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ABSTRACT

Triethylammonium fluorochromate (TEAFC) and Triethylammonium
chlorochromate (TEACC) are new efficient reagents, which were easily
prepared and oxidized thiols to the corresponding disulfides swiftly. The
reactions perform cleanly and terminate simultaneously at the disulfide
stage without any side products. Oxidizing of some thiols to their
corresponding disulfides was studied in solution at room temperature and
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under microwave radiation. The easy procedure, simple work-up, short
reaction times, and excellent yields, were advantages of these reagents.
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INTRODUCTION

Oxidetivecoupling of thiolsto disulfideswasanim-
portant processin organic chemistry and biochemistry,
whichwasextensvely investigated over theyears. Dis-
ulfide bond formation wasimportant in peptidesand
bi oactivemol ecul es. Thisconversionwasaccomplished
usi ng resgents such asmol ecular oxygen™, metd iong?,
Bu,SnOMe/FeCl 13, nitric oxide™, hal ogeng>#, sodium
perborate®, borohydrideexchangeresin (BER)-tran-
sition metal salt system*®, morpholineiodine com-
plex™, pyridinium chlorochromate (PCC)*4, ammo-
nium persulfate™ and KMnO,/CuSO,*. Therewere
somedisadvantagesinthesereagentssuch asavailabil-
ity of thereagent, cumbersome procedure, high cost of
thereagent, over oxidation or oxidation of other func-
tiona groups presentedinthiols. Synthesi zed disulfides
from the corresponding thiolsunder mild reaction con-

ditionsusing new efficient reagent weredesirable. These
reactionswereinterested from an ecol ogica viewpoint,
highyield, selectivity and smplicity of thereaction pro-
cedure. In congtitution to our interest to devel oping oxi-
dative process®>¢, we synthesized Triethylammonium
fluorochromate (TEAFC) and Triethylammonium
chlorochromate (TEACC) simplifiesoxidizing of the
thiolstotheir disulfidesefficiently inroomtemperature
and microwaveirradiation.

EXPRIMENTAL

M aterial and methods

CrO, (Merck, PA.) wasused without further puri-
fication. Solventswere purified by standard methods.
Infrared spectra were recorded as KBr disks on a
Shimadzu model 420 spectrophotometer. *H and °C
NMR (for TEAFC) were carried out on a Bruker
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AVANCE DRX 500 spectrometer at 500, 125, 470.66
MHz. All thechemical shiftsarequotedin ppmusing
the high-frequency positive convention; *H and *C
NMR spectrawerereferenced to externad SMe,. 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,Op) solution. Therelative concentrations of car-
bon, hydrogen and nitrogen were obtained from the
microand ytical |aboratories, Department of Chemistry,
OIRC, Tehran. Melting pointswere measured on an
Electrotherma 9100 melting point apparatus. Experi-
mentswere carried out in closed vessel multi mode
Microsynth Milstonelaboratory microwaveovenusing
a900 Watts Westpointe microwave operating at 3.67
GHz. All experiments had good reproducibility by re-
peet the experimentsin sameconditions.

Synthesis of triethylammonium fluor ochromate
(TEAFC), (C,H),NH [CrOF]

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 wascooledto 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%); m.p. 132°C. C H,.CrFNO,: Calc. C, 32.57;
H, 7.23; N, 6.33 Found: C, 32.08; H, 7.64; N, 6.44.
IR (KBr): 904 cm*v,(A,) or v(CrO,), 648cmv (A))
or v(Cr-F), 948 cm*v,(E) or v(CrO,) cm™. UV/Vis-
ible, B*CNMR and *H NMR wereal consistent with
the TEAFC structure. The above procedure could be
scded uptolarger quantities, if desired. ThepH of 0.01
M solution of TEAFC inwater was 3.45.

Synthesisof triethylammonium chlorochromate
(TEACC),(CH).,NH [CrO.Cl]

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
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resultant clear orange solution, triethylamine (14ml, 100
mmol) wasadded dropwisewith stirringtothissolution
over aperiod of 0.5 hand stirringwas continued for 0.5
hat -4°C. The precipitated orange solid was isolated by
filtration, washed with anhydrousether (3 x 60 ml) and
driedinvacuumfor 2hat roomtemperature. Yied: 12.82
g(54%); m.p.120°C. CH, .CICrNO,: Cdc. C, 30.31;
H, 6.73; N, 5.89 Found: C, 30.29; H, 6.81; N, 5.82. IR
(KBr): 900cm™v,(A,) or v(CrO,), 434 cm* v (A ) or
v(Cr-Cl), 950 cm*v,(E) or v(CrO,) cm. UV/Visible,
BC NMR and *H NMR were all consistent with the
TEACC structure. Theabove procedure canbescaled
up to larger quantities, if desired. The pH of 0.01 M
solution of TEACC inwater was2.4.

General procedurefor oxidative coupling of thiols
todisulfidesin room temprature

Toastirred Solution of 4-methylthiophenol (0.248
g, 2 mmol) in 5 ml of dichloromethane 1 mmol of
TEAFC or TEACC was added, 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
thepuredisulfidesintheyieldindicatedinthe TABLE
1, which characterized fromitsNMR and IR spectrum
mp 45°C (Lit™".mp 45-46 °C).

General procedurefor oxidative coupling of thiols
todisulfidesin microwaveradiation

To a stirred suspension of Triethylammonium
ha ochromates, (1mmoal) indichloromethane (generdly
5ml), asolution of thesubstratein the minimum amount
of dichloromethane was added drop wise, the molar
ratio of substrateto the oxidant being 1:2. The mixture
wasirradiated for thetimeindicated in thetable by mi-
crowaveradiation. The completion of thereactionis
followed by UV/Visbleand TLC using ether/petroleum
ether (60/40) asduant. The mixturewasdiluted with
ether (1:1vol/val) andfiltered through ashort column
of silicagd to giveaclear solution. The solutionwas
evaporated and theresidual product purified by distil-
lation, recrystdlization or column chromatography. The
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progress of the reactions was also monitored and
checked by UV/Visiblespectrophotometry. Theamount
of the oxidant during the reaction was measured spec-
trophotometrically at 348 nm and 355 nmfor TEAFC
and TEACC respectively. A very smdl magnetic stirrer

wasdesigned a thecedl (10 mm quartz cell) compart-
ment just in the bottom of sample cell inthe spectro-
photometer to stir up the solution under study in cell.
Thereaction mixturesremai ned homogenousinthesol-
vent system used.

TABLE 1: Oxidativecoupling of thiolswith TEAFC in solution and microwaveradiation

Solution Solution under Microwave
Substrate - - 5 ” : -
Time (min) Product Yield (%) Time (min) Yield (%)
S
Ny S\S)\
1 60 78 6 85
la
2a
H
2 s 58 /@4\5/ b 86 11 89
1b 2b

7 S/H /67\5/8\9/

3 1c 60 7 2 78 13 92
S—H Ss—s

4 : : 55 : : : : 35 8 89
1d 2d

5 HOOCiCe:HZ-SH 58 HOOC-CH,- S—S—HZCOOH 75 6 05
1f

. ch—©—sH ’ 20 < > < > 20 8 84

8 h 75 64 12 81

Spectral datafor disulfides

1,2 - diisopropyldisulfane (2a, 4a). IR (KBr) cm
"1 3000-2900 C-H (aliph. strech), 1400-1350 C-H
(aliph.bend), 1200- 1100 C-S(strech).*H NMR (300
MHz, CDCl,) 6 2.7 (m, 2H),1.5(d, 12H). ®*CNMR
(300 MHz, CDCl,) 6 38.5 (d), 24(q). HRMS Calcd
forCH,S,: M, 150.4125. Found : m'z150.4117(av-
erage). oil@

1,2- dipentyldisulfane (2b, 4b). IR (KBr) cm 1
3000-2900 C-H (aliph. strech) 1200- 1100 C-S(strech
)-'HNMR (500 MHz, CDCI.) 6 2.5(t,4H),1.6 (m,
4H), 1.25(m, 4H) 1.3 (m, 4H),.85 (t, 6H). ®*CNMR
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(125MHz CDCl,) 6 36, 33, 31, 23.5, 14.5. HRMS
Calcd for ClOHZZS2 : M*, 206.8542. Found: m/z
206.1654(average). oil*®

1,2 — dioctyldisulfane (2c, 4c).IR (KBr) cm !
3000-2900 C-H (diph. strech) 1200- 1100 C-S(strech
)."H NMR (500 MHz, CDCI.) § 2.6 (t, 4H),1.5 (m,
4H), 1.2(m, 18H).9 (t, 6H). °C NMR (125 MHz,
CDCl, ) 6 33.66, 32.5, 31.43, 31.35, 31.22, 27.03,
23.5, 15 02. HRMS Calcd for C H_S, : M *,
290.1213. Found : m/z290.3564(average). oil [ 18]

1,2 dicyclohexyl disulfane (2d, 4d). IR (KBr) cm
"1 3000-2900 C-H (aliph. strech), 1200- 1100 C-S
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(strech).™H NMR (500 MHz, CDCl,) § 2.5 (m, 2H
),1.65 (dt, 8H), 1.4 (m, 12H). 3C NMR (125 MHz,
CDCl,) 6 52.56, 34.52, 26.59, 25.38. HRMS Calcd
for CH,,S, : M*, 230.2135. Found: nvz 230.2120
(average).ail*®

disulfanyl —acetic acid (2e, 4€). IR (KBr) cm !
3500-3200 COOH (strech), 3000-2900 C-H (aiph.
strech),1200- 1100 C-S(strech).*H NMR (500 MHz,
CDCl,) § 2.27 (s, 4H ),11.5 (s, 2H). 3C NMR (125
MHz, CDCl, ) 6 35 (t), 179 (s). HRMS Calcd for
C,H,0,S,: M*, 182.1478, Found: vz 182.342(1av-
erage). il

1,2 diphenyldisulfane (2f, 4f). IR (KBr) cm
3200-3100 C-H (Ar. strech), 1200- 1150 C-S(strech
).*H NMR (500 MHz, CDCl,) § 7.65 (d, 4 H),7.25
(m, 6H). *CNMR (125MHz, CDCl,) 6 133, 131.4,
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130.2,129.53.C_H, S, : Cdlc. C, 66.1, H, 4.71; S,
29.37. Found: C, 66.22; H, 4.65; S, 29.2. m.p. 57-58
°C, 1itl* 58-60 °C.

1,2-di-p- tolyldisulfane or bis (4-
methyl phenyl)disulfide (2g, 4g). IR (KBr) cm 1 3200-
2100 C-H (Ar. strech), 3000-2900 C-H (aliph. strech)
1480-1400 C-H (Ar.bend),1200- 1100 C-S (strech
)-'HNMR (500 MHz, CDCIl,) 6 7.5(d,4H), 7.2(d,
4H), 2.5(s, 6H). ®*CNMR (125 MHz, CDCl,) 6 126
(S),130(d), 127 (d), 124(s), 21 (q).C_H,,S,: Calc.
C,68.29; H, 5.70; S, 26.1. Found: C, 68.46; H, 5.60;
S, 26.23. m.p.42- 44°C, |itl*9 43-44°C.

1- (n- naphthalene — 3 — yl) -2- (naphthalene —
6- yl ) disulfane (2h, 4h). IR (KBr) cm -1 3200-3100
C-H (Ar. strech), 1200- 1150 C-S(strech).*H NMR
(300 MHz, CDCl,) 6 8.1 (s, 2H),7.7 (d, 2H), 7.5

TABLE 2: Oxidative coupling of thiolswith TEACC in solution and microwaver adiation

Solution Solution under Microwave
Substrate - - - - - -
Time (min) Product Yield (%) Time(min) Yield (%)
S
\H S\ )\
1 150 \( s 74 12 92
3a 4a
H S
2 S 110 4 75 10 87
3b 4b
H S
3 77s 95 7 70 9 85
3c 4c
¢ —S—H € —s—s— )
4 145 67 14 89
3d 4d
5 HOOC-CH,-SH 210 HOOC-CH,-S-S-H,COOH 75 5 %
3e 4e
s () s (XD v s s
3f 4f
HaC S—H HsC sS—s CHg
7 : 40 O < > a9 69 4 90
39
(D
8 55 63 8 85
3h

49
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(d,6H) 7.32(d,4H). *C NMR (300 MHz, CDCIl,) &
137.76, 137.11, 135.26, 134.52, 131.57, 128.92,
127.08, 126.16, 125.02, 124.87. C,H,, S, Calc.
C,75.47; H,4.40; S, 20.12. Found: C, 75.36; H, 4.32;
S, 20.89. m.p 140-142 °C. 1it.1*9 142- 145 °C.

RESULTSAND DISSCUSSIONS

The oxidative couplingsof thiolsby TEAFC and
TEACC wereinvestigated in dichloromethanea room
temperatureand under microwaveradiation. Asit was
showninTABLE 1and 2, aseriesof diphaticand aro-
matic thiolswerereacted with thereagentswithamole
ratio of 1/1 and the corresponding disulfideswere ob-
tained withexcdlent yid ds. These oxidationswerea so
performed under microwave radiation with the same
moleratios. Theresults show that under microwave
radiation, thereactionswerefaster.

Thus, thesaid oxidative method under mild condi-
tionswasset out to minimizethedisperson of offensive
materiasinthe environment and was maximized the
use of renewableresources. From thisstandpoint, this
method could be considered asarel atively green tech-
nology having more advantages and wider applicabil-
ity, compared to the conventional oxidative reagents.
(TABLE1and2)

TEAXC

R-S-H - R-S-S-R
N
TEAXC r Y CrOgfX
X=F,Cl
Scheme 1

Theyieldsof the productswere, in general, good.
In some cases, lower yieldswere obtained astheloss
of the products could not be avoided during theisola-
tion process dueto highly volatile nature of the prod-
ucts. Sometimesthe products were contaminated (as
detected by *H NMR) with starting materid safter ini-
tial isolation, whichwerefurther purified by filtration
chromatography over ashort plug of silicagel or neu-
tral slicausing hexaneas e uent. Someunidentified by-
products wereformed (to the extent of nearly 5% by
H NMR) inafew caseswhich wereremoved by col-
umn chromatography. It wasimportant to emphasize
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that thereactionscould be terminated s multaneoudy at
thedisulfidestage. (TABLE 1, 2)

Over-oxidation was not been observed, even
though thereactionswere carried out various condi-
tions. (Schemel)

CONCLUSION

The present procedure using Triethylammonium
halochromates (TEAXC) in solvent and microwave
conditions has been found to oxidize selectively pri-
mary diphatic, aomaticand dlylicthiolsto correspond-
ing disul phideswithout isomerization and polymeriza-
tion of doublebonds, over oxidation and other side-
reactionskeepingintact theacid sengtivefunctiondities,
(scheme 2). Theimportant advantages of this proce-
dureinclude (a) operationa simplicity (easeof set up
and work-up), (b) good yidld of the oxidized products,
with high purity (by immohbilization of thechromium by-
productsonthesurface of silica), (c) mild reaction con-
ditions, (d) good selectivity and (e) generd applicabil-
ity accommodating avariety of substitution patterns.
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