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INTRODUCTION 

Th iophenes  have  been  w i d e l y  i n v e s t i g a t e d  a n d  s e v e r a l  r e v i e w s  have  been p u b l i s h e d  

on t h e l r  The c o r r e s p o n d i n g  d i h y d r o  d e r i v a t i v e s  ( t h i o l e n e s ) ,  

however ,  have been w i d e l y  n e g l e c t e d  and o n l y  b r i e f  discussions of t h e i r  

c h e m i s t r y  are found  i n  t h e s e  r e v i e w s .  A l though  g e n e r a l  s y n t h e t i c  p r o c e d u r e s  

are available f o r  t h e  p r e p a r a t i o n  o f  d i h y d r o t h i o p h e n e s ,  t h e s e  methods  have  

n o t  been  r ev i ewed  e x c e p t  f o r  a s h o r t  s e c t i o n  i n  a monograph. 
5 

We i n t e n d  t o  p r e s e n t  a s y s t e m a t i c  r e v i e w  of  s y n t h e t i c  r o u t e s  t o  d i h y d r o t h i o -  

phenes ,  as w e l l  as d e s c r i b e  some o f  t h e i r  chemica l  and p h y s i c a l  p r o p e r t i e s .  

The d i s c u s s i o n  w i l l  b e  d i v i d e d  as f o l l o w s :  
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GENERAL ROUTES TO DIHYDROTHIOPRENES 

1. R e d u c t i v e  Methods 

The f i r s t  unambiguous p r e p a r a t i o n  o f  an " " s u b s t i t u t e d  d i h y d r o t h i o p h e n e  was 

e f f e c t e d  by  reduction of  t b i o p h e n e  w l t h  sodium i n  l i q u i d  ammonia, u s l n g  



methanol as co-solvent and proton source.6 A mixture of compounds resulted 

(Scheme I), but the major product was 2,s-dihydrothiophene ( & I ,  isolated in 

38% yield by distillation (bp 122'~). The isomeric 2,3-dihydrothiophene (2) 

, was obtained in 18% yield (bp 1 1 ~ ~ ~ ) .  

Scheme 1 

A mixture of butenethiols comprising 23% of the reaction products was also 

isolated along with some butenes, and hydrogen sulfide. The structures of the 

dihydrothiophenes were confirmed by conversion to the corresponding known 

sulfones and mercuric complexes. 

Kloosterziel and co-workers reported the ring cleavage of in the presence of 

potassium amide in liquid ammonia at -60•‹c, to afford anion The conditions 

employed by airch and McAllan included methanol as a proton source. The 

alcohol could also act as a buffer and suppress any significant concentration 

of amide s n l o n .  Therefore, the mercaptans detected by these investicators 

were most likely the result of reduct~ve cleavage, rather than base induced 

cleavage as observed by Kloosterziel (Scheme 2). 

3 - 

Scheme 2 

The reactions of compounds 1 and Z wlth alkyl mercaptans were also investi- 

gated.' When heated at 2 0 0 ~ ~  with a mercaptan, 1" thvpresence of sulfur, 

2,s-dihydrothiophene gave the corresponding 3-alkylthiotetrahydroth10phene 

(z), while 2,3-dihydrothiophene afforded thioacetal g (Scheme 3). 
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Scheme 3 -- 

Reduction of alkylated thiophenes proceeded in an analogous manner'' (Scheme 4). 

Scheme 4 

3-Methylthiophene afforded the 2,s-dihydro derivative (5 )  ln 43% yield, the 

4,s-dihydro derivative ( 6 )  in 14% yield, and a mixture of unsaturated thiols 

in 10% yield. Detection of hydrogen sulfide indicated some reduct~ve desulfur 

ization, but the resulting alkenes or alkanes were not identified. Reduction 

of 2-methylthiophene produced only small amounts (9%) of the corresponding 2- 

methyldihydrothiophenes, A pentenethiol was the major product (45% yield). 

No dihydrothiophene resulted from reduction of 2,s-dimethylthiophene. A 

hexenethiol was isolated and converted to 2-hexanone on treatment with sodlum 

hydroxide. 

These investigations cast serious doubts on some earlter literature reports 

of dihydrothiophenes. In 1938, Slohodin investigated the reaction of 1,4- 

dibromo-2-butene with sodim sulfide, under various conditions.'' Mixtures 

were obtained containing butadiene, rubber-like polymers, and a compound 

Slobodin indentified as L. However, the boxling paint reported for this 

compound, 103~-105~c, was considerably lower than that reported by Blrch and 

~c~llan,' who suggested that this lower boiling product was actually 3,4- 

epithio-1-butene (vinylthiirane) ( 2 ) .  Brandsma and co-workers prepared 

vinylthiirane by treating trans 1,4-dibromo-2-hutene with sodium sulfide, 



confirming the assignment proposed by Birch and c o - w ~ r k e r s . ~ ~  The boiling 

point of the vinylthiirane (I), 55Oc (110 mm), agreed wlth that of the product 
observed by Slobodin. Treatment of + 1,4-dichloro-2-butene with sodium 
sulfide afforded a 2.1 mlxture of 1 and 312 (Scheme 5). Dihydrothiophene 1 

Was purified by destroying the vinylthiirane with excess sulfide anion. 

- 

Scheme 5 

The preparation of a 3-methyldihydrothiophene by Karrer and Kieso must also be 

questioned in light of Birch's investigations.13 These authors treated 3- 

thiophanone with methylmagnesium iodide to produce the corresponding alcohol, 

which was then converted with phosphorus tribromide to 3-hromo-3-methyl- 

tetrahydrathiophene. Dehydrobromination of this groduct with sodium methoxide 

afforded a product, bp 1 0 8 ~ - 1 1 0 ~ ~ ,  which they believed to he either the 3- 

methyl-4,5- ( 6 )  or 3-methyl-Z,5-dihydrothiophene (5). Ikwever, when Birch 

and co-workers prepared these compounds and their known sulfone derivatives, 

they observed boiling points of 139? and 147'~, respectively, for 6 and 5 10 

Scheme 6 



HETEROCYCLES, Yo1 19, No 1 ,  1982 

Birch and his group utilized sodium metal in their reductions, with methanol 

as the proton source. Krug and Tocker investigated the use of both lithium 

and sodium in conjunction with a variety of ammonium salts as the proton 

SourCe.14 When they employed ammonium sulfate or ammonium chlorlde with 

either llthium or sodium, or ammonium bromide with lithium, the products were 

primarily polymers, mercaptans, and hydrogen sulfide. The reduction of 

thiophene with sodium and armnonium brornlde produced a 53% yield of 2.3- and 

2.5-dihydrothiophenes. Destruction of the 2,3-dihydrothiophene with 30% 

sulfuric sold afforded in purified form. Reaction of with hydrogen 

peroxxde yielded the correspond~ng sulfoxide Reactions of 8 are 

illustrated in Scheme 7. 
Br 

- 
D 

A - 
1 

N.R. 

Scheme 7 

A few of the other dihydrothiophenes reported in the literature have been 

prepared by reductive methods. Conversion of the tosylhydrazone of 3-keto- 

thiophane to a 65:35 mixture of 2 and 1 was accomplished with sodium metal 
io ethylene glycol.16 Russian investigators electrochemically reduced thia- 

phene-2-carboxylic acid and its 5-methyl, 4-methyl, and 4,5-dlmethyl deriva- 

tives to obtain the corresponding 2,5-dihydrothiophene-2-carboxylic acids. 17,18 

Yields were be* (75-90%) in ZM lithium hydroxide; potassium or sodium 

hydroxide afforded poorer results. 

Gol'dfarb and co-workers reported on the Birch reduction of thlophene-2-carboxyl- 

ic acid. l9 Among the products formed were 2,5-dihydrothiophene-2-carboxylic 

acid (2) and 5-mercapto-3-pentenoic acid (12). The relative amounts of 
these compounds depended on the reaction conditions (Scheme 8). 



Scheme 8 

S i m i l a r  r e s u l t s  were r e p o r t e d  independen t ly  by Blenderman and J o u l l i 6 .  
20 

These i n v e s t i g a t o r s  f u r t h e r  observed t h a t  t h e  format ion of  a c y c l i c  p r o d u c t s  

could b e  p reven ted  by employing t h e  l i t h i u m  c a r b o x y l a t e  s a l t  i n s t e a d  of t h e  

f r e e  a c i d .  T h e r e f o r e ,  t h e  s y n t h e s i s  of some s u b s t i t u t e d  2 .5-dihydrothiophenes  

(laa,b) was e f f e c t e d  i n  good y i e l d s  (75-90%) t h e  1 i t h i i u J m o n i a  r e d u c t i o n  

of t h e  l i t h i u m  c a r b o x y l a t e  s a l t s "  (Scheme 9 ) .  

Scheme 9 

Russian i n v e s t i 8 a t o r s  have a l s o  reduced th iophenes  us ing  t r i e t h y l s i l a n e a 2  o r  

z i n c  i n  t r l f l u o r o a c e t i c  ac idz3 ,  t h e  l a t t e r  r e a g e n t s  being s u p e r l o r .  Alkyl 

s u b s t i t u t e d  th iophenes  proved t o  b e  t h e  b e s t  s u b s t r a t e s .  A Japanese  group 

h a s  used t h e  Bi rch  r e d u c t i o n  i n  t h e  course  of a t h l e p i n  s y n t h e s i s . 2 4  Product  

12  r e p o r t e d l y  con ta ined  about  58 of t h e  corresponding 2 ,3 -  and 4 ,5 -d ihydro  - 

i somers  (Scheme 1 0 ) .  

12 - 

Scheme 10 
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2 .  E l imina t ion  Reac t ions  

The Birch reduc t ion  is not w e l l  s u i t e d  f o r  t h e  p r e p a r a t i o n  of 2 ,  

es t h e  2,3- isomer is only a o i n o r  product  of t h e  reac t lo" .  Sosnovsky 

developed t h e  a c y l o x y l a t i o n  of t e t rahydro th iophene  (13) w i t h  x - b u t y l -  

p e r a c e t a t e  o r  %-butylperbenzoate  t o  a f f o r d  t h e  t e t r a h y d r o t h i e n y l  a c e t a t e  

(*) o r  benzoate  (14b) .25 '26  When 3 was hea ted  t o  110'~ f o r  two hours ,  2 
was ob ta ined  i n  80% y i e l d ,  a long  w i t h  benzoic  a c i d .  I n  c o n t r a s t ,  h e a t i n g  a 
i n  s - b u t y l  a lcohol  f o r  100 hours  converted i t  t o  a s p e c i e s  i d e n t i f i e d  from 

i ts  molecular  weight as a dimer o f  dihydrothiophene ( g ) ,  which was not  chara-  

t e r i z e d  f u r t h e r  (Scheme 11) .  

Scheme 11 

Lawessao and Berglund c o n c u r r e n t l y  conducted s i m i l a r  i n v e s t i g a t i o n s  and r e p o r t e d  

i d e n t i c a l  They d e s u l f u r i z e d  t h e  dimer w i t h  Raney n i c k e l  and 

claimed t o  have i d e n t i f i e d  n-octane as a produot by g a s  chromatography. They 

p o s t u l a t e d ,  as a r e s u l t ,  t h a t  t h e  product  was a 2 , 2 '  dimer ( g ) .  Sowever, t h e  

poor ly  r e s o l v e d  40 MHz NMR spectrum of t h e  dimer d i d  not  appear  t o  suppor t  

t h e  ass igned  s t r u c t u r e  (15). A broad s i n g l e t ,  due t o  t h e  o l e f i n i c  proton, 

occur red  downfleld (no S v a l u e s  g i v e n ) .  A poor ly  r e s o l v e d ,  bu t  d e f i n i t e ,  

t r i p l e t  f u r t h e r  u p f i e l d  was probably due t o  t h e  methylene group ad jacen t  t o  t h e  

s u l f u r  i n  t h e  dihydrothiophene r i n g .  The l a c k  of s p l i t t i n g  in t h e  o l e f i n i c  

resonance was e s p e c i a l l y  puzz l ing  and c o n t r a d i c t o r y .  S t u d i e s  c a r r i e d  o u t  

by two o t h e r  groups have shown t h a t  t h e  dimer was not  a 2 .2 '  isomer as 

Suggested by Lawesson, bu t  a 3 .2 '  isomer. Cohen and S t e e l e ,  whi le  i n v e s t i -  

g a t i n g  t h e  u s e  of 2 as p r o t e c t i n g  group f o r  a l c o h o l s ,  o b t a i n e d  t h e  same dimer 

and showed its s t r u c t u r e  t o  be 16.29 A reasonab le  mechanism f o r  t h i s  

d i m e r i z a t m n  is  based on t h e  p o l a r i z a t i o n  of t h i o e n o l  e t h e r s  (Scheme 1 2 ) .  



Scheme 12 

Cox and Owen, examining NMR d a t a  of v a r i o u s  c y c l i c  h e m i t h i o k e t n l s ,  found t h a t  

t h e  resonance of t h e  o l e f l n i c  p r o t o n  of 16 exper i enced  on ly  long range  

s p l i t t i n g . 3 0  Fur the rmore ,  t h e  chemical  s h i f t  of t h e  o l e f i n i c  p ro ton  ( 6 . 5 . 9 2 )  

is c l o s e r  t o  t h a t  of t h e  2-proton (66.06)  t h a n  t h e  3-proton ( 6  5 .49)  i n  2. 

Treatment  o f  2-chlorotetrahydrothiophene (17) w i t h  s e v e r a l  1 , 3 - d i o n e s  l e d  

unexpectedly  t o  t h e  fo rmat ion  of G . ~ '  Under t h e  same c o n d i t i o n s ,  bu t  w i t h  

no  d i m e  p r e s e n t ,  L7 a l s o  gave 16. Presumably, +7 is conver t ed  t o  2, which 

r e a c t s  f u r t h e r  t o  g i v e  +6 (Scheme 1 3 ) .  

cj-d 6 + ( t r a c e )  + =  

Scheme 1 3  

3 .  Condensat ion R e a c t i o n s  

E x m i n a t m n  of t h e  l i t e r a t u r e  r e v e a l s  t h a t  r i n g  c l o s u r e s  are t h e  b e s t  method 

f o r  p r e p a r i n g  s u b s t i t u t e d  d ihydro th iophenes .  There  are two g e n e r a l  approaches  

t o  c y c l i z a t i o n  depending on whether  t h e  fo rmat ion  of t h e  s u l f u r - c a r b o n  bond 

occurs  a s  t h e  f i r s t  o r  l a s t  s t e p .  There  are  s e v e r a l  v a r i a t i o n s  on b o t h  
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strategies. 

~ilak - et - al. developed the condensation of thioglycolates with either a,$- 

unsatursted ketones or 6-dimethylaminoketones to produce hydroxytetrahydro- 

thiophenes (2) whlch dehydrated in polyphosphoric acid to 2.5-dihydrothlo- 

phenes (19)32233 (Scheme 14). 

Scheme 14 

Disproportionation products E and 21 were observed in some cases This side 

reaction was not considered a problem as the desired products were thiophenes 

rather than dihydrothiophenes. The 2.5-dihydrothiophene-2-carboxylate ester 

(2) did not disproportionate when both R1 and R3 were large groups: 

R1=R3=9 and RZ=H1 Or R1=C02Et, R2=H and R3=9. This behavior suggested that 

large groups hindered hydride transfer. When these groups (R1 or R3) were 

smaller, eg. hydrogen or methyl, all three products (2, e, 21) were obtained 

One of the more fully investigated synthetic methods for dihydrothiophenes 

involves cyclization of a-mercapto aldehydes or ketones (2) with vinyl Wittig 

or Wittig-Horner reagents (w) (Scheme 15). 



Scheme 15 

McIntosh and co-workers prepared several substituted 2,5-dihydrothiophenes 

(Z4a,b) by this procedure. Many of the resulting dihydrothiophenes were 

oxidized to the corresponding sulfones and then converted to 1.3-dienes & 

elimination of sulfur diox~de.~~-~' Use of Wittig-Horner reagents allowed 

the introduction of an ester group on the dihydrothiophene. 39-40 

a-Mercaptoaldehydes (22) also add to a,@-unsaturated aldehydes to give 2.5- 

dihydrothiophene-3-carboxyaldehydes (26) as the major products along with 

some of the correspondmg aromatic products (Scheme 16). 
41 

Scheme 16 
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These substituted dlhydrothiophenes (26) are not available from the previously 

reported reactions of vinylphosphonium salts as they would require the use 

of the unknown a-formyl vinylphosphonium salts or a 3-mercapto-2-ketoaldehyde. 

Another example involving initial carbon-sulfur bond formatlo" includes the 

condensation of thioenolates (27) with 1.2-dicarbomethoxyacetylene (28) 

to afford substituted dimethyl 4.5-dihydrothiophene-2.3-dicarboxylates 

(29).42 Cyclization of thioenolates with a-bromoketones and esters (3 X=Br) 

gives 2.3-dihydro-3-hydroxythiophenes (z), which readily dehydrate to 

to thiophenes (32) if the carbon adjacent to the hydroxy carbon is secondary. 43 

A different approach involves the synthesis of 3-amino-4.5-dihydrothlophene 

(34) by the cyclization of 0-mercaptonitriles (33) with chlorornethyl aryl 

or alkyl ketones (30 X=C1).44 The dihydrothiophenes are readily oxidized 

with elemental sulfur to aminothiophenes (35). These reactions are summarized 
in Scheme 17. 

OH 

H4+R5 X + -p;%] 0 -RRQ 4 OHs 

30 - fi - 31 32 
R1=H - 

R2=CY) 

X=Br R3=CH3,Q R =H,Q 
4+ 

R5'Q, O E t  Y=HNEt3,Na 



Another m i n o t h i o p h e n e  s y n t h e s i s  i n v o l v e s  condensat ion of  methyl  th iog lyco-  

l a t e  wi th  a c r y l o n i t r i l e  t o  produce 3-keto-4-cyanotetrahydrothiophene (36). 

React ion o f  36 with  a s u b s t i t u t e d  a n i l i n e  a f f o r d s  enamine 37, a 2,5-dihydro-  

thiophene d e r i ~ a t i v e . ~ '  Oxidat ion of 37 with c h l o r a n i l  g i v e s  t h e  cor respond ing  

thiophene (Scheme 18)  

m-F3CpNH 

c h l o r a n i l  oCN ' 
Scheme 1 8  

An a l t e r n a t i v e  approach i n v o l v e s  r e a c t i o n  o f  hydrogen s u l f i d e  o r  one of i t s  

a l k a l i  metal  s a l t s ,  u s u a l l y  sodium s u l f i d e  o r  b i s u l f i d e ,  wi th  a p p r o p r i a t e l y  

s u b s t i t u t e d  Mjchael a c c e p t o r s .  An e a r l y  example of t h i s  method is  t h e  

s y n t h e s i s  of both 2,5-and 2,3-dihydrothiophenes  & a common 3 - k e t o t e t r a -  

h y d r ~ t h i o p h e n e ~ ~  (Scheme 1 9 ) .  

NC 
KOH 

44 - 43 - 
Scheme 19 
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The assignment of structures 41 and 43 was based on the ultraviolet spectra 

of these compounds. Compound 41 showed the more intense absorption at 280 nm, 
consistent with the increased conjugation of this system. 

The formation of 39 arises B Michael addition of sulfide ion to 38 

followed by a nucleophilic displacement of the chloro group three carbons 

away. A variation of this "1.4-addition" methodology is illustrated with 

the synthesis of 2-methyl-4.5-dihydrothiophene (451, prepared by passing 

hydrogen sulfide over 5-hydroxyl-2-pentanone on alumina at At 

or above 35ooc the products were the corresponding thiophene and tetrahydro- 

thiophene (Scheme 20). 

45 - 
Scheme 20 

1.4-Diketones have been converted to mixtures of thiophenes, dihydrothio- 

phenes, and tetrahydrothlophenes by treatment with hydrogen sulfide. 48.49 

Dichloro and dibromo compounds have also been used as precursors for dihydro- 

thiophenes, and were, in fact, among the earliest materials Used for this 

purpose 11212250 (Scheme 21) 

Scheme 21 



Other precursors  t o  dihydrothiophenes inc lude  v i n y l  acetylene5' and 2 ,4-hex-  

(Scheme 2 2 ) .  

9:l:: TRANS: CIS 

Scheme 22 

y-Mercapto k e t o n e s ,  (50.51) generated from y-halo ketone^^^ or y ,6 -unsaturated  

 ketone^^^'^^ v i a  r e a c t i o n  with s u l f u r  n u c l e o p h l l e s ,  also serve as dihydro- 

thiophene precursors  (Scheme 2 3 ) .  

Scheme 23 
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Several 2-amino-4,s-dihydrothiophenes (56) have been prepared by the reaction 

of ethyl cyanoacetate (53) with substituted episulfides (3) (Scheme 24). 

Scheme 24 

This reaction was originally carried out with compounds in which HI and R2 

were hydrogen or methyl, and was later applied to substances containing 

bulkier substituents such as N-piperidino or N-morpholino groups. 56.57 

Malononitrile has been used in a similar co~densation.~~ Another variation 

of this method involves the reaction of 53 and 0-bromoethyl t h ~ o a c e t a t e . ~ ~ , ~ ~  

Condensation of these compounds followed by 3 situ hydrolysis of the thioester 

formed an intermediate similar to that obtained from the episulfide (54 ) .  
Hlng closure yielded 56 where R1=R2=H (Scheme 25). 

56 - 

Scheme 25 



An unusual cyclization affording a substituted 2,s-dihydrothiophene (57) 

involves condensation of an unsaturated thiacyanate with two equivalents of 

ethyl cyanoacetate (=16' (Scheme 26). 

Scheme 26 

Stotter and co-workers developed a general procedure for the preparation of 

2,s-dihydrothiophenes which is also applicable to the synthesis of 2,s-dihydro- 

furans and ~,5-dihydropyrroles.~' Treatment of dimethyl 2-bromomethyl-2,4- 

hexadlenoate (3) with thiolacetic acid afforded the corresponding 2-acetyl 

thiomethyl compound (59 ) .  Removal of the acetyl group with sodium methoxlde 

gave the mercaptide intermediate (60) which was then converted & situ to 

dihydrothiophene g (Scheme 27). 

61a R=CH3, R'=H - 
61b R=R'=CH3 - 

Scheme 27 
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Stotter and Stork also prepared dihydrothiophene 61 + a different cyclization 
procedure.63 Condensation of methyl 3-mercapto~ro~ionate with dimethyl 

maleate afforded ketoester 62. Compound 62 was reduced in methanol wlth an 

excess of morpholine-borane at ambient temperatures followed by an immediate 

treatment with sodium methoxide. Acidic work-up afforded 2,5-dihydro-4- 

carbomethoxy-2-thiopheneacetic acid (e). Esterification of gave gJ 

in 49% yield from 62. The diester (@) was useful in the synthesis of trans- 
fused bicyclic systems (Scheme 27). 

4. Rearrangements 

Rearrangements have been used as another synthetic approach to dihydrothiophenes. 

The acid catalyzed rearrangements of substituted y-thiolactones, for example, 

are well documented. Korte employed this route to prepare several substituted 

dihydrothiophenes as shown in Scheme 28.64-66 

- 
65 - 64 

63 
- - 

Scheme 28 

B e s t  yields were obtained when R was  an ethoxycarbonyl group. when R was 

hydrogen or a methyl group, yields were generally lower. The catalysts 

employed included hydrogen chloride in alcohol, concentrated aqueous hydrogen 

chloride, and Dowex 50 or Duolite C20 in the acid form. The ethoxycarbonyl 

group could readily be converted to an amlde by reaction of the acyl thio- 

lsctone (64)  with an mine prior to the rearrangement.67 Ethyl Z-methyl- 

4.5-dihydrothiophene-3-carboxylate (65 R=CH3) was easily converted to the 2- 

bromomethyl compound with bromine.68 Similar thiolactones have been transformed 

to the corresponding dihydrothiophenes by other investigators. Condensation 

of 63 with carbon disulfide followed by treatment of the resulting product - 



w i t h  methyl  i o d i d e  gave E, which r e a r r a n g e d  i n  basic s o l u t i o n  as shown i n  

Scheme 29. 69 

ti8 - Scheme 2'3 

m u 6  and L a w e ~ s o n , ~ ~  s t u d i e d  t h e  rearrangement  of t h i o a c y l  analogs of 64 

t o  d ihydro th iophenes  65 under  a c i d  c o n d i t i o n s ,  work c l o s e l y  r e l a t e d  t o  t h a t  

of K ~ r t e . ~ ~ - "  Lawesson a l s o  r e p o r t e d  an  i n t e r e s t i n g  C l a i s e n  rearrangement  

which l e d  t o  t h e  5 - s u b s t i t u t e d  homolog of g7' (Scheme 30). 

1. b a s e  

H3C w C 0 2 E t  SH ' 3 ~ 7 4 k O ~ E t  .- 
T I q u i n o l i n e  

Scheme 30 

Cyclopmpyl  ke tones  have been conver t ed  t o  4 .5 -d ihydro th iophenes  under  a c l d  

cond i t ions72  (Scheme 31). 
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Scheme 31 

Kellogg and co-worker6 have prepared several highly substituted 2.5-dihydro- 

thiophenes by rearrangement processes73'74 
(Scheme 32). 

Scheme 32 



~ h e s e  investigators were interested in the preparation and reactions of thio- 

~ ~ r b o n y l  ylides, which are generated on heating thiadiazolines (2). The 

most successful general method proceeded* chlorinated aeine z. situ 
reaction of the dipolarophile dimethyl acetylenedicarboxylate with the 

thiocarbonyl ylides generated from 2 afforded dihydrothiophenes (3). 

Where R1=H and H2=Et, the cisjtrans ratio was observed to be 20.80. Upon 

photochemical decomposition, the dihydrothiophenes (73) afforded mixtures 

of isomeric dienes. 75-77 

11. SYNTHESIS OF BIOTIN PRECURSORS 

Much of the progress in dihydrothiophene chemistry resulted from interest in 

biotin during the late forties. It is not the purpose of this review to 

discuss the various biotin syntheses that have been developed in recent years. 

Only the methodology which relates to dihydrothiophenes will be examined. 

Ring closures have been the route of choice to biotin. In contrast with 

the majority of cyclizations previously discussed, these ring closures initially 

afford ketotetrahydrothiophenes rather than dihydrothmphenes. 

Harris and co-workers obtained 2 via a Dieckmann condensation and decarboxy- 

lation. This compound was then converted to 4,s-dihydrothiophene (33) 

and ultimately dl-blotin in three additional steps78 (Scheme 33). 

77 - 
Scheme 33 

Also formed was an isomer of L7, later determined to possess an exocyclic 

double bond, in which the amide functions had a trans relati~nship.~~ Very 

similar compounds were subsequently reported by Russian workers using 

analogous routes. 80-82 

Ketoester 81 played an important role in investigations leading to biotin. 

Woodward and Eastman, for example, systematically studied the Cyclization 
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of 18 to 81 and g283 (Scheme 34) 

Scheme 34 

At ambient temperatures, sodium methoxide in ether favored formation of the 

kinetic anion, 80, which then led to g2. The same base in refluxing toluene 

afforded 81 the thermodynamically favored anion, 19. 

Homologs of keto-ester 81 have been utilized to prepare compounds other than 

biotin (see Schemes 19 and 40). Spectroscopic studles of 81 showed that 
this compound existed mostly in its en01 form, while 82 existed preferentially 
In the keto form.84285 

In a series of publications dealing with the synthesis of biotin, Baker 

and co-workers developed a route to a dihydrothiophene-3,4-dicarboxylic acid 

(86) (Scheme 35) .86-89 

3 c 0 2 c R  POC 1 

HC1 
5H 5N H3m"E - 

S 

HO"G"H 
Scheme 35 



These authors demonstrated, via comparisons of the ultraviolet spectra of 

known compounds, that the olefinic function in these dihydrothiophenes was 

in the 3,4 position, thereby characterizing the 2,s-dihydrothiophene ring. 90 

The order of the dehydration and hydrolysis steps could be reversed without 

changing the outcome of these reactions. Where R f H, the precursor of 

87 was isomeric with 83. - 
Takaya and co-workers prepared a number of interesting dihydrothiophenes 

during their synthetic investigations of biotin. Using the procedure 

of Baker et al., 8649 they prepared 85 (R=H) and 86 (R=CH3) as well as the 

dimethyl ester of 86. Treatment of 86 with sodium hydroxide converted it to 

the 2,3-dihydro isomer (89). a reactiong1 also observed but not as well 

documented by BakerS0 (Scheme 36). 

COZCH3 
1. KOH 

2, cH~oH/H@ H 3 c 0 z c ~  3 

89 - 
Scheme 36 

  he NMR spectrum of 89 was reported to show a vinylic proton at S 7.3. 

Reaction of with urea or ethyl carbamate yielded an amino-substituted 

dihydrothiophene (g), while 81 and diazomethane afforded the methyl vinyl 

ether (91) 918g2 (Scheme 37). 

R=H, CH3 

Scheme 37 

The behavior of compounds 85, 86, 89, 90, and 91 toward oxidation was 

in~estigated.~~ With hydrogen peroxide/acetic acid, dihydrothiophenes with 

two electron withdrawing groups (85, 86. 89) were ox~dized to the corresponding 

thiophenes. Perbenzoic acid in chloroform afforded the sulfone derivatives 

instead. In contrast, dihydrothiophenes with one electron withdrawing and 

one electron donatlng group (90, 91) gave sulfones with either oxidizing 
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agen t .  Iodosouenzene was found t o  g i v e  on ly  th iophenes ,  w i t h  no s u l f o n e  

fo rmat ion .93  

Confalone and co-workersg4 p repared  enamine 93 from k e t o - e s t e r  92 (Scheme 38) 

. 
92 A 93  - 

Scheme 38 

Compound 93 was t h e n  conver ted  t o  b i o t i n .  

S e v e r a l  i n v e s t i g a t o r s  have s t u d i e d  t h e  p r e p a r a t i o n  o f  b i c y c l i c  and p o l y c y c l i c  

cornpounds from 81 and a romat ic  m i n e s .  React ion of 81 with  a n i l i n e  a f f o r d e d  

t h e  expec ted  enamine 94 which cou ld  b e  c y c l i z e d  and f u r t h e r  a romat ized  as 

shown i n  Scheme 39. 9 5  

scheme 39 



These r e a c t i o n s  were e x p l o r e d  f u r t h e r  by Hromatka. When 94 was o x i d i z e d  

w i t h  c h l o r a n i l  t o  t h e  th iophene ,  r i n g  c l o s u r e  was no l o n g e r  p o s s i b l e .  

A l k y l a t i o n  cou ld  h e  ach ieved  a t  e i t h e r  t h e  oxygen of 95 (NaOCH3/DMF, RX-TsC1, 

C1C02Et) o r  bo th  t h e  oxygen and n i t r o g e n  (NaOCH3/DMF, RX=CH3C1, C1(CH2)3C02Et). 

The N-alkyl p r o d u c t s  were p u r i f i e d  by f r a c t i o n a l  c r y s t a l l i e a t i o n  and cou ld  

he  f u r t h e r  o x i d i z e d  t o  t h e  th iophene  d e r i v a t i v e s  (98).96 Condensat ion of 

81  w i t h  2 -aminoan i l ine  had v a r i a b l e  r e s u l t s ,  depending upon t h e  r e a c t i o n  - 
t empera tu reg7  (Scheme 40) 

c h l o r a n i l  

1 

Scheme 40 

I n t r o d u c t i o n  of hydrogen c h l o r l d e  i n  xy lene  caused t h e  fo rmat ion  of +00 as  

t h e  s o l e  p roduc t .  On f u r t h e r  h e a t i n g  w l t h  p - t o l u e n e s u l f o n i c  a c i d  100 was 

i samer ized  t o  101.98 P r e s s  and S a f i r ,  du r ing  t h e  course of t h e i r  i n v e s t i g a t i o n s  

on 4H-thienohenzodiazepins, p r e p a r e d  s e v e r a l  compounds s i m i l a r  t o  99. 99 

Press and S a f i r  a l s o  examined t h e  r e a c t i o n  of 3 w i t h  o t h e r  a romat i c  

n u c l e o p h i l e s .  Use of  2-aminophenol l e d  t o  t h e  2-hydroxy ana log  o f  94, which 

cou ld  not  h e  induced t o  form t h e  l a c t o n e  analog of 99. loo l n t e r e s t l n g  
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t a u t o m e r l c  p r o d u c t s  r e s u l t e d  from o t h e r  work i n  S a f l r ' s  l a b o r a t o r y  r e g a r d i n g  

r e a c t i o n s  of 2 and 82 w i t h  pheny lhydraz ine lo1  (Scheme 41) .  

Scheme 4 1  

The en01 forms (103 ,  104) were obse rved  i n  t h e  s o l i d  s t a t e ,  w h i l e  t h e  non- 

con juga ted  k e t o  forms (103a ,  104a)  se re  observed in d i l u t e  chloroform 

s o l u t i o n .  The con juga ted  k e t o  forms were  not  d e t e c t e d .  However, a l k y l a t m n  

of 103 wi th  a l k y l  i o d l d e s  and po tass ium c a r b o n a t e  i n  a c e t o n e  r e s u l t e d  i n  

r e a c t i o n  a t  oxygen, n i t r o g e n ,  and carbon. I somer ic  compound 104 behaved 

r a t h e r  d i f f e r e n t l y ,  g i v i n g  a n  a c y c l i c  product  (106)  v i a  a su l fon ium intermed-  

i a t e  (Scheme 42)  

104 - 

105 - 

Scheme 42 



F i n a l l y ,  81 and some 0 - a l k y l a t e d  o r  a c y l a t e d  d e r i v a t i v e s  of i ts t a u t o m e r i c  

form have been conver t ed  t o  t h e  co r respond ing  s u b s t i t u t e d  th iophene  w i t h  

s u l f u r y l  c h l o r i d e .  
102 ,103  

Two o t h e r  approaches  t o  b i o t i n  u t i l i z i n g  d ihydro th iophenes  a l s o  d e s e r v e  

mention. Marx and co-workers r e c e n t l y  conver t ed  107, prepared  a l d o l  

and Michael t y p e  r e a c t i o n s ,  t o  a d ihydro th iophene  which was t r ans fo rmed  i n t o  

d l - b i o t i n  i n  t h r e e  steps104 (Scheme 43)  

109 - 108 
Scheme 43 - -- 

A minor product  formed a long  w i t h  109 was t h e  co r respond ing  t h i o p h e n e .  The 

second approach f i r s t  produced t h e  imide r i n g  of b l o t l n  wi th  potass ium 

i s o c y a n a t e  and t h e n  g e n e r a t e d  t h e  2 ,5-dzhydrothiophene,  which, i n  t u r n ,  

WBS s t e r e o s p e c i f i c a l l y  reduced t o  d - b l o t m .  The d  and I l somers  were 

s e p a r a t e d  i n  an e a r l i e r  s t e p l o 5  (Scheme 4 4 ) .  

HBO 
1. CH3N02/B' R 

w L s ~ N 0 2  (-IaMBA* 1. HZ/Pd n 2 .  ascs,co,~ - 
HCR - 2 .  LYCO 

3. (+)a9CH(CH3)NH2 3. NaOH 
4 .  DCA 

Scheme 44 
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111. SYNTHESIS OF RALODIWDROTBIOPHENES 

Syntheses of halodihydrothiophenes have involved a number of methods bes~des 

direct halogenation. Perfluoro-2,5-dihydroth10phene resulted from the 

treatment of perfluorocyclobutene with sulfur under heat and pressure. 106 

Treatment of tetrachlorothiophene with silver difluoride or potassium tetra- 

fluorocobaltate (PTFC) yielded 3,4-dichloro-2,2.5,5-tetrafl~~r0-2,5-dihydr0- 

thiophene. Thiophene with PTFC gave a mixture of products whose major 

constituent was 2 ,2 ,5 ,5 - te traf luoro-2 .5 -d ihydroth iophene  Penta- and hexa- 

fluorodlhydrothlophenes were also formed, along with fluorotetrahydrothio- 

phene.lo7 Reaction of these fluorodihydrothiophenes wlth sodium methoxlde 

gave methoxyfluorodlhydrothiophenes such as (Scheme 45). A trace 

amount of perfluoro-2,5-dihydrothiophene was also formed on exposure of 

perfluorobutadiene and sulfur dioxide to ultraviolet light.lo9 An early 

investigation of the direct chlorination of thiophene or 2-thiophenecarboxylic 

acid in acetic acid characterized the product as a pentachlorodihydrothiophene 

having structure 116 or (Scheme 45). More recently, perchloro-2.5- 

dihydrothiophene (116) was found to be the product of direct chlorination 

of either thiophene or tetrachlorothiophene in carbon tetrachloride uslng 

iodine as ~atalyst.'~~"~~ 3-Chloro-4,5-dihydrothiophene (119) was formed 

along with 2.3-dichlorotetrahydrothiophene jn the direct chlorination of 

tetrahydr~thiophene'~~ (Scheme 45). 

115 - 116 117 - - 
C1 

cat. I2 

C1 C1 
118 - 

Scheme 45 



IV. SYNTHESIS OF FJICYCLIC DIHYDROTHIOPHENES 

A few condensed dihydrothiophenes were discussed earlier; a number of 

additional examples will be given here. A very early investigation by 

Leser reported the preparation of benzoIc.2,Sldihydrothiophene (E) 

from a, a'-dibromo-o-xylene114 (Scheme 47). 

120 - 
Scheme 46 

This author also commented upon the relationship between thiophene and di- 

hydrothiaphene, at that time unknown, as compared to benzene and dihydro- 

benzene. Many years later, Cava utilized this reaction to prepare benzo- 

cyclobutene. Compound 120 was oxidized to the sulfone which, upon loss of 

sulfur dioxide, gave a mixture of compounds containing benzocyclobutene. 
115 

MacDowell and Patrick synthesized 4 , 6 - d ~ h y d r o t h i e n o [ 3 , 4 - b l t h i o p h e n e ( E j  to 

investigate the strain in the aromatic portlo" of the molecule. Reduction 

of dialdehyde 122 afforded dialcohol +23. Conversion of 123 to the bis 

bromomethylthiophene 124 followed by reaction with sodium sulfide gave 121 
in 18% overall yield (Scheme 47). 

CH20H 

LiA1H4 - a ?Br3 

CH20H 
S 

121 - 
Scheme 47 

The NMR spectrum of 121 was compared to that of the unstrained 2,3-bis- 
ethylthiomethylthiophene. Differences in the chemical shifts of the 

corresponding C1 and C2 protons were too small to be attributed to a decrease 

in sromat~city in the bicyclic molecule 121. 116 

The interesting sulfidefsulfone 126 could not be prepared from 125,117 but 
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was later made by a related route1182119 (Scheme 48). 
CH2Br 

"'""n I + Na2S \\ 
O2 \ polymer 8 

s 

Scheme 48 

Reaction between thiophene and ethyl diaaoacetate under both thermal 

and photochemical conditions yielded the bicyclic compound 127 (R=Et), ethyl 

2-thiablcyclo[3.1.01hex-3-ene-6-carboxylaLe 12"121 (Scheme 49). 

Scheme 49 



The lsolated yield of 129 (20%) was recently improved more than threefold 

by the use of a rhodium (11) catalyst, and the n-butyl rather than ethyl 

diazo ester. The z-stereochemistry was deduced from the small trans 

couplug constant (3.2 Hz) for the cyclopropane protons,122 observed in 

the carboxylic acid (127, R=H) obtained on basic hydrolysis of the ester. 

Diazomethane reacts in a similar manner to afford the parent bicyclic 

compound. 123 

V. SPECTROSCOPIC STUDIES OF DIHYDROTHIOPHENES 

Detailed spectroscopic studies have been carried out on simple dihydrothio- 

phenes.   hi ultraviolet spectra of 2,s-dihydrothiophene and 2,5-dihydrothio- 

phene were reported to show absorption maxima at 236 and 262 nm and at 211 

and 232 nm, respectively, but no e values were given. 124 max 

Investigations of the near infrared spectral characteristics of dihydrothio- 

phenes showed that the 2.5-dihydro isomer is ~ l a n a r . ' ~ ~ ' ~ ~ ~  However, the 

2,3-dihydro isomer has a nonplanar ring. A detailed analysis of the 

infrared spectrum of 2.5-dihydrothiophene revealed CZv symmetry, supporting 

B planar ring. 127 

Nuclear magnetic resonance data comprises the largest body of spectral 

information available on dihydrothiophenes. Chemlcal shift values and to 

a lesser extent coupling constants have been determined for a vsrlety of 

substituted dihydrothiophenes. 13c chemical shifts of several dihydrothio- 

phenes have also been determined. These values are listed in Tables I and I1 

Originally, coupling constants JlI3 and JIz4 for compound had been 

assigned differently from the assignment shown in Table I. However, 

investigations of similarly substituted 2,5-dihydrofurans 120'130 and 2,s- 

dihydr~pyrrolesl~~ have shown that the couplina constants (JlZq) of trans 

Substituted compounds are always larger than those of cls derivatives. Thus, 

the present assignments are consistent wlth those made for 2,5-dihydrofurans 

and 2.5-dihydropyrroles. The following structures refer to the compounds 

listed in Tables I and 11. 





Table I1 l3c NMR Chemical S h i f t s  

compound 6 ~ - 2  SC-5 6C-4 6C-5 62-CH3 63-CH3 64-CH3 --- 

a.  R e f .  133 b .  unpublished r e s u l t s  c .  Ref. 21 d .  Ref. 134 e .  values i n  parentheses  may 
be interchanged 
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