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ABSTRACT

Mild and efficient method for the oxidative coupling of thiols by alumina
supported trimethylammonium fluorochromate (TriMFC) and
trimethylammonium chlorochromate (TriM CC) are reported. Alumina sup-
ported trimethylammonium fluorochromate and trimethylammonium
chlorochromate are efficient and new reagents, which prepared easily and
oxidized thiols to the corresponding disulfides quickly. The reactions per-
formed cleanly and controlled to stop at the disulfide stage without over-
oxidation side products. The easy procedure, simplework-up, short reaction
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times, and excellent yields are another advantages of these reagents.
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INTRODUCTION

Thesearchfor new oxidizing agentsisof interest to
synthetic organic chemists. Many such reagentshave
been devel oped in recent years with some success?.
Disulfidesareoneof themost important organic sulfur
compounds possessi ng an exclusivechemistry bothin
biochemistry!? andinsyntheticared®. Disulfidesaredso
key intermediatesin awidevariety of organic synthetic
routes*®l. Siweetening of catal yst poisonsthiolstolow
volatiledisulfidesin il industries”® and dsoindustrid
applicationsof disulfidesinvulcanization of rubbersand
elastomersled ustoinvestigatetheintroduction and ap-
plications of new member of thiscategory of reagents
inoxidation of thiolstothecorresponding disulfides.

M any stoi chiometric reagentslike manganese di-
oxide¥, dichromated?, halosilane-chromium triox-

ideY, diethyl azodicarboxylate??, nickel peroxide*,
chromium peroxidel®, diaryl telluroxidel®,
tetrabutylammonium ceric (IV) nitrate*®, sodium per-
borate, silver trifluoromethane sul phonate*® and
permanganate’® have been devel oped for thistrans-
formation. Thesereagentssuffer from either oneor more
of thefollowing disadvantages such asavailability of
thereagent, cumbersomework-up procedure, high cost
of thereagent, over oxidation or oxidation of other func-
tional groupsinthe presenceof thiol group. Asaresult,
thereisgtill aneed for the deve opment of generd,, effi-
cient, and new reagentsto synthesizedisulfidesfrom
the corresponding thiolsunder mild reaction conditions.
Thesereactionsarenot only interest from ecologica
viewpoint, but al'so in many cases offer considerable
synthetic advantagesin terms of theyield, selectivity
and smplicity of thereaction procedure. In thisrespect,
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Figurel

we wish to report that trimethylammonium
fluorochromate (TriM AFC) and trimethylammonium
chlorochromate (TriMACC) absorbed onAlL O able
tooxidizethiolstotheir disulfidesefficiently under dif-
ferent reaction conditions.

EXPERIMENTAL

Trimethylammonium fluorochromate(TriM AFC),
(CH,,NH[CrO,F]

A 19 (10 mmol) sample of chromium (V1) oxide,
CrO,, and 0.9ml (20 mmol) of 40% hydrofluoric acid
wereadded to 20ml of water ina100ml polyethylene
beaker with stirring. After 7 min the homogeneous so-
lution was cooled to ca.-2°C. Totheresultant orange
solution, trimethylamine (0.01mal) with hydrofluoricacid
was added drop wisewith stirring over aperiod of 0.5
hand stirring was continued for 0.5 h at 2°C. Thepre-
cipitated clear-orangeliquid wasisolated by filtration
on apolyethylenefunne , washed with petrol eum ether
(3x60ml) and dried in vacuum for 2 h at room tem-
perature Yield: (86%); mp 126°C, C.H, CrFNO;:
Cdc. C, 20.11; H,5.58; N, 7.82 Found: C, 20.08; H,
5.64;N, 7.69. |.R. (KBr): 912cm*v, (A)) or v(CrQ,),
636 cmtv,(A,) or v(Cr-F), 950 cm v (E) or v(CrQO,),
Electronic absorption at 22026cm'?, corresponded to
'A,—~'E(e=174M"cm?); 28735 m* to 'E>'E (e =
664 M*cm™) and 36231cm* to 'A,—'E(e = 1248 M
cm?). UV/Visible, *.CNMR, *H NMR and °®FNMR
wereall consistent with the TriM AFC structure. The
above procedure can be scaled up to larger quantities,
if desired. ThepH of 0.01 M solution of THMAFCin
water was 2.9.

Trimethylammonium chlorochromate(TriMACC),
(CH,NH[CrO.Cl]

Chromium (V1) oxide(1.0g. 0.01mol) wasdisolved
inwater inabeaker and 6M hydrochloric acid (0.251
cmd, 0.015mol) was added under stirring at 0°C. To

theresultant clear orange sol ution, trimethylamine (0.059
cm?®, 0.01 mol) was added drop wiseunder stirring over
aperiod of 0.5handthestirring was continued for 0.5
hat -4°C. The precipiceclear-orangecrystalline solid
wasisolated by filtration, washed with petroleum ether
(3x60 cm®) and dried under vacuum for 2 h at room
temperature. Yield: (59 %); mp124°C. Calcd. for
C,H,,CICINO,. C,18.41; H, 5.115; N, 7.161. Found:
C,1852;H,5.13; N, 7.17. IR (KBr): 902cm™ v, (A )
orv(CrQ,), 430cm™ v, (A) or v(Cr-Cl), 948cm* v, (E)
or v(CrO,)cm. UV/Visible and *H-NMR were all
consistent withthe TriMACC structure. Electronicab-
sorption at 21881cm™, correspondingto*A —'E (e =
360 dm®mol! cm?); 28169cm?! to E—E (¢ = 906
dm® mol* cm™) and 3485cm*to'A_—'A, (e = 1157
dm?® mol* cm?). The pH of 0.01 M solution of
TriMAFC inwater was2.7.

General procedure for supporting of TriMAFC
and TriMACC on alumina

For supporting of the TriIMAFC and TriMACC on
adumina, insynthes zing processa umina(mesh 65-250)
were added before the trimethylamine addition step.
The supported reagents separated and washed by cold
water and acetone. The capacity of the supported re-
agentsweredetermined by stirring overnight 0.5g of
the supported reagentswith 10ml of 2 N aqueous po-
tassumhydroxide, filtering off andtitratingiodometricaly
the obtai ned chromate sol ution. The determined aver-
age capacity of thedried supported for the abovere-
agents are 1-1.50 mmol of TriMAFC per 1g of au-
minaand 1.2-1.5 mmol of TriMACC per 1g of alu-
mina. The supported reagents so obtained did not no-
ticeably losetheir activitiesneither onstoringinair at
room temperaturefor several weeksnor onrefluxing
for 5hinbenzeneor hexane.

General procedurefor oxidation of thiolswith alu-
minasupported TriMAFC and TriMACC

To astirred suspension of trimethylammonium
ha ochromate absorbed on aluminain dichloromethane
(generdly 5cm?), asolution of thesubstrateinthemini-
mum amount of dichloromethanewereadded dropwise
(TABLE 1). The completion of thereaction wasfol-
lowed by TLC. Theproduct wasisolateddmostinpure
form by filtration chromatography of thesolid reaction
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TABLE 1: OxidationsviaTriM AFC and TriM ACC on alumina

TriMAFC TriMACC
Substrate Product , , : , - ;
Time(min) Yield (%) Time(min) Yield (%)
H H _H
CHg3 CHs CHj
2 n-CsHy;-SH CsH11-SSCsHyy 92 86 122 87
3 n-CgH 17-SH CgH17-S-S-CgH 17 96 90 135 85
4 <:>—SH <:>—s—s—<:> 85 35 150 67
5 HOOC-CH:-SH HOOC-CH,-S-S-H,COOH 100 80 230 85
6 @—SH @—s—s—@ 115 87 127 83
7 Me@—SH Me@—S-S@Me 120 84 143 82
S-S
137 81 154 80

mixtureon ashort plug of neutral silicausing diethyl
ether aseluent followed by evaporation of the solvent
under reduced pressure. It wasfurther purified, if re-
quired, by column chromatography over silicagel or
neutral silicato yield the corresponding products as
mentionedin TABLE 1. For solid thiols, ethereal solu-
tion wasadded followed by immediate evaporation of
the solvent and then the processwasfollowed asmen-
tioned above.

Most of the products are known compounds as
substantiated by appropriate referencesand they were
easly identified by their spectrd (IR and*H NMR) data.

RESULTSAND DISCUSSION

Different thiol swere subjected to oxidationswith
trimethylammonium fluorochromate (V1) (TriMAFC)
and trimethylammonium chlorochromate(V1)
(TriMACC) absorbed on Al, O, in dichloromethane
(Figure1). These oxidationstake placeunder mild and
completely heterogeneous conditions giving excellent
yields(TABLE 1).

Oxidations may also occur usingonly TiMAFC
and TriMACC, inthe absence of Al O,, but consid-
erableimprovementsare observed in the presence of
the absorbent. Thisimpliesthat theAl,O, may act as
areaction medium, providing an effective heteroge-
neous surface areafor the oxidation and at the same

time making the work-up much more convenient.™*?
The nature of the solvent does not appear to be par-
ticularly critical. Hydrocarbons, benzene, ethersand
chlorinated hydrocarbons areequally effective, the
practical choicebeing oriented by the solubility of the
products and the desired reaction temperature. The
chromium (V1) contents easily determined iodo-met-
ricaly*®. ThelR spectraof TiMAFC and TriMACC
are similar to that of other fluorochromate and
chlorochromate.
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