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ABSTRACT

Variouskindsof aliphatic and aromatic thiolsare converted into the corre-
sponding disulfides by tributylammonium fluorochromate in excellent
yields. The reactions perform cleanly and controlled to stop at the disul-
fide stage without over-oxidation side products. Coupling of thiolsto their
corresponding disulfides studied in solution at room temperature and in
solution under microwave radiation. The easy procedure, simplework-up,
short reaction times, and excellent yields are another advantages of this

reagent. © 2007 Trade Science Inc. -INDIA

INTRODUCTION

Disulfidesare one of the most important organic
sulfur compounds possessing an exclusive chemistry
both in biochemistry*2, and in synthetic ared®. Disul -
fidesare aso key intermediatesin awide variety of
organic synthetic routes*®. Sweetening of catadyst poi-
sonsthiolstolow volatiledisulfidesinoil industries™d,
anddsoindustrid applicationsof disulfidesin vulcani-
zation of rubbersand elastomersled usto investigate
theintroduction and gpplicationsof new member of this
category of reagentsin oxidation of thiolsto the corre-
sponding disulfides.

Many stoichiometric reagentslike manganese di-
oxide!¥, dichromated?, hal osilane-chromium triox-
ide™, diethyl azodicarboxylate™, nickel peroxide™,
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chromium peroxide™, diaryl telluroxide™, tetrabutyl

ammonium ceric(lV) nitrate®, sodium perborate”,

silver trifluoromethane sul phonate*®, and permange
natel*¥, have been devel oped for thistransformation.
These reagents suffer from either one or more of the
following disadvantages such asavailability of there-
agent, cumbersome work-up procedure, high cost of
thereagent, over oxidation or oxidation of other func-
tiona groupsinthe presenceof thiol group. Asaresuilt,
thereistill aneed for the devel opment of generd, effi-
cient, and new reagentsto synthesizedisulfidesfrom
the corresponding thiolsunder mild reaction conditions.
Thesereactionsare not only interest from ecological

viewpoint, but also in many cases offer considerable
synthetic advantagesintermsof theyield, selectivity
and smplicity of thereaction procedure. In thisrespect,
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wewish to report that tributylammonium fluorochro
mate(TriBAFC) ableto oxidizethiolstotheir disulfides
efficiently under different reaction conditions.

EXPERIMENTAL

Material and instruments

CrO,(Merck, PA.) was used without further purifi-
cation. Solventswere purified by standard methods.
Infrared spectra were recorded as KBr disks on a
Shimadzu model 420 spectrophotometer. TheUV /Vis-
iblemeasurementswere made on an Uvicon moded 922
spectrometer. Proton, °C, *F NM R were carried out
onaBruker AVANCE DRX 500 spectrometer at 500,
125, 470.66 MHz. All thechemica shiftsarequotedin
ppm using the high-frequency positive convention; *H
and 2C NMR spectra were referenced to external
SiMe, and °F NM R spectrato external CFCl,, Chro-
mium was estimated iodometrically. Inthe case of the
reduced product of the oxidant, chromium was deter-
mined after oxidizing with acidic peroxodisulfate
(K,S,0,) solution. Thepercent composition of carbon,
hydrogen and nitrogen were obtained from the Mi-
croanalytical laboratories, Department of Chemistry,
OIRC, Tehran. Melting pointswere measured on an
Electrothermal 9100 melting point apparatusand are
uncorrected. We used aMicrosynth Milstonelabora-
tory microwaveoven.

Preparation of tributylammonium fluorochro
mate(TriBAFC)

Chromium(V1) oxide(10.0g, 0.1moal) wasdissol ved
inwater in apolyethylene beaker and 40 % hydrofluo-
ricacid(9ml, 0.2mol) was added with stirring at 0°C.
To theresultant clear orange solution, tributylamine
(23.5ml, 0.1mol) was added dropwisewith stirring to
thissolution over aperiod of 0.5h and stirring was con-
tinued for 0.5h at 0°C. The precipitated orange solid
wasisolated by filtration, washed with petroleum ether(3
x60ml) and dried in vacuum for 2 h at room tempera-
ture. Yield: 25.629(84%); m.p. 134°C; And.Cdcd. For
C,H,,CrFNO,: C, 47.20, H 9.24, N 4.58%; found:
C 46.92, H 9.64, N 5.2%. |.R.(KBr) v__/cm™: 914
cm™* (A)) or v(CrO,), 634cm™ v,(A)) or v(Cr-F),
950cm™* v, (E) or v(CrO,)cm™. Electronic absorption
at 22026cm*, corresponded to ‘A —'E(e=145M"
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cm?); 28985cm? to E—'E(¢=577Mcm?) and
43103cm™ to *A,—>'A (¢=1081Mcm?). 'H-NMR
(500MHZ, CD,CN): 6=1.2(t, 3H, -CH,), 5 =1.6(m,
4H, -CH_-CH,-), 6=2.7(t, 2H, -CH,-), 5=7.5 ppm(s,
1H, -NH). UV/Visible, *.CNMR, and *H NMR were
all consistent withthe TriPAFC structure. The above
procedure can bescaled up to larger quantities, if de-
sired. Molar conductance(A,,, 25°C) of 0.001M solu-
tions(IM=1mol lit.?) of TriBAFC in water was 124
Qcm?mol . ThepH of 0.01M solutionof TrIBAFCin
water was 3.15.

General procedurefor oxidative coupling of thiols
in acetonitrile

Toadtirred solution of 4-methylthiophenol (0.248g,
2mmol) in acetonitrile, (5ml) TriBAFC(0.305g, 1mmol)
was added, and the mixture was stirred at room tem-
peraturefor 68 min. A solid wasformed and wastreated
with al:1 mixtureof ether and water(2 ml). Thereac-
tion mixture was extracted with ether(3x10ml). The
organic layerswere combined together and dried over
anhydrousMgSO,. Evaporation of the sol vent followed
by recrystallization or chromatography onsilicagel &f-
forded the pure disulfidesin 84%(0.2079g) yield, which
characterized from its NMR and IR spectrum mp
45°C(Lit. 2% mp 45-46°C) TABLE 1.

General procedurefor oxidative coupling of thiols
under microwaver adiations

To a stirred suspension of tributylammonium
fluorochromate(1mmol)in acetonitrile(generdly 5ml), a
solution of the substrate in the minimum amount of
dichloromethanewas added dropwise, themolar ratio
of substrateto the oxidant being 1:2. Themixturewas
irradiated for thetimeindicated inthe TABLE 1 by
microwaveradiation. [ Thecompletion of thereaction
isfollowed by UV/Visibleand TLC using ether/petro-
leum ether(60/40) aseluant]. The mixturewasdiluted
with ether(1:1vol/vol) andfiltered through ashort col-
umn of silicage to giveaclear solution. Thesolution
was evaporated and theresidual product purified by
digtillation, recrystdlization or column chromatography.
Theprogressof the reactionswas a so monitored and
checked by UV/Visblespectrophotometry. Theamount
of the oxidant during the reaction was measured spec-
trophotometricaly a 348nm. A very smdl magnetic stir-
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TABLE 1: Oxidativecoupling of thiolswith TriBAFC in solution and micr owave conditions

Substrate Solution Solution under microwave
Time(min) Product Yield(%) Time(min) Yield(%)
CH3-CH-SH CH3-CH-S-S-CH-CH;4
1 | 64 [ [ 73 8 85
CH, CH; CHj
2 n-CsH ,-SH 67 CsH11-S-SCsHyy 82 8 88
3 n-CgH 17-SH 72 CgH17-S-S-CgH 7 78 8 90
4 QSH 60 QS@ 70 10 82
5 HOOC-CH»-SH 65 HOOC-CH,-S-S-H,COOH 72 7 92

6 @SH 62
SH
8 72

68 10 90

el
vl Yol Jwe w0 w
o=

65 15 81

rer was designed at the cell (10mm quartz cell) com-
partment just in the bottom of sample cell inthe spec-
trophotometer to stir up the solution under study incell.
Thereaction mixturesremained homogenousinthesol-
vent system used.

Thespectral datafor all disulfidesarefollowed :
2-1sopropyldisulfanyl-propane(2a)

IR(KBr)ecmr! 3000-2900C-H(aliph.strech), 1400-
1350C-H(aliph .bend), 1200-1100C-S(strech). *H
NMR(300MHz, CDCl,) §2.7(m, 2H), 1.5(d, 12H).
BCNMR(300MHz, CDCl,) 638.5(d), 24(g). HRMS
Cdcd for CH,_S,: M*, 150.4125. Found : m/z
150.4117.

1-Pentyldisulfanyl-pentane(2b)

IR(KBr)ecm* 3000-2900 C-H(aliph . strech) 1200-
1100 C-S(strech).*H NMR(300MHz, CDCl,)) 52.5(t,
4 H), 1.6(m, 4H), 1.25(m, 4H) 1.3(m, 4H), 0.85(t,
6H). *C NMR(300MHz, CDCl,) 536(t), 30(t), 21(t),
14.5(g). HRMS Calcd for C H,,S, : M*, 206.8542.
Found : m/z 206.8538 .

1-Octyldisulfanyl-octane

IR(KBr)em* 3000-2900 C-H(aliph. strech) 1200-
1100 C-S(strech).'H NMR(300MHz, CDCL,) 52.6(t,
4 H),1.5(m, 4H), 1.2(m, 18H). 9(t, 6H). *C
NMR(300MHz, CDCI,) 838(t), 30(t), 23(t), 14.5(q).
HRMS Calcd for C H,, S, : M*, 291.1213. Found :
m/z 291.1221.

@W CHEMISTRY —

Disulfanyl-cyclohexane

IR(KBr)cm 3000-2900 C-H(aliph . strech), 1200-
1100 C-S(strech). :H NMR(300MHz, CDCI,) 52.5(m,
2 H),1.65(ctt, 8H), 1.4(m, 12H). *C NMR(300MHz,
CDCI,) 543(d), 31(t), 23(t). HRMS Calcd for
C,_H..S,: M*, 230.2135. Found: m/z 230.2120.

12" '2272°
Disulfanyl-acetic acid(2e)

IR(KBr)cm? 3500-3200 COOH(strech), 3000-2900
C-H(aliph.strech), 1200-1100 C-S(strech). H
NMR(300MHz, CDCl,) §2.27(s, 4H), 11.5(s, 2H).
15C NMR(300MHz, CDCl,) 835(t), 179(s). HRMS
Calcd for CH,O,S, : M*, 182.1478. Found: m/z
182.1461.

Disulfanyl-benzene

IR(KBr)cnrt 3200-3100 C-H(Ar.strech), 1200-1150
C-S(strech). '"H NMR(300MHz, CDCI.) §7.65(d, 4
H), 7.25(m, 6H). *C NMR(300MHz, CDCl ) §135(s),
130(d), 127(d). HRMS Calcd for C H, S,:M*,
219.3674.Found: m/z 219.3412.

4,4-di-methyl disulfanyl-benzene(29)

IR(KBr)cm* 3200-2100 C-H(Ar.strech), 3000-2900

C-H(aliph.strech) 1480-1400 C-H(Ar.bend), 1200-
1100C-S(strech). *H NMR(300MHz, CDCl,) 6 7.5(d,
4 H), 7.2(d, 4H), 2.5(s, 6H). *C NMR(300MHz,
CDCl,) & 26( S), 130(d), 127(d), 124(s), 21(q).
HRMS Calcd for C H,,S, : M*, 247.2008. Found :
m/z 247.1759.
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SCHEME1

B-Disulfanyl-naphthalene(2h)

IR(KBr)cm* 3200-3100 C-H(Avr.strech), 1200-1150
C-S(strech) . 'H NMR(300MHz, CDCI,)58.1(s, 2H),
7.7(d, 2H), 7.5(d,6H) 7.32(d,4H). 3C NMR(300
MHz, CDCI,) §130(s), 128(d), 125(cl). HRMS Calcd
forC, H,,S, : M*, 319.4689. Found: m/z 319.4358.

200 '1472°

RESULTSAND DISCUSSION

Among several methods of preparing disulfides,
most methodsinvolve oxidation of thiols. Oxidation of
thiolsto disulfideswithout over oxidationisanimpor-
tant processin organic chemistry and biochemistry,
which hasbeen extensively investigated over theyears.
TriBAFCisan easily prepared reagent, which no ex-
amplesof itsapplicationsin organic synthessseemto
have been recorded. The oxidative coupling of thiols
with thisreagent wasinvestigated in dichloromethane
at room temperatureand in dichloromethane solution
under microwaveradiation. AsshowninTablel, ase-
riesof diphatic and aromatic thiolswerereacted with
0.5 molar equivaent of thereagent to afford the corre-
sponding disulfidesinexcellent yields. Thisoxidation
was a so performed under microwave conditionswith
0.5 molar equivaent of thereagent. Theresults show
that under microwave condition, thereactiontimesare
shorter. Thisadvantage makesthisprocedureasavau-
able method of preparation of disulfidesSCHEME 1.

CONCLUSION

TheTriBAFC actsasasimple, efficient, and fast
oxidizing reagent for coupling thiols. The easy proce-
dure, smplework-up, the easy preparation of there-
agent, short reaction times, and excellent yiel ds of the
productswill makethisreagent auseful additiontoavail-
able oxidant. It aso should be emphasized that there-
actions could be performed cleanly and controlled to
stop at the di sulfide stage. Over-oxidation has not been
observed, even when thereactionswerecarried out in
different conditions.
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