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ORGANIC PREPARATIONS AND PROCEDURES INT. 8 ( 3 ) ,  119-124 (1976) 

REDUCTION OF SULFOXIDES WITH METHANE- AND - p-NITROBENZENESULFINYL 

CHLORIDE BY OXYGEN TRANSFER REACTION 

Tatsuo Numata, Katsuyata Ikura,  Yasutaka Shimano and Shigeru Oae* 

Department o f  Applied Chemistry, Osaka C 
Department o f  Chemistry, Un ivers i ty  o f  Tsukuba 

The reac t ion  o f  su l fox ides  w i t h  organic su 

ty Un ivers i ty ,  and 
Ibarak i  300-31, Japan 

f i n y l  o r  su l fony l  ch lo r i de  

i s  l i t t l e  known except f o r  the  react ions o f  dimethyl su l fox ide  w i t h  arene- 

su l fony l  ch lo r i de  and w i t h  methyl chlorosul f inate. '  1 I n  both cases, 

Pumnerer reac t ions  were found t o  take place. 

reac t i on  o f  sul foxides w i t h  organic s u l f i n y l  chlor ides,  such as methane- 

s u l f i n y l  ch lo r i de  and - p-ni t robenzenesul f inyl  ch lo r i de  and found t h a t  a 

d i r e c t  oxygen t rans fe r  occurred from the su l fox ide  t o  the  s u l f u r  atom o f  

the  s u l f i n y l  ch lo r ide .  

We have now examined a 

The reduct ion o f  sul foxides w i t h  methanesulf inyl ch lo r i de  proceeded 

smoothly a t  room temperature t o  a f f o r d  the  corresponding su l f i des  w i t h  

concomitant format ion o f  methanesulfonyl ch lo r ide .  The ove ra l l  reac t ion  

i s  i l l u s t r a t e d  by the  fo l l ow ing  equation. 

room temp. 
R-S-R'  t Me-S-C1 A R-S-R' t Me-S-C1 

30 min. 1 
0 

1 
0 

.1 
0 

I I 1  

a: R = R'= Me; b: R = Me, R ' =  Ph; c: R = R'= Ph; 

d: R = Me, R ' =  CH2Ph; e: R = E t ,  R'= CH2Ph 
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NUMATA, IKURA, SHIMANO AND OAE 

An equimolar amount of methanesulfinyl ch lor ide  was added t o  a 

so lu t ion  of any one of the sulfoxides ( Ia -e ,  3-5 mnol) i n  carbon t e t r a -  

ch lor ide  and the  mixture was kept standing a t  room temperature f o r  30 m i n .  

Then the  whole C C 1 4  so lu t ion  was passed through a chromatography column 

packed w i t h  dry s i l i ca -ge l  t o  a f ford  the  corresponding s u l f i d e  ( I I a - e )  i n  

good y ie lds  (80-90%). This reduction i s  applicable f o r  d i a lky l ,  a r a lky l ,  

diary1 and a l so  benzylic sulfoxides.  Moreover, use of an excess MeS(0)Cl 

i s  not harmful t o  the  reduction, s ince  the remaining excess MeS(0)Cl can 

be e a s i l y  removed by the same work-up procedure mentioned above. Cyclic 

su l foxides ,  such a s  thianthrene S-oxide ( I f )  and phenoxathiane S-oxide 

( I g ) ,  were a l so  reduced w i t h  a ry l su l f iny l  ch lor ide ,  i . e .  , - p-nitrobenzene- 

su l f iny l  ch lor ide ,  i n  refluxing benzene f o r  4 hr t o  a f ford  the  correspond- 

ing s u l f i d e  (87-89% y i e l d )  and - p-nitrobenzenesulfonyl chloride (36-50% 

y i e l d ) .  

The reduction may proceed through a formation of e i t h e r  a covalent 

type intermediate ( A )  o r  a sulfonium intermediate (B)  as  shown below. 

+ - - c  
R"-S-  C 1  

0 0-S (0)  R"  
L 

R - S - R '  R-S-R '  

+ 

1 
0 

R-S-R' 

Sulf i l imines  can a l so  be reduced by treatment w i t h  methanesulfinyl 

ch lor ide .  When methyl phenyl N-p-toluenesulfonylsulfilimine - (Ph-S(NTs)-  

Me) was allowed to  r eac t  with an excess MeS(0)Cl in 30 ml a c e t o n i t r i l e  

f o r  3 days a t  room temperature, methyl phenyl s u l f i d e  and tosyl amide 

were obtained i n  89% and 26% y i e l d ,  respec t ive ly .  

1 2 0  
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REDUCTION OF SULFOXIDES WITH SULFINYL O R I D E S  

Meanwhile, a s i m i l a r  oxygen t rans fe r  reac t ion  was found t o  take place 

between su l fox ides  ( I f  and I g )  and - p-nitrobenzenesulfenyl ch lo r ide  i n  

r e f l u x i n g  benzene t o  a f f o r d  the su l f i des  IIf and I I g  i n  good y i e l d s  

together w i t h  - p-ni t robenzenesul f inyl  ch lo r i de  which was converted, dur ing 

the  work-up hydro lys is  procedure, t o  the  corresponding d i s u l f i d e ,  t h i o l -  

su l fonate  and su l fon i c  acid.  However, t h i s  reduct ion w i t h  arenesulfenyl 

ch lo r i de  can be app l icab le  on l y  f o r  the c y c l i c  su l fox ide  such as I f  and 

Ig, bearing no alpha-proton, since the  reac t i on  o f  the  sul foxides I a  and 

I d  (which have alpha-protons) w i t h  arenesulfenyl ch lo r i de  a f fo rded the 

unsymet r i ca l  d i s u l f i d e s  (ca. 70% y i e l d )  i n  r e f l u x i n g  benzene. 

Oxygen t rans fe r  from the su l fox ide  t o  some o ther  s u l f u r  compounds i s  

known on ly  i n  the reac t i on  between su l fox ide  and A s i m i l a r  

oxygen t rans fe r  reac t i on  i s  known between heteroaromatic N-oxides bearing 

a N-0 semi-polar bond and - p-ni t robenzenesul f inyl  ch lo r i de  o r  - p -n i t ro -  

benzenesulfenyl ch lo r i de  a t  an elevated temperature t o  a f f o r d  deoxygenated 

heteroaromatics presumably v i a  a rad i ca l  pathway. 6,7,8 

EXPERIMENTAL 

Reaction o f  Sul foxide w i t h  Methanesulf inyl Chloride. Typical  Procedures. 

a) To a 50 m l  so lu t i on  o f  benzyl methyl su l fox ide  ( Id ,  770 mg, 5 mnol) 

i n  CC14 methanesulf inyl ch lo r i de  (550 mg, 5.5 m o l )  was added dropwise a t  

room temp. and the  CC14 so lu t i on  was kept standing f o r  30 min. 

whole CC14 so lu t i on  was passed through a chromatography column packed 

w i t h  d ry  s i l i c a - g e l  (30 g) t o  a f f o r d  benzyl methyl s u l f i d e  ( I I d ,  560 mg) 

i n  82% y i e l d .  

b) 

s o l u t i o n  was kept standing f o r  30 min, the  dimethyl s u l f i d e  formed and 

CCl4 were d i s t i l l e d  i n  vacuo and the  methanesulfonyl ch lo r i de  which 

Then the 

When an equimolar mix tu re  o f  dimethyl su l fox ide  and MeS(0)Cl i n  CC14 
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remained, was iden t i f i ed  by comparison of the IR and NMR spec t ra  with 

those of an au thent ic  sample. 

Reaction of Methyl Phenyl N-p-Toluenesulfonylsulfilimine w i t h  Methane- 

su l f iny l  Chloride,. - The su l f i l imine  (600 mg, 2 mmol) was allowed to  

r eac t  w i t h  MeS(0)Cl (400 mg, 4 mnol) i n  30 ml a c e t o n i t r i l e  a t  room temp. 

fo r  3 days. 

and the  r e su l t an t  CH3CN so lu t ion  was passed through a chromatography 

column packed w i t h  dry s i l i ca -ge l  t o  a f ford  methyl phenyl s u l f i d e  (220 mg) 

i n  89% y i e l d .  

Reaction of Sulfoxide w i t h  pNitrobenzenesulfiny1 Chloride.’ Typical 

Procedures. 

10 mmol) and the  su l f iny l  ch lor ide  (2 .1  g ,  10 mmol) was heated under 

re f lux  f o r  4 hrs, and the  benzene so lu t ion  was washed w i t h  water. From 

the benzene layer ,  thianthrene ( I I f ,  1.9 g )  and - p-nitrobenzenesulfonyl 

ch lor ide  (1 .1  g )  were obtained in 87 and 50% y ie lds ,  respec t ive ly .  

From the  aqueous layer ,  - p-nitrobenzenesulfonic ac id  (0 .2  g,  1 mnol) was 

obtained by i t s  conversion to  the  thiuronium s a l t .  

b )  

under the same condition, phenoxathiane ( I I g ) ,  the sulfonyl ch lor ide  and 

the su l fonic  ac id  were obtained i n  89, 36 and 30% y ie lds ,  respectively.  

Reaction of Sulfoxide w i t h  p-Nitrobenzenesulfenyl Chloride.” Typical 

Procedure . - When a benzene so lu t ion  of the  sulfoxide ( I f  and Ig)  and 

the  sulfenyl ch lor ide  was heated under re f lux  f o r  4 hrs, followed by the 

same work-up a s  i n  the  previous experiment, t he  corresponding s u l f i d e  

( I I f  and 119) was obtained i n  87-89% y ie ld  together with the  d i s u l f i d e ,  

the th io l su l fona te  and the  su l fonic  ac id  i n  46-52, 30-31 and 15-20% 

y ie lds ,  respec t ive ly .  

The tosyl amide prec ip i ta ted  was f i l t e r e d  (90 mg, 26% y i e l d )  

a )  A benzene so lu t ion  of thianthrene S-oxide ( I f ,  2.3 g, 

In the reaction of the  cyc l i c  sulfoxide Ig w i t h  the su l f iny l  ch lor ide  

1 2 2  
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REDUCTION OF SULFOXIDES WITH SULFINYL CHLORIDES 

Reaction o f  Sul foxides w i t h  2,4-Dinitrobenzenesulfenyl Chloride. 

a)  When benzyl methyl su l fox ide  ( Id ,  260 mg, 1.7 mmol) was al lowed t o  

reac t  w i t h  the  su l feny l  ch lo r i de  (390 mg, 1.7 mnol) i n  30 m l  CH3CN under 

r e f l u x  f o r  2 hrs, then a small amount o f  undissolved mater ia l  was f i l t e r e d  

o f f  and the  f i l t r a t e  was condensed i n  vaccuo, a c r y s t a l l i n e  mass was 

obtained. This mass was washed w i t h  a co ld  benzene-hexane so lu t i on  t o  

a f fo rd  unsymnetrical d i su l f i de ,  i .e . ,  methyl 2,4-dinitrophenyl d i s u l f i d e ,  

(300 mg) i n  72% y i e l d .  

b) 

ch lo r i de  was re f l uxed  i n  CH3CN f o r  3 hrs, methyl 2,4-dinitrophenyl 

d i s u l f i d e  was obtained i n  66% y i e l d  a f t e r  the same work-up procedure. 

When an equimolar mix tu re  o f  dimethyl su l fox ide  ( I a )  and the su l feny l  

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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Since the  preparat ion o f  - p-ni t robenzenesul f inyl  ch lo r i de  is n o t  widely 

known ( S .  Oae, K. I kura  and Y. Shimano, Yuki Gosei Kagaku Kyokai-shi, 

- 28, 80 (1970), we now describe i t s  synthesis i n  d e t a i l .  

A dry  ch lo r i ne  gas passed i n t o  an anhydrous chloroform (500 m l )  

containing p,p ' -d in i t rodiphenyl  d i s u l f i d e  (50 g, 0.162 mole) and an 

anhydrous ace t i c  ac id  (19.5 g,  0.325 mole) a t  ca.-S"C. When an 

evo lu t ion  o f  hydrogen ch lo r i de  was ceased, chloroform and acety l  

- -  
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chlor ide  formed was removed i n  vaccuo, and the  r e su l t an t  l i g h t -  

yellow cubic c rys ta l  was obtained. (55-63 g ,  82.5-94.4% y i e l d ,  

mp. 58-60°C) The  su l f iny l  ch lor ide  thus obtained was used without 

fu r the r  pur i f ica t ion .  
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