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Abstract—Oxidation of 2-chloro-1-phenylethane-1,1-dithiol with bromine, iodine, and elemental sulfur, as
well as under UV irradiation, leads to formation of 1,4-bis(chloromethyl)-1,4-diphenyl-2,3,5,6-tetrathiane in
50-95% vyield. Oxidation of the same substrate with selenium dioxide gives 1,5-bis(chloromethyl)-1,5-
diphenyl-2,4-dithia-3-sel enapentane-1,5-dithiol. On heating to 60°C, the latter loses selenium to afford 1,4-bis-

(chloromethyl)-1,4-diphenyl-2,3-dithiabutane-1,4-dithiol.

Oxidation of thiols has been well documented. It
leads to formation of the corresponding disulfides or
sulfonic and sulfinic acids [1, 2]. Various reagents are
used as oxidants, e.g., oxygen, iodine, hydrogen
peroxide, selenium dioxide, dimethyl sulfoxide,
elementa sulfur, lead tetraacetate, etc. However, only
a few publications are available on the oxidation of
geminal dithiols possessing a C(SH), moiety. As early
as 1962, Mayer and co-workers [3] found that cyclo-
akane-1,1-dithiols are oxidized with iodine to the
corresponding 1,2,4,5-tetrathiane derivatives in a very
poor yield [3]. An attempt to oxidize 3,5,5-trimethyl-
hexane-1,1-dithiol with nitric acid resulted in isolation
of 3,5,5-trimethylhexancic and 2,4,4-trimethylpenta-
noic acids [4].

We synthesized in quantitative yield previously
unknown 2-haloethane-1,1-dithiols RC(SH),CH,X
(R - CH3, C6H5, 4-CH3C6H4, 1-C10H7; X = CI, BI’, |)
by the action of hydrogen sulfide on the corresponding
a-halo ketones in a solution of hydrogen chloride in
ether [5]. Among the products thus obtained, the most
stable and readily accessible was 2-chloro-1-phenyl-
ethane-1,1-dithiol (I). Just the latter was used in the
present work as model compound for studying oxida
tion of geminal dithiols. As oxidants we used bromine,

Scheme 1.
SH CICH; ¢
| 2Br, s
ZCI—CHQ—CI:—SH — " > Ph
Ph S\s Ph
CH,ClI

iodine, hydrogen peroxide, selenium dioxide, and
elemental sulfur.

1-Chloro-1-phenylethane-1,1-dithiol (1) is readily
oxidized with bromine, yielding 1,4-bis(chloromethyl)-
1,4-diphenyl-2,3,5,6-tetrathiane (11) (Scheme 1). The
same product, but in a considerably lower yield (15—
20%) isformed by oxidation of | with iodine.

Selenium dioxide was used as oxidant in reactions
with substituted benzenethiol [6] and indenethiol [7].
From arenethials, the corresponding diaryl sulfides and
diaryl thioselenides were obtained, whereas indene-
thiol was oxidized to diindenyl thioselenides. We have
found that dow addition of a solution of selenium
dioxide in methanol to a solution of dithiol | in
the same solvent under argon leads to formation of
1,5-bis(chloromethyl)-1,5-diphenyl-2,4-dithia-3-
selenapentane-1,5-dithiol (111) (Scheme 2). This reac-
tion is likely to occur in two steps. In the first step,
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dithiol | reacts with selenium dioxide to give thio-
selenate 1V which then reacts with the second mole-
culeof |, yielding dithioselenide I 1.

On prolonged storage (for 3 years) or on heating for
36 h at 60°C, compound 111 is quantitatively converted
into 1,4-bis(chloromethyl)-1,4-diphenyl-2,3-dithia-
butane-1,4-dithiol (V) with liberation of amorphous
selenium (Scheme 3).
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It is known that photolysis of akanedithiols and
diakyl sulfides gives the corresponding disulfides
[8, 9]. However, there are no published data on photo-
chemical transformations of geminal dithiols. Under
UV irradiation, 2-chloro-1-phenylethane-1,1-dithiol (1)
was found to be quantitatively converted into tetra-
thiane Il (Scheme 4). The process is strongly
accelerated in the presence of elemental sulfur.
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The IR spectra of compounds 11, |11, and V contain
characteristic absorption bands which confirm the
assumed structures. The bands were assigned with
account taken of the data in [10, 11]. The presence of
a C-S-S—C fragment in molecule |1 follows from the
appearance of a very strong v band at 690 cm™ and
vss band at 520 cm™, while v absorption is lacking.
A series of strong narrow peaks at 750, 1000, 1190,
and 1448 cm™ belongs to skeletal vibrations of the
saturated ring; these bands are typica of such struc-
tures. Thus the above data suggest formation of
a cyclic structure with endocyclic S-S bonds. The
latter give rise to an absorption band in the UV
spectrum at Amax 526 nm due to eectron transition
between the sulfur d orbitals.

The IR spectrum of compound |11 contains an ab-
sorption band at 2550 cm™ (v.), indicating formation
of an acyclic thiol. The S-Se-S fragment is charac-
terized by UV absorption at Amsx 632 nm. In the IR
spectrum of dithiol V we observed amost the same
set of absorption bands as in the spectrum of I11.
However, the absorption band with its maximum at
A 526 nm in the UV spectrum of V, which is typical of
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S-S moiety, is displaced by 100 nm toward shorter
wavelengths relative to the absorption maximum of
compound |11 containing a dithioselenide fragment.
The UV absorption bands were assigned on the basis
of the data givenin [12, 13].

Treatment of al previoudy synthesized o-hal o-sub-
stituted geminal dithiols, including compound |, with
hydrogen peroxide resulted in formation of a multi-
component mixture, and we failed to isolate and
identify individual products.

EXPERIMENTAL

The IR spectra were recorded on a Specord 75IR
spectrometer from samples prepared as thin films
(compounds I, 11, and V) or KBr pellets (11, 111), as
well as from solutions in CDClz or CHCl3 (11, I1I;
layer thickness 0.01 cm). The UV spectra were
measured on a Specord UV-Vis spectrophotometer in
CHCl; using 1-cm cells. The *H and *C NMR spectra
were obtained on a Bruker DPX-400 instrument using
CDCl; as solvent and HMDS as interna reference. UV
radiation was generated by an OKN-11 instrument
(technical specification 64-1-1618-77). The progress of
reactions was monitored by TLC on Silufol UV-254
plates with chloroform as eluent.

1,4-Bis(chloromethyl)-1,4-diphenyl-2,3,5,6-tetr a-
thiane (I1). a. Bromine, 0.23 g (1.46 mmoal), was
sowly added to a solution of 0.2 g (0.98 mmol) of
dithiol 1 in 10 ml of diethyl ether, cooled to —-8°C, and
the mixture was stirred under argon until the initial
compound disappeared (24 h, TLC). Excess bromine
was washed off with water. The organic phase was
separated and dried over CaCl,, and the solvent was
removed to obtain 0.2 g of adark yellow oily liquid. It
was dissolved in 5 ml of chloroform, and 20 ml of
hexane was added to the solution. The precipitate was
filtered off and dried under reduced pressure. Yield
0.1 g (50%), light yellow powder, mp 113-114°C. IR
spectrum, v, cm ™ 520 w, 620 w, 690 w, 750, 820,
1000, 1070, 1190, 1270, 1400, 1448, 1490, 1570,
1600, 2860, 2920, 2940, 3000, 3020, 3050. UV spec-
trum: Ama 526 nm. *H NMR spectrum, 5, ppm: 451 s
(4H, CH.CI), 7.24-7.75 m (10H, Haom). *C NMR
spectrum, 3¢, ppm: 45.31 (CH,), 128.55 (C), 128.71
(C° C™), 133.66 (C), 190.32 (S-C-S). Found, %:
C 47.12; H 346; Cl 1757; S 31.85. CigH14Cl5S,.
Calculated, %: C 47.39; H 3.48; Cl 17.51; S 31.62.

b. A solution of 2 g (0.98 mmol) of dithiol I in
0.5 ml of carbon disulfide was cooled to —40°C and
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was irradiated with UV light for 20 min. Yield of
tetrathiane 11 0.18 g (90%), mp 113-114°C. The IR
and NMR spectra of the product were identical to
those of a sample prepared as described in a.

c. A solution of 2 g (0.98 mmol) of dithiol I in
0.5 ml of carbon disulfide was cooled to —40°C, 0.8 g
(3.12 mmol) of sulfur was added, and the mixture was
irradiated with UV light for 5 min. The precipitate of
tetrathiane Il (which contained sulfur) was extracted
into chloroform. Precipitation with hexane afforded
0.19 g (95%) of compound Il with mp 113-114°C.
The IR and NMR spectra of the product were identical
to those given above.

1,5-Bis(chloromethyl)-1,5-diphenyl-2,4-dithia-3-
selenapentane-1,5-dithiol (I11). A solution of 0.09 g
(0.78 mmol) of selenium dioxide in 5 ml of anhydrous
methanol was slowly added in a dropwise fashion to
a solution of 0.19 g (0.92 mmol) of dithiol | in 10 ml
of anhydrous methanol on cooling to —10°C. The mix-
ture was stirred at room temperature until dithiol |
disappeared (1 h, TLC). The yellow precipitate was
filtered off, dried, dissolved in 2 ml of chloroform, and
reprecipitated with 10 ml of hexane. Yidd 0.12 g
(52%), mp 91-92°C. IR spectrum, v, cm: 690 w, 770,
970, 1280, 1450, 1500, 1580, 1600, 2550, 2850, 2960,
3000, 3060. UV spectrum: Amx 632 nm. 'H NMR
spectrum, 8, ppm: 3.25 (2H, SH), 4.45 s (4H, CH,CI),
7.12-7.60 m (10H, Haom). Found, %: C 39.50; H 3.38;
Cl 14.93; S 26.31; Se 15.88. Cy6H16ClSsSe. Calcu-
lated, %: C 39.50; H 3.31; Cl 14.60; S 26.36; Se 16.22.

1,4-Bis(chloromethyl)-1,4-diphenyl-2,3-dithia-
butane-1,4-dithiol (V). A solution of 0.1 g
(0.21 mmol) of dithiosdenide 111 in 5 ml of chloro-
form was heated for 36 h at 60°C. During the reaction,
red amorphous selenium separated from the solution.
The mixture was filtered, and disulfide V was pre-
cipitated from the filtrate with hexane. Yield 0.08 g
(95%), mp 50-54°C. IR spectrum, v, cm*: 520, 600,
690 w, 750, 1020, 1120, 1210, 1270, 1330, 1370, 1490,
1580, 1600, 2550, 2850, 2920, 2940, 3000, 3020,
3050. UV spectrum: Ama 526 nm. *H NMR spectrum,
3, ppm: 3.31 (2H, SH), 4.69 s (4H, CH.Cl), 7.37-

7.65 m (10H, Hgom). Found, %: C 46.97; H 4.02;
Cl 17.29; S 31.72. C46H6Cl»S,4. Calculated, %:
C47.15, H 3.96; Cl 17.42; S31.47.
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