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Investigating the behavior of esters of nitrobenzenesulfenic acids in reactions of electron transfer, 
we undertook to determine the sequence of the polarographic reduction of the sulfene ester and nitro group, 
simultaneously present in the molecule. For this purpose we studied the polarographie behavior of methyl 
and n-propyl benzenesulfenates, as well as 2-nitro-, 4-nitro-, and 2-nitro-4-chloro-substituted methylben- 
zenesulfenates in anhydrous DMFA. 

On the polarograms of methyl and n-propyl esters of benzenesulfenic acid in DMFA, with tetraethyl- 
ammonium iodide as the supporting electrolyte, three waves are observed with El/2 --1.3 V and the basic 
wave with El/2 --1.99 V (Fig. 1 and Table I; all the potentials are cited relative to an aqueous saturated 
calomel electrode). The height of the basic wave is 3-3.5 times as great as the height of the prewave. A 
comparison of the summary heights of these waves with the height of the wave on the polarogram of iodo- 
benzene, obtained under the same conditions, shows that the reduction of the sulfenate group ec,rresponds 
to a two-electron process. From a graph of E versus log i/(id--i) it follows that the process is irrever- 
sible. The slope of a straight line in the indicated coordinates is 115 mV. The limiting current of the pre- 
wave is not a diffusion current. This is evidenced by the absence of a linear relationship between the 
height of the prewave and the concentration of the depolarizer, as well as the absence of proportionality 
between the changes in this height and h 1/2 (h is the height of the mercury column). For the sum of the in- 
dicated waves, such dependences are linear. Consequently, the summary limiting current is of a diffusion 
nature. 

These data agree with the results of [I], obtained for methyl phenylsulfenate in aqueous alcohol med- 
ium: there is an irreversible reduction with the participation of two electrons 

C6HsSOCH ~ + 2e -+CoHsS- + CH30- 

The appearance of a prewave may be associa ted  with the formation of readi ly reduced par t ic les  on the 
m e r c u r y  surface,  for example, C6HsSHgHgSCGH 5. The concentrat ion of these par t ic les  is l imited by the 
sur face  a rea  of the electrode,  which can explain the observed proper t ies  of the prewave.  

The introduction of aeceptor  substituents into the benzenesulfenate molecule  leads to a displacement 
of the waves into the region of l e s s  negative potentials (see Table !).  Just  as in the case of es te rs  of ben- 
zenesulfenic acid, 2 -n i t ro- ,  4 -n i t ro - ,  and 2-n i t ro -4-eh loroder iva t ives  each give two waves on the polaro-  
gram,  and the f i rs t  wave is approximately half the height of the second (Fig. 2). However, for n i t roder iva-  
rives the l imiting cur ren ts  not only of the second, but also of the f i rs t  wave a re  of a diffusion type. For 
the methyl es ter  of 2-nitrophenylsulfenic acid, a l inear  dependence of the height of the f i rs t  wave both on 
h ~/2 and on the concentrat ion of the depolar izer  (the quantity d(id)/dC = 3.62; for iodobenzene 3.26VA 
/mmole)  is observed.  The f i rs t  wave is close in height to the wave of the reduction of iodobenzene, taken 
in the same concentrat ion.  Evidently, the f i rs t  step corresponds  to two-e lec t ron  reduct ion of methyl 2- 
ni t robenzenesulfenate.  The slope of the f i r s t  wave in a plot of E ve r sus  log i /( i  d -  i ) i s  close to 60 mV. 
For  the second wave the quantity d(id)/dC = l l . 2 # A / m m o l e ,  i . e . ,  on the second wave twice as many elec- 
t rons  a re  t r ans f e r r ed .  Thus, the total number  of electrons consumed for the reduction of one molecule 
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TABLE 1. Hal f -Wave  Potent ia ls  (-- El/~) of Arenesu l -  
fenates  (3 �9 10 -4 M) in DMFA; Background 0.1 M (C2Hs)4NI , 
25 ~ 

Compound 
-Ei/~,__~V(mlative to saturated calbmel electrode) 

I first wave second wave 

~ - - S O C H 3  1 , 9 9  * 

~ --SOCHzCH2CH3 2,03 * 

O --SOCHs 0,92 
\ 

NO2 0,91 I" 

CI--~/7~--SOCH3 0,82 
\ 

NOz 

02N--~/~--~/--SOCH~ t, 20 

�9 After a pmwave with El/z ~ =1.3 V. 
~vqith a 0.1 M NaC10 4 supporting electrolyte. 

Absent 

w 

1,72 

~,5t I" 

1,60 

1,85 

of methyl  2-ni t rophenylsul fenate  is  equal to 8. On the p o l a r o g r a m  of methyl  4-ni t rophenylsul fenate ,  two 
waves a r e  a lso  observed;  m o r e o v e r ,  the f i r s t  co r r e sponds  to a t r a n s f e r  of two e lec t rons  pe r  molecule ,  
while the second co r r e sponds  to a t r a n s f e r  of approx imate ly  five (i. e., f r o m  four to s ix  e lec t rons) .  

The addition of phenol (8.5 mole  %) to a solution of methy l  2- and methyl  4-n i t rophenylsul fenates  in 
DMFA does not change the ra t io  of the heights of the  waves ,  but it  shif ts  El/2 of the second wave by 300- 
400 m V  into the reg ion  of l e s s  negat ive potent ia ls  (see Fig. 2). In this case  the value of El/2 of the f i r s t  
wave is  unchanged. In the p r e s e n c e  of wa te r  (4 mo le  %), El/2 of the f i r s t  wave of methyl  2-ni t rophenyl-  
sul fenate  is  a lso  unchanged, while the second wave is  s epa ra t ed  into two different  components;  the ra t io  
of the heights of the waves  is  1 : 1.5 : 1.5. The ha l f :wave  potent ia ls  of the f i r s t  and th i rd  waves of reduct ion 
in the p r e s e n c e  of wa te r  a r e  equal to the potent ia ls  in abs .  DMFA; El/2 of the second wave is  a lmos t  150 
mV less  negat ive than that  of the th i rd .  

The data p r e sen t ed  a g r e e  with the assumpt ion  that  the f i r s t  e l ec t rochemica l  s tep in the reduct ion of 
n i t roa renesu l fena tes  is  the c leavage of the sulfene e s t e r  bond. Such a p r o c e s s  should co r respond  to the 
t r a n s f e r  of two e lec t rons ;  evidently i t  p roceeds  without the par t ic ipa t ion  of a proton,  and the re fo re ,  the 
ha l f -wave  potential  should not depend on the access ib i l i ty  of the proton.  If  the second step co r responds  to 
the reduct ion of the ni t ro  group, it should be  a four -  or  s i x - e l e c t r o n  p r o c e s s  and depend on the p r e s e n c e  of 
pro ton  donors,  s ince it  includes the p r o c e s s  of p r e l i m i n a r y  protonat ion [2]. As it follows f rom the r e su l t s  
obtained, the second waves  on the p o l a r o g r a m s  of n i t rosu l fena tes  a r e  mul t ie lec t ron ic ,  while El/2 of these  
waves  become  l e s s  negat ive a f t e r  the addition of phenol.  This is  a l so  indicated by a compar i son  of the 
p o l a r o g r a m s  of the methyl  e s t e r  of 2-n i t robenzenesul fenie  acid in DMFA, obtained with t e t r a e t h y l a m m o n -  
ium or  sodium p e r e h l o r a t e  as the support ing e lec t ro ly te  (see Fig. 2). A change in the na ture  of the cation 
of the support ing e lec t ro ly te  has  no effect  on El/2 of the f i r s t  wave; however ,  i t  has  a s t rong effect  on the 
potent ials  of the second mul t i e lec t ron ic  s tep (compare  the table  data).  The r ep l acemen t  of the t e t r ae thy l -  
ammonium cation by Na + leads to a l e s s  negat ive  El/2 of the second wave (by a lmos t  200 mV). Thus, the 
introduct ion of Na + into the s y s t e m  i n c r e a s e s  the s tabi l i ty  of the pa r t i c l e s  fo rmed  at the second (but not at 
the f i r s t  !) s tep of the reduct ion.  The r e su l t  obtained is ent i re ly  unders tandable  on the assumpt ion  that  the 
ni t rogen group is  reduced at the second, and not at the f i r s t  s tep.  

To ve r i fy  the c o r r e c t n e s s  of this assumpt ion ,  we conducted a par t ia l  m a c r o e l e e t r o l y s i s  of the methyl  
e s t e r  of 2-n i t robenzenesul fenic  acid on a m e r c u r y  cathode at a potential  somewhat  m o r e  negat ive than 
El/2. Jus t  as in po la rography ,  DMFA was used  as the solvent ,  while Na or t e t r a - n - b u t y l a m m o n i u m  per* 
ch lora te  (0.1 M) was used  as the support ing e lec t ro ly te .  After  e l ec t ro lys i s  and t r e a t m e n t  of the solution 
obtained with CH3I, a m i x t u r e  of the initial  n i t rosul fenate  anc(2-ni t ro th ioaniso lewas  isola ted.  The products  
cor responding  to the reduct ion of the ni t ro  group were  not detected.  

Thus,  in n i t rosubs t i tu ted  a renesu l fena tes ,  the sulfene e s t e r  group is reduced e a r l i e r  than the ni t ro  
group.  F rom this it might  have  been concluded that  the sulfene e s t e r  group is  m o r e  act ive  in reac t ions  of 
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Fig. 1. Po la rog ram of the methyl es te r  of benzenesul-  
fenic acid (2 .10 -4 M) in DMFA with a 0.1 M (C2H~)4NI 
supporting electrolyte .  

Fig. 2. Po l a rog rams  of the methyl  es ter  of 2-ni t roben-  
zenesulfenic acid (3 .10 -4 M) in DMFA with supporting 
e lec t ro ly tes :  1) 0.1 M (C2H~)4NI; 2) 0.1 M NaC104; 3) 
0.1 M (C2Hs)4NI in the p resence  of 8.5 mole % phenol. 

e lect ron t r ans fe r  than the nitro group. However, under polarographic  conditions, the specific interact ion 
of the sulfur-containing group with the sur face  of the m e r c u r y  electrode,  which lowers the activation energy 
of the p rocess ,  might have an influence on the sequence of the reduction.  Let us note that the compounds 
studied a re  very  difficult to reduce  on a rotat ing platinum electrode in DMFA or in CH3CN (at potentials 
~--1.8 V). A study of the t r ans fe r  of e lectrons to ni t roarenesulfenates  in homogeneous medium, using the 
dipotassium salt  of the cycloocta te t raene  dianion in THF as the donor, showed [3] that the sulfene es te r  
group is less  active than the nitro group. 

It can be concluded that the sequence of reduction of e lec t rochemical ly  active groups,  s imultaneously 
present  in the molecule,  depends on the nature of the electron donor. This must  be taken into cons idera-  
tion in a compar i son  of the acceptor  capacity of var ious  functional groups.  

EXPERIMENTAL METHOD 

Starting materials: methyl benzenesulfenate [4], bp 102 ~ (6 mm). n-Propyl benzenesulfenate exhibits 

a triplet with 5o~_CH 2 3.62, 5fi_CH 2 1.60, 5CH 3 0.89 ppm and a multiplet with (SC6Hs)av 7.23 ppm, with an 

intensity ratio 2 : 2:3.4:4.7, in the PMR spectrum. Methyl 2-nitrobenzenesulfenate [5], mp 52-53 ~ Methyl 
4-nitrobenzenesulfenate [6], mp 46 ~ unstable and rapidly converted in solution to 4,4'-dinitrodiphenyldi- 
sulfide. The polarograms of methyl 4-nitrobenzenesulfenate were verified each time with the polarograms 
of 4,4'-dinitrodiphenyldisulfide. Methyl 2-nitro-4-chlorobenzenesulfenate was produced by us for the first 
time: 2 g (0.009 mole) of 2-nitro-4-chlorophenylsulfene chloride with mp 99 ~ [7] was mixed at ~20 ~ With 20 

ml of methanol, and 0.5 g (0.009 mole) of CH3ONa powder was gradually added; the mixture was mixed for 
another 2 h, and at 0 ~ the precipitate was filtered off and crystallized from n-hexane. Shining yellow 
plates with mp 109-110 ~ were obtained, yield 1.2 g (63%). Found: C 38.40; H 2.69; N 6.33; C1 16.45; S 
14.99%. CTH6CINO3S. Calculated: C 38.32; H 2.76; N 6.39; Cl 16.15; S 14.61%. 

Polarographic measurements were conducted at 25 �9 0.5 ~ The dropping period of the capillary with 
an open circuit was 3.6 sec. Polarograms were recorded on an LP-60 polarograph; the potential of the 
working electrode was measured relative to an aqueous saturated calomel electrode with a PPTV-I poten- 
tiometer. To determine the dependence of the height of the waves on the concentration of the depolarizer, 
we prepared solutions containing from 1 �9 10 -4 to 2- 10 -3 M methyl phenylsulfenate. 

Preparative electrolysis of methyl 2-nitrophenylsulfenate was conducted in a 0.I M solution of 
(n-C4Hg)4NCIO 4 or NaCIO 4 in anhydrous DMFA, in a cell with a cellophane membrane. The membrane was 
exposed to the solution of the supporting electrolyte  for 2 h before the experiments .  The potential of the 
working electrode (mercury ,  25 em 2) was set and maintained with a P-5848 potentiostat.  Elec t ro lys is  was 
conducted at a potential of --1.00 V in 40 ml of the background solution. As a rule, 0.270 g of the substance 
was taken for one experiment.  During e lect rolys is  the solution was mixed continuously with a mag~netic 
mixer  in a s t r eam of argon. The background current  at --1.00 V was f rom 3 to 5 mA, the cur rent  at the 
beginning of e lec t ro lys is  80-100 mA. During e lec t ro lys is  the color  of the cathodic solution gradually 
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changed f rom orange to che r ry  red,  and then to greenish-blue .  After  e lec t ro lys is  (drop of the cur ren t  of 
e lec t ro lys is  to the cur ren t  of the supporting electrolyte)  with a coun te r - cu r ren t  of Ar, 0,2-0.5 ml of pure  
CH3I, purged with argon, was injected into the solution with a syr inge.  The solution thereupon acquired 
an orange color .  Chromatography on a thin l aye r  of A1203 revealed  2-ni t rothioanisole  andmethyl  2-ni t ro-  
phenylsulfenate (eluents hexane : THF, 4 : 1). After  the solvent was dist i l led off, 0.11 g of a yellowish pow- 
der  was obtained. The powder was dissolved in hexane and f i l tered hot. After cooling 0.02 g of methyl  
2-ni trophenylsulfenate,  mp 52-53% was obtained. After  removal  of the sulfenate,  the f i l t ra te  was evapor-  
ated and the res idue  r ec rys t a l l i z ed  f rom water .  Yield 0.04 g 2-ni t rothioanisole  (light yellow needles) with 
mp 60-61 ~ (64-65 ~ [8]). A mixed sample of the isolated substances with samples  of known s t ruc tu re  gave 
no depress ion  of the melt ing point. 

C O N C L U S I O N S  

1. The e lec t rochemica l  reduct ion of e s t e r s  of arenesulfenie  acids in d imethylformamide leads to 
cleavage of the sulfene e s t e r  groups.  

2. .  In n i t roder iva t ives  of a renesul fenates ,  reduct ion of the SOR group on a dropping m e r c u r y  e lec-  
t rode  occurs  e a r l i e r  than that of the ni t ro  group. 

1. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 

L I T E R A T U R E  C I T E D  

B. Lindberg,  Acta Chem. Scand., 24, 1110 (1970). 
Ya. P. Stradyn' ,  Polarography of Organic Nitro Compounds [in Russian],  Zinatne, Riga (1962), 
p. 134. 
Z. V. Todres  and S. P. Avagyan, Summaries  of the 12th Session on the Chemistry of Organic Com- 
pounds of Sulfur and Sulfur Pe t ro leums  [in Russian],  Zinatne, Riga (1971), p, 232. 
H. Lecher ,  Ber . ,  5_88, 413 (1925). 
Th. Zincke and F. Fa r r ,  Liebigs Ann. Chem., 391, 57 (1912). 
Th. Zincke, Liebigs Ann. Chem., 400, 13 (1913). 
F. Bei ls te in  and A. Kurbatow, Liebigs Ann. Chem., 197, 79 (1879). 
K. Brand,  Ber . ,  42, 3988 (1909). 

70 


