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ABSTRACT

A fast and efficient solid state method for the chemoselective room tem-
perature oxidative coupling of thiols to afford their corresponding disul-
fides using o-xylylene bis (triphenylphosphonium) dichromate as reagent
is described. The reaction was applicable to a variety of thiols for giving
high yields after short reaction times. Comparison of time/yield ratios of
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this method with some of those reported in the literature shows the superi-

ority of this reagent over others under these conditions.
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INTRODUCTION

Thesdlectiveoxidation of thiolsto disulfidesis of
biologica and syntheticinterest!Yl, Thiolscanbereadily
overoxidised so that many studieshave been carried
out for their controlled oxidation@. Thus, anumber of
oxidising agentssuch as oxygent¥, barium permangan-
ate’”, iodine-hydrogen iodide!, agueous HIO,®,
(NO,),CeBrO,, sodium perborate®®, pyridinium
chlorochromate’®, MnO,~HCI, Caro’s acid sup-
ported onsilicagel™, and CuNO,:3H,0,, have been
used to oxidisethiolsto disulfides. However some of
the reported methods suffer from disadvantages such
asprolonged reaction time, toxicity or high cost of the
required reagent(s), unfavorableconditionsfor prepar-
ing thereagent(s), over-oxidation, unpleasant work-ups
or the need to use hal ogenated or other environmen-

taly unfriendly solvents.

Therefore, the discovery of clean proceduresand
the use of green and eco-friendly reagent with high se-
lective oxidation of thiolsand short reaction timesfor
the production of disulfideshave gained considerable
attention.

RESULTSAND DISCUSSION

In continuation with the search for the selective
oxidationinorganic synthesisusing ha ogenating agents
silicachloride®®'7, herein wereport interested in us-
ing o-xylylene bis(tri phenyl phosphonium)dichromate

Ph(CH,PPh,), Cr,0,

RSH -
Solvent Free, r.t

Scheme 1
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for the oxidation of thiolsto disulfidesunder solvent
freefor highyieldsof productsin short reaction times.
(Schemel)

During our investigation, at first, we chose
benzenethiol, under thermal conditionasmodd reac-
tants and examined the effect of the amount of o-
XBTPPDC (Scheme2, TABLE 1). Accordingto this
data, theoptimum amount of reagent 1:2 molar ratio of
0-XBTPPDC tothiol wasestablished asother ratios
led toincompl etereactionsor extended reaction times.
Further increasing the amount of catalyst did not im-
provetheyied and thereactiontime. Inorder to eva u-
atetheeffect of solvent, weexamined different solvents

and solvent free under room temperaturefor the above
mode reaction (TABLE1).

TABLE 1: Theeffect of amount of o-XBTPPDC/thiol and
solvent different for oxidative of benzenethiol

Entry Sull?);arg:[r:etég) Solvent T Ege Y(LZI?

1 1.1 free 5 95
2 1.1 CH,Cl, 5 89
3 1:15 free 10 93
4 1:15 CH,Cl, 10 80
5 1.2 free 50 94
6 1.2 CH,Cl, 50 84
7 0:1 CH.Cl, 100 0

TABLE 2: Theoxidation of thiolsto thecor responding disulfidswith o-XBTPPDC under solvent- freeconditionsat room

temperature.
Entry Substrate Time (9 Product @ Yield®(%) M.p., °C (Lit.)°

1 CeHsSH 5 CeHsS-SCsHs 95 61-62 [63]
2 p-MeCgH,SH immediatdy  p-MeCgH;4S-SCeHMe-p 97 43-44[42]
3 p-CH5;SCeH,SH immediatdly  p-CH3SCgH4S-SCgH4SCH3-p 98 40-43 [40]
4 p-FCeH,SH immediatdly  p-FCgH4S-SCeH4F-p 99 Qil [Gil]
5 p-BrCeH,SH immediatdly  p-BrCeH;S-SCeH,4Br-p 99 90-92 [94]
6 0-NH,CgH,SH immediatdly  0-NH,CgH;S-SCsH4NH,-0 97 89-91[90]
7 p-NH,CsH,SH immediatdly  p-NH,CgH4S-SCsHiNH,-p 99 7777
8 p-CIC¢H,SH immediatdly  p-ClICgH4S-SCeH4Cl-p 99 70-73[70Q]
9 p-MeOCgH,SH immediatdly  p-MeOC¢H,;S-SCeHsMeO-p 92 76-80[78]
10 p-NO,CeH,SH 30 p-NO,CeH,S-SCsH4NO,-p 89 184-186 [183]
11 PhCH,SH 10 PhCH,S-SCH,Ph 95 68-70 [69]
12 CH3(CH,),CH,SH 60 CH3(CH,),CH,S-SCH,(CH,),CH3 96 Qil [Oil]
13 cyclo-CsH1,SH 80 cyclo-CsH11S-SCsHy1-cyclo 90 Qil [Gil]
14 HOCH,CH,SH 72 HOCH,CH,S-SCH,CH,OH 95 Qil[Gil]
15 HOOCCH,CH,SH 120 HOOCCH,CH,S-SCH,CH,COOH 98 157-159 [156]
16 0-HOOCC¢H,SH 23 0-HOOCC¢H,S-SCsH,COOH-0 91 286 [284]
17 CE\>— 130 (min) (IN\>\S/ S%\@ 82 178-179[178]

?) |solated yields. ) All the products are known, characterized by IR, NMR spectral analysis and compared with the authentic
samples. ©) Mdting points of compounds are consistent with reported values**3,

A seriesof disulfideswere prepared in high to ex-
cellent yieldsin short reaction timesunder solvent free.
(TABLE?2)

AsshowninTABLE 2, themethod offersasmple,
mild, and efficient solid Stateroutefor theoxidation of a
variety of thiolsto the corresponding disulfides. Nota-
bly, disulfidesdid not undergo further oxidationto their
corresponding disulfide S-oxides (thiolsulfinates), dis-
ulfide S-dioxides (thiol sulfonates), and/or sulfonic ac-

idsunder thereaction conditions. It must also be noted
that no severeexathermd or other safety problemswere
observed during themixing of thestarting materialsand
thereactionsthemsalves.

The advantages or the characteristic aspects of
themethod described in this paper in comparison with
other previoudy reported ones arethefollowing: non-
toxicity, reagent availability, higher yields, shorter re-
action times, milder conditions and easy work up at
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room temperature.
EXPERIMENTAL SECTION

General

All chemicd materid swerepurchased fromMerck,
FlukaanAldrich and used without further purification.
The productswere characterized by acomparison of
their physical (melting point) and spectrd datawiththose
reportedintheliterature[5-26]. All yieldsrefer toiso-
lated products. *H-NMR spectrawererecorded on a
Bruker 500 MHz in CDCI,, CD,0OD or DMSO-d,
relativeto TM Sasaninterna stlandard. IR spectrawere
runon aFTIR-8400S SHIMADZU spectrophotom-
eter. All of thereactionswere carried out inthesolid
dtate conditionsin mortar under fumehood with strong
ventilation at room temperature.

Typical procedurefor thesolid state oxidation of
benzenethiol

O-XBTPPDC (1 mmol, 0.845 g) was added to
thiophenol (2 mmol, 0.220 g) placed inamortar. The
reaction mixture was ground by pestle at room tem-
perature under solvent-free condition for 5 seconds.
After thedisappearance of starting material asmoni-
tored by TLC, the mixture was washed twice with
diethylether (2 x 8 mL) and filtered. The filtrate was
evaporated under reduced pressure and theresulting
crude materia waspurified by column chromatogra-
phy on SIO2 using amixture of ethyl acetate and hex-
aneasduent (20:80) to afford diphenyl disulfide (95%);
m.p=60°C; '"HNMR (CDCl,): 6 7.47-7.24 (m, 10H)
ppm. Theother substratesweretreasted smilarly.

CONCLUSIONS

We have presented application of o-XBTPPDC as
an effectivereagent for the solid state oxidation of the
thiolsthat offerspotential green chemistry advantages.
It isimportant to note that most of the previously re-
ported methodsfor the oxidation of thiolsusetoxicre-
agentsand/or suffer from other disadvantagessuch as
long reactiontimesand low yidds, but thismethod uses
areadily synthesi zablereagent and additionaly offers
theadvantagesof highyieds, very short reactiontimes
(0.1-2 min.), no sidereactions, mild reaction condi-
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tions, asolid statereaction and simpleisolation of the
products. Consequently, thismethodol ogy should rep-
resent agood additiontolist of methodsalready avail-
ablefor thispurpose.
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