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easily performed by heating in air. © 1998 Elsevier Science Ltd. All rights reserved
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Oxidation of SH to S-S groups is well documented. Various oxidants have been employed for this
conversion: H2027, hydroperoxides, peracids, halogens, polyvinylpyridine-bromine, metal ions or metal oxides,
molecular oxygen in the presence of strong bases . Recently, an enzyme-mediated oxidation was reported . All
these procedures occur in water or in organic solvents. However, oxidation of aromatic thiols bearing electron-
withdrawing groups requires long reaction times and strongly basic conditions. Consequently, there is a need for
protacols using readily available, safe and cheap reagents, leadingto generaland selective oxidation of thiols in
good yields. We considered that oxidation in dry conditions mediated by mineral supports (silica, Celite,
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HSC or Florisil.(a weakly basic support with pH 8.5 - 9), in the presence of air (Table 1)

Air, mineral support

2 R-SH R—=S§—S-R
(A aritw) S.20 min -
1 (A or pw), 5-30 min 2

Since we had found in our previous studies that focused microwave irradiation is the best method for
homogeneously heating solid mixtures with continuous control of power or temperature °, we performed the
first experiments using a microwave reactor. Under controlled power, the temperature reached a plateau after a

pD‘l)’ m|v\||fnn wyant r"n‘xrv\ ‘II"\DI‘I 'I‘\D IQCC‘ V\f\]f)“ AIC‘I]{‘:AD g l'\\""V\QA Ef\Y Iﬂ(‘f’)?\f\ﬂ Nnr tho f\v‘l"‘)f‘f\ﬂ f\F
AU YY 111111ULN D, lbll YYLLIL MUVYIL VWILILIL UV IV30 pPuldl UWIDUlLIMG yWwdd QUL 1 UL HHoWIVG, 1UVL LIV UAalJdalivil vl
mercaptop Jfrl_dme (entry 5) under 300 W, the t mpcra-ue reached 155° after 9 min, _emﬂined constant for 3

maximum temperature reached in these experlments as optimal conditions for the classical heatmg. Indeed, both
methods gave good purities and quantitative yields. However, in the case of high melting thiols, the temperature
reached by MW irradiation was not sufficient for complete oxidation, and classical heating was a better choice
(thiosalicylic acid, eniry.12, 14). Reaction rates and yieids strongly depend on the degree of loading of the
support. Good yields were obtained with a thiol/support ratio up to 1/3 w/w. At higher ratios, the rate of
diffusion probably becomes the limiting factor. With a thiol/support ratio lower than 1/4, the reaction was
always completed in less than 30 min. Other supports like snhca gelox Celite could be used, but the reaction
proceeds slower. Virtually no reaction occurs without support, when the molten thiol is simply heated in an oil
bath or by uw irradiation (entry 10, 13, 15). Poor yields are obtained by heating a long time at a lower
temperature. No reaction occurs when the supported thiol is heated under a stream of argon, which indicates
that the oxidant is air (entry 15). The process is not successtul with thiols such as 2-mercaptothiazoline and

thiouracil, probably because the tautomeric equilibrium for a thiol form does not take place without solvent).
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Table 1. Oxidation of thiols 1 into disulfides 2

Entry Thiol 1 To, timea Th-l?}-/'b'l;l‘[‘)/p\ol’t Yield of 2 Mode®
. W/W {70)
(min)
I p-Nitrothiophenol 140 15 25 >98 uw
2 165 15 50 75 "
4 " 150 25 >98 "
5 2-Mercaptopyridine 155 12 16 >98 "
6 " 175 15 25 90 "
7 " 210 15 50 57 "
8 21515 60 50
9 " 200 30 60 85
10 " 255 6 IOOb 0
i 165 15 25 >98 A
12 Thiosalicylic acid 95 30 16 33 HW
13 90 30 1 00b <10
14 " 180 20 25 >98 A
]5d " 180 30 25 <3 "
16 " 180 60 ranbl <10 "
1vyu
17 p-Chlorothiophenol 100 30 25 >98 "
18 2-Mercapto- 190 30 25 >98 "
benzothiazole
19 2-Mercaptothiazoline 130 30 25 0 "
20 2-Thiouracil 190 30 25 0

a: Maximum temperature reached under ptw irradiation, or imposed temperature under classical heating; b: No support; ¢: Microwave-

irradiation (jiw) or classical heating (A); d: Under arg

In conclusion, thiols can be uamitativel oxidized into disulfides in a very short time by simple heating on a
weakly basic miner al support in the presence of air,

Experimental: Reaction mixtures were prepared by mechanical dispersion of the thiol on the support (Hyflo Super
Cel®, Fluka) with a vortex mixer, or by impregnation of the support with a thiol solution in cither, methylene
dichloride or methanol. Oxidation was performed in an open vessel, in a microwave reactor Synthewave 402
{Prolabo) or in a preheated oil bath. After the reaction, the coated support was eluted with an appropriate solvent.
After drying, the support could be reused without loss of activity. The products were identified by NMR, MS and by
comparison with authentic samples. There was no evidence of the presence of side-products.
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