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Oxidation of organic sulfides and disulfides
with a zert-butyl hydroperoxide—aluminum tri-zerz-butoxide system
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Methyl phenylethynyl and phenyl phenylethynyl sulfides are selectively converted into
methyl phenylethynyl and phenyl phenylethynyl sulfones, respectively, under the action of
system fert-butyl hydroperoxide—aluminum tri-ferf-butoxide in benzene at 20 °C. The analo-
gous oxidation of diphenyl disulfide results in S-phenyl benzenethiosulfonate.
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Sulfides and their oxygen-containing derivatives, sul-
foxides and sulfones, are incorporated in natural organic
compounds and polymers and widely used in different
fields.! The sulfones are usually obtained by the oxidation
of initial sulfides with organic peroxy acids, in particular,
m-chloroperbenzoic acid. The reactions occur in two steps:
first, sulfides are converted into sulfoxides, which then
transform into sulfones at 20 °C with high yields. Current-
ly, catalytic systems based on 30% hydrogen peroxide in
water-soluble solvents in the presence of derivatives of
transition metals, for example, titanium?3 and vanadi-
um?4—6 compounds are often used in the synthesis of
sulfones. It is of note that such catalytic systems allow
high conversion degrees (>90%), however, it is difficult to
accomplish the process selectively.

In the present study, we offer a single-step preparative
method for the synthesis of phenylethynyl sulfones by ox-
idation of the respective sulfides under the action of the
system BulOOH—(Bu'O);Al. It was earlier shown’-8 that
the latter oxidizes dialkyl, dibenzyl, and diphenyl sulfides
to sulfones in virtually quantitative yields. The oxidant is
the dioxygen formed in successive reaction of two moles
of tert-butyl hydroperoxide with aluminum fert-butoxide
in benzene or CCl, and located in the coordination sphere
of the Al atom.

The aim of the present work was to study the oxidation
of sulfides containing the phenylethynyl fragment under
the action of the system But'OOH—(Bu'O);Al.

The oxidation of methyl phenylethynyl sulfide (1a)
and phenyl phenylethynyl sulfide (1b) containing the alky-
nyl group at the S atom with the BulOOH—(Bu'O);Al
system results in the respective sulfones 2a,b (Scheme 1).

The reactions were carried out at a molar ratio subst-
rate : BulOOH : (Bu'O);Al=1:2:1 (benzene, 20 °C),
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i.e., under the conditions comparable to those described
earlier.” The oxidation occurs at the sulfur atom of the
sulfides, the yields of sulfones 2a,b are 92% and 47%,
respectively. According to GLC data, in the case of com-
pound 1a, ~50% of the starting sulfide is converted into
sulfone 2a already in 50 min after the mixing of compo-
nents, and after 20 h the reaction is fully completed.

The oxidation of compound 1b under analogous con-
ditions is also completed in 24 h, but it occurs substantial-
ly more slowly, and sulfone is formed in lower yield: after
1 h, compound 2b was not observed in the reaction mix-
ture, only after 3.5 h the yield of the sulfone reached 17.2%,
and after 24 h it was 41%. Longer duration of the reaction
resulted in a slight increase of the yield of compound 2b
(up to 47%).

The important feature of the accomplished experi-
ments, judging from the GLC data, is the absence of sul-
foxides in the reaction mixture in all steps of the reaction.
It is of note that the studied systems on the basis of alumi-
num and titanium alkoxides oxidize phenylalkenes to di-
oxetanes and products of their further conversion.? How-
ever, in the accomplished experiments, the triple bond
does not undergo oxidation.
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The conversion of diphenyl disulfide (3) under the same
conditions at a molar ratio substrate : Bu'OOH : (Bu'O);Al =
=1:2:1was 53%, and S-phenyl benzenethiosulfonate (4)
was formed as the only product (Scheme 2).

Scheme 2
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With doubled amounts of (Bu'O);Al and Bu'OOH, the
conversion of disulfide 3 increased to 93%, no formation
of the disulfone was observed.

The proposed synthesis method can be used in prepar-
ative organic chemistry for the oxidation of other sulfides
to sulfones under mild conditions.

Experimental

NMR spectra were recorded on a Varian INOVA 400 instru-
ment in C¢Dg; IR spectra were recorded on an IR Prestige-21
spectrometer (Shimadzu) in a thin layer; high resolution GC-MS
analysis (HRMS) was performed on a Finnigan MAT 95 in-
strument.

Gas chromatography analysis of the starting sulfides and the
respective sulfones was performed on an Agilent-6890 instru-
ment (capillary column HP-5, 15000x0.25, carrier gas — nitro-
gen); GC-MS analysis was performed on the instrument of the
same company equipped with a mass-detector Net Work-5973
(column HP-5-MS, carrier gas — helium). Samples were inject-
ed at 70 °C or 90 °C, then the temperature was increased in
15 min to 300 °C. The calculation was made using internal stan-
dard method, the internal standard was nonane.

Benzene (c.p.) was purified by distillation from P,05 and
stored over metallic sodium. Aluminum tri-fert-butoxide was
obtained by the reaction of tert-butyl alcohol with aluminum
according to the earlier described procedurel® followed by
sublimation (160—170 °C, 1 Torr). Found (%): Al, 11.52.
Ci,H»;AlO;. Calculated (%): Al, 10.96. All operations with
(Bu'O);Al were carried out under argon. Bu'OOH was synthe-
sized according to the earlier described procedure,!! the con-
centration of the latter was at least 99.5—99.8%. Ph,S, (99%)
(Acros) was used. Methyl and phenyl phenylethynyl sulfides
(1a,b) were synthesized according to the known procedure!? by
metalation of phenylacetylene with butyllithium with subse-
quent treatment of the obtained phenylethynyl lithium with
MeSO,SMe and PhSO,SPh, respectively. Sulfide 1a was puri-
fied by distillation, b.p. 49—51 °C (7.5-1073 Torr). 'H NMR
(400 MHz, §): 7.40—7.36 (m, 2 H); 6.95—6.93 (m, 3 H); 1.88
(s, 3 H). 3C NMR (75 MHz, 8): 131.2, 127.8, 127.5, 127.1,
123.5, 91.9, 81.3, 18.3. Sulfide 1b was isolated by column
chromatography, eluent — pentane with addition of 2% triethyl-
amine. 'H NMR (400 MHz, §): 7.41—7.35 (m, 4 H); 7.00—6.85

(m, 6 H). 3C NMR (75.5 MHz, §): 132.5, 131.3, 128.7, 127.6,
127.2,125.9, 125.7, 122.6, 97.8, 75.5.

Disulfide 3 and S-phenyl benzenethiosulfonate (4) were
identified by TLC on Silufol UV-254, eluent hexane—ether (9 : 1)
with UV detection.

Methyl phenylethynyl sulfone (2a). To a solution of (Bu'O);Al
(3 mmol) and sulfide 1a (3 mmol) in benzene (10 mL), ButlOOH
(6 mmol) was added. After 50 min, the formation of methyl
phenylethynyl sulfone (2a) in amount equivalent to that of the
sulfide 1a was determined by GLC and GC-MS. After 20 h, only
sulfone 2a was present in the reaction mixture. The solvent and
volatile components were condensed in a trap cooled with liquid
nitrogen. The colorless powder-like residue was hydrolyzed with
aqueous NH,CI, extracted with ether, the extract was dried with
Na,SO,, and ether was removed. Sulfone 2a was isolated in
aform of colorless crystals, m.p. 65—66 °C. IR, v/ecm~!: 2185 (C=C);
1304, 1129 (SO,); 687 (C—S).13 HRMS, m/z: 180.0236.
CyHg0,3?S,. Calculated: M = 180.0245. '"H NMR (400 MHz,
8):7.01—7.06 (m, 1 H); 6.82—6.87 (m, 2 H); 6.68—6.73 (m, 2 H);
2.38 (s, 3 H). 3C NMR (75 MHz, 8): 127.7, 127.6, 127.4, 127.3,
117.6, 90.1, 85.6, 45.7.

The oxidation of compounds 1b and 3 was performed analo-
gously. The conversion of sulfides into respective sulfones was
monitored by GLC and MS. No formation of sulfoxides was
observed.

The characteristics of phenyl phenylethynyl sulfone (2b) are
presented in Refs 14, 15.

S-Phenyl benzenethiosulfonate (4) was obtained at the ratio
3:(Bu'O);Al: BulOOH =1:2:4. From the reaction mixture
after hydrolysis, a colorless crystalline substance was isolated
without special purification, m.p. 43 °C; according to different
data,16 S-phenyl benzenethiosulfonate (4) has melting point in
arange of 36—53 °C. IR, v/cm~!: 1325, 1141 (SO,).13 'TH NMR
(400 MHz, §): 7.27—7.24 (m). 3C NMR (75 MHz, §): 125.8,
129.5, 130.0, 130.9, 131.2, 134.0, 135.9. The obtained sample
coincided by the R; value with the authentic S-phenyl benzene-
thiosulfonate sample in TLC analysis.
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