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The influence of the t e m p e r a t u r e ,  of the na tu res  of the ini t ia tor  and of the init ial  compound,  
and of the concent ra t ions  of the reac tan t s  on the p r o c e s s  and nature  of the t r an s fo rma t ions  
of 2 -  and 3 -a lky l - ,  2 -  and 3 - f o r m y l - ,  and 2-  and 3-hydroxymethylbenzo[b] th iophenes  under  
conditions of l iquid-phase  oxidation with oxygen in the p r e sence  of cobal t  aceta te  in acet ic  
acid has been studied.  According to the i r  re la t ive  ease  of oxidation, the homologs and 
de r iva t ives  of benzo[b]thiophene, thiophene, and benzene can be a r r anged  in the following 
sequence:  3 -methylbenzo  [b]thiophene > 2-methylbenzo  [b]thiophene > 2-methyl thiophene > 
toluene > 3-methylbenzo[b]thiophene dioxide > 2-methylbenzo[b]thiophene dioxide; b e n z -  
aldehyde > benzo[b] th iophene-3-carba ldehyde  > th iophene-2-carba ldehyde  > benzo[b]-  
th iophene-2-ca rba ldehyde ;  3-hydroxymethylbenzo[b] thiophene > 2-hydroxymethylbenzo[b] -  
thiophene > benzyl  alcohol > 2-hydrox3maethylthiophene. The l iquid-phase  oxidation of 
a lky l - subs t i tu ted  benzo[b]thiophenes can be used  to obtain aldehydes,  ketones ,  and acids of 
the benzo[b]thiophene s e r i e s .  

In r ecen t  y e a r s ,  the l iquid-phase oxidation of benzene homologs as a method of obtaining oxygen-con-  
taining compounds has a t t r ac t ed  the attention of many w o r k e r s .  The use as ca ta lys t s  of sa l t s  of b ivalent  
cobalt ,  e spec ia l ly  cobal t  ace ta te ,  with additions of in i t ia tors  - b romine-con ta in ing  compounds - in acet ic  
acid p e r m i t s  the p r o c e s s  to be c a r r i e d  out fa i r ly  in tens ively  and, which is pa r t i cu l a r l y  important ,  in one 
stage [2]. 

The l iquid-phase  ca ta ly t ic  oxidation of some  a lky l - subs t i tu ted  thiophenes and se lenophenes  has  been  
inves t iga ted  p rev ious ly  [3-5], and the poss ib i l i ty  has  been  shown of obtaining f rom them by this  method 
acids ,  a ldehydes,  ke tones ,  and a lcohols .  Developing these  inves t iga t ions  and ones which we have p e r f o r m e d  
in the field of condensed h e t e r o a r o m a t i c  compounds  including a thiophene r ing,  i t  appea red  of i n t e r e s t  to 
study the ca ta ly t ic  oxidation of some subst i tuted benzo[b]thiopheneso We many  note that the l iquid-phase  
oxidation of compounds of the benzo[b]thiophene s e r i e s  has  been  studied li t t le h i ther to .  Only the poss ibi l i ty  
of  oxidizing 3-methylbenzo[b] thiophene (I) to benzo[b] th iophene-3-carboxyl ic  acid (II) in the p r e s e n c e  of 
b romine  ions has  been  shown [6], and the t h e r m a l - o x i d a t i v e  t r a n s f o r m a t i o n  of (I) in n-hexadecane  has  also 
been studied [7]. In the oxidation of benzo[b]thiophene homologs  in the p r e s e n c e  of vanadium pentoxide, 
the c leavage  of the thiophene r ing  was  found [8]. Other methods  of obtaining oxygen-contaiuing compounds 
of the benzo[b]thiophene s e r i e s  a r e  also known (see, for  example ,  [9] and the r e f e r e n c e s  there in) .  

The p r e sen t  work  was devoted to a study of the influence of a condensed benzene r ing on the r e a c -  
t iv i ty  and nature of the t r a n s f o r m a t i o n s  under  l iqu id-phase  oxidation conditions of alkyl ,  f e rmyl ,  and hy-  
droxyalkyl  g roups  p re sen t  in the thiophene moie ty  of the benzo[b]thiophene molecule ,  and the dependence 
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Fig.  1. Dependence of the rate of oxidat ion 
on the concentrat ion of (I) and of the ca ta lys t  
Co(OCOCH3) 2 at 95~ : 1) [Co(OCOCH3)2] = 
0.05 M, [NaBr] = 0.015 M; 2) [I]= 0.752 M, 
in the absence of an initiator; 3) [Co (OC OCH3)2] = 

0.05 M, in the absence of an init iator.  
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Fig.  2. Dependence of the rate of oxidation of 
(I) (0.752 M) on the concentrat ion of NaBr at 
95~ and the following concentrat ions of 
Co(OCOCI-I3) 2 (M): 1) 0.08; 2) 0.06; 3) 0.04; 4) 
0.02. 

of the ra tes  of their  oxidation on the t empera tu re  and on the concentrat ions of the catalyst ,  the init iator,  
and the compound undergoing oxidation, and also an investigation of the influence of a ser ies  of organic 
bromides  as oxidation ini t ia tors .  

We have studied the oxidation of compound (I), of 2-methylbenzo[b]thiophene (Ill), of 2-ethylbenzo[b]-  
thiophene (IV), of 2 -methy l -  and 3-methylbenzo[b]thiophene dioxides (V) and (VI), of benzo[b]thiophene- 
2-carbaldehyde (VH) and benzo[b]thiophene-3-carbaldehyde (VIII), and of 2- and 3-hydroxymethylbenzo[b]-  
thiophenes (IX and X) at concentrat ions of these compounds f rom 1 to 10 vol.% in glacial  acetic acid solu- 
tion at 65-95~ and at concentrat ions of the cata lyst  [Co(OCOCH3)2] of 2 �9 10 -2 to 10 -1 M and of ini t ia tor  
[bromide] of 2.5 �9 10 -3 to 2 �9 10 -4 M. In individual cases ,  as oxidation init iator,  in addition to NaBr and 9, 
10-dibromoanthracene (DBA) we used 2-  and 3-bromothiophenes,  2,3- and 3,4-dibromothiophenes,  2,3,4, 
5- te t rabromothiophene,  2- and 3-bromobenzo[b]thiophenes,  bromobenzene,  n-butyl  bromide,  and d ib romo-  
ethane. 

The initial compounds,  and also authentic samples to prove the s t ruc ture  of the oxidation products,  
were synthesized by the following schemes:  
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DMAA - dimethylaeetamide 

It must  be mentioned that while benzo[b]thiophene derivat ives with substituents in position 2 are ob-  
tained in the pure state,  the corresponding 3-subst i tuted derivat ives are contaminated with about 5-7% of 
the 2-subst i tuted der ivat ives .  This is due to the fact  that in the brominat ion of benzo[b]thiophene to obtain 
3-bromobenzo[b]thiophene as an initial compound, as in the case of other electrophil ie  substitution r e a c -  
t ions, inaddition to the predominating attack of position 3 of the benzo[b]thiophene sys tem position 2 is a t -  
tacked as well [9]. 
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TABLE 1. C o n c e n t r a t i o n s  of  the P r o d u c t s  of the  Ox ida t ion  of (I) as  
F u n c t i o n s  of  the T i m e  

Time, min 

5 
10 
20 
30 
40 
50 
60 

4,27 
4,02 
3,28 
2,26 
2,09 
1,77 
1,62 

Concentration, % I 
, Conversion of (I), % 

V I I I  X I 

0,83 0,002 14,6 
0,91 0,168 19,6 
1,68 0,240 34,4 
1,79 0,251 54,9 
2,57 0,171 58,2 
2,32 0,089 fi4,8 
1,82 0,079 b8,3 

TABLE 
a s  F u n c t i o n s  of the T i m e  

Concentratlon, ~o 
Time, rnin 

X I I I  X I V  

I 

5 2,50 0,029 I 
I 0 1,65 0,270 

t 20 1,34 0,700 
30 0,62 1,t73 
40 0,33 0,36-t t 
50 - 0 0 3 9  I 

* (XIV) - t h i o p h e n e - 2 - c a r b a l d e h y d e ;  (~Tg) - 

2. C o n c e n t r a t i o n s  of the P r o d u c t s  of the  Oxida t ion  of (XIII) 

I X V  

0,040 
0,t 72 
0,442 
0,311 
0,160 

Conversion of (XIII), % 

34 
46,6 
75,2 
87,1 

lO0 

2 - h y d r o x  y m e t h y l t h i o p h e n e .  

TABLE 3 .  C o n c e n t r a t i o n s  of  the  P r o d u c t s  of the Ox ida t ion  of  (I) and 
(XIII) as  F u n c t i o n s  of  the  T e m p e r a t u r e  

Concenlxation, % ] Concentration, % 
Temp., ~ 

i t v m  [ x ] 

I l 75 i 1,66 1,40 0,179 [ / 
85 I 1,17 1 ,-t I 0,085 I 
95 I 1,92 1,79 , 0,006 

' I ! 

xm 1 x,v I xv 

-- i 0,36 o, 160 
--  0,48 -- 

J 

In 1949 [10], a m e t h o d  was  p r o p o s e d  fo r  s y n t h e s i z i n g  3 - a l k y l b e n z o [ b ] t h i o p h e n e s  by  the c y c l i z a t i o n  of 
( a r y l t h i o ) a c e t o n e s  wi th  p h o s p h o r u s  pen tox ide  o r  z inc  c h l o r i d e .  H o w e v e r ,  a s  was  found l a t e r  [11], on 
c y c l i z a t i o n  wi th  p h o s p h o r u s  pen tox ide  o r  p o l y p h o s p h o r i c  a c i d  a t  160-180~ (pheny l th io )ace tone  (XI) f o r m s  
a m i x t u r e  of (I) and  (IID in a r a t i o  of abou t  5 : 1. On be ing  h e a t e d  wi th  p o l y p h o s p h o r i c  a c i d  a t  100-150~ 
3 - a l k y l b e n z o [ b ] t h i o p h e n e s  a r e  c o n v e r t e d  into the c o r r e s p o n d i n g  2 - a l k y l  i s o m e r s ,  which  i s  due to the p r e -  
l i m i n a r y  p r o t o n a t i o n  of the h e t e r o c y c l e  wi th  the s u b s e q u e n t  i n t r a m o l e c u l a r  m i g r a t i o n  of the s u b s t i t u e n t  [12]. 

In o r d e r  to ob ta in  c o m p o u n d  (I), we d e c i d e d  to u s e  a m e t h o d  of c y c l i z i n g  ( a r y l t h i o ) a c e t o n e s  in the 
p r e s e n c e  of a l u m i n u m  c h l o r i d e  u n d e r  m i l d e r  c o n d i t i o n s  - in b e n z e n e  a t  r o o m  t e m p e r a t u r e  - t ha t  we had  d e -  
v e l o p e d  p r e v i o u s l y  [13]. H o w e v e r ,  a s  an a n a l y s i s  b y  the GLC m e t h o d  showed ,  in th i s  c a s e ,  aga in ,  in a d d i -  
t ion  to (I) c o m p o u n d  (III) is  f o r m e d ,  a l though  in m u c h  s m a l l e r  a moun t s  (about  2%). C o n s e q u e n t l y ,  to p r e -  
p a r e  c o m p o u n d s  (I, VI,  VIII ,  and X) we s t a r t e d  f r o m  3 - b r o m o b e n z o [ b ] t h i o p h e n e  p r e p a r e d  by  the m e t h o d  of 
D i c k i n s o n  and Iddon [11]. 

I t  was  shown b y  s p e c i a l  e x p e r i m e n t s  tha t  u n d e r  the c ond i t i ons  s e l e c t e d  for  l i q u i d - p h a s e  ox ida t ion ,  no 
m i g r a t i o n  of an a lky l  o r  a f o r m y l  g r o u p  f r o m  p o s i t i o n  3 to p o s i t i o n  2 of benzo[b ] th iophene  t a k e s  p l a c e .  

The dep th  of ox ida t ion  of  the benzo [b ] th iophene  h o m o l o g s  depends  on t h e i r  n a t u r e .  U n d e r  i d e n t i c a l  
c o n d i t i o n s  - c o n c e n t r a t i o n  of i n i t i a l  c o m p o u n d  0.518 M, of c a t a l y s t  [Co(OCOCH3)2] 0.05 M, of i n i t i a t o r  
[NaBr or  DBA] 0.015 M, t e m p e r a t u r e  95~ - c o m p o u n d  (I) o x i d i z e s  to the ac id  (II), and c o m p o u n d  (IID to 
the a ldehyde  (VII). The c o n c e n t r a t i o n  of the i n i t i a l  c o m p o u n d  s u b s t a n t i a l l y  a f fec t s  the dep th  of ox ida t ion .  
Thus ,  a t  c o n c e n t r a t i o n s  l e s s  than 0.1 M u n d e r  o t h e r w i s e  s i m i l a r  c o n d i t i o n s  c o m p o u n d  (III) i s  o x i d i z e d  not  
to  the a ldehyde  (VII) bu t  to b e n z o  [ b ] t h i o p h e n e - 2 - c a r b o x y l i c  a c i d  (XII). 

As  was  to  be e x p e c t e d ,  in the  a b s e n c e  of an i n i t i a t o r  the  r a t e  of ox ida t ion  of (I) i s  p r o p o r t i o n a l  to the 
s q u a r e  of the  c o n c e n t r a t i o n  of the c o m p o u n d  b e i n g  o x i d i z e d  and does  not  depend  on the c o n c e n t r a t i o n  of  
c a t a l y s t  (up to 0.04 M; F i g .  1, c u r v e s  2 and 3).  The add i t i on  of an i n i t i a t o r  s t r o n g l y  a f f e c t s  both  the  r a t e  
and the d e g r e e  of o x i d a t i o n .  F o r  e x a m p l e ,  w i th  a d e c r e a s e  in the c o n c e n t r a t i o n  of (I) the r a t e  of ox ida t ion  
t e n d s  to a va lue  d e t e r m i n e d  b y  the c o n c e n t r a t i o n s  of the i n i t i a t o r  and the c a t a l y s t  (F ig .  1, c u r v e  1). A t  low 
c o n c e n t r a t i o n s  of i n i t i a t o r ,  the r a t e  of ox ida t ion  r i s e s  l i n e a r l y  wi th  an i n c r e a s e  in the c o n c e n t r a t i o n  of 
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Fig.  3. Kinetics of the absorpt ion of oxygen in the oxidation of (I) 
(0.518 M), [Co(OCOCH3) 2] = 0.05 M at 95~ in the p resence  of the fo l -  
lowing b romides  (0.0155 M): 1) 2-bromobenzo[b]thiophene~ 2) 2 ,3 ,4 ,5-  
t e t rabromoth iophene;  3) 3 -b romobenzo  [b]thiophene; 4) 2 , 3 - d i b r o m o -  
thiophene; 5) 2 -bromothiophene;  6) 3-bromothiophene;  7) 3 ,4-d ibromo - 
thiophene; 8) d ibromoethane;  9) n-butyl  b romide ;  10) b romobenzene .  
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Fig.  4. Kinetics of the absorpt ion of oxygen at a concentra t ion of the 
initial  compound of 0.518 M, [Co(OCOCH3)2] = 0.05 M, [NaBr] = 
0.0155 M at 95~ 1) (I); 2) (liD; 3) (XIII); 4) toluene; 5) (VI); 6) (V); 
7) benzaldehyde;  8) (VIII); 9) (XIV); 10) (VII}; 11) (X); 12) (XI); 13) 
benzyl  alcohol;  14) (XV). 

in i t ia tor  (Fig. 2). An inc rease  in the concentra t ion  of ini t ia tor  (NaBr) f rom 0.0155 to 0.1 M leads to the 
complete  oxidation to the cor responding  acids of both (I) and (Ill), compound (I) being oxidized a p p r o x i m a t e -  
ly 1.5 t imes  f a s t e r  than (HI). F r o m  the dependence of the ra te  of oxidation on the concentra t ion of the 
ca t a lys t  [Co(OCOCH3)2] and of the ini t ia tor  (NaBr) (Fig. 2) it  may  be concluded that  in the p resence  of an 
in i t ia tor  both cobal t  ions and b romide  ions take pa r t  in the cha impropagat ing  r eac t ions .  We may  note that  
both in the p re sence  of an in i t ia tor  and in its absence the induction per iod in the oxidation of benzo[b]thio-  
phene homologs does not exceed  5 min .  

I t  has been shown prev ious ly  [3] that  the oxidation of thiophene homologs takes  place f a s t e r  when DBA, 
r a t h e r  than NaBr, is used  as in i t ia tor .  However,  in the case  of compound (1) a d i f ferent  p ic ture  is found - 
the oxidation takes  place f a s t e r  when NaBr is used - and in the case  of (HI) DBA and NaBr behave a lmos t  
ident ical ly.  In the oxidation of the benzo[b]thiophene homologs  we invest igated a number  of other  in i t ia tors ,  
as well  (Fig. 3). In this case ,  the mos t  act ive,  together  with NaBr and DBA, are  b romine - subs t i t u t ed  he t e ro -  
a romat i c  compounds.  The b rom i des  invest igated as in i t ia tors  of the oxidation of benzo[b]thiophene homo-  
logs can be a r r anged  in the following sequence according to the i r  act iv i t ies :  NaBr > DBA > 2 - b r o m o -  
benzo[b]thiophene > 2 ,3 ,4 ,5- te t rabromoth iophene  > 3-bromobenzo[b]thiophene > 2 ,3-dibromothiophene -~ 2-  
bromothiophene > 3-bromothiophene > 3,4-dibromothiophene -~ dibromoethane -~ n-butyl  b romide  > b r o m o -  
benzene .  
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As mentioned above,  the ra te  of oxidation of (D substant ia l ly  exceeds  that  of (III). In view of this ,  it 
appeared  of i n t e re s t  to c o m p a r e  the reac t iv i t i e s  of (III) and 2-methyl thiophene (XIII) in l iquid-phase oxida- 
t ion. The r e su l t s  of the compet ing oxidation of a mix ture  of (III) and (XIII) (1 : 1, with a concentra t ion of 
them in the mix ture  of 2 vol.~c) showed that only (III) underwent  oxidation with the format ion  of the a lde-  
hyde (VII) and the alcohol (IX) which was then oxidized to the acid (XII). 

In te rmedia te  products  of the oxidation both of benzo[b]thiophene homologs and of thiophene are  a lde-  
hydes and a lcohols .  Tables  1 and 2 give the r e su l t s  on the accumulat ion and consumption of the in t e rmed i -  
ate products  of the oxidation of (I) and (XIII) with t ime  (according to GLC). 

The t e m p e r a t u r e  a lso  has  a subs tant ia l  influence on the oxidation of benzo[b]thiophene homologs and 
thiophene, this being re f l ec ted  not only in the ra te  but also in the ra t io  of in te rmedia te  react ion products .  
With a r i se  in the t e m p e r a t u r e ,  the amount of aldehyde i n c r e a s e s  and the amount of alcohol d e c r e a s e s ,  as 
is i l lus t ra ted  by the f igures  of Table 3. 

The di f ference  in the re act ivi t ies  of subst i tuted benzo[b]thiophenes with methyl  groups in posi t ions 2 
and 3, r e spec t ive ly ,  that  has  been ment ioned is also obse rved  in the case  of the cor responding  fo rmyl  and 
hydroxymethyl  de r iva t ives :  (VII and VIII) and (IX and X). Thus,  at a concentra t ion of 0.518 M in the ab-  
sence of an in i t ia tor ,  compound (VIII) is f a r  more  read i ly  oxidized to the acid (II), which we have isola ted 
and c h a r a c t e r i z e d ,  than its i s o m e r  (VII) is oxidized to the acid (XII). The addition of an in i t ia tor  (NaBr, 
DBA) subs tant ia l ly  r a i s e s  the ra te  of oxidation of (VIII) and shor tens  the reac t ion  t ime f rom 60 to 6 rain. 
At the same concentra t ion ,  (VII) is not oxidized e i ther  in the absence or in the p re sence  of an ini t ia tor ,  
and only at a concentra t ion  below 0.1 M and with an induction per iod of 90 min does its oxidation to the acid 
(XII) take p lace .  Under the same  conditions and at a concentra t ion of 0.518 M, the cor responding  alcohols 
are  oxidized somewhat  m o r e  slowly than the aldehydes,  the 2 - i s o m e r  (IX) fa r  more  slowly than the 3-  
i s o m e r  (X). 

It is in te res t ing  to note the obse rved  co r r e l a t i on  between the ease  of oxidation of 2 -  and 3-subs t i tu ted  
benzo[b]thiophenes and thiophenes and the dis tr ibut ion of the e lec t ron  densi ty in the molecu les  of benzo[b]-  
thiophene [14] and of thiophene [15]. 

On pass ing  f r o m  the benzo[b]thiophene homologs to the cor responding  dioxides,  the capac i ty  of the 
methyl  group for  undergoing oxidation falls  sha rp ly .  In the case  of (V and VI), a slow and sl ight  absorpt ion 
of oxygen is obse rved  (convers ion does not exceed  8-10~c). The reac t ion  products  were  found by the GLC 
method to contain,  in addition to the initial dioxides (V and VI) two unidentified subs tances  with retent ion 
t imes  cons ide rab ly  s m a l l e r  than those of the initial dioxides.  It  is poss ib le  that  under  the conditions of 
oxidation the spl i t t ing of the thiophene r ing of the dioxides takes  place to some extent  with the format ion  of 
products  which inhibit oxidation, which is respons ib le  for the low convers ion .  

The r e su l t s  obtained in a study of the reac t iv i ty  of me thy l - ,  f o r m y l - ,  and hydroxymethy l - subs t i tu ted  
benzo[b]thiophenes at  equal  concent ra t ions  in the init ial  s tage of oxidation and a compar i son  of these with 
data on the oxidation of homologs  of thiophene and of benzene (Fig. 4) p e r m i t  the following sequence to be 
drawn up with r e s p e c t  to ease  of oxidation: (I) > ( I I I )  > (XIII) > toluene > (VI) > (V); benzaldehyde > (VIII) > 
(XIV) > (VII); (X) > (IX) > benzyl  alcohol > (XV). 

In conclusion,  le t  us cons ider  the r e su l t s  obtained in the oxidation of 2-ethylbenzo[b]thiophene (IV). 
Under the conditions that  were  found to be the opt imum for  the oxidation of the benzo[b]thiophene homologs 
- t e m p e r a t u r e  95~ concent ra t ion  of Co(OCOCH3) 2 0.05 IV[ and of NaBr 0.0155 M -  a solution of (IV) (5 
vol .%) abso rbs  oxygen a l m os t  quantitative ly as ca lcula ted  for  2-acetylbenzo[b]thiophene (XVI) in 2 h to 2 h 
30 mill.  Compound (XVI) was i so la ted  f r o m  the reac t ion  products  with a yield of 44%. In con t r a s t  to the 
reac t ions  of 2-ethyt thiophene,  forming a cons iderable  amount of the cor responding  alcohol in addition to 2-  
acetothienone [4], the oxidation of (XVI) f o r m s  a lmos t  no alcohol.  

The obse rved  c h a r a c t e r i s t i c s  can be desc r ibed  on the bas i s  of ideas on the oxidation of benzene h o m -  
ologs in the p r e s ence  of cobal t  sa l t s  and b romine  compounds [16] by a reac t ion  mechan i sm s i m i l a r  to that  
for  the oxidation of alkylthiophenes and se lenophenes  [3].~ According to this scheme ,  the main  in te rmedia te  
products  in the oxidation of the methyl  de r iva t ives  a re  aldehydes and alcohols,  as is a lso  obse rved  in the 
case  of the me thy l - subs t i tu t ed  benzo [b]thiophenes. 

9 5 7  



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

The exper imenta l  p rocedure  has been descr ibed  e lsewhere  [2]. The kinetic investigations were p e r -  
fo rmed  in a cel l  fit ted with a the rmos ta t t ed  jacket  and a sample - t ake r  enabling samples of 0.0005-0.01 ml 
to be taken with a mic rosy r inge .  The total  volume of the ca ta lys t  solution was 2 ml.  The bromides  used 
as ini t iators  were synthesized by known methods.  

Analysis by the GLC method was pe r fo rmed  on aaLKhM-8MD chromatograph  (5th model) with a f l ame-  
ionization de tec tor  under conditions of the programming  of the t empera tu re  f rom 70 to 220~ (the rate of 
change of t empera tu re  was 12 deg /min) ;  s t a in l e s s - s t ee l  columns (200 x 0.3 cm) filled with quartz glass 
(0.25-0.50 mm) upon which 0.64% of SE-30 sil icon e l a s tomer  had been deposited. The rate  of flow of the 
c a r r i e r  gas (argon) was 24 m l / m i n ,  and acetophenone was used as internal  s tandard.  

2-Methylbenzo[b]thiophene (III) was obtained by the Kishner [Wolff-Kishner]  reduction of compound 
(VII) with a yield of 75%, mp 51.5-52~ (from ethanol).  According to the l i t e ra tu re  [17], mp 51-52~ 

Benzo [b]thiophene-2-carboxylic acid (XII) was obtained with a yield of 85% by the metallat ion and sub-  
sequent carbonat ion of benzo[b]thiophene, mp 237~ (from water) .  According to the l i t e ra ture  [18], mp 
236~ 

2-Hydroxymethylbenzo[b]thiophene (IX) was obtained with a yield of 62% by the reduction of (VII) with 
sodium te t rahydrobora te ,  mp 99-100~ (from pet ro leum ether) [19]. 

2-Methylbenzo[b]thiophene dioxide (V) was obtained by  the oxidation of (HI) with hydrogen peroxide 
ing lac ia l  acet ic  acid with a yield of 83%, mp 110-111~ (from benzene) .  According to the l i t e ra tu re  [20], mp 
108.5-110~ 

2-Ethylbenzo[b]thiophene (IV) was obtained with a yield of 30% by the metallation of benzo[b]thiophene 
followed by the react ion of the 2-benzo[b]thienylli thium with ethyl iodide, bp 88-89~ (3 mm); n~ 1.5539. 
According to the l i t e ra ture  [17], bp 162-165~ (23 mm); n~ 1.5544. 

Benzo[b]thiophene-3-carbaldehyde (VIII) was obtained by the method of Dickinson and Iddon [11] with 
a yield of 71%, bp 130-133~ (4 mm);  mp 56.5-57~ (from ethanol).  According to the l i t e ra ture  [11], bp 
173-175~ (16 mm); mp 56-57~ 

3-Methylbenzo[b]thiophene (I). A. At 20~ 32.2 ml of chloroacetone was added to a mixture  of 40.8 
ml of thiophenol and 53.3 ml of 30% aqueous NaOH, and af ter  30 rain the mixture  was t rea ted  with e ther  and 
the e the rea l  ex t r ac t  was washed with water  and dr ied.  This gave 55.6 g (77~c) of (phenylthio)acetone (XI), 
bp 112-114~ (3.5 mm); according to the l i t e ra ture  [21], bp 142~ (17 mm).  Under conditions excluding the 
access  of mois ture ,  30 g of (XI) was added at 20~ to a suspension of 60 g of anhydrous A1C13 in 100 ml of 
absolute benzene.  After  being s t i r r e d  at 20~ for  14 h, the react ion mixture  was hydrolyzed with water ,  
and the aqueous layer  was separa ted  off and ex t rac ted  with benzene.  The benzene ex t rac t s  were  combined 
and were washed with water ,  with 5% NaOII, and twice more  with water ,  and were dr ied with MgSO 4. This 
gave 19.3 g (72%) of (I), bp 80-83~ (2-2.5 mm); n~ 1.6230. L i te ra tu re  data [21]: bp 127-129~ (25 mm); 
n~ 1.6232. According to GLC, it contained about 2% of (III). 

B__ 2 The Kishner  reduction of (VIII) gave an 87Yc yield of (I), bp 116-117~ (16 mm); n~ 1.6090, d 2~ 
1.1096. According to GLC, it was not contaminated with (III). 

3-Hydroxymethyibenzo[b]thiophene (X) was obtained with a yield of 85% by the reduction of (VIII) with 
sodium te t rahydrobora te ;  bp 148-148.5~ (4 mm),  mp 42.5-43~ (from ethanol).  According to the l i te ra ture  
[22], bp 141-144~ (1.5 mm),  mp 43-44~ 

3-Methylbenzo [b]thiophene dioxide (VI) was obtained with a yield of 35% by the oxidation of (I) with 
hydrogen peroxide;  mp 141.5-142~ (from dilute ethanol).  According to the l i t e ra tu re  [23], mp 142-143~ 

2-Acetylbenzo[b]thiophen e (XVI). A. This was synthesized with a yield of 79% by the metal lat ion of 
benzo [b]thiophene followed by the react ion of the 2-benzo [b]thienyllithium with DMAA under  conditions 
s imi la r  to those for  the prepara t ion  of (VII), mp 86-87~ (sublimation in vacuum). According to the 
l i t e ra ture  [24], mp 88~ 

B. Oxidation of 2-Ethylbenzo[b]thiophene {IV). The oxidation of (IV) was pe r fo rmed  at 95~ with 
vigorous shaking. The concentra t ion of Co(OCOCH3) 2 was 0.05 M, of NaBr 0.015 M, and of (IV) 0.518 M, 
and the total  volume was 40 ml.  After the end of the absorption of oxygen (2 h to 2 h 30 min), 80~ of (XVI) 
had been fo rmed  according to GLC. The acetic acid was disti l led off in vacuum and the res idue was washed 
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with 20 ml of n-hexane and ex t rac ted  with 20 ml of benzene.  The ex t rac t  was f i l tered and was t rea ted  with 
80 ml of n-hexane .  The precipi ta te  that deposi ted af ter  cooling was separa ted  off and washed with n-hexane 
to give 0.97 g (45%) of (XVI), mp 85.5-86~ (af ter  two rec rys ta l l i za t ions  f rom a 1 : 4  mixture  of benzene and 
n-hexane and vacuum sublimation).  A mixture  with the (XVI) obtained by method A gave no depress ion of 
the melting point; the i r  identity was also conf i rmed by GLC. 

Benzo[b]thiophene-2-carbaldehyde (VII). A. This was obtained by Dickinson and Iddon's method [11] 
with a yield of 70~, bp 135-136~ (8 mm); mp 33.5-34.5~ According to the l i t e ra ture  [20], mp 34-34.5~ 

B. Oxidation of 2-1V[ethylbenzo[b]thiophene (III). The oxidation of 2.58 g of (III) was pe r fo rmed  
similar-ly to that of (IV) for 3 h. The acet ic  acid was dist i l led off in vacuum and the res idue  was subjected 
to s team dist i l lat ion.  This gave 1.04 g (40~) of the initial (III) with mp 51.5~ (60~c conversion) ,  and 0.77 g 
(30%) of (VII) with bp 136~ (9 mm), mp 33.5-34.5~ 2,4-dini t rophenylhydrazone,  mp 308.5-309~ (from 
pyridine) .  A mixture  with the (VII) (obtained by method A) gave no depress ion  of the melting point, and 
the i r  IR spec t ra  were  comple te ly  identical .  

Benzo[b] thiophene-3-carboxyl ic  Acid (II). A. This was obtained with a yield of 85% by the meta l l a -  
tion at -70~ and subsequent carbonat ion of 3-bromobenzene[b]thiophene.  mp 178-178.5~ (from dilute 
ethanol).  According to the l i t e ra ture  [22], mp 175-176~ 

B. Oxidation of 3-Methylbenzo[b]thiophene (I) and of Benzo[b]thiophene-3-carbaldehyde (VIII): The 
oxidatio---n of compounds (I) and (VIII) was pe r fo rmed  like the oxidation of (III) and (IV). After the end of the 
p rocess ,  the react ion mixture  was diluted with water ,  the precipi ta te  that deposited was ex t rac ted  with 
benzene,  the ex t r ac t  was washed repeatedly  with sodium carbonate  solution, and the aqueous layer  was 
separa ted  off and was acidified with 5~ hydrochlor ic  acid. The precipi ta te  was f i l te red  off and washed with 
ice water .  This gave a 40-63~c yield of the acid (II), mp 175-176~ (from dilute ethanol).  A mixture  with a 
sample of the (II) obtained by method A gave no depress ion  of the melting point. 
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