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The work was undertaken to investigate the appli- 
cation of the polarograph to the aetermination of 
benzothiophene and certain of its derivatives. 
Benzothiophene-1-dioxide, 2,3-dichloro-, 3-chloro-, 
and 3-bromobenzothiophene-1-dioxide were found 
to be polarographically reducible in an am- 
moniacal chloride solution. Benzothiophene, 3- 
bromo- and 2,3-dihydrohenzothiophene, and 2,3- 
dihydrobenzothiophene-1-dioxide were not reduced 
under the same conditions. It is concluded that 
for the reduction to take place, the benzothiophene 
derivative must contain a double bond in the 2,3 
position and a dioxide group in the 1 position. .4 
basic procedure for the quantitativedeterminationof 
benzothiophene-1-dioxide and certain halogen deriv- 
atives is a significant addition to the field of organic 
sulfur chemistry. 

S T E R E S T  in certain derivatives of benzothiophene led to a I study of their polarographic behavior. The literature relating 
to  this field is rather limited. T a m o n e k  ( 5 )  points out that  the 
disulfide linkage is apparently the only sulfur grouping which is 
reduced a t  the dropping mercury electrode. Kolthoff and Lingane 
( 4 )  described the catalytic hydrogen wave produced by certain 
compounds containing sulfhydryl groups in ammonium chloride- 
anmionia and in ammoniacal cobalt solutions. 

EXPERI\IEIVTAL 

.4 Sargmt polarograph, Modc,l XII, having it galvaiiometer 
sensitivity of 0.0037pa. per nun., n a s  used for this investigation. 
The ce11.(3) consisted of a stationary pool of mercury serving as 
the anode and a dropping mercury cathode rvith the follorving 
characteristics: 

T (drop time). 3.8 seconds pel drop 
1IasP of mercury. 1.75 mg. per second. 
UL* X T1'6. 1.81 
Sanipl~  solution^ were maintained at 2!5" C in a suitable water 

bath and were purged with nitrogen for 5 minutes before polaro- 
grams were taken. 

ilt the beginning of this investigation, reduction of benzothio- 
phene-1-dioxide in 0.1 N solutions of the usual electrolytes such 
as potassium, ammonium, and lithium chlorides and hydrochloric 
acid in 1 to  1 alcohol-water solutions gave poorly defined waves 
over the range of 0.0 t,o -2.0 volts. Reduction was effected by 
using 1 N ammonium chloride in t,he same solvent. Addition of 
ammonium hydroxide to produce a pH of 8.5 did not change the 
reduction wave. Addition of hydrochloric acid to give a pH of 1.5 
resulted in a hydrogen wave. Benzothiophene-1-dioxide and its 
halogen derivatives were also reducedin an ammoniacal cobalt solu- 
tion, The reduction current was proportional to the concentra- 
tion of the sulfones after subtraction of the current due to the 
prcwncte of cobalt. However, for the present work cobalt TvaP 
not necessary. 

DISCUSSION 

Data in Table I show that the diffusion current obtained is pro- 
portional to the concentration of benzothiophene-1-dioxide. The 
half-wave potential is - 1.2 volts. and the diffusion current is 31.6 
pa. per millimole. To determine the interference of certain re- 
lated benzothiophenes, solutions of benzothiophene-1-dioxide n-ere 
prepared and one of the following compounds was added: benzo- 
thiophene, 3-bromobenzothiophene, 2,3-dichlorobenzothiophene, 
2.3-dihydrobenzothiophene. 2.3-dihydrobenzothiophene-1-diox- 
ide, and 3-bromo- and 2-hromo-2,3-dihydrobenzothiophene-l- 
dioxide. None of these affected the reduction wave. A diffusion 
current of 36 pa. per millimole was obtained with 2,3-dibromo-2,3- 
dihydrobenzothiophene-1-dioxide. This abnormal reduction cur- 
rent may be att'ributed to the partial splitting off of hydrobromic 
acid to form some monobromobenzothiophene-1-dioxide under the 
conditions of the experiment. 

Table I also gives the results obtained on several benzothio- 
phene-I-dioxides containing halogens substituted in the 2 and 3 
positions. For these compounds the reduction wave was also pro- 
portional to the halogen present' in the molecule. In  all cases the 
tn-o waves which formed were rather indistinct, oviing to the 
sinal1 differences in half-wave potentials. However, in the reduc- 

Table I. Diffusion Currents of Benzothiophene-1-dioxide and 
Halogen Derivatives 

Concn., Steu pa. 1 
Mg./IOO Height, pa./ 3lilliatom Half-Wave 

Compound 311. 3Im. @a. 1Iillimole Halogen Potential Volts 
Brnzothiophene-l- 

dioxide" 1 5 1 . 5  0.191 31 7 . . . .  
2 103.5 0 381 3 1 . 6  . .  , -1  2 
5 256 0.947 3 1 . 4  . . . .  

3-Bromohenzothio- 1 6 0 . 5  0.224 54 8 2 3 . 2  

5 295 1 091 53 4 21 .8  
2-Bromohenaothio- 1 60 0 .222  5 4 . 4  2 2 . 8  

5 305 1.128 5 j . 3  23 .7  
2.3-Dichlorohenzothio- 1 96 0.355 8 3 . 5  25 9 

5 478 1 .769  8 3 . 2  2 5 . 8  
3-Chlorobenzothio- 1 7 5 . 9  0.281 5 6 . 4  24.8 

5 342.4  1.267 5 0 . 8  19 .2  

phene-I-dioxides 2 122 0 .451  5 5 . 3  23 7 -0.97, -1 .1  

phene-I-dioxidec 2 122 0.4B1 5 5 4  2 3 . 8  -0 .95 , -1 .2  

phene-1-dioxided 2 186 0 688 80 .9  24.6 - 0  92,  - 1 . 2  

phene-I-dioxidee 2 148 0.548 5 4 . 9  23 .3  -0 92, - 1  2 

a Melting point 142-143' C .  
b hIelting point 182-184' C .  
6 .\felting point 150-151° C. 
d Melting point 158-159' C .  
4 Melting point 163-164' C. 

Prepared by H20z oxidation of benzothiophene. 
Prepared according t o  Bordwell and hlhisetti ( I ) .  
Prepared according to  Bordwell et al. (2). 
Prepared by HzOz oxidation of 2.3-dichlorobenzothiophene. 
Prepared by HzOz oxidation of 3-chlorohenmothiophene. 

tion Yave of 2,3-dichlorobenzothiophene-l-dioxide 
it appeared that the yeduction of the vinyl sulfone 
portion of the molecule was affected a t  the lower 
half-wave potential ( -0.92 volt). 

~:o\cLusIov 

From the data obtained it is concluded that if 
the reduction is to take place the benzothiophene 
derivative must contain a double bond in the 
2,s position and a dioyide group a t  the 1 popi- 
tion. Substituted chlorine and bromine in the 2 
and 3 pwitions are also reduced polarographically. 
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