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DEOXYGENATION OF SULFOXIDES 
TO THIOETHERS BY MOLYBDENUM 

AND REDUCTIVE COUPLING 
OF SULFONYL CHLORIDES TO DISULFIDES 

PENTACHLORIDE (MOCLs) 

H. FIROUZABADI* and A. JAMALIAN 

Departmerit of Chemistrv, College of Sciences, Shiraz Uiiiversity, Shiraz 71454, 
Iran 

(Received November 1 6 , 2 0 0 )  

Molybdenum pentachloride (MoCI5) in the presence of Nal in dry acetonitrile or zinc powder 
in anhydrous THF converts sulfoxides to their thioethers in high yields. Sulfonyl chlorides 
can be readily reduced to their corresponding disulfides with MoCIS/Nal/MeCN at room tem- 
perature or with MoCl@n/MeCN under reflux conditions in high yields. 

Keywords: Deoxygenation: Thioethers: Reductive coupling: Sulfoxides: Sulfonyl chlorides: 
Disulfides 

INTRODUCTION 

Deoxygenation of sulfoxides to thioethers has produced an abundant liter- 
ature. This reaction has gained its importance with the use of sulfoxides as 
intermediates in asymmetrical synthesis because the chiral sulfinyl group, 
after stereoselective induction, can be easily removed. Many reagents 
are capable of effecting deoxygenations of various organic substrates, but 
only a few methods are practically useful for the rapid and mild 
reduction’. Low-valent oxophilic d-block metals have become important 
in deoxygenation of different types of organic  substrate^.^ The successful 
utilization of the lower valent complexes of Ti, Mo and W in effecting the 
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21 I 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



212 H. FIROUZABADI and A. JAMALIAN 

deoxygenation of certain organic molecules is the result of the usually 
high thermodynamic stability of Ti-, Mo-, and W- 0x0 bonds.5 The exam- 
ples are TiCl&iAlH4,6 T~CI@II,~ TiCl@aI,* MoOCl~/Zn9 TiC1,$3m," 
Cp2TiCI2/Sm, l 1  WCl&JaI and WCl@.l2 Moreover, from bi~logical '~ 
and ind~str ia l '~  points of view, an important problem in organosulfur 
chemistry is the conversion of sulfonic and sulfinic acid derivatives to 
compounds with lower oxidation states. Among the low-valent oxophilic 
d-block metals TiCIdSm system15 has been used for coupling of different 
kinds of sulfonic and sulfiiic acid derivatives. Recently we have reported 
that WClflaI and WCl&n12 are also efficient reagents for the coupling 
of sulfonic and sulfmic acid derivatives. Here we wish to report the use of 
molybdenum as MoClS in the presence of NaI or Zn powder in CH3CN or 
THF for the deoxygenation of sulfoxides and reductive coupling of sulfo- 
nyl chlorides (Scheme I and 2). 

MoCI5/(A or B) 
10 - 30 min, 84 - 96% 

A =Nal 5 equiv., CH3CN, r.t. 

R 
i(l \R2 

S 

R bR* 
B =Zn 3 equiv., THF, r.t. 

SCHEME 1 

* RSSR 
MoCI5/(A or B) 

85-95?" 
f q C l  

R =aryl or alkyl 

A =NaI 10 equiv., CH3CN 

B =Zn 3-5 equiv., CH3CN 

SCHEME 2 
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DEOXYCENATION OF SULFOXIDES 213 

RESULTS AND DISCUSSION 

Inspection of the data summarized in Table I reveals that dialkyl sulfox- 
ides, alkyl aryl sulfoxides, and diary1 sulfoxides are reduced to their corre- 
sponding sulfides in yields exceeding 84%. This shows that the methods 
reported here are well applicable to the reduction of a variety of structur- 
ally different sulfoxides to their thioethers. Sulfonyl chlorides, a sodium 
sulfinate and thiosulfonate esters are reduced to their corresponding 
disulfides by MoC15/NaI and MoCI5/Zn in acetonitrile at room tempera- 
ture or under reflux conditions respectively. Applying these methods for 
deoxygenation of sulfonic acid, sulfonate esters, and sulfonic acid salts 
was not successful (Table 11). Reactions conducted in THF sometimes are 
accompanied with the formation of a low molecular weight polymeric 
material that makes the reaction mixture rather viscous. 

TABLE I Reduction of Sulfoxides to Thioethers 

AorBITime Suhs.lMoCl.71 m.p. or h p .  "C Yield 
[lir.]l(rorr) (% J 

1 PhSOPh 4 3 0 )  1:0.7:5 95196-IOO]/(O.I)LYa 95 

Enrry Suhsrrare (min) Reducing agenr 

2 
3 
4 
5 
6 
7 
8 
9 
10 

I1 
12 
13 
14 
I5 
16 
17 
18 

19 
20 

PhSOPh 
PhSO(i-C,H,) 
PhSO(i-C3H7) 
PhSOCH2CHCH2 
PhSOCHzCHCH, 
PhSO(n-C4H9) 
PhSO(n-C4H9) 
PhSOCH, 
PhSOCH, 
PhCH2SOCH3 
PhCH2SOCH3 
PhCHzSOCHzPh 
PhCHZSOCH2Ph 
PhSOCH2Ph 
PhSOCHzPh 
(n-C,H9)2SO 
(n-C4H9)2S0 
DMSO 
DMSO 

96[%-lO]/(O. 1 ) 
87[89]/( 14)29b 

87[89]/14 

2201223-2251 

116[116-117]/14 

83[84-85)/15 

96197-98]/12 

2201223-225p 

1 171 1 16-1 I7]/1429b 

83[84-85]/1529C 

97 [ 97-98]/ I 229b 

46[4447]29a 
46[44-47] 

42 14244pa  

I 8  I [ 185-1 85.5129d 

34137.31P6029d 

4 3 [ 4 2 4 ]  

18 I [ 185-185.53 

34137.31/760 

95 
84 
85 
85 
85 

92 
92 
92 
95 
94 
90 
95 
90 
96 
90 
85 

89 
>98a 
>9Ra . -  

A: MoCI=,/Nal/MeCN at room temperature 
B: MoCI-flflHF at room temperature 

a. G.C yield 
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TABLE I1 Reductive Coupling of Sulfonyl Chlorides to their Corresponding Disulfide 

Subs.lMOCI5l AorBITime m.p. or b.p. Yield 
Reducing agent or lhr’ (min, (QC) [lit.] (%) 

Entry 

1 PhSO2CI l:1.2:10 A[12] 58[58-60Ima 90 
2 PhSO2CI 1 :0.6:3 B(10) 57[5860] 93 

4 p-CH3-C6H4SO2CI 1:0.8:3 B(20) 45[43-45] 92 

6 p-BrC6H4SO2CI 1:0.8:3 B(25) 92[93.5] 90 

3 p-CH3-C6H,SO2CI I:l.2:10 A[15] 44[434512% 85 

5 p-Bll?6H4SO2Cl 1:1.2:10 A[11] 92[93.512” 89 

7 2-NaphthylS02Cl I:1.2:10 A[IO] 138[139-140]29d 95 

9 CH3SO2CI l:l,2:lO A[12] 106[108-l10]2ga 87 
8 2-NaphthylS02C1 1:0.8:3 B(30) 139[139-140] 95 

10 CH3SO2CI 1:0.8:3 B(90) 107[108-110] 81 
I 1  PhSOzNa 1:1.2:10 A[10] 59[58-60] 92 
12 PhSOzNa I :0.5:3 B(15) 59[58-60] 94 
13 PhS02SPh I:1.2:10 API 57[58-60) 90 
14 PhSO2SPh 1:0.5:3 B(6) 58[5840] 95 

15 p-CH,-C,HdSO,H l:1.2:10 A[24] - No reaction 
16 ~-CH~-C~HJSO,H 1: 1.25 B( 180) - No reaction 
17 p-CH&jH4SO,Na 1:1.2:10 A[24] - No reaction 
18 p-CH3-C6HJSo3Na 1:1.2:5 B(180) - No reaction 
19 P-CH~-C~H,SO,CZH~ 1: 1.2: 10 A[24] - No reaction 
20 P-CH~-C~H~SO,CZH~ 1 : 1.25 B( 180) - No reaction 

A: MoClS/NdI/MeCN at room temperature 
B: MoCl&nhIe.CN at reflux condition 

Along this study we have also studied reductive coupling of 2-naphthyl- 
sulfonyl chloride with some electropositive metals such as Mg, Fe, Cu, Ni. 
Our results show that the reaction proceeded smoothly but the desired cou- 
pling product was produced in only 27-56% yields respectively. Alumi- 
num has also been used for this purpose with failure results. 

In some methods diakyl sulfoxides remain unreacted16 but by the meth- 
ods described here, they are converted to their sulfides rapidly. The utility 
of MoC15 as a reducing agent is also demonstrated by the high yields of 
dibenzyl sulfide obtained after the reduction of the corresponding sulfox- 
ides. Usually the sulfoxides containing a benzyl group are difficult to 
reduce by other reagents.17 In order to show the utility of the presented 
methods with those reported in the literature we have compared the results 
and tabulated them in Table I11 and IV. 
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CONCLUSION 

The handling of MoC15 does not need special precaution and the work-up 
of the reaction mixtures is not a time-consuming process. Availability of 
the reagent, high yields of the products, and efficiency of the reactions 
make this simple procedure an attractive and a practical alternative to the 
existing methods. The results show that reductive couplings of sulfonyl 
chlorides with MoCIflaI and MoCIS/Zn are less time-consuming than 
with WCl@JaI and WCl&n. Instead, for the reduction of sulfoxides to 
thioethers more equivalents of MoC15 and the reducing agents are required 
in comparison with WCb. 

EXPERIMENTAL 

General 

All yields refer to isolated pure products unless otherwise stated. Most of 
the products were purified by column chromatography or recrystallization 
and were identified by comparison of their mp, bp, IR, MS, NMR, with 
those reported for the authentic samples. Chemicals were either prepared 
in our laboratories or were purchased from Fluka, Merck and Aldrich 
Chemical Companies. IR and UV spectra were recorded on Perkin Elmer 
78 I and Pye Unicam 8725 spectrometers. NMR spectra were recorded on 
a Bruker DPX 250. Mass spectra were recorded on Shimadzu GCMS-QP 
1000EX. The purity determination of the substrates and reaction monitor- 
ing were accomplished by TLC on silica gel polygram SILGNV 254 
plates or GLC on Shimadzu GC-14A instrument. All the solvents were 
completely dried and redistilled. 

Deoxygenation of Sulfoxides to Thioethers with MoCklNaI as a Typical 
Procedure 
To a solution of benzyl phenyl sulfoxide (2 mmol) and NaI (10 mmol) in 
anhydrous MeCN (20 ml), was added MoC15 (1.4 mmol). The reaction 
mixture was stirred at room temperature and the progress of the reaction 
was monitored by TLC. After appropriate reaction time (20 min) the reac- 
tion was quenched with aq. NaOH (10%. 30 ml) and extracted with Et20 
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218 H. FIROUZABADI and A. JAMALIAN 

(2 x 50 ml). The combined ethereal extracts were washed successively 
with saturated NaHS03 (20 ml), brine (20 ml), and H20 (25 ml). The 
organic layer was separated and dried over MgS04. The solvent was 
removed under reduced pressure and an almost pure product was obtained. 
Further purification was achieved by column chromatography on silica gel 
using n-hexane as a solvent to give benzyl phenyl sulfide (96%, Table I). 

Reductive Coupling of Suuonyl Chlorides with MoCkiNal as aTypical 
Procedure 

To a suspension of benzenesulfonyl chloride (1 mmol), and NaI (10 mmol) 
in anhydrous MeCN, was added MoC15 (1.2 mmol). The mixture was 
stirred at room temperature and the progress of the reaction was monitored 
by TLC. After the completion of the reaction (12 h) it was quenched with 
aq. NaOH (lo%, 30 ml), and extracted with Et,O (2 x 50 ml). The com- 
bined ethereal extracts were washed successively with saturated 
NaHS03(20 ml), brine (20 ml), and H20 (25 ml). The organic layer was 
separated and dried over MgS04. The solvent was removed under reduced 
pressure and an almost pure product was gained. Further purification was 
achieved by column chromatography on silica gel using n-hexane as a sol- 
vent to give pure diphenyl disulf'ide (90%, Table 11). 

Doxygenation of Suuoxides to Thioethers with MoCklZn as a Typical 
Procedure 

To a solution of phenyl allyl sulfoxide (2 mmol) and Zn (3 mmol) in anhy- 
drous THF (10 ml) was added MoC15 (2 mmol). The mixture was stirred at 
room temperature and the progress of the reaction was monitored by TLC. 
After completion of the reaction (15 min), silica gel ( I  g) was added to the 
mixture and the solvent was evaporated under reduced pressure. The 
resulting powder was added on a silica gel pad (3cm thick). and was 
eluded with n-hexane (200 ml). Evaporation of the solvent afforded pure 
phenyl allyl sulfide (85%, Table I). 

Reductive Coupling of Suuonyl Chlorides with MoCkiZn as a Typical 
Procedure 
In a round-bottomed flask (25 ml) equipped with a condenser and a mag- 
netic stirrer, MoC15 (0.8 mmol) was added to a solution of 2-naphthale- 
nesulfonyl chloride (1 mmol) and Zn powder (3 mmol) in anhydrous 
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DEOXYGENATION OF SULFOXIDES 219 

MeCN (10 ml) and the resulting mixture was stirred under reflux condi- 
tions. The progress of the reaction was followed by TLC. After completion 
of the reaction (30 min), silica gel (1 g) was added to the mixture and the 
solvent was evaporated under reduced pressure. The resulting powder was 
added on a silica gel pad (3 cm thick) and was eluded with n-hexane (200 
ml). Evaporation of the solvent afforded pure 2.2-naphthyl disulfide in 
95% yield (Table 11). 
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