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Aerobic Oxidation of Thiols to Disulfides Catalyzed by
Trichlorooxyvanadium
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Thiols were converted into disulfide by the aerobic oxidation catalyzed by trichlorooxyvanadium in the pres-

ence of molecular sieves 3A.
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Oxidative couplipg of thi(.)ls t(? disulﬁdes ig of interest cat. VOCls, O,
from both a synthetic and a biological point of view, because R—SH 12RS—SR
disulfides are useful reagent in organic synthesis' and es- Chart 1

sential moieties of biologically active compounds for peptide

and protein stabilization. Thiols can be easily over-oxidized, Table 1
and therefore, several selective methods of converting thiols
into disulfides have been developed. For example, iodine/ CH,(CH,),—SH 0-4¢q VOCL, O,, solvent >
hydrogen iodide,” bromine,*” potassium permanganate/cop- 1/2 CHy(CH,),,S-S(CH,),,CH,;
per(I) sulfate,® hydrogen peroxide in trifluoroethanol,” and ) )
dimethyl sulfoxide'®'? are used for this purpose. Most of Run Solvent Time Yield
the existing methods suffer from drawbacks such as the use 1 CH, 5d 5%
of stoichiometric amounts of reagents that generate undesir- 2 CH,CI, 44h 51%
able waste materials. To overcome these drawbacks, catalytic 3 AcOEt 22h 93%
oxidation using oxygen as a co-oxidant has been developed 4 CH,CN 26h 82%
b l rou S.Bilg) 5 CH3OH 51h Trace
y several group
We have been investigating the aerobic oxidation of or-
ganic compounds catalyzed by higher valent vanadium com-
pounds.’” ¢ Stoichiometric higher valent vanadium com- Table 2
pounds are known to oxidize thiols to produce disulfides,*”) 0.4 eq catalvst. O
and a catalytic amount of vanadyl acetylacetonate is also n-Bu_SH % 1/2 n-BuS—Sn-Bu
known to cause the oxidative coupling of thiols in the pres- AcOEt
ence of ¢-butylhydroperoxide.>” However, there have been no ‘ :
reports about the aerobic oxidative coupling of thiols cat- Run Catalyst Time Yield
alyzed by vanadium compounds. We now describe a novel 1 voCl, 3h Quant
aerobic oxidative coupling of thiols to disulfides using VOCl, 41h 13%
trichlorooxyvanadium (VOCl,) as a catalyst (Chart 1). 3 VO(acac), 41h 28%
We first examined the oxidation of didodecylthiol as a
model substrate with 0.4 eq of VOCI, under an oxygen at-
mosphere in several kinds of solvents (Table 1). The reaction  Table 3
efficiently proceeded in aprotic polar solvents such as ethyl catalvst. O.. AcOEt
acetate (run 3) and acetonitrile to provide didodecyl #-Bu—SH T > 1/2 n-BuS—Sn-Bu
disulfide*” (run 4).
We then investigated the reaction of butanthiol with sev- Run Catalyst Time Yield
eral higher valent vanadium catalysts in ethyl acetate under
an oxygen atmosphere (Table 2). Dibutyl disulfide*" was ! 0.4eq VOCl, 3h Quant
quantitatively obtained in the case of VOCI; (a pentavalent 2 03eq VOCI, 28h 66%
3 0.2 eq VOCl, 24h 30%

vanadium) (run 1). On the other hand, tetravalent vanadiums
{vanadyl chloride (VOCI,) (run 2) and vanadyl acetylaceto-
nate [VO(acac),] (run 3)} did not have sufficient catalytic ac-
tivity.

Although the oxidation of butanthiol smoothly proceeded
to afford the disulfide, over 0.4 eq of VOCI,; was required to
complete the reaction (Table 3).

We assumed that water produced from the oxidative cou-

* To whom correspondence should be addressed.

e-mail: kirihara@ms.sist.ac.jp

pling of a thiol deactivated the vanadium catalyst. Therefore,
molecular sieves 3A were added to the reaction mixture to
remove the water.*>* In the presence of the molecular sieves
3A, only 0.05 eq VOCI,; was enough to complete the reaction
(Chart 2).
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0.05 VOCI3, Oy, AcOEt
n-Bu SH cd - 3 22 7C 1/2 n-BuS—Sn-Bu
molecular sieves 3A, rt, 43 h 98%
Chart 2
Table 4
0.05eq VOCI,, O,, AcOEt
RSH—— > 1/2RS-SR
molecular sieves 3A, rt
Entry Thiol Product® Time (h) Yield (%)
1 CHa(CHa)11SH CH(CHasS(CHancHs 40 111 88
22)” (93)”
2 CHg(CHp)3SH CHg(CH)sSS(CHp)sCHs 41 43 98
(3)”  (quant)”
3 HO/\/SH HO S~ 44 1.5 84
0.5 (75

. O
s O

ss 1 41 539
B
QCHZSSCHZZ/O\S s 109 80

07 NCHySH
52 93

6 @S‘” @53‘@ B 99y
CHoSSCH 16 74 91

7 @—CHzSH @ . @ W o

46
8 MeOSH MeOSS@Me 20 96
9 MeoOSH MeO@—SS@—OMe46 66 98

a) The physical data of the products were consistent with those of references.
b) 0.4 eq of VOCI; was used without molecular sieves 3A. ¢) Unidentified by-prod-
ucts were obtained.

This method is equally applicable for the oxidative cou-
pling of several kinds of thiols (Table 4). In the parentheses,
we also show the results of the reaction using 0.4 eq VOCI,
without molecular sieves. Although the reaction rates were
relatively slow, dislufides were efficiently obtained in most
cases. As noted in the entry 3, 2-mercaptoethanol was oxi-
dized much faster than in the other cases. The reason for this
interesting phenomenon has not been clarified.

In conclusion, the VOCl,-catalyzed aerobic oxidative cou-
pling of thiols should be a good method to prepare disulfides.

Experimental

General Procedures Thiols and vanadium compounds were obtained
from Wako Pure Chemical Industries, Kanto Kagaku, Nacalai Tesque, or
Tokyo Kasei Kogyo without purification. Products were characterized by
comparison of their physical data with those of known samples.

The Aerobic Oxidation of Thiols Catalyzed by Trichlorooxyvanadium
in the Presence of Molecular Sieves 3A: General Procedures To a
stirred mixture of thiol (4.0 mmol), molecular sieves 3A (1.0 g) and ethyl ac-
etate (4.0ml) was added VOCl, (35 mg, 0.2 mmol) under an oxygen atmos-
phere at room temperature. The reaction was monitored by thin layer chro-
matography and was continuously stirrered under the same conditions until
the thiol disappeared. After the reaction was completed, a drop of saturated
aqueous sodium bicarbonate was added and diluted with ethyl acetate
(30ml). The resulting mixture was filtered with Cerite and the filtrate was
dried over anhydrous magnesium sulfate. The solvent was evaporated and
the residue was purified by silica gel column chromatography (hexane—ethyl
acetate as the eluents) to afford the pure products.
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