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ABSTRACT

Triethylammonium fluorochromate (TriEAFC) and Triethylammonium
chlorochromate (TriEACC) are new efficient reagents, which are prepared
easily and oxidized thiols to the corresponding disulfides swiftly. The
reactions perform cleanly and terminate simultaneoudly at the disulfide stage
without any side products. Oxidizing of somethiolsto their corresponding
disulfides was studied in solution at room temperature. The easy procedure,
simplework-up, short reactiontimes, and excellent yields are advantages of

these reagents. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Oxidative coupling of thiolsto disulfidesisanim-
portant processin organic chemistry and biochemistry,
which hasbeen extensively investigated over theyears.
Disulfide bond formationisimportant in peptidesand
bioactive molecules. Thisconvers on has been accom-
plished using reegents such asmol ecular oxygen™™, meta
iong?, Bu3SnOMe/FeCl 2, nitric oxide™, halogeng®d,
sodium perborate!®, borohydride exchange resin
(BER)-transition metd sat system™@, amorpholineio-
dinecomplex, pyridinium chlorochromate (PCC)12,
ammonium persulfate®?, KMnO,/CuSO,™. Thereare
somedisadvantagesinthesereagentssuch asavailabil-
ity of thereagent, cumbersome procedure, high cost of
thereagent, over oxidation or oxidation of other func-
tiond groupspresentedinthiols. Synthesizedisulfides
from the corresponding thiolsunder mild reaction con-
ditionsusing new efficient reagent isdesirable. These
reactionsareinterested from an ecol ogical viewpoint,
highyield, sdlectivity and smplicity of thereaction pro-
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cedure. Triethylammonium fluorochromate and
Triethylammonium chlorochromate (TriEAFC and
TriEACC) smplifiesoxidizing of thethiolstotheir dis-
ulfidesefficiently under better reaction conditions.

EXPERIMENTAL

CrO, (Merck, PA.) wasused without further puri-
fication. Solventswere purified by standard methods.
Infrared spectra were recorded as KBr disks on a
Shimadzu mode 420 spectrophotometer. The UV /Vis-
iblemeasurementswere made on an Uvicon model 922
spectrometer. Proton, °C, *°F NMR (for TriEAFC)
were carried out on aBruker AVANCE DRX 500 spec-
trometer at 500, 125, 470.66 MHz. All the chemical
shiftsarequotedin ppm using the high-frequency posi-
tive convention; *H and *C NMR spectrawererefer-
enced to external SiMe, and °F NMR spectrato ex-
ternal CFCl... Chromiumwasestimatediodometrically.
Inthe case of thereduced product of the oxidant, chro-
mium was determined after oxidizing with acidic
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peroxodisulfate (K2S208) solution. Thereative con-
centrationsof carbon, hydrogen and nitrogen wereob-
tained from themicroanalytical |aboratories, Depart-
ment of Chemistry, OIRC, Tehran. Mdting pointswere
measured on an Electrotherma 9100 melting point ap-
paratus. A microsynth milstonelaboratory microwave
oven hasbeen used.

Synthesisof triethylammonium fluorochromate
(TriEAFC), (C,H),NH'[CrOFJ

A 10g (100 mmol) sampleof chromium (V1) ox-
ide, CrO,, and 9ml (200 mmol) of 40% hydrofluoric
acid wereadded to 20 ml of water ina100 ml polyeth-
ylenebeaker with stirring. After 5-7 min the homoge-
neous solution wascooled to ca 0-2 °C. To the result-
ant clear orange solution, triethylamine (14ml, 100
mmol) wasadded dropwisewith stirring to thissolution
over aperiod of 0.5 h and stirring was continued for
0.5hat-4°C. The precipitated yellowish-orange solid
was isolated by filtration on a polyethylene funnel,
washed with petroleum ether (3 x 60 ml) and dried in
vacuum for 2 h at room temperature. Yield: 19.44 g
(88%); mp 132 °C. CH,,CrFNO,: Calc. C, 32.57;
H, 7.23; N, 6.33 Found: C, 32.08; H, 7.64; N, 6.44.
l.R. (KBr): 904 cm* v, (A)) or v(CrO,), 648 cm* v
J(A) orv(Cr-F), 948 cm™v,(E) or v(CrO,) cm*. UV/
Visible, *C NMR, *H NMR and *F NMR were al
cong stent with the TriEAFC structure. Theabovepro-
cedure can be scaled up to larger quantities, if desired.
ThepH of 0.01 M solution of THEAFC inwater was
3.45.

Synthesisof triethylammonium chlorochromate
(TriEACC),(C,H),NH*[CrO3Cl]

Chromium (V1) oxide(10.0g, 100 mmol) wasdis-
solved inwater inabeaker and hydrochloricacid (2.51
ml, 150 mmol) wasadded with tirring at 0 °C. To the
resultant clear orange solution, triethylamine (14ml, 100
mmol) was added drop wisewith stirring to this solu-
tionover aperiod of 0.5 h and stirring was continued
for 0.5hat -4 °C. The precipitated orange solid was
isolated by filtration, washed with anhydrousether (3 x
60 ml) and dried in vacuum for 2 h at room tempera-
ture. Yield: 12.82 g (54%); mp 120 °C.
C,H,CICrNO,: Calc. C, 30.31; H, 6.73; N, 5.89
Found: C, 30.29; H, 6.81; N, 5.82. |.R. (KBr): 900
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cm-1vI(Al)orv(CrO3),434 cm-1v 2(Al) or v(Cr-
Cl), 950 cm-1v4(E) or v(CrO,) cm™. UV/Visible, *C
NMR and *H NMR were al consistent with the
TriEACC dructure. Theabove procedurecanbescaed
up to larger quantities, if desired. The pH of 0.01 M
solution of TEACCinwater was2.4.

General procedurefor oxidative coupling of thiols
indichloromethane

Toadtirred Solution of 4-methylthiophenol (0.248
g, 2 mmol) in 5 ml of dichloromethane 1 mmol of
TriEAFC or TriEACC wasadded, and the mixturewas
dtirred at roomtemperaturefor thetimeindicatedinthe
Table. A solid wasformed and wastreated withal:1
mixtureof ether and water (2ml). Thereaction mixture
was extracted with ether (3 x 10 ml). The organic lay-
erswere combined together and dried over anhydrous
MgSO,. Evaporation of the solvent followed by re-
crystallization or chromatography onsilicagd afforded
the puredisulfidesintheyield indicated inthetable,
which characterized fromitsNMR and IR spectrum
mp 45°C (Lit.**mp 45-46 °C).

RESULTSAND DISSCUSSION

The oxidative couplingsof thiolsby THEAFC and
TriIEACC wereinvestigatedin dichloromethaneat room
temperature. AsitisshowninTABLE 1and 2, aseries
of aliphatic and aromatic thiolswerereacted with the
reagentswith amoleratio of 2/1 and the corresponding
disulfideswere obtained with excellent yields. These
oxidationswerea so performed under microwavera
diationwiththesamemoleratios.

Thus, thesaid oxidative method under mild condi-
tionshasset out to minimize thedisperson of offensive
materialsinthe environment and maximizethe use of
renewabl e resources. Fromthis standpoint thismethod
can beconsidered asard atively green technology hav-
ing more advantagesand wider applicability compared
to theconventiona oxidativereagents. (SeeTABLE 1
and 2)

Theyiddsof the productsare, ingenerd, good. In
some cases, lower yieldswere obtained astheloss of
the productscould not be avoided during theisolation
processdueto highly volatile nature of the products.
Sometimes the products were contaminated (as de-
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TABLE 1: Oxidativecoupling of thiolswith TriEAFC in solu-
tion and microwaver adiation
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TABLE 2: Oxidativecoupling of thiolswith TriEACC in solu-
tion and microwaver adiation

Solution Solution
Substrate : ; Substrate : ;
Time Yield Time Yield
(min) Product (%) (min) Product (%)
CH3-CH-SH CH3-CH-SS-(‘ZH-CH3 . CH3-CH-SH 150 O—b—(]—i-SS(\]—i—(]—g 2
1
H3 H3 CHs H3 b‘b Hs
2 n-CsHy1-SH 58 CsH11-S-S-CsHyy 86 2 n-CsH11-SH 110 CsH11-S-S-CsHuy 75
3 n-CgH7-SH 60 CgH17-S-S-CgHy7 78 3 n-CgH17-SH 95 CgH17-S-S-CgHy7 70
O e OO m s Omom O
HOOC-CH,-S
5 HOOC-CHz-SH 58 HOOC-CH,-S-S-H,COOH 75 5 HOOC-CH,-SH 210 SH,COOH 75
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Scheme 2

tected by *H NMR) with starting materialsafter initial
isolation, whichwerefurther purified by filtration chro-
matography over ashort plug of silicagel or neutral
slicausing hexaneasd uent. Someunidentified by-prod-
uctswereformed (to the extent of nearly 10% by 1H
NMR) in afew caseswhich wereremoved by column
chromatography. It isimportant to emphasi zethat the
reactions could beterminated s multaneoudy at thedis-
ulfidestage. (SeeTABLE 1, 2)

Over-oxidation hasnot been observed, eventhough
the reactions were carried out various conditions.
(Schemel.)

CONCLUSIONS

The present procedure using Triethylammonium
Chlorochromate (TriEACC), (C,H),NH*[CrO.Cl] in
sol vent and microwave conditions hasbeen found to
oxidizeselectively primary aiphatic, aromaticand al-
lylicthiolsto corresponding disul phideswithout isomer-
ization and polymerization of doublebonds, over oxi-
dation and other side-reactionskeeping intact theacid
sengtivefunctiondities, (scheme?2). Theimportant ad-
vantagesof this procedureinclude (a) operationa sim-
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plicity (ease of set up and work-up), (b) good yield of
the oxidized products, with high purity (by immobiliza-
tion of the chromium by-products on the surface of
dlica), () mild reaction conditions, (d) good selectivity
and (e) generd applicability accommodating avariety
of subgtitution patterns.
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