process, and this substituent lowers consi- 
derably the reduction potential of the thiophene rinq. 
It allows the easy transformation of 2-thiophenecarb0xy.- 
lic acid and its derivatives into the corresponding 215- 
dihydro derivatives, the yields being more than 90% 

The possibilities of the method were recently demonstra- 
ted in the synthesis of juvenoid methopren, the key step 
of which is the electrochemical reduction of a substituted 

28 

29 , 30 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 333 

2-thiophenecarboxylic acid, subsequent steps Seinq o x i -  
dation of the formed 2,5-dihydrothiophenecarboxylic acid 
and thermolysis of the sulfone obtained 31  (Scheme 3). 

C O2 Pr-i 

Scheme 3 2E, 4E/2Z, 4E 1: 1 

REDUCTIVE DESULFURIZATION OF THIOPHENES WITH RANEY NICKEL 

Reductive desulfurization under the action of Raney nik- 
kel was discovered in 1939 by Bougault, Cattelain and 
Chabrier 6 '  7 .  This reaction plays an exceptionally impor- 
tant role as a synthetic route makina it possible to ob- 
tain compounds of various classes from thiophene deriva- 
tives and also as a method of structure elucidation of 
the latter. The synthetic importance of the reaction is 
determined by some distrinctive features. Owing to the 
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334 L. I. BELEN’KII 

aromatic nature of the thiophene, various substituents 
can be introduced into its rinu and these substituents 
are retained or changed in the process of reductive de- 
sulfurization. sulfur elimination is followed as a rule 
by complete saturation of the four-carbon fragment of 
the thiophene ring. In the process of reductive desul- 
furization, elimination of sulfur from sulfur-containing 
substituents also takes place and, as a resuJ.t, complete 
loss of substituents such as alkylthio-groups may occur. 
As substituents that do not contain sulfur and are trans- 
formed under the conditions of reductive desulfurization, 
one should mention the carbonyl group, which is reduced 
to the hydroxy-group. Fluorine atoms are retained under 
the reaction conditions, but in the case of other halo- 
gen derivatives, hydrogenolysis of C-X bonds takes place. 
Transformations of other substituents are observed more 
rarely. By conversion of thiophenes in the process of 
reductive desulfurization, various substances with 
straight or branched chains may be obtained, in parti- 
cular, carbo- and heterocyclic compounds (if two atoms 
of the thiophene ring are linked by =i chain). Thiophene 
can be used for lenqthening aliphatic chains by four me- 
thylene units. 
The mechanism of reductive desulfurization 3 2  3 3  probab- 
ly includes the cleavage of C-S bonds with free radical 
formation (sulfur is bound in the form of nickel sulfide) 
and subsequent saturation of free valences and double 
bonds with hydrogen absorbed by Raney nickel. In some ca- 
ses, for example, when the reaction is carried out in the 
presence of specially degassed or “aqed” Raney nickel, 
the products of radical recombination are detected. How- 
ever, under ordinary conditions (at 2o-8o0C in ethanol or 
methanol, with 5-10 times more Raney nickel in weight 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 335 

than the thiophene compound and without any additional 
supply of hydrogen), desulfurization proceeds as a rule 
without difficulties and provides retention of the carbon 
skeleton. Complications may be associated with nonselec- 
tive transformations of substituents. 
Other skeletal metals are considerably less active than 
Raney nickel. A limited use in the syntheses of some ali- 
phatic derivatives from thiophenes finds Raney cobalt 
only. The skeletal reagent prepared from the aluminium - 
stainless steel alloy also appeared to be sufficiently 

effective (as compared with Raney nickel) 36; but one 
should bear in mind that desulfurization conditions in 
the latter case were unusual and quite drastic (250-300°C 
with hydrogen addition at initial pressure loo-110 atm.). 

34,35 

The number of published examples of reductive desulfuri- 
zation of thiophene compounds exceeds at present 400. The 
available material is considered below, grouped according 
to related compounds formed as a result of reductive de- 
sulfurization. To avoid repetition, the substances of 
different classes are given as one group, if for the syn- 
thesis of starting compounds similar methods are used 

and the reaction proceeds along the same lines. 

SYNTHESIS OF ALIPHATIC AND AROMATIC HYDROCARBONS, SOME F- 
AND S i -HYDROCARBONS 

The preparation of aliphatic and aromatic hydrocarbons 

from thiophene derivatives proceeds similarly. Only in 
the case of some polycyclic systems apar-tial hydroaena- 
tion of benzene rings occurs 37'38. Hydrocarbons can be 
obtained also by reductive desulfurization of chloro-, 
bromo- and iodo-substituted thiophenes; for example, 5- 
bromodibenzothiophene gives biphenyl 3 9 .  Raney nickel 
does not affect the C-F bond; thus, reductive desulfuri- 
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336 L. I. BELEN'KII 

zation of octafluorodibenzothiophene leads to octafluo- 
robiphenyl in high yield 40. Under reductive desulfuri- 
zation conditions the C-Si bond is also retained, this 
makes it possible to prepare silanes . 
Many authors have transformed thiophene derivatives into 
hydrocarbons with the object of elucidating the structure 
or studying the desulfurization conditions of various 
thiophenes. As purely preparative investigations several 
transformations should be mentioned: the syntheses of po- 
lyarylaliphatic s 4 2 ' 4 3  ,higher aliphatic hydrocarbons with 
straight chains 44 4 5  and tetraalkylmethanes 

4 1  

4 6 , 4 7  

R R Ra-Ni (Scheme 4). 'krl' C-Ph - Ph-6-( C%)4-&Ph I 

R' R' I;' R' I 
Ph-C 

I 

n 
Scheme 4 

Reductive desulfurization helped to solve an important 
theoretical problem about the optical rotation value of 
compounds having four different alkyl groups at the 
asymmetric carbon atom. Wynberg et al. transformed opti- 
cally active alkyl-substituted dithienylalkanes into hy- 
drocarbons which proved to have very low optical rota- 
tion or were optically inactive 48,49 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 337 

SYNTHESIS OF CARBOXYLIC ACIDS 

The first syntheses of aliphatic and arylaliphatic carb- 
oxylic acids using reductive desulfurization of some acids 
of the thiophene and benzo/b/thiophene series were des- 
cribed by Blicke and Sheets 50151.  Results obtained by 

Papa, Schwenk and Ginsberq 52 were very important for the 
development of the synthesis of carboxylic acids from 
thiophenes. They demonstrated that desulfurization of acids 
may be carried out not only with Raney nickel, but also 

with an Ni-A1 alloy in aqueous alkali. Later this very 
convenient modification of the reaction was often used 
by other investigators, it is termed the Papa-Schwenk 
method. 
The synthetic potentialities of reductive desulfuriza- 
tion for the preparation of carboxylic acidswere quickly 
appreciated by many authors. In 1954 a paper by Han- 
sen 53  appeared which demonstrated that it was possible 
to obtain, by the use of thiophene, aliphatic acids 
with five carbon atoms more than the starting acid 
Scheme 5 ) .  Practically at the same time, many papers by 

Badger, Buu-Hoi, Gol'dfarb, Wynberg and their groups 
appeared in which the possibilities mentioned were widely 
used and applied to new classes of compounds. 

The use of di(2-thienyllmethane is especially effective 
for the synthesis of long-chain mono- and dicarboxylic 
acids. It was studied in great detail by Buu-Hoi 
and Gol'dfarb groups 5 6 - 5 9 .  Acylation of the two free u- 
positions of di-(2-thienyl)methane with chlorides of 
dicarboxylic acid monoesters opened a short route to 
higher dicarboxylic acids with an odd number of carbon 
atoms 5 6  r 5 7 .  The long-chain monocarboxylic acids can easi- 
ly be obtained using monometallation or monoacylation of 

54 I 55 
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L. I. BELEN'KII 338 

cj C02H Ni-A1 R( C%)5C02H 
n C O C H 3  - RCH2 S NaOH S 

I--C RCH2 

R kr) S CH2 LTJC02H Ra-NI R(CH2)9C02H 

R = H, Ale 
1 ) BuLi  

d i -  ( 2 - t h i e n y l )  methane 57-59 (Scheme 5 ) .  

Reduct ive  d e s u l f u r i z a t i o n  of  o p t i c a l l y  a c t i v e  a c i d s  of 

t h e  th iophene  series w a s  used f o r  t h e  e l u c i d a t i o n  of 

t h e i r  c o n f i g u r a t i o n s  and t h e  co r re l a t ion  of  c o n f i g u r a -  

t i o n s  of s o m e  aromatic  and a l i p h a t i c  compounds (Fredga  , 
Pe  t t e r  son 

6 0  

6 1 )  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 339 

Buu-Hoi e t  a l .  p roposed  a n  e x c e p t i o n a l l y  s i m p l e  method 

f o r  o b t a i n i n g  a l i p h a t i c  c a r b o x y l i c  a c i d s  l a b e l e d  w i t h  

d e u t e r i u m  o r  t r i t i u m ,  which c o n s i s t s  i n  t r e a t i n g  t h e  

c a r b o x y l i c  a c i d s  of t h e  t h i o p h e n e  ser ies  w i t h  N i - A 1  a l l o y  

i n  heavy o r  supe rheavy  w a t e r  i n  t h e  p r e s e n c e  o f  N a O D  o r  

N a O T  6 2 - 6 5 .  P robab ly  t h e  o n l y  drawback of t h i s  method i s  

t h a t  t h e  hydrogen i s o t o p e  i s  s i m u l t a n e o u s l y  i n t r o d u c e d  

i n t o  s e v e r a l  p o s i t i o n s  o f  t h e  m o l e c u l e ,  though t h e s e  po- 

s i t i o n s  a r e  e a s i l y  d e t e r m i n e d  by s p e c t r a  . 6 6  

Ni - A1 
aOT, T20 RCT2( CHT)2CT2(  CH2 ),C02H 

R I ! (CH2)nC0211  ” 
R = H, Alk n = 0, I, 3, 7 S 

cH2 $HCO, H 
R Ni-A1 

NaOD, 
- 

D2° 

C6H4DCDCH2 I CHRC02H 
CHD2 

R = H, Alk 

X = C 1 ,  B r  Scheme 6 

The u s e  of t h i o p h e n e  d e r i v a t i v e s  made i t  p o s s i b l e  t o  i n -  

t r o d u c e  e a s i l y  a I4C l a b e l  i n  a d e f i n i t e  c h a i n  p o s i t i o n  

and  t o  o b t a i n  l a b e l e d  h i q h e r  a l i p h a t i c  a c i d s  a f t e r  r educ -  

t i v e  d e s u l f u r i z a t i o n  . 67 
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340 L. I. BELEN’KII 

SYNTHESIS OF KETONES, ALCOHOLS, ETHERS AND ACETALS 

Reductive desulfurization of ketones of the thiophene se- 
ries proceeds not so simple as in the case of carboxylic 
acids. In particular, in this process the transformation 
of the keto-group into a hydroxy group takes place to a 
certain extent 4 5 r 6 8 r 6 9 .  Taking an insufficient amount 
of Raney nickel, one can avoid reduction of the keto 
group, but in this case the reaction does not proceed to 
the end and considerable amounts of diketones are formed 
which are the products of recombination of the interme- 
diate radicals. 
Gol’dfarb and Konstantinov showed that steric hindrance 
can promote the preservation of keto groups. Thus, they 
succeeded inobtaining butyl tert.-butyl ketone without 
any admixture of the corresponding alcohol from 2-piva- 
loylthiophene 6 9 .  However, the attempts to desulfurize 
highly hindered ketones such as 3-a~etyl-2~5-di-tert.- 
butylthiophene 6 8  and di- (2 , 5-di-tert . -butyl-3-thienyl)- 
ketone 6 9  were completely unsuccessful. 
In some cases, the keto group can be retained if the re- 
ductive desulfurization is carried out in the presence 
of lower aliphatic ketones. This method was successfully 
used in the synthesis of macrocyclic ketones which will 
be considered below. It should be noted here that Stetter 
and Rajh when carrying out desulfurization in the presence 
of methyl ethyl ketone obtained several aliphatic and 
arylaliphatic diketones in 5 0 - 8 0 8  yields . 
Reductive desulfurization of aldehydes of thiophene 
and dithienylmethane series 4 4  is a very convenient method 
for the synthesis of primary alcohols the yields of which 
are up to 6 5 % .  Desulfurization of primary alcohols of the 
thiophene series leads to aliphatic alcohols without 
difficulties. As an example, the synthesis of higher al- 

7 0  

6 8  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 341 

cohols from B-hydroxyethyl-substituted derivatives of di- 
thienylmethane, described by Gol'dfarb and Kirmalova I 

58  , 59 
(Scheme 7) can be given. 

R = H, Me 

Scheme 7 

The ether linkage does not change under the action of R a -  

ney nickel. Thus, Gol'dfarb and Konstantinov obtained 
71 some aliphatic ethers in yields of 50-60% (Scheme 7) . 

Several arylaliphatic ethers were synthesized by diffe- 
rent authors from the ethers of thiophene and benzo/b/ 
thiophene series. 

Reductive desulfurization of the ethylene acetals of thio- 
phene series leads, as Gol'dfarb and Konstantinov 
showed, to the corresponding 2-alkyl-lr3-dioxolanes in 
yields of 40-50%;  that is, transformation of an aldehyde 
into the cyclic acetal makes it possible to retain the 
aldehyde group under desulfurization conditions. 

6 9  
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SYNTHESIS OF HYDROXY-, ALKOXY- AND KETOCARBOXYLIC ACIDS 

The reductive desulfurization of hydroxy- and alkoxycarb- 
oxylic acids of thiophene series proceeds quite smoothly. 
Gol’dfarb and Kirmalova obtained the hydroxy acid as the 
result of the action of 2 eq. butyllithium on 5 - ( ~ - h ~ -  
droxyethyl)-di-(2-thienyl)methane, followed by carboxy- 
lation. Desulfurization of this acid led to 12-hydroxy- 
dodecanoic acid in 94% yield 56 (Scheme 8). Miller, Hay- 
maker and Gilman suggested another scheme for the synthe- 
sis of long-chain hydroxycarboxylic acids, which inclu- 
des the preparation of 2-alkylthiophene, its transforma- 
tion into a ketoester, reduction of the latter to the 
hydroxyester and desulfurization 7 2  (Scheme 8 ) .  

1)H2o/oH- - R( C&r 1 5yH( CH2 ,C02H - RCR2 c ! H (  S bH C% ) ,C02Et  2 Z>R;lO/H+ ) R a - N i  OH 

Scheme 8 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 343 

Hydrogeno lys i s  o f  o p t i c a l l y  a c t i v e  2 - t h i e n y l g l y c o l i c  

a c i d  w a s  u sed  by Gronowita  for t h e  c o r r e l a t i o n  of t h e  

c o n f i g u r a t i o n  of mande l i c  acid w i t h  t h a t  of hydroxy 

a c i d s  Of t h e  a l i p h a t i c  series . 
Reduc t ive  d e s u l f u r i z a t i o n  of k e t o  a c i d s  o f  t h e  t h i o p h e n e  

series c a n  l e a d  t o  a l i p h a t i c  k e t o  a c i d s ,  hydroxy a c i d s  

or t h e i r  m i x t u r e s  7 4 .  Keto g r o u p s  d i r e c t l y  bonded t o  a 
benzene  r i n g  can  b e  r educed  i n t o  CH2 d u r i n g  hydrogeno-  

l y s i s  . 
S t e t t e r  and Rajh 70 proposed  a new r o u t e  t o  a l i p h a t i c  

and a r y l a l i p h a t i c  k e t o  a c i d s  t h a t  w a s  a l r e a d y  ment ioned  

i n  c o n n e c t i o n  w i t h  t h e  s y n t h e s i s  of d i k e t o n e s .  These 

a u t h o r s  o b t a i n e d  t h e  t h i o p h e n i c  p r e c u r s o r s  i n  h i g h  y i e l d s  

u s i n g  a n o v e l  and i n t e r e s t i n g  p r o c e d u r e  - a d d i t i o n  o f  

a l d e h y d e s  o f  t h e  t h i o p h e n e  series to a , B - u n s a t u r a t e d  ke-  

t o n e s ,  es ters  or n i t r i l e s  i n  t h e  p r e s e n c e  of sodium cya-  

n i d e .  The k e t o  es ters  and k e t o  n i t r i l e s  o b t a i n e d  i n  t h e  

l a s t  two cases a re  h y d r o l y s e d  i n t o  k e t o  a c i d s  which a re  

s u b j e c t e d  t o  r e d u c t i v e  d e s u l f u r i z a t i o n  a s  sodium s a l t s  

i n  aqueous  s o l u t i o n  i n  t h e  p r e s e n c e  of me thy l  e t h y l  ke-  

t o n e  (Scheme 9 ) .  

7 3  

75 

CEO + R'CH=CHX - R 
s .  

R 

R = €I, A l k ,  A r  
X = CN, C 0 2 A l k ,  C02H 

Ra-Ni 
(X=C02H)  
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344 L. I .  BELEN'KII 

SYNTHESIS OF ALIPHATIC AMINES 

Reduct ive  d e s u l f u r i z a t i o n  of  t h iophene  pr imary  amines i n  

e t h a n o l  i s  accompanied by t h e  a l k y l a t i o n  o f  t h e  pr imary  

amino group h i n d e r i n g  t h e  i s o l a t i o n  o f  t h e  p r o d u c t s .  Such 

d i f f i c u l t i e s  do n o t  appea r  i n  t h e  h y d r o g e n o l y s i s  o f  t e r t i  

a r y  amines of  t h e  th iophene  series s t u d i e d  by G o l ' d f a r b  

and Ibragimova 7 6 .  By i n t r o d u c i n g  t h e  0-hydroxyethyl  

group i n t c  t h e  th iophene  r i n g  of  t h e  t e r t i a r y  amine men- 

t i o n e d ,  one can  smoothly o b t a i n  t h e  c o r r e s p o n d i n g  amino 

a l c o h o l s  a f t e r  hydrogeno lys i s  7 7  (Scheme lo). 
G o l ' d f a r b ,  F a b r i c h n y i  and Rogovik o b t a i n e d  w i t h o u t  d i f f i -  

c u l t y  t h e  a l i p h a t i c  d iamines  w i t h  t e r t i a r y  and secondary  

amino g roups  f r o m d i a m i n e s  of th iophene  series.  The pos-  

s i b i l i t y  t o  o b t a i n  nonsymmetr ical  d i amines  is t h e  pecu- 

l i a r i t y  of  t h i s  method 7 a .  P a s t o u r  and Barra t  o b t a i n e d  
symmetr ica l  secondary  d i amines  by r e d u c t i v e  d e s u l f u r i z a -  

t i o n  of t h e  S c h i f f  b a s e s  t h a t  w e r e  formed from 2 , 5 - t h i o -  

phenedicarboxaldehyde  and aromatic amines - 
The p o s s i b i l i t i e s  o f  t h e  s y n t h e s i s  of pr imary  a l i p h a t i c  
amines from t h i o p h e n e s  have Seen s t u d i e d  by G o l ' d f a r b ,  

Krasnyanskaya and F a b r i c h n y i .  The u n d e s i r a b l e  a l k y l a t i o n  

under  d e s u l f u r i z a t i o n  c o n d i t i o n s  may be  p r e v e n t e d  by 

79 

a c y l a t i o n  of  t h e  th iophene  amine o r  d iamine  78,80,81 
V 

(Scheme lo). Cerv inka ,  S e l o v s k i  and Koralova used de-  

s u l f u r i z a t i o n  o f  t h e  o p t i c a l l y  a c t i v e  amide f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n  of 1 - ( 2 -  

t h i e n y l )  e thy lamine  . 
By c a r r y i n g  o u t  t h e  r e d u c t i v e  d e s u l f u r i z a t i o n  of  t h i o -  

phene ke toximes  i n  t h e  p re sence  o f  ammonia it became pos- 
s i b l e  t o  o b t a i n  a l s o  non-acy la t ed  pr imary  amines 

(Scheme lo). Under t h e s e  c o n d i t i o n s ,  a ldoximes  undergo 

Beckmann rea r r angemen t .  They w e r e  t r ans fo rmed  i n t o  p r i -  

82 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 345 

8 0  mary a l i p h a t i c  amines by t h e  u s e  of Raney c o b a l t  

o n l y .  1) mLi 

R = H, Alk ,  C%NR\ 
B' = Et or Rv+Rr = (C H2'5 

R, R' = B, Alk 

Ra-Mi 
- R  - R(CFE;!)4YHR1 

NHCOR" 
C J C H R '  

S B H C O R ~  
R ,  R' - H, Alk 
RH - Me, Ph Scheme 10 

P.S.-M 
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SYNTHESIS OF A L I P H A T I C  AMINO A C I D S  

The r o u t e s  t o  va r ious  a l i p h a t i c  amino a c i d s  from t h i o -  

phenes w e r e  e l abora t ed  mainly by Gol 'd farb ,  Fabrichnyi  

and Shalavina (see reviews 83'84). Methods f o r  t h e  syn- 

t h e s i s  of amino a c i d s  wi th  d i f f e r e n t  mutual arrangement 

of amino and carboxy groups,  i n  p a r t i c u l a r  of a - , B - , y - ,  

6 - , €   amino a c i d s ,  of hydroxyamino a c i d s ,  aminodi- 

ca rboxy l i c  and diaminomonocarboxylic a c i d s  w e r e  develo- 

ped. Among t h e s e  products  t h e r e  w e r e  ob ta ined  n a t u r a l  

p roducts  and compounds no t  found i n  n a t u r e  bu t  of i n -  
t e res t  f o r  t h e  s tudy of t h e i r  phys io log ica l  a c t i v i t y  o r  
f o r  t h e  s y n t h e s i s  of phys io log ica l ly  a c t i v e  subs tances .  

Though a l l  synthes ized  amino a c i d s  have been obta ined  

a s  racemates, it is  i n  p r i n c i p l e  p o s s i b l e  t o  o b t a i n  op- 

t i c a l l y  a c t i v e  subs tances  us ing  t h e  r e s o l u t i o n  a t  t h e  

s t a g e  of t h e  a l i p h a t i c  o r  t h e  thiophene a c i d .  Many syn- 

thes i zed  amino a c i d s  a r e  of i n t e r e s t  f o r  t h e  s tudy of 

polycondensation processes .  For  t h e  sake of b r e v i t y ,  

s y n t h e t i c  methods considered below are c l a s s i f i e d  ac- 
cord ing  t o  t h e  type  of th iophenic  p recu r so r ,  b u t  n o t  t o  

t h e  type  of t h e  f i n a l  a l i p h a t i c  amino a c i d .  

Thiophenecarboxaldehydes can be transformed i n t o  a l i p h a -  

t i c  a-amino a c i d s  wi th  both s t r a i g h t  and branched 

cha ins  85-89, a-aminodicarboxylic a c i d s  89 diamino- - 
ca rboxy l i c  8 9 ' 9 1  and hydroxyamino a c i d s  9 2  as w e l l  as 

i n t o  B-amino acids 93 .  Nitrothiophenecarboxylic 

a c i d s  8 4 ' 9 4 ' 9 5  o r  acylamino a c i d s  95-97, which can be 

obta ined  e a s i l y  from n i t r o  a c i d s ,  q ive  by r educ t ive  de- 

s u l f u r i z a t i o n  y -  and &amino a c i d s  (Scheme l l ) .  
Owing t o  t h e  a c c e s s i b i l i t y  of oximino a c i d s  and t h e  

p o s s i b i l i t y  of t h e i r  t ransformat ion  i n t o  a l i p h a t i c  

amino a c i d s ,  t h e  methods based on t h e  d e s u l f u r i s a t i o n  

of oximino a c i d s  are t h e  most u n i v e r s a l  syntheses  of 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 341 

NH* 
I Ra-Ni  

R( CF$ ) 4fHCH2C02H 

NH2 

R a - N i  02Nc-iJ R C02H - 
S 

Ra-Ni  1 NaOH 
R(CH ) CHC02H 

NHCOPh 
2 51 

RC% CHCH2CH2C02H 

NH2 

Scheme I 1  
various amino acids. In many cases it is advisable to 
introduce an intermediate step, namely the reduction of 
the oximino acid into the amino acid of the thiophene 
series. Two variants of transformations of oximino acids 
wre elaborated 86t98-103(Scheme 1 2 ) .  The first allows to 
obtain also aminodicarboxylic acids if esters of w -(2- 
thieny1)alkanoic acids are used in the first step of the 
synthesis instead of thiophene homologues 90,103. The 
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348 L. I. BELEN'KII 

d i s t i n g u i s h i n g  f e a t u r e  of  t h e  second v a r i a n t  i s  t h a t  it 

makes  possib1.e t h e  p r e p a r a t i o n  of  amino a c i d s  i n  which 

amino and carboxy g roups  are  f a r  from each  o t h e r ,  i n  

p a r t i c u l a r  W-amino a c i d s  98,101,102 

R CO( CH2 ),CO2Rt I 
s 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 349 

SYNTHESIS OF LACTAMS AND THEIR TRANSFORMATIONS 

For t h e  s y n t h e s i s  of  s u b s t i t u t e d  cap ro -  amd oenan tho lac -  

t a m s  G o l ' d f a r b  e t  a l .  used r e d u c t i v e  d e s u l f u r i z a t i o n  of  

s y s t e m s  i n  which t h e  lactam r i n g  i s  f u s e d  w i t h  the th io-  

phene r i n g  (see 102r104-108). I n  m o s t  o f  t h e s e  s y n t h e s e s  

t h e  key i n t e r m e d i a t e s  are  th iophene  lactams of  two t y p e s  

formed from t h e  co r re spond ing  b i c y c l i c  k e t o n e s  by Schmidt 
rear rangement  O r  from t h e i r  oximes by Beckman r e a r r a n g e -  

ment. Reduct ive d e s u l f u r i z a t i o n  o f  t h e  lactams l e a d s  t o  

& - and 5 - a l k y l s u b s t i t u t e d  g -capro-  and 5 -0enantho- 
l ac t ams .  By h y d r o l y s i s  of t h e s e  s u b s t a n c e s  t h e  c o r r e s -  

p o n d i n g c -  and 5 -amino a c i d s  w e r e  o b t a i n e d .  The a c t i o n  
of Raney n i c k e l  on l ac t ams  of t h e  second t y p e  l e a d s  smoo- 
t h l y  t o  a - e t h y l -  and a - p r o p y l - s u b s t i t u t e d  

(Scheme 1 3 ) .  8 NOW 
I1 

n 
R 

lactams 

R = H, Me 
= = 3 , 4  

Scheme 1 3  

PS-N 
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350 L. I. BELEN’KII 

109 

(Scheme 14). The synthesis of C-cyclohexyl- and C-cyc- 
loheptyl-substituted L -caprolactams and -0enantholac- 
tams was also described 

-0enantholactam and E -ethyl- 5 -0enantholactam 

1 lo 

l )W,  EtC0,H 

0 3 

q- co 

Ra-Ni  I 
Et-CH /(cH2)4-r ‘CIf2-WH I 

Scheme 14 

Lactams of the thiophene series proved to be u s e f u l  in- 
termediates in the synthesis of lactams of aliphatic ami- 
nodicarboxylic and diaminomonocarboxylic acids, which 
can then be transformed smoothly into the corresponding 
acids 
lactams and 
carboxylic acids are formed in which the amino groups are 

3 .  In the case of C - (aminoalkyl) - (. -capro- 
-(aminoalkyl)- 5 -oenantholactams diamino- 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 351 

separated by two- or three-carbon fragments. These struc- 
tural peculiarities were used for the preparation of 2 -  
oxoimidazolidine and 2-oxohexahydropyrimidine 'I4 de- 

rivatives aided by the reaction of the above amino acids 
with urea. In a similar way (2-oxohexahydro-4-pyrimidi- 
ny1)alkanoic acids with a branched chain were also ob- 
tained. 
The 2-oxoimidazolidine and 2-oxohexahydropyrimidine de- 
rivatives are of interest for the study of their biologi- 
cal activity. In particular, dethiobiotin and dethionor- 
biotin were among the synthesized substances which were 

obtained as mixtures of diastereoisomers. Dethiobiotin 
was also prepared with the help of reductive desulfuri- 
zation of 2 , 3 , 4 , 5-tetra dehydrobiotin' 
was obtained from the lactam of 6-(3-amino-2-thienyl)- 
valeric acid 'I6 
dethiobiotin increased considerably the fodder yeast 
growth. A similar sample of dethiobiotin was also pre- 
pared directly from the lactam of 6-(5-bromo-4-nitro-3- 
amino-2-thienyl) valeric acid 

, which in its turn 

(Scheme 15). The obtained samples of 

l 5  (Scheme 15) . 
SYNTHESIS OF SOME CARBO- and HETEROCYCLIC COMPOUNDS 

There are two approaches to the synthesis of alicyclic 
and heterocyclic compounds from thiophene derivatives. 
The first does not differ much from that used for the 
preparation of aliphatic and arylaliphatic compounds: 
the starting substances are alicyclic or heterocyclic 
derivatives and thiophene. This method is used both for 
lengthening the carbon chain and for incorporating sub- 
stituents. The main features of such an approach were 

117 shown clearly in the paper by Buu-Hoi, Sy and Xuong 
concerning the syntheses of dihydrohydnocarpic acid, 
dihydrochaulmoogric acid and also of an analogue for the 
former with a six-membered ring (Scheme 16). A synthetic 
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1 ) Cu , E t C02 B 
2)EFCl 

l)Sn,IfCl 
2 C 0 C l z  1 

R s - N i  
C02H- 

Scheme 15 

route of the same kind was developed for the preparation 
of I-alkyl-, 2-alkyl-adamantanes and also of W-functio- 
nalized derivatives of the first of them by Hoeck, Stra- 
ting and Winberg 
Gronowitz and Boler carried out reductive desulfuriza- 
tion of 5-(4-pyrimidyl)-2-thiophenecarboxylic acid into 
5- (4-pyrimidy1)valeric acid I2O (Scheme 16) . Myshkina, 
Stoyanovich and Gol’dfarb carried out hydrogenolysis 
of the sterically crowded diamines formed by azacycloal- 
kenylation of thiophene with triacetoneamine and after 
additional hydrogenation obtained 1,4-(2,2,6,6-tetrame- 
thyl-4-piperidy1)butane which was used for the prepara- 
tion of the stable iminoxyl radical 1 2 ’  

118,119 

(Scheme 17). 
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UJ S 
1)RCOC1,SnC14 

-m 

2)1PH21?H2,KOR 

1) rcylation 

Scheme 1 6  
0 

Scheme 1 7  
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354 L. I. BELENKII 

The c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  second approach  t o  t h e  

s y n t h e s i s  o f  c y c l o a l i p h a t i c  and h e t e r o c y c l i c  compounds i s  

t h a t  ca rbon  a t o m s  of t h e  th iophene  r i n q  are used  t o  

create  t h e  carbo-  o r  h e t e r o c y c l i c  s k e l e t o n  i t s e l f .  T h i s  

approach  h a s  found adequa te  development i n  t h e  new method 

o f  t h e  s y n t h e s i s  o f  macrocyc l i c  compounds which w i l l  be 

c o n s i d e r e d  below. The s a m e  p r i n c i p l e  w a s  used  f o r  t h e  syn- 

t h e s i s  of  s u b s t i t u t e d  lactams from th iophene  d e r i v a t i v e s  

c o n s i d e r e d  above as w e l l  a s  f o r  t h e  p r e p a r a t i o n  of 4-  

p h e n y l p y r i d i n e  by d e s u l f u r i z a t i o n  o f  b e n z o t h i e n o p y r i d i n e  

(Kotake and Sakan 

An i n t e r e s t i n g  r o u t e  t o  isomeric b i p y r r o l e s  based  on re- 

d u c t i v e  d e s u l f u r i z a t i o n  w i t h  subsequen t  h y d r o l y s i s  and 

d e c a r b o x y l a t i o n  w a s  proposed by F a r n i e r ,  So th  and Four- 

n a r  i 123 .  The y i e l d s  a t  t h e  d e s u l f u r i z a t i o n  s t a g e  are i n  

t h e  r ange  o f  70-80% and t h i s  method may be r e g a r d e d  j u s t  

as  a s y n t h e t i c  method, s i n c e  t h e  s a m e  a u t h o r s  e l a b o r a t e d  

a s u f f i c i e n t l y  s imple  way t o  p r e p a r e  t h i o p h e n i c  p r e c u r -  

sors i n  a c c e p t a b l e  y i e l d s ,  s t a r t i n g  w i t h  t h e  c o r r e s p o n -  
1 2 4  d i n g  thiophenecarboxaldehydes and a z i d o a c e t i c  es ter  

(Scheme 1 8 )  . 
There are i n t e r e s t i n g  i n v e s t i g a t i o n s  devo ted  t o  t h e  syn- 

t h e s e s  of six-membered h e t e r o c y c l e s  w i t h  boron and n i -  

t r o g e n  as he te roa toms .  The s y n t h e s i s  of b o r a z a r e n e  d e r i -  

v a t i v e s ,  u s i n g  r e d u c t i v e  d e s u l f u r i z a t i o n ,  w a s  d e s c r i b e d  

by D e w a r  and Marr 125;  Gronowitz e t  a l .  p r e p a r e d  a num- 
b e r  of b o r a z a r o p y r i d i n e s  1 2 6 r  1 2 7  (Scheme 1 9 ) .  

1 2 2 )  

SYNTHESIS OF MANY-MEMBERED CARBO- and HETEROCYCLIC COM- 

POUNDS 

For t h e  s y n t h e s i s  of macrocyc l i c  compounds w i t h  t h e  a i d  

of r e d u c t i v e  d e s u l f u r i z a t i o n  of th iophene  d e r i v a t i v e s ,  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 355 

OIEC [IJCRO S 
Ng CH2 C 0 E t Et02C, 

,C= CH 
S / 

N3 
NaOEt 

14 o o c  / 
/C02Et 
C 
\ 

*3 

R = C02Et Scheme 18 R' = C02Et, H 

two principles may be used: 1 )  the preparation of long- 
chain bifunctional aliphatic compounds from thiophene 
derivatives and their subsequent cyclization by one of 
the usual methods; 2) the preparation of bi- or polycyc- 
lic compounds that possess the thiophene ring with the 
subsequent removal of the sulfur atom serving as a 
bridge (Scheme 2 0 ) .  It is not necessary to discuss the 
first principle since the synthesis of long-chain bifunc- 
tional aliphatic compounds, €or instance higher alipha- 
tic dicarboxylic and hydroxy acids, usinq the reductive 
desulfurization of the correspondinq thiophenic precur- 
sors has been elaborated by Buu-Hoi 5 4 r 5 5  and Gol'd- 
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R' 

\ 
R' - OH, Me R' 
R, R", Rnr - H, Alk 

Scheme 1 9  

f arb 5 6 ' 5 7  u roups ,  and t h e s e  da t a  w e r e  c o n s i d e r e d  above.  

The second p r i n c i p l e  h a s  a number of  advan taues  when 

compared w i t h  t h e  f i r s t .  C y c l i z a t i o n  may be  f a c i l i t a t e d  

by t h e  p r e s e n c e  o f  a " r i g i d  qroup" ( i n  t h i s  case, t h e  

t h i o p h e n e  r i n g )  and a i v e  h i g h e r  y i e l d s  t h a n  u s i n g  t h e  

f i r s t  approach .  Fu r the rmore ,  t h e  th iophene  r i n a  can  be  

u t i l i z e d  n o t  o n l y  f o r  l e n g t h e n i n g  t h e  ca rbon  c h a i n  and 

i n c o r p o r a t i n g  s u b s t i t u e n t s ,  it can  a l so  p l a y  t h e  p a r t  of 

t h e  second f u n c t i o n ,  e l i m i n a t i n g  t h e  n e c e s s i t y  of i n c o r -  

p o r a t i n g  t h e  l a t t e r  (see rev iews  84,128,129)  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 351 

- .  
S 

/ 

In-3-5 m=5-9 

n 

Scheme 20 

The principle given above for the synthesis of macrocyc- 
l i c  compounds was proposed in 1957 by Gol'dfarb, Taits 
and Belen'kii I 3 O .  Three routes to the precursors con- 
taining thiophene rings were elaborated. One method for 
the synthesis under consideration is the intramolecular 
acylation of~-(2-thienyl)alkanoyl chlorides with sub- 
sequent conversion of the cyclization products by treat- 
ment with Raney nickel 1 3 0 ' 1 3 1  

is especially attractive because it does not require the 
(Scheme 20). This route 

P.S. 0 
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358 L. 1. BELEN'KII 

p r e p a r a t i o n  of  a b i f u n c t i o n a l  t h iophene  compound ( t h e  

ro le  of t h e  second f u n c t i o n  i s  p layed  by t h e  u n s u b s t i t u -  

t e d  a - p o s i t i o n  of  t h e  th iophene  r i n g )  and t h i s  makes it 

easier t o  p r e p a r e  t h e  s t a r t i n g  compounds. I n  o t h e r  words,  
w i t h  t h i s  method one can  make f u l l  u s e  of  t h e  advan tages  

of t h e  th iophene-based  s y n t h e s i s  of  macrocycles .  

For t h e  p r e p a r a t i o n  of t h e  h i g h e r  U - ( 2 - T h i e n y l ) - a l k a n o i c  

a c i d s  a n o v e l  and conven ien t  method w a s  e l a b o r a t e d  u s i n g  

as  i n t e r m e d i a t e s  w -chloroalkyl-2-thienylketones and 

s t a r t i n g  w i t h  t h e  accessiblew-chloroalkanoic a c i d s  132 

Var ious  c o n d i t i o n s  of t h e  c y c l i z a t i o n  of o- (2 - th i eny1) -  

a l k a n o y l  c h l o r i d e s  have been s t u d i e d  128,130,133-135 

I n  p a r t i c u l a r ,  it w a s  found t h a t  t h e  p re sence  of  an 
i n e r t  s o l v e n t ,  as  w e l l  as  an i n c r e a s i n g  c o n c e n t r a t i o n  

of t h e  condens ing  a g e n t  i n  a homogeneous medium, l e a d s  

t o  h i g h e r  y i e l d s  of  b i c y c l i c  k e t o n e s  p o s s e s s i n g  t h e  

th iophene  r i n g  

I t  w a s  found t h a t  by a d d i t i o n  of  a c e t o n e  t o  t h e  s o l v e n t  

m i x t u r e ,  t h e  macrocyc l i c  k e t o n e s  are d e s u l f u r i z e d  wi th -  

o u t  a f f e c t i n g  t h e  c a r b o n y l  group,  and t h e  y i e l d s  of  a 

number of c y c l o a l i p h a t i c  k e t o n e s  amounted t o  70-90%.  

Among them were macrocyc l i c  k e t o n e s  w i t h  a musk o d o r ,  

such  as  c y c l o t e t r a d e c a n o n e ,  e x a l t o n e ,  cyclohexadecanone 

and d i h y d r o c i v e t o n e  130 '131  (Scheme 2 0 ) .  

One can  r educe  t h e  k e t o  group i n  t h e  c y c l i z a t i o n  pro-  

d u c t s  and i n t r o d u c e  s u b s t i t u e n t s  i n t o  t h e  th iophene  r i n g  
which a re  r e t a i n e d  a f t e r  d e s u l f u r i z a t i o n .  y- Isopropyl -  

c y c l o t e t r a d e c a n o n e  and a c e t y l c y c l o t e t r a d e c a n e  w e r e  ob- 

t a i n e d  by t h i s  r o u t e  136  (Scheme 2 1 ) .  
B i c y c l i c  k e t o n e s  w i t h  th iophene  r i n g s  b e a r i n q  a methyl  
group w e r e  o b t a i n e d  s t a r t i n g  w i t h  2 -  and 3-methyl th io-  

phene s 

t o n e s  o b t a i n e d  from 2-methyl thiophene a - e t h y l -  and a- 

p ropy lcyc loa lkanones  w e r e  o b t a i n e d  (Scheme 2 2 ) .  I n  t h e  

135 

37-139.  On r e d u c t i v e  d e s u l f u r i z a t i o n  of  t h e  ke- 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 359 

case of 3-methylthiophenef mixtures of the products of 
acylation in positions 2 and 5 in the ratio - 2 : l  are 
formed: these products can be separated using chromato- 

k,Y +. 
OC - (CH2Ig 

I i-PrC1, AlC13 
P r - i  n 

Ra-Ni  

\ 
CH-Pr-i 

C% CH2 
O d  

(q 
( C H 2 ) l o  

A c C 1 ,  SnC14 I 

R a - N i  

Scheme 21 

yraphy on alumina. Subsequent transformations of these 
keto acids into carboxylic acids, then into chlorides 

and finally intramolecular acylation of the latter leads 
to bicyclic ketones. The sulfur removal by reductive de- 
sulfurization of these ketones in an ethanol - acetone 
mixture proceeds sufficiently rapidly, but in the reac- 
tion products unconjugated 
which demands additional hydrogenation over palladium- 
charcoal. As the result p -  and y-methylcycloalkanones 
including racemic 8-methylcyclopentadecanone (muscone) 
are obtained (Scheme 22). 

C = c  bonds were retained, 
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360 L. I. BELENKII 

A similar method may also be used for the preparation 
of many-membered heterocycles with heteroatoms other 
than sulfur. Taits, Alashev and Gol'dfarb I4O descri- 
bed the synthesis of macrocyclic ketolactones including 
intramolecular acylation of b) -(2-thienyl)alkyl alkane- 
dicarboxylate chlorides and reductive desulfurization 

I 
(CH2)m oc - 

m= 11 

m = 9, 10 

Scheme 22 

1 Rsr-Ni 

Po 
(C%)m+2 

Et-CH 1 
\ 

m - 9-11 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 361 

Fh-Ni - 0 B 

Scheme 2 3  
X+Y = 0 
X=H, %=OH 
X=H=E 
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362 L. I. BELEN'KII 

of cyclization products (Scheme 23). Later the same 

group ' 42 described the synthesis of macrocyclic 
ketolactones that possess benzene and thiophene rings. 
The action of Raney nickel on these compounds leads to 
ketolactones with a skeleton related to that of the na- 
tural macrolide zearalenone, but, to a large extent, 
the products of partial or complete reduction of the 
keto group are also formed (Scheme 23). 

Another route to the higher alicyclic compounds was ela- 
borated by Taits, Gol'dfarb et al. It consists in the 
intramolecular alkylation of W-halo-8-ketoesters with 
subsequent "ketonic hydrolysis" and reductive desulfu- 
rization. For the preparation of the starting compounds 
thiophene, u-chloroalkanoic acids and monoethyl malo- 
nate chloride were used. By thiq route cyclopentadeca- 
none (exaltone) and cycloheptadecanone (dihydrocivetone) 
were obtained 1 4 3 1 1 4 4 .  The alkylation of the unsubsti- 
tuted ketoesters allowed to obtain alicyclic alkyl-sub- 
stituted ketoesters and then a-alkylcycloalkanones 145 

(Scheme 24). 

The study of the conditions and kinetics of 2-(9-iodono- 
nyl)-5-(ethoxycarbonylacetyl)thiophene cyclization over 
potassium carbonate as well as the effect of carbonates 
of other alkali metals 1 4 6 - 1 4 8  demonstrated the role of 
the carbonate surface in this reaction. When the same 
cyclization was carried out in homogeneous medium (in 
the presence of potassium tert.-butylate) the maxi- 
mum concentration of the iodide was determined at which 
intermolecular reaction leading to by-products does not 
take place; this is essential for the preparative use 
of the cyclization. 
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TRANSFORMATION OF THIOPHENE DERIVATIVES 363 

E t O2 CCH2 CO ( CH2 ImX 
S 

6 0 2 E t  

Ra-Ni I 

Starting ith macroc; 

oc ( CH2 
‘C/ 

R ’ ‘C02Et 
Ra-Ni 

oc \ - )cH2)m+4 

R ’ ‘C02Et C 

R = Alk Scheme 24 

zlic B-ketoesters possessing a thio- 
phene ring, Gol’dfarb, Taits and Krasnyanskaya succeeded 
recently in the synthesis which uses reductive desulfuri- 
zation f o r  the preparation of many-membered pyrazolone 
derivatives I 5 O  (Scheme 2 5 ) .  
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l)PhNH2NH2 

2 )Me2S04 
/ 

R a - N i  1 

scheme 25 

Ra-NI I 

A new i n t e r e s t i n g  s y n t h e s i s  o f  m a c r o c y c l i c  s y s t e m s  

p o s s e s s i n g  one  t h i o p h e n e  and  t w o  benzene  r i n g s  w a s  d e s -  

cr ibed by Miyahara ,  Takahiko  and  Yoshino 1 5 ’ .  The re- 

d u c t i v e  d e s u l f u r i z a t i o n  of t h e s e  sys t ems  l e a d s  t o  / n , 6 / -  

p a r a c y c l o p h a n e s  (Scheme 2 6 ) .  

(Qc0cH.p 

y)cocHp 

Na2S 
___t 

YCR 
OCH 

1) NH2NH2, KOH 

2 ) R r - N i  

Scheme 2 6  
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TRANSFORMATION OF THIOPHENE DERIVATIVES 365 

REDUCTION WITH ALKALI METALS IN LIQUID AMMONIA 

Reduction of thiophenes with alkali metals in liquid 
ammonia may lead to various products: dihydrothiophenes, 
unsaturated mercaptans and sulfur-free compounds. As it 
was shown in the first investigations 8-10, 152-156, the 

reaction conditions - the nature of the metal and the 
presence of a proton donor and its efficiency - substan- 
tially influence the results of the process. At present 
sufficiently selective procedures have been elaborated 
for reductive cleavage of thiophene rinqs with alkali 
metals in liquid ammonia. 
The reduction mechanism consists in consecutive addi- 
tions of solvated electrons and protons to the aromatic 
or heteroaromatic substrate 54 56. In accordance with 
this mechanism the presence of electron-withdrawing sub- 
stituents facilitates the reduction. The primary products 
of the reduction are dihydrothiophenes, but their isola- 
tion is hindered as a rule by the presence of other sub- 
stances formed in further transformations leading to 
the ring cleavage 57 58. Preparative isolation of 3-  

and 5-methyl-2,5-dihydro-2-thiophenecarboxylic acids was 
described by Blendermann et al. 59 who treated lithium 
salts of thiophenecarboxylic acids with 2 eq. lithium in 
liquid ammonia without an alcohol added. 
The ring cleavage proceeds effectively when an excess of 
alkali metal is used and this allows to prepare some 
compounds which are hardly available by other routes. 
When studying the reactions of 2-thiophenecarboxylic 
acid and its 3-, 4- and 5-methyl-substituted derivatives 
with 5 eq. lithium in liquid ammonia in the presence of 
ethanol Gol'dfarb et al. 57 ' 6 o  demonstrated a regio- 
and stereospecific reductive cleavage that resulted in 
Z-isomers of the corresponding b,y-unsaturated 6-mer- 
capto acids (Scheme 27). 
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c s 

Li/W 

EtOH 
3, 

--J=Lc*; 
+H+ - - S q  

cog 

Scheme 27 

In light of the mechanism shown above it is quite easy 
to understand the interesting results on the reduc- 
tive alkylation of 2-acylthiophenes and 2-thiophenecarb- 
oxylic acid. In this case, the action of sodium in li- 
quid ammonia w a s  carried out in the presence of a proton 
donor (ethanol) and was followed by treatment of the 
mixture with ammonium chloride and then with 2-4,5 eq. 

of an alkylating reagent. Oxidation of the resulting 
2,5-dihydrothiophenes into sulfones and pyrolysis of the 
latter made it possible to prepare a number of alkyl 
alkadienyl ketones (Scheme 28). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1
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R = OH, A l k ,  CyClO-Alk; R' = H, Alk; 
Rn = klk, PhC?,  CH2=CHCH2 

scheme 28 
Substituted unsaturated mercaptans, which are formed 

during the cleavage of the thiophene ring, can be re- 
duced under the action of solvated electrons with the 
formation of hydrogen sulfide and unsaturated substan- 
ces that do not contain sulfur. Furthermore, these 
mercaptans, or more precisely the corresponding thio- 
late anions, are capable of nonreductive transformations 
with retention or l o s s  of the sulfur atom. 
Gol'dfarb and Zakharov demonstrated that 2-alkylthiophe- 
nes give a,P-unsaturated sulfides by the action of li- 
thium in liquid ammonia followed by the treatment with 
alkyl halide or ethylene oxide (Scheme 29). 
When the mixture formed by the action of lithium in li- 
quid ammonia on alkylthiophenes underwent hydrolysis, 
dialkylketones were obtained in 45-75% yields 1 6 5 .  I n  

the case of thiophene itself a small amount of butyral- 
dehyde was formed, which was identified as the semicarb- 
azone. Under the same conditions, L3 -(2-thienyl)alkanoic 
acids were converted into aliphatic ketoacids I 

165,166 

W -(2-thienyl)alkanols qive ketoalcohols and 2-(W- 

dialkylaminoalky1)thiophenes are converted into the cor- 
responding aminoketones 1 6 8  in 7 0 - 8 0 %  yields (Scheme 2 9 ) .  
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M e 9 A l k  
S 
I 

R 

R = H, Alk; 
R' = Alk, (C%),Sr; 
Y = C02H, OH, N A l k 2 ;  n = 1-9 

Scheme 29 

In some cases, substituted thiophenecarboxylic acids and 
thienylcarbinols undergo hydroqenolysis of the C-S bond 
under conditions of reductive cleavage and products that 
do not contain sulfur are formed. Such transformations 
are described by Semenovskii and Emel'yanov for the tri- 
and tetracyclic acids when lithium was used in liquid 

1691170 (Scheme 3 0 ) .  In ammonia at 25 C under pressure 
the case of reductive cleavage of 5-dialkylaminoalkyl-2- 
thiophenecarboxylic acids, Zakharov, Gold'dfarb and Stoy- 

0 

anovich observed reqio- and stereoselective formation 
of -dialkylamino E,E-alkadienecarboxylic acids 
(Scheme 3 0 ) .  

171 
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80 : 20 

02H 
25 oc 

R = Me, Et; n = 1,2 
Scheme 3 0  

For the stereoselective synthesis of E-homoallyl carbi- 
nols from thienyl- and dihydrothienylmethanols Lozanova, 
Moiseenkov and Semenovskii used successfully the action 
of lithium in ethylamine 172-174 

The use of the same reaqent allowed E,E-homofarnesol to 
be prepared via thiophene derivatives 1 7 5  as well as 

homoqeraniol and some of its homologues to be obtained 
from the dithienylmethane derivative 17' (Scheme 32). 

(Scheme 3 1 ) .  
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R' 
1) C H g 2  

R nc02' 2 ) LIAlH; R 

R' 
R OH 

S 

243- 

2 H+ 

L i / E t N H 2  

R, R' - H,Me 
/ 

_I_I_c 1 CH2N2 Rl=JC40H R R'x=3 
4 

"2' 2 ) L i A l H 4  S 
R 

S 
Scheme 31 

L i  /E t N H  

OH - 
Scheme 32 R, R' - H, M\de 
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CONCLUSION 

The methods considered for transformations of thiophenes 
into compounds of other series reveal diverse uses of 
thiophene and its derivatives in organic synthesis. In 
this connection it is of great value that thiophene be- 
longs  to the rather small group of heterocycles having 
rich sources of raw materials. Light fractions of coal 
and shale tars are among these materials.Another impor- 
tant source is the catalytic synthesis of thiophene and 
its homologues from petroleum hydrocarbons and simple in- 
organic sulfur compounds.These catalytic processes allow 
to transform a hydrocarbon into heteroaromatic thiophene 

systems whichcan be functionalized without difficulty 
and finally cleaved giving various functional derivati- 
ves of the starting hydrocarbon. Thus, one can say that 
thiophene occupies an unique position among accessible 
heteroaromatic systems, because it is possible not only 
to obtain its own derivatives, but also to use thiophe- 
ne itself as a powerful tool in the synthesis of vari- 
ous compounds belonging to other series. 
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