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This rev iew is devoted to catalyt ic  methods for obtaining thiophene and alkylthiophenes f rom 
C2-C 6 hydrocarbons  and f rom var ious  organosulfur  compounds - al iphatic  sulf ides,  m e r c a p -  
tans ,  alkylthiophenes,  thiophane, and sulfones.  Mult icomponent ch romium-con ta in ing  ca ta lys t s  
have cons iderable  act ivi ty  in the ma jo r i t y  of the reac t ions .  The cata lyt ic  method for obtaining 
thiophene and alkylthiophenes by the reac t ion  of C2-C 6 hydroca rbons  with hydrogen sulfide 
may  be the mos t  p romis ing  one. 

I n t r o d u c t i o n  

Owing to the i r  high reac t iv i t i e s ,  thiophene and its homologs a re  potential  raw m a t e r i a l s  for obtaining 
the mos t  d ive r se  compounds of both the al iphatic and al icycl ic  s e r i e s .  Methods for the synthes is  of s ev e ra l  
polyorganos i loxanes ,  he rb ic ides ,  physiological ly  act ive and a romat i c  subs tances ,  yea s t -g rowth  s t imula to r s ,  
e tc , ,  have been cre 'a ted on the bas is  of thiophene. However,  the ass imi la t ion  of these  r e s e a r c h  ef for ts  in 
industry  is compl ica ted  by the absence of access ib le  methods for obtaining thiophene and alkyl thiophenes.  
In the Soviet Union, thiophene is cur ren t ly  obtained only f rom the benzene fract ion of coal  t a r ,  and this 
source  will not be able to sa t i s fy  the increas ing  r equ i r emen t s  of the national  economy.  

An industr ia l  appara tus  for the p repara t ion  of thiophene f rom C4 hydrocarbons  and molten sulfur  at 
t e m p e r a t u r e s  up to 700 ~ and a tmosphe r i c  p r e s s u r e  has been pu t into operation In the United States as a r e -  
sult of intensive r e s e a r c h  [1-9]. In addition to the high t e m p e r a t u r e ,  another  disadvantage of this method 
is the cons iderab le  res in i f ica t ion  that occur s .  A cata lyt ic  p roce s s  based  on the reac t ion  of hydrocarbons  
with sulfur  dioxide or hydrogen sulfide or on the convers ions  of d ive rse  sul fur-conta in ing organic c o m -  
pounds s e e m s  m o r e  expedient .  It should be pointed out that mos t  of the sys t emat i c  invest igat ions re la t ive  
to the catalyt ic  synthes is  of thiophene and alkylthiophenes were  c a r r i e d  out in the Soviet Union in the s ix t ies .  

In this rev iew we discuss  m a t e r i a l  on the catalyt ic  methods for obtaining thiophene and a lkyl thio-  
phenes by he terocycl iza t ion  of al iphatic hydrocarbons  with sulfur  dioxide or  hydrogen sulfide, by dehydro-  
cycl izat ion of dialkyl sulf ides,  by dealkylation of alkylthiophenes,  by dehydrogenation of thiophane, and by 
hydrogenat ion and dehydrogenation of sulfones.  

C a t a l y t i c  S y n t h e s i s  o f  T h i o p h e n e  a n d  A l k y l t h i o p h e n e s  
b y  t h e  R e a c t i o n  o f  C 2 - C  6 H y d r o c a r b o n s  w i t h  S u l f u r  
D i o x i d e  o r  H y d r o g e n  S u l f i d e  

Studies on the use  of sulfur dioxide in the synthes is  of thiophene were  begun 20 y e a r s  ago and con-  
tinue to a t t r ac t  the attention of r e s e a r c h e r s  in var ious  count r i es .  The poss ibi l i ty  of obtaining thiophene 
and alkylthiophenes [10, 11] f rom sulfur  dioxide and al iphatic  hydrocarbons  is due to the p r e sence  of no 
less  than four carbon a toms in the s t ra igh t  chain of the l a t t e r .  In fact,  the synthes is  of thiophene from sul -  
fur dioxide and ethane [12, 13], ethylene [10, 13, 14], and propylene or  isobutane [10] could not be a c c o m -  
pl ished.  
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The format ion  of thiophene f rom sulfur  dioxide and C 4 hydrocarbons  is observed  as a resu l t  of the 
following reac t ions :  

C4HI0 + SO 2 ~ ~ + 2H20 § H 2 

C,~H~, + SO 2 ~ ~-'~S~ + 2H20 

C4H6 + SO 2 § H 2 ~ ~ § 2H20 

The l i t e r a tu r e  data on the cata lyt ic  synthesis  of thiophene f rom sulfur  dioxide and C 4 hydrocarbons  
published before  the s ixt ies  p r i m a r i l y  involve patents  [12-20]. The single exception was a study [10] in 
which there  was a detai led descr ipt ion of the method of synthes is  of thiophene f rom a number  of al iphatic 
hydrocarbons  at  high t e m p e r a t u r e s  and a tmospher i c  p r e s s u r e  on var ious  ca ta lys t s .  However ,  the method 
used  to p r e p a r e  the ca t a lys t  was not pointed out, and information regard ing  the i r  s tabi l i ty  was also absent .  

The m o s t  efficient  and frequently used ca ta lys t s  in the synthes is  of thiophene f rom sulfur dioxide and 
hydrocarbons  a re  a luminum oxide-based  ca ta lys t s  that  contain oxides or sulf ides of group V and VI me ta l s  
(molybdenum, tungsten,  and chromium) .  Silica gel, a luminum oxide, active charcoa l ,  and clays can also be 
used  as ca t a ly s t s .  

The format ion  of thiophene f rom butylene proceeds  with higher  yields and under  mi lde r  t e m p e r a t u r e  
conditions than f r o m  n-bu tane .  The m a x i m u m  yield of thiophene f rom n-butane  (43~)* is achieved on an 
a l u m i n u m - m o l y b d e n u m  ca ta lys t  [15], while the m a x i m u m  yield f rom butylene (60~) is obtained on a ca ta lys t  
containing 2% BaO, 15% CuCrO2, and 83% A1203-SiO 2 [20]. Up to 62 and 75% thiophene, r espec t ive ly ,  can be 
obtained in a fluidized bed f rom sulfur dioxide and n-butane [15] or  butylene [17] on an  a l u m i n u m - c h r o m i u m  
ca ta lys t .  

Var ious  modif ica t ions  of T ~A1203 and mul t icomponent  ca ta lys t s  based  on it were  invest igated as 
ca ta lys t s  in [21-29]. Aluminum oxide calcined at 1000 ~ has  the g r ea t e s t  act ivi ty;  when it is used,  the yield 
of thiophene f rom sulfur  dioxide and n-butane or butylene was 44 and 55%, r e spec t ive ly .  X - r a y  diffract ion 
analys is  demons t r a t ed  that  this sample  co r re sponds  to h igh - t empe ra tu r e  Y -A1203. If ch romium oxide, 
molybdenum oxide, or ,  s imul taneous ly ,  ch romium oxide and potas s lum oxide a re  introduced into the W- 
a luminum oxide [28], an i nc rea se  in its act ivi ty can be obse rved .  The introduction of r a r e - e a r t h - e l e m e n t  
oxides into a luminum oxide and c h r o m i u m -  and molybdenum-conta ining ca ta lys t s  r e su l t s  in a d e c r e a s e  in 
the i r  r e ac t i v i t i e s .  Thus it was demons t ra ted  in these studies that mul t icomponent  ca ta lys t s  have lower  
act ivi ty  than a luminum oxide calcined at 1000 ~ in the synthes is  of thiophenes f rom C 4 hydrocarbons  and su l -  
fur dioxide. However ,  the yields  of thiophene obtained in the p r e sence  of the la t te r  const i tute only 20-33~ 
of the equi l ibr ium yields [25, 29]. 

The l i t e r a tu r e  on the synthes is  of thiophene homologs by the react ion  of sulfur  dioxide with C5-C 6 
hydrocarbons  is l imi ted  [10-12, 15, 17, 18, 30, 31]. The reac t ions  were  studied pr incipal ly  in the p re sence  
of an a l u m i n u m - c h r o m i u m  ca ta lys t ,  except  for  [30, 31], in which the oxides of magnes ium cand ca lc ium [30] 
and the oxides of a luminum and neodymium [31] were  used  as ca t a lys t s .  In addition to alkylthiophenes,  th io-  
phene is a lso  p resen t  in the products  of the react ion  of sulfur  dioxide with hydrocarbons  with m o r e  than four 
carbon a toms ,  probably  as a r e su l t  of the react ion of sulfur  dioxide with the products  of cracking of the 
s ta r t ing  hydrocarbon  or as a consequence of dealkylat ion of the alkyl thiophenes.  When the number  of c a r -  
bon a toms in the molecule  of the s ta r t ing  hydrocarbon inc reases  f rom four to six,  the yields of the thiophene 
compounds f r o m  the reac t ion  of sulfur  dioxide with hydrocarbons  d e c r e a s e ,  which is apparent ly  assoc ia ted  
with the i n c r e a s e  in the n u m b e r  of poss ible  r eac t ions .  Thus,  for  example ,  dehydrocycl izat ion to fo rm ben-  
zene is m o r e  favorab le  for C 6 hydrocarbons  of n o r m a l  s t r u c t u r e  than the reac t ion  to fo rm a he te rocyc le ,  
since the conjugation ene rgy  of benzene is 36 k c a l / m o l e  as compa red  with 28 k c a l / m o l e  for thiophene [32]. 

Branching of the ca rbon  chain of Cs-C 6 paraffin hydrocarbons  has only a sl ight effect  on the yield of 
thiophene compounds .  The opt imum t e m p e r a t u r e  for convers ion  of C5-C 6 isoalkenes  to the cor responding  
alkylthiophenes is 150-250 ~ lower  than the t e m p e r a t u r e  r equ i red  for the convers ion of n-butane,  butylene, 
and 1,3-butadiene [11]. 

* Here  and e l sewhere ,  the yield is given in weight percen t  based  on the hydrocarbon  passed  through the s y s -  
t e m .  
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The use  of hydrogen sulfide as one of the s ta r t ing  subs tances  for the synthesis  of thiophene f rom 
acetylene and hydrogen sulfide on a luminum oxide at 400-450 ~ was init iated in 1915 by Chichibabin [33, 34i: 

2%tf 2 + H2S ~ ~ ' ~  ~ H 2 

Subsequent inves t iga tors  [35, 36] could not reproduce  his r e su l t s ,  probably  as a r e su l t  of d i f ferences  
in the ca ta lys t  s amples  used.  Mercap tans ,  benzene,  carbon disulfide,  e tc . ,  a r e  fo rmed  along with thiophene 
and its homologs in the reac t ion  of acetylene with hydrogen sulfide.  Reviews of s tudies accompl ished  up to 
1952 with r e spec t  to the catalyt ic  synthes is  of thiophene f rom hydrogen sulfide and acetylene can be found 
in [37, 38]. 

According to the data in [39, 40], thiophene is obtained in a 50-52% yield in the p re sence  of indus t r ia l -  
g r ade  A-1 y-A1203 f rom hydrogen sulfide and an e lec t r i ca l  c rack ing  gas containing 29.0 ace ty lene ,  7.8 e thy l -  
ene,  0.6 ethane,  5.6 methane,  and 57.0 vol.% hydrogen under the conditions found for the ca ta lys i s .  

Until recent ly ,  only a single example  [41] of the synthes is  of thiophene f rom n-butane  and hydrogen 
sulfide in 31.2% yield on a 10% Cr203/A1203 ca ta lys t  was known. 

The r e su l t s  of sy s t ema t i c  investigatic~ls for the select ion of act ive,  se lec t ive ,  and s table  oxide ca t -  
a lys t s  s the synthes is  of thiophene f rom C 4 hydrocarbons  and hydrogen sulfide a r e  p resen ted  in [23-27, 29, 
42-47].  Mult icomponent  ca ta lys t s  based  on a luminum oxide that contains oxides of the t ransi t ion me ta l s  
(chromium and molybdenum),  oxides of r a r e - e a r t h  e lements  @eodymium and lanthanum), and po tass ium 
oxide were  inves t igated as ca t a lys t s .  The select ion of the opt imum composi t ion of the ca ta lys t  and condi-  
t ions for  the synthes is  of thiophene was made in the case  of the react ion  of hydrogen sulfide with n-butane:  

C4 Hi0 + H2S ~ [~S ~ § 4H 2 

It  was shown that var ious  modif icat ions of a luminum oxide and a luminum oxide containing r a r e - e a r t h -  
e lement  oxides p rac t i ca l ly  do not ca ta lyze  this reac t ion .  In the p re sence  of a l u m i n u m - m o l y b d e n u m  ca t -  
a lys t s ,  the synthes is  of thiophene can be accompl ished  only when 25% molybdenum oxide is p resen t  in them.  
A l u m i n u m - c h r o m i u m  ca ta lys t s  have high act ivi ty in this reac t ion .  The introduction of lanthanum and po tas -  
s ium oxides r e su l t s  in a cons iderable  Inc rea se  in the reac t iv i ty  and s tabi l i ty  of the a l u m i n u m - c h r o m i u m  
ca t a ly s t s .  The following conditions were  se lec ted  as a r e su l t  of the invest igat ion:  a react ion  t e m p e r a t u r e  
of 560-580 ~ a space  veloci ty  of 220-280 h -1, m o l a r  ra t ios  of H2S and n-C4H10 f rom 2 : 1  to 2.5 : 1; a ca ta lys t  
containing 1% K20 , 5% La203, 5% Cr203, and 89% A1203, which has the g r ea t e s t  act ivi ty,  was developed.  The 
s tabi l i ty  of this ca ta lys t  was inves t iga ted  in the course  of 10 h of continuous operat ion,  and the yield of th io-  
phene in the f i r s t  3 h was 37-40% and d e c r e a s e d  to 23% in the next  7 h. 

The ca ta lys t  act ivi ty was comple te ly  r e s t o r e d  a f te r  1, 2, and 3 h of operat ion on regenera t ion  with a i r  
for  the s ame  length of t ime as an operat ing cyc le .  No inc rea se  in the ca ta lys t  act ivi ty  was obse rved  on 
p r io r  t r ea tmen t  of it with hydrogen and hydrogen sulfide.  When it was t r ea t ed  with n-butane,  the yield of 
thiophene d e c r e a s e d  f r o m  40% to 25-30%, Thorough purif icat ion of the s t a r t ing  n-butane  and hydrogen su l -  
fide to r emove  CO2, H2, CO, and H20 did not affect  the ca ta lys t  act ivi ty.  The act ivi ty  of a l u m i n u m -  
l a n t h a n u m - c h r o m i u m - p o t a s s t u m  ca t a lys t s  in the synthes is  of thiophene f rom hydrogen sulfide and n-butane  
is apparen t ly  not a s soc ia t ed  with the percen tage  of Cr  ~+ ions in them.  Thus the ca ta lys t  act ivi ty  was not 
r a i s ed  as the pe rcen tage  of hexavalent  ch romium in an a l u m i n u m - c h r o m i u m  ca ta lys t  was inc reased .  The 
pentavalent  ch rom i um  ion was detected by means  of ESR spec t r a  in an a l u m i n u m - l a n t h a n u m - c h r o m i u m -  
po tass ium ca ta lys t ,  and Cr  3+ was detected a f t e r  1 h of opera t ion.  On the bas i s  of these  r e su l t s ,  the 
authors  p ropose  that the act ive cen te r s  of chemisorp t ion  of hydrocarbons  in an a l u m i n u m - l a n t h a n u m -  
c h r o m i u m - p o t a s s i u m  ca ta lys t  contain ch romium ions with va lences  below s ix .  

It  has  been shown by x - r a y  diffract ion [46] that the introduction of po ta s s ium and lanthanum oxides in-  
to an a l u m i n u m - c h r o m i u m  ca ta lys t  does not introduce apprec iab le  changes in the phase  composi t ion.  

In an a l u m i n u m - l a n t h a n u m - c h r o m i u m - p o t a s s i u m  ca ta lys t ,  c h r o m i u m  oxide [47] has polyfunctional 
p rope r t i e s ,  pa r t i cu la r ly  dehydrogenat ing and c rackIng  p rope r t i e s  with r e s p e c t  to C 4 hydrocarbons ,  and, in 
the p r e sence  of hydrogen sulfide, a lso  has he terocycl iza t ion  p rope r t i e s .  The introduction of po tass ium and 
lanthanum oxides into an a l u m i n u m - c h r o m i u m  ca ta lys t  r e su l t s  in cons iderab le  intensif icat ion of its de-  

h y d r o g e n a t i n g  and he terocycl iza t ic~  p rope r t i e s  and in a dec r ea se  in its c racking  functions.  
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The ini t ial  informat ion on the catalyt ic  p repara t ion  of thiophene by the reac t ion  of hydrogen sulfide 
with butylene i s  p r i m a r i l y  f r o m  the patent l i t e ra tu re  [19, 41, 48-52].  The format ion  of thiophene can be ex-  
p r e s s e d  by the equation 

C.~lt 8:1- li25 ~ ~ - ~  ~- 3H2 
".Sz 

The ca ta lys t s  r e c o m m e n d e d  for  this react ion a r e  in m o s t  cases  oxides or  sulf ides of group V-VII I  
m e t a l s ,  many  of which a r e  used  on suppor ts  - a luminum oxide or s i l ica  gel .  The exper imen t s  w e r e  c a r r i e d  
out at 570-605 ~ in excess  (up to eightfold amounts) of hydrogen sulfide at a tmospher i c  p r e s s u r e  in s t a t ionary  
and fluidized beds of ca ta lys t .  There  is  also information [52] that this reac t ion  proceeds  more  effect ively  
on dilution with iner t  gases  such as ni t rogen or  carbon dioxide.  

It  should be noted that  the yields of thiophene f rom butylene and hydrogen sulfide a re ,  as a ru le ,  con-  
s iderab ly  higher  than f r o m  n-butane  and hydrogen sulf ide.  As in the ease  of the react ion  of hydrogen su l -  
fide with n -bu tane ,  ch romium-con ta in ing  ca ta lys t s  have the highest  act iv i ty .  

The l i t e r a t u r e  data re la t ive  to the act ivi ty of an a l u m i n u m - c h r o m i u m  ca ta lys t  in the synthes is  of 
thiophene f r o m  hydrogen sulfide and butylene a r e  ambiguous [19, 25, 41, 51]. According to patent data [51], 
the m a x i m u m  yield (69%) of thiophene f rom butylene and hydrogen sulfide is obtained in a fluidized bed of a 
ca t a lys t  containing SiO2, Fe203, and K20. 

An a l u m i n u m - l a n t h a n u m - c h r o m i u m - p o t a s s i u m  ca ta lys t  has  high act ivi ty  and g r e a t e r  s tabi l i ty  than 
an a l u m i n u m - c h r o m i u m  ca t a ly s t  in the synthes is  of thiophene f rom hydrogen sulfide and butylene.  When it 
was p re sen t ,  thiophene was obtained in a yield of approx ima te ly  52% [25-27, 29, 44, 45, 47]. 

The fo rmat ion  of thiophene f rom hydrogen sulfide and butadiene according to the equation 

C,hH 6 "t- H2S ~ . ~  + 2H 2 

proceeds  at lower  t e m p e r a t u r e s  s f rom n-butane  and butylene [25, 29]. However,  as a consequence of 
the higher  r eac t iv i ty  of butadienes  and n-butane or butylene, m o r e  side products  a re  fo rmed  when it r e a c t s  
with hydrogen sulf ide.  The re  is a patent [57] in which the posi t ive effect  of p r e s s u r e  (up to 30 atm) on the 
format ion  of thiophene f r o m  hydrogen sulfide and butadiene (the yield of thiophene i n c r e a s e s  f rom 22 to 63%) 
is demons t r a t ed .  

Chromium-con ta in ing  ca ta lys t s  a l so  have cons iderab le  act ivi ty  in this reac t ion .  The yield of th io-  
phene was 53% on an a l u m i n u m - l a n t h a n u m - c h r o m i u m - p o t a s s i u m  ca ta lys t  [25-27, 29, 41, 45, 47] at 500 ~ 
a H2S to C4H 6 ra t io  f rom 2 : 1 to 2.5 : 1, and a space veloci ty  of 250-280 h -1. Thiophene was obtained in 50% 
yield  on an a l u m i n u m - c h r o m i u m - p o t a s s i u m  ca ta lys t  [58, 63] at 400 ~ a feed space  veloci ty  of about 70 h - l ,  
and a H2S to C4H 6 mo la r  ra t io  of 2 : 1. 

The equi l ibr ium yields  of thiophene [25, 29] at  427-627 ~ and a tmospher i c  p r e s s u r e  were  de te rmined  
as a r e su l t  of a t he rmodynamic  calculat ion of the in teract ion of hydrogen sulfide with n-butane,  butylene,  
and 1,3-butadiene,  and it  was  demons t ra t ed  that the yields  obtained on act ive  chromium-con ta in ing  ca ta lys t s  
a r e  32-44% (or 60-90%, taking the side reac t ions  into account) of the equi l ibr ium values .  

There  a r e  no data avai lable  with r e s p e c t  to the catalyt ic  reac t ion  of hydrogen sulfide with C5-C 6 
paraff in  hydroca rbons  to f o r m  thiophene compounds.  Until recent ly ,  there  were  only ment ions  [48, 55, 57] 
of a poss ib le  p repa ra t ion  of methyl thiophenes by the reac t ion  of hydrogen sulfide with 1-pentene,  i soprene ,  
or  p ipery lene .  

3-Methylthiophene was f i r s t  obtained f rom hydrogen sulfide and i soprene  in 25% yield on aluminum 
oxide containing i ron oxide at 600 ~ a H2S and CsHs ra t io  f rom 4 : 1 to 8 : 1, and a contact  t ime of 20 sec [54]. 

A detai led invest igat ion of the catalyt ic  synthes is  of alkyl thiophenes f rom hydrogen sulfide and C5-C 6 
diene hydroca rbons  according  to the equations 

Ctl2=C(CH3)--CI'I~CH 2 + H~S ~ S ~  -CH:~ § ~H 2 
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CH3--CH~CH~CH~CH2§ H2S ~ ~"~--CH~ § :ZH z 

CH2=CH_~a= ~" ~ .2S - -  CH3-~--~--C~ ~ + z,~ 
CH$ Ctl~ "s" 

was c a r r i e d  out in the p r e s e n c e  of chromium-con ta in ing  ca t a lys t s .  As a resu l t ,  the following conditions 
were  found: a reac t ion  t e m p e r a t u r e  of 470-500 ~ a space  veloci ty  of 0.5-0.7 h -1, a H~S-hydroca rbon  m o l a r  
r a t io  f r o m  2 : 1  to 5 : 1, and a ca t a lys t  containing 4% K20 , 18~ Cr203, and 78~ A1203, on which 62, 75, and 
59% yields ,  r e spec t ive ly ,  of 2- and 3-methyl tMophenes  and 3,4-dimethyl thiophene were  obtained f rom hydro -  
gen sulfide and p iperylene ,  i soprene ,  or  3 ,4 -d ime thy l - l , 3 -bu tad iene  [59-66]. 

An a l u m i n u m - l a n t h a n u m - c h r o m i u m - p o t a s s i u m  ca ta lys t  (67~c) [25-27, 44] and known industr ia l  
ca ta lys t s  for the dehydrogenation of n -pa ra f f in  hydrocarbons  (about 55%) [25-27] also have cons iderab le  
ac t iv i ty  in the synthes is  of 3-methyl thiophene f rom hydrogen sulfide and i soprene .  

However ,  the s tabi l i t ies  of the chromium-con ta in ing  ca ta lys t s  indicated above in the synthes is  of 
alkylthiophenes a r e  low. The act ivi ty  of a ca ta lys t  and i ts  se lec t iv i ty  and s tabi l i ty  a re  i nc reased  as a r e -  
sult  of p r io r  t r e a t m e n t  with hydrogen.  The ave rage  yield of 2-methyl thiophene f rom piperylene  and hydro-  
gen sulfide a f t e r  80 operat ing cyc les  i nc rea se s  f rom 30% to 47% [63-66]. 

An examinat ion of data on the synthes is  of C5-C ~ alkylthiophenes f rom hydrogen sulfide and C~-C 6 
diene hydrocarbons  indicates  that the yield of the t a rge t  products  depends only sl ightly on the s t ruc tu re  of 
the s ta r t ing  hydrocarbon  molecule  and its degree  of branching.  

In addition to ca ta ly t ic  synthes is  f r o m  hydrogen sulfide and individual hydroca rbons ,  thiophene and 
alkylthiophenes were  also obtained f rom a mix tu re  of C1-C 6 hydrocarbons  in the p re sence  of a luminum 
oxides [14]. In addition, these  products  were  a lso  obtained by the contact ing of gases  f rom the ref ining of 
lignite or gases  f rom the c rack ing  of Kuwait oil [52] with c o b a l t - m o l y b d e n u m  or vanadium ca ta lys t s .  This 
as yet  ve ry  l imi ted  exper ience  with r e s p e c t  to the d i rec t  ref ining of hydrocarbon raw m a t e r i a l  without 
p r i o r  isolat ion of the individual hydrocarbons  is pa r t i cu la r ly  valuable f rom the point of view of a p rac t ica l  
synthes is  of thiophene and its homologs .  

Encouraging p r e l i m i n a r y  r e su l t s  on the synthes is  of thiophene were  obtained using the b u t a n e - b u t y l -  
ene f ract ion isolated in the Ufimski i  P e t r o l e u m  Refining Plant  and f reed  of hydrogen sulfide, which was ex-  
hausted during hydropur i f ica t ion of the sulfurous oil [25]. 

A compar i son  of the data on the cata lyt ic  synthes is  of thiophene f rom C 4 hydrocarbons  and sulfur  d i -  
oxide or hydrogen sulfide on oxide ca ta lys t s  leads to the conclusion that it is apparent ly  m o r e  expedient to 
obtain thiophene by the reac t ion  of hydrocarbons  with hydrogen sulfide.  The following cons idera t ions  a re  
evidence in favor  of this conclusion:  the react ion  of sulfur  dioxide with hydrocarbons  is accompanied  by a 
cons iderab le  heat  effect ,  which c r e a t e s  difficult ies in the technological  design of the p r o c e s s ;  the react ion  
f o r m s  not only thiophene but a l so  wate r ,  carbon dioxide, and sulfur ,  while the gaseous products  fo rmed  
when hydrogen sulfide is used can be r e tu rned  to the cycle .  In addition, hydrogen sulfide is one of the c o m -  
ponents of the exhaust  gases  of the refining of sulfurous oils,  while sulfur  dioxide is obtained by the oxida-  
tion of sulfur  o r  hydrogen sulf ide.  

P r e p a r a t i o n  o f  T h i o p h e n e  a n d  A l k y l t h i o p h e n e s  
f r o m  S u l f u r - C o n t a i n i n g  O r g a n i c  C o m p o u n d s  

Dehydrocycl iza t ion  of AliPhatic Sulfides and Mercap tans .  The dehydrocycl izat ion reac t ions  of su l fu r -  
containing compounds to thiophene p roceed  according  to the equation 

CH3--CH2--S--CH2--CH ~ ~ I~$~J + 3H 2 

CH3--CH2--CH2--CH2~SH~ ~S~.,~ + 3H~ 

The format ion  of a thiophene r ing f rom these compounds is t he rmodynamica l ly  possible  at and above 
227 ~ [68, 69]. At 427 ~ the equi l ibr ium is shifted a lmos t  comple te ly  to favor  the format ion  of dehydroeyc l i za -  
tion products .  However ,  the equi l ibr ium degree  of c rack ing  of a su l fur -conta in ing compound at this t e m -  
pe ra tu re  a lso  r eaches  100%. Kinetic f ac to r s  t he re fo re  play an impor tan t  ro le  in dehydroeycl izat ion reac t ions  
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[69]. An iner t  diluent [69] changes the ra t io  of the r a t e s  of these  compet i t ive  reac t ions  and p romotes  an in- 
c r e a s e  in the yield of dehydrocycl izat ion products .  Thus the dehydrocycl izat ion of organosulfur  compounds 
to obtain thiophene is f raught  with cons iderable  diff icul t ies .  

The poss ibi l i ty  of accompl ishing this so r t  of reac t ion  has  been known for a long t ime.  Meier  [70] and 
F a r a g e r  and c o - w o r k e r s  [71] obtained thiophene and its homologs  by pass ing aliphatic sulf ides and disul -  
f ides through a r ed -ho t  tube.  The format ion  of thiophene was l a t e r  observed  [72] f rom butyl mercap tan  and 
d i -n -bu ty l  sulfide at 650-700 ~ on s i l ica  gel .  Thiophene was obtained at 300-500 ~ in the p resence  of a luminum 
oxide f rom diethyl t e t rasu l f ide  or  a suspension of sulfur  in diethyl sulfide or  ethyl mercap tan  [73]. 

The cata ly t ic  t r an s fo rm a t i ons  of aliphatic sulf ides,  p r i m a r i l y  diethyl sulfide, were  invest igated in 
[68, 74-81] by the pulse method in the p resence  of ca ta lys t s  containing group III  and VI me ta l s .  It was 
shown that  the pr inc ipa l  d i rec t ions  of the catalyt ic  t r ans fo rma t ions  of diethyl sulfide at 250-600 ~ a re  c r a c k -  
ing reac t ions  at the C - S  bonds and dehydrocycl izat ion to thiophene. Oxides and sulfides of ch romium,  
t i tanium, vanadium,  molybdenum,  cobalt ,  tungsten, and rhen ium ca ta lyze  the dehydrocycl izat ion of diethyl 
sulfide , but the yields  of thiophene do not exceed 13-15%. The act ivi ty  of chromium-conta in ing  ca ta lys t s  in 
these  reac t ions  depends on the i r  chemica l  composi t ion,  which is  de te rmined  by the nature  of the support ,  by 
the p re sence  of addit ives in the ca ta lys t ,  and by the method used in the p r io r  t r e a t m e n t  of the ca ta lys t .  The 
m o s t  effect ive ca ta lys t s  for  the dehydrocycl izat ion of diethyl sulfide a r e  ch romium oxide without a support  
and a l u m i n u m -  ch rom i um  c a t a l y s t s  containing no less  than 2.8% c h r o m i u m .  Chromium ca ta lys t s  on such 
suppor ts  as s i l ica  gel and a luminum si l icate  a re  of low act ivi ty  in this reac t ion .  During the convers ion  of 
al ipbatic  sulf ides,  c h r o m i u m  oxide ca ta lys t s  r eac t  with the hydrogen sulfide fo rmed during c rack ing  of the 
s t a r t ing  subs tance ,  as a r e s u l t  of which the ca ta lys t  contains a mix tu re  of oxides and sulf ides of c h r o m i u m .  
By compar ing  the expe r imen ta l  data on the cata lyt ic  act ivi ty  of s amples  in the convers ion  of diethyl sulfide 
with the changes  in the ESR s p e c t r a  of these ca ta lys t s ,  Mashkina and Sukhareva [80] concluded that the 
c rack ing  of diethyl sulfide is  acce l e r a t ed  by both sulf ides and oxides of ch romium,  and that the l a t t e r  a re  
m o r e  ac t ive .  However ,  the format ion  of thiophene f rom diethyl sulfide is ca ta lyzed  only by the sulfides of 
c h r o m i u m .  The authors  emphas i ze  that the regu la r i t i e s  obtained a r e  the s ame  for  the dehydrocycl izat ion 
of dimethyl  sulfide and the dehydrogenation of thiophene (see the sect ion dealing with the dealkylation of 
alkyl t h iophenes )and  do not cont radic t  the assumption of the p r e sence  of an overa l l  l imit ing s tep in the 
fo rmat ion  of thiophene [81, 82]. 

The ca ta ly t ic  t r a n s f o r m a t i o n s  of n-buty l  mercap tan  and a number  of aliphatic C4, Cs, and C 8 dialkyl 
sulf ides,  which differ  in the i r  s t r uc tu r e s  and degree  of unsatura t ion,  were  studied in detail  in [69, 83-85]. 
The select ion of the m o s t  effect ive  ca ta lys t s  for  the dehydrocycl izat ion of these compounds was made in the 
ca se  of the convers ion  of diethyl sulfide at 350 ~ and a space  veloci ty  of 0.9 h -1 . A rhenium s u l f i d e - a l u m i n a  
ca ta lys t  [86] and a ca ta lys t  containing 1.9% K20 , 0.8% CuO, 36.3% Cr2Os, and 61.0% A120 ~ had the g r e a t e s t  
ac t iv i ty  in the fo rma t ion  of thiophene (the yield did not exceed 11%). The t r an s fo rma t ions  of the organosu l -  
fur  compounds indicated above in the p r e s e n c e  of an a l u m i n u m - c h r o m i n m - c o p p e r - p o t a s s i u m  ca ta lys t  
we re  studied in a flow s y s t e m  at 260-600 ~ and space  veloci t ies  of 0.25, 0.9, and 4.3 h -1 . in the dehydro-  
cycl izat ion of diethyl,  ethyl vinyl,  and divinyl sulf ides,  as well  as n-butyl  me rcap t an ,  the yield of thiophene 
i n c r e a s e d  both with an i n c r e a s e  in the reac t ion  t e m p e r a t u r e  and on pass ing f rom a sa tu ra ted  organosul fur  
compound to an unsa tu ra ted  compound [69]. The dehydrocycl izat ion of n-butyl  mercap t an  to thiophene p r o -  
ceeds  with pa r t i cu l a r  diff iculty.  Thus,  at 400 ~ and a space  veloci ty  of 0.9 h -1, 32% thiophene was fo rmed 
f r o m  divinyl sulfide,  20% thiophene was fo rmed  f rom ethyl vinyl sulfide, 7% thiophene was fo rmed  f rom di-  
ethyl sulfide, and only 5% thiophene was fo rmed  f rom n-buty l  m e r c a p t a n .  These  compounds can be a r r anged  
in the following o rde r  with r e s p e c t  to the i r  tendency to f o r m  thiophene: 

C=C-S-C=C~ C-C-S-C=C> C-C-S-C-C> C-C-C-C-SH 

Conjugation of the free electron pair of the sulfur atom with the carbon-carbon double bond in un- 
saturated organosulfur compounds not only increases the tendency of the sulfide for dehydrocyclization but 
also r e su l t s  in s t rengthening of the C - S  bond, which causes  a re la t ive  d e c r e a s e  in the fract ion of c racking  
produc ts .  However ,  this s o r t  of conjugation is also r e spons ib le  for  the e x t r e m e  tendency of these c o m -  
pounds for  po lymer iza t ion  r eac t ions .  

Cons iderab le  amounts  of  var ious  thiophe~e homologs - 2-  and 3 -me thy i - ,  2-  and 3-e thy l - ,  2,5- and 
2 ,3-dimethyl th iophenes  - a r e  fo rmed  along with thiophene and cracking  products  as a r e su l t  of the cata lyt ic  
t r a n s f o r m a t i o n s  of n-buty l  m e r c a p t a n  and C 4 sulf ides.  Thus,  at 400 ~ and a space  veloci ty  of 0.9 h -1, 7~c 
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alkylthiophenes were  fo rmed  f rom divinyl sulfide, 5% alkylthiophenes were  fo rmed  f rom ethyl vinyl sulfide, 
4% alkylthiophenes were  fo rmed  f rom die thyl  sulfide, and 9.5~ alkylthiophenes were  fo rmed  f rom n-butyl  
m e r c a p t a n .  Thiophenes (C8) , including 2,5-diethylthiophene,  were  found in the ca ta lyza te  of the l a t t e r .  Spe-  
cial  expe r imen t s  demons t ra t ed  that  alkylthiophenes a r e  not fo rmed  under  the adopted ca ta lys i s  conditions 
in the alkylation of thiophene by olefins or  in the i somer iza t ion  of any one thiophene. These  subs tances  a re  
apparent ly  obtained via different  rou tes .  In a study of the ca ta ly t ic  t r an s fo rma t ions  of ethyl n-butyl  and 
ethyl sec -bu ty l su l f ides ,  as well  as d i -n -p ropy l  and di isopropyl  sulf ides,  at 300-400 ~ and a space veloci ty  of 
0.9 h -1, it was es tab l i shed  that these  compounds also undergo cons iderab le  c racking  at the C - S  bonds and, 
to a l e s s e r  degree ,  a re  dehydrocycl ized to fo rm alkyl thiophenes.  It was found that ca ta lyza tes  of s i m i l a r  
composi t ion,  which contain p r i m a r i l y  2- and 3-ethyl thiophenes ,  as well  as 2,4- and 2,5-dimethyl thiophenes ,  
r e su l t  f rom the i s om er i c  sulf ides r a t h e r  than the products  of d i rec t  dehydrocycl izat ion of the sulf ides .  The 
dehydrocycl izat ion of isoalkyl  sulf ides proceeds  more  read i ly  than that of no rma l  alkyl sulf ides .  Thus the 
yield of 2 ,4-  and 2 ,5-dimethyl thiophenes  f r o m  di isopropyl  sulfide at 350 ~ is 12~c based on the ca ta lyza te .  
These  invest igat ions indicate that  the format ion  of thiophene compounds f rom dialkyl sulfide and n-buty l  
mercap tan  p roceeds  via a complex  route and is accompanied  by d ive r se  r eac t ions .  

Dealkylat ion of Alkylthiophenes.  The demethylat ion of 2-methyl thiophene to thiophene was f i r s t  a c -  
compl ished  by Balandin and c o - w o r k e r s  [871 using 50~ Ni/AI203, 33~c Ni/A1203, and 50~c Co/A1203 as 
ca ta lys t s  under the influence of wa te r  vapor s  at 200-411 ~ and H20-C 5H6S m o l a r  ra t ios  f rom 27 : 1 to 170 : 1. 

Up to 56% thiophene was detected in the liquid ca ta lyza te  in the f i r s t  4-6  rain of the exper imen t  at 
250-334 ~ (The yield was not specif ied.)  According to [87], the following reac t ions  a re  involved in the p r o c -  
ess :  

C5H6S + 2H20-C4H45 + CO~ 4- ~;H~ 
CsH6S + 10a20=~CO ~ § I~a~,t~ ff~; 
Cstl6S + H2=C4H45 § CH 4 

C~H6S + 4Hc,r 'I �9 H3S 

The authors  a s s um e  that the format ion  of meta l  sulfides on the ca ta lys t  occurs  under  the influence of 
the hydrogen sulfide evolved.  According to the data in a patent [88], thiophene can be obtained by  the de-  
alkylation or  disproport [onat[on of mono- ,  d i - ,  and t r imethyl th iophenes  in the p re sence  of f luorinated a lum-  
inum oxide. At 550 ~ and a tmosphe r i c  p r e s s u r e ,  46.3~c of a ca ta lyza te ,  in which 36.9~c thiophene, 8.5~ di-  
methyl th iophenes ,  and about 9% benzene and toluene were  detected,  was obtained f rom 2-methyl thiophene in 
a s t r e a m  of hydrogen (the H2-a lkyl th iophene ra t io  was 3 : 4 ,  and the space  veloci ty  was 0.7 h -z) a f t e r  30 
rain. S imi la r ly ,  33.8~ of a ca ta lyza te  containing 40.4~c thiophene, 7.8~c dimethyl thiophenes,  and 6.2~ ben-  
zene and toluene,  was obtained f rom 3-methyl th iophene.  

The dealkylat ion of methyl thiophenes  to thiophene and the effect  of the acidity of the oxide ca ta lys t s  
on the i r  ac t iv i t ies  in the t r ans fo rma t ions  of 2-  and 3-methyl th iophenes  were  invest igated in [89, 90]. The 
expe r imen t s  were  c a r r i e d  out in a f low-ci rcula t ion  appara tus  at 250-600 ~ Thiophene, 3-methyl thiophene,  
methane,  hydrogen,  hydrogen sulfide,  and coke were  detected in the products  of the convers ion  of 2 -me thy l -  
thiophene.  

It should be noted that thiophene and methyl thiophene a re  t he rma l ly  s table  ove r  the indicated t e m p e r a -  
ture  range  in the absence  of a ca ta lys t .  Samples  of MgO, SIO2, and 7-A1203 a re  act ive in the decomposi t ion 
reac t ion ,  but they do n o t e a t a l y z e  the demethylat ion and i somer iza t ion  of 2-methyl th iophene.  The authors  
explain this by the fact  that the Ham m et t  acidi ty  function of these ca ta lys t s  is g r e a t e r  than th ree .  The r e -  
maining ca ta lys t s  we re  act ive in dealkylation and i somer iza t ion ,  and a l inear  dependence was obse rved  be -  
tween the acidi ty  function and the logar i thm of the r a t e  constant  r e f e r r e d  to one equivalent  of acid c en t e r s .  
The inves t igated ca ta lys t s  can be a r r anged  in the following o rde r  with r e s p e c t  to specif ic  act iv i ty  in de-  
methylat ion and is omer iza t ion :  

H3PO4--SiO 2 > AI203~Si % > ZrO2--SiO2= Y-AI203 > MgO--SiO2. 

The fo rmat ion  of thiophene by the dealkylat ion of 2-ethyl thiophene [90, 91] 

---S'~_C2Hs ~ " ~  + C2H 4 
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was observed under pulse conditions at 200-650 ~ on cata lys ts  of principally industrial  preparat ion:  a lum-  
inum-molybdenu_m, tungsten sulfide, i r o n - c h r o m i u m - p o t a s s i u m ,  a l u m i n u m - c h r o m i u m - p o t a s s i u m ,  
c a l c i u m - n i c k e l -  phosphate, etc.  

The dealkylation of 2-ethylthiophene in the presence  of mos t  of the cata lys ts  investigated was accom-  
panied by the formation of 2-vinylthiophene, and isomerizat ion to 3-ethylthiophene also occur red  on some 
of the ca ta lys t s .  

Titanium dioxide, in the presence of which thiophene is obtained in a yield of 25%, has the grea tes t  
activity and select ivi ty in the dealkylation of 2-ethylthiophene at 280 ~ . 

It has been proposed [89-91] that the dealkylation of alkylthiophenes to thiophene proceeds at both 
protic and aprot ic  catalyst  cen te rs .  

Dehydrogenation of Thiophane. The catalytic dehydrogenation of thiophane to thiophene was f i rs t  ac -  
complished in 1936 by Yur ' ev  and Borisov [92]. The yields of thiophene reached 32% when thiophane was 
passed  three t imes  over a P t / C  catalyst  at 400 ~ Thiophene was obtained in 18% yield in the presence of 
NiS/A1203 at 350 ~ The authors proposed the formation of dihydrothiophene as an intermediate  in the de-  
hydrogenation of thiophane. The dehydrogenation of thiophane was complicated by the destruct ive cleavage 
of the he te rocyc les  at the C - S  bonds, as evidenced by the presence of H2S and butylene in the gaseous r e a c -  
tion products .  The products  of the conversion of thiophane are probably formed as a resul t  of the following 
reac t ions :  

/ ',, 
H2S + CX3--~H=CH--Cn 3 ~ ~ H~ 

I +2H 

H2S + CH2~CH--CH=CH 2 

CHa--CH ~ CH--CH~ 

A detailed investigation of the dehydrogenation of thiophane to t~ophene was accomplished by Obolent- 
sev and co-workers [93-95]. Their thermodynamic calculations indicate that this reaction is possible at at- 
mospheric p r e s s u r e  at t empera tu res  above 227 ~ and the equilibrium yield of thiophene is 100~c at 427 ~ At 
27-427 ~ the degree of dehydrogenation of thiophane decreases  with increasing p res su re  and a decrease  in 
dilution and is prac t ica l ly  independent of these factors  at 600-700 ~ The dehydrogenation of thiophane to 
thiophene was studied in [94] in a flow apparatus in the presence  of industrial  a luminum-molybdenum and 
a l u m i n u m - c o b a l t - m o l y b d e n u m  catalysts  at a tmospher ic  p res su re ,  300-500 ~ and an a rb i t r a ry  contact t ime 
of 0.2-0.5 sec in benzene (an inert  diluent). Thiophene was obtained in yields up to 75-78% at a space ve loc-  
ity of 0.2 sec -1 and 454 ~ on an a luminum-molybdenum catalyst  and at 525 ~ on an a l u m i n u m - c o b a l t -  molyb-  
denum cata lys t .  The K-5 ca ta lys t  at a space velocity of 0.5 sec -1 and 550 ~ showed somewhat lower activity: 
the yield of thiophene was 71% based on the amount of thiophane converted,  for an overal l  degree of conver -  
sion of 96% [95]. However,  after  6 h of operation of the catalyst ,  its activity decreased  from 71~ to 25~. 
Thiophane is also dehydrogenated to thiophene but less select ively (the yield is not specified) on a K-5 
ca ta lys t  at 550 ~ and a contact  t ime of 0.5 sec in the absence of benzene. 

The resul ts  of [96] on the dehydrogenation of the 180-190 ~ and 190-200 ~ fract ions of monocyclic sul-  
fides that were chromatographica l ly  isolated from the fract ions of a concentrate  of sulfurous compounds ex-  
t rac ted  f rom the kerosene  distil late (150-250 ~ of Arlansk oil a re  interesting.  The yield of thiophene decreased  
f rom 36.2% to 31% in the p resence  of an a l u m i n u m - c h r o m i u m - m o l y b d e n u m - p o t a s s i u m  catalyst  at 450 ~ , a t -  
mospher ic  p re s su re ,  a space velocity of 2.0 h -l, and a H 2 to suIfide molar  rat io of 1 : 4  after  500 h. An 
operating cycle was 45-60 rain, and the time of regenerat ion of the cata lyst  with air  was 2-3 h. The speci -  
fied cata lyst  proved to be more  active and selective in this p rocess  than a number  of industrial  catalysts  
(K- 5, AP-56,  a l u m i n u m -  molybdenum, aluminum - c o b a l t -  molybdenum, and aluminum - tungsten - nickel). 

The dehydrogenation of thiophane to thiophene was accomplished on an a l u m i n u m - c h r o m i u m - c o p p e r -  
potass ium cata lys t  at 403 ~ and a space velocity of 0.9 h -1 [69, 83]. A total of 77~c of a catalyzate,  in which 
48% thiophene and 52% thiophane were deteeted~ was obtained. Only hydrogen and t r aces  of methane were 
detected in the gas along with hydrogen sulfide. A study of the t ransformat ions  of thioph~ne at 250-400 ~ and 
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a space velocity of 0.5-4 h -1 on an industrial  aluminum sil icate catalyst  demonstra ted that dehydrogenation 
predominates  at t empera tu res  up to 300 ~ while decomposition of thiophane to hydrogen sulfide and olefins 
is the chief react ion above 300 ~ [97, 98]. The maximum yield of thiophene was 147c based on the thiophane 
passed through the sys tem.  Poisoning of the aluminum silicate catalyst  with Na + ions from a Na2S solution 
increases  the select ivi ty of the ca ta lys t  in the formation of thiophene. Methyl ethyl sulfide, the percentage 
of which reached 50~/c of the converted thiophane on aluminum sil icate and 35% on aluminum sil icate t rea ted  
with Na2S , was detected along with thiophene and the s tar t ing thiophanes in the ca ta lyza tes .  The authors 
assume that aliphatic sulfides and olefins are  formed f rom the products of condensation via a po lymer iza -  
t i o n -  depolyme r izat ion mechanism.  

The t ransformat ions  of thiophane were studied by the pulse method on oxides and sulfides of group 
IH-VI metals  [76, 81, 82]. Catalysts  containing chromium on supports  - VAU and AGN carbons,  ZnO, MgO, 
and I/-A1203 - proved to be the most  active and selective catalysts  for the dehydrogenation of thiophane to 
thiophene at 250-600 ~ The activit ies of the catalysts  with respec t  to the dehydrogenation and cracking of 
thiophane vary  antibatically and are  caused by differences in the chemical  composit ions of the ca ta lys ts .  
Mashkina and Sukhareva [80] concluded that sulfides of chromium are an active component of chromium 
catalysts  for the dehydrogenation of thiophane. 

A compar ison of the activity of chromium catalysts  in the t ransformat ions  of thiophane and diethyl 
sulfide demonst ra ted  that cracking of diethyl sulfide at the C - S  bonds proceeds at a g rea te r  ra te  than 
cracking of thiophane, but the o rders  of activit ies of the investigated catalysts  pract ical ly  converge with r e -  
spect to the cracking of these compounds. The symbatic cha rac te r  of the catalyt ic  activity is observed in 
the dehydrocyclizat ion of diethyl sulfide and dehydrogenation of thiophane to thiophene, but the rate  of 
formation of thiophene f rom thiophane is g rea te r  than f rom diethyl sulfide. 

Hydrogenation and Dehydration of Sulfones. In 1948, Boyd [98] demonstra ted the possibili ty of obtain- 
ing thiophene f rom sulfolene via the scheme 

H~ 

0 z" \~0 

The reaction was ca r r i ed  out at 250-600 ~ and 25-200 atm on Cu, Mo, and W oxides or  sulfides. Thio- 
phene can also be obtained from sulfolane. There  are  thermodynamic  calculations [99] of various t r a n s -  
format ions of sulfolane, par t icular ly  its conversion to thiophene: 

The formation of thiophene from sulfolane was studied in the presence  of a number  of industrial 
catalysts  based on aluminum oxide containing Pt,  Cr ,  Mo or C o - M o .  The reaction was accomplished at a t -  
mospher ic  p re s su re ,  300-500 ~ and a r aw-ma te r i a l  feed rate  of 1-8 h -1, in an inert  diluent (benzene). Thio- 
phene formation was observed on all ca ta lys ts .  The maximum yield of thiophene was obtained on a K-16 
a l u m i n u m - c h r o m i u m  catalyst  at 400 ~ . The react ion was accompanied by the decomposition of the start ing 
sulfolane to SO 2 and H2S; mercaptans  were  not detected.  In the absence of benzene, the yield of thiophene on 
K-16 cata lys t  was only 4.77c. Rhenium sulfide was la ter  proposed [75] as the most  effective cata lyst  for 
this react ion.  It must  be pointed out that sulfones are  thermal ly  unstable compounds.  Thus sulfolane de- 
composes  to butylene and SO 2 at t empera tu res  above 300 ~ while sulfolene decomposes  to butadiene and SO 2 
at 100 ~ [100]. * At 250-600 ~ thiophene is actually therefore  formed from butylene or  butadiene and sulfur 
dioxide [98, 99]. 

C O N C L U S I O N  

It follows f rom this review of the catalytic methods for obtaining thiophene and alkylthiophenes that 
the most  expedient method will be one that is based on an access ible  s tar t ing mater ia l ,  namely,  h y d r o c a r -  
bons and hydrogen sulfide - products of the refining of sulfurous oils.  This process  may become ext remely  

*Reference  [100] miss ing  in Russian original  - Publ isher .  
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promising in the case of the selection of active, stable, selective, and recoverable catalysts.  The practical 
use of sulfur-containing organic compounds is hindered, since dialkyl sulfides, mercaptans, and thiophane 
are  not yet being produced on a massive scale. The preparation of thiophene from, sulfc~es is also unlikely, 
in connection with their unique properties,  which are already finding application in the national economy. 
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