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The class of compounds known as sulfines (thione S-oxides) has
been known for many years and numerous compounds with this
structural feature have been prepared, especially in the last few
years™*. In addition to the more familiar routes from sulfinyl
chlorides by g-elimination and from thiones by oxidation, sul-
fines can now also be prepared in several cases from active me-
thylene compounds via reaction of the corresponding silylated
carbanions with sulfur dioxide®. Many reactions of sulfines have
been investigated and it is thus remarkable that no synthetically
useful procedure for the reduction of sulfines to thiones appears
to have been reported so far, although some formation of
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thiones, accompanied by side-products, was found in the reac-
tion of diaryl sulfines with metal carbonyls®.

We were prompted by the successful application of phosphorus
pentasulfide for the reduction of sulfoxides®, as well as the re-
lated sulfimides’ and selenoxides®, to attempt to extend the
range of this useful reagent to the sulfine (2) to thione (3) deoxy-
genation. This expectation has been fulfilled, as shown by the
results in Table 1. The yields obtained are excellent, but the pat-
tern of reaction times indicates some susceptibility to steric hin-
drance. As observed earlier for the sulfoxide deoxygenation®,
electron-releasing substituents appear to accelerate the reac-
tion.
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Given the rather long reaction times required by some sulfines
in the room temperature reaction with phosphorus pentasulfide,
a number of reactions were also run for comparison in refluxing
1,2-dichloroethane and these results are reported in Table 2. Re-
sults obtained using the alternative reagent, thiophosphoryl
bromide (PSBr,)*, are also reported in Table 2. The homogene-
ous reagent system of thiophosphoryl bromide in dichlorome-
thane appears to be considerably more effective than the hetero-
geneous phosphorus pentasulfide reagent system under compar-
able conditions. Nevertheless, the phosphorus pentasulfide rea-
gent allows somewhat easier product isolation, since this can be
achieved without employing the aqueous (sodium hydrogen car-
bonate) work-up which is required when using thiophosphoryl
bromide. Thus, for the more labile thione products, we see a
definite advantage in the phosphorus pentasulfide method.

Our studies have shown that not all sulfines can be successfully
reduced by the above procedures. For example, phenyl phenyl-
sulfonyl sulfine (2j) appears to react slowly with both phospho-
rus pentasulfide and thiophosphoryl bromide but does not give
the expected novel a-thioxosulfone 3j, nor indeed any readily
characterizable products. Both deoxygenating reagents surpris-
ingly led to the formation of diphenyl disulfide in excellent yield
on reaction with bis[phenylthio] sulfine (2k), rather than the ex-
pected diphenyl trithiocarbonate.

It appears that the deoxygenation reactions described herein may pro-
ceed through the intermediacy of the elusive thiosulfine species 4°, ana-
logous to the thiosulfoxide species 5§ proposed earlier as a short-lived in-
termediate in the sulfoxide deoxygenations®'’. Further work to elucidate
the reaction mechanism is under way and will be the subject of a forth-
coming publication.
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Since all of the sulfines 2 in Table 1 may be synthesized by the
alkylidenation procedure®, the new method described herein
also constitutes the first known procedure for the conversion of
appropriate methylene compounds 1 directly to the correspond-
ing thiones 3, without the intermediacy of the carbonyl analo-
gues.

All of the sulfines 2 used in this study (with the exception of 2d, see be-
low) have been reported previously and were prepared either by oxida-
tion of the corresponding thioxo compounds by published proce-
dures'*'® or by the alkylidenation route®. The commercially available
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SYNTHESIS
Table 1. Reduction of Sulfines* 2 to Thiones 3 with Phosphorus Pentasulfide
Sulfine R' R? Reaction Yield m.p. [°C]

time [h] %]°
found reported

2a C¢Hs CoHs 6 58¢ 52-53° 51-53¢°"
2b 4-H,C-—C¢H,4 4-H,C-—-CqH,4 5.5 72¢ 76-77° 74-75°1
2c 4-H;CO—~C¢H,4 4-H,CO--C.H, 2 83 120-121° 116-118°"
2d 4-(H,C),N - CsH, 4-(H;C):N--- C-H, 1 95 210-211° 200-202° "
2e 2,4,6-tri-H,C—C¢H, C.H; 48 94¢ oilf oil'*
2f CqHs CoHsS 7 80 58-60° 59-60° '3
2g 2,4,6-tri-H;C-—C¢H, CeHsS 20 92 92-93° 93.-94°13
2h 2,4,6-tri-H;C--C¢H, 2,4,6-tri-H1C-—C¢H,S 32 94 143--144° 142-143°"
2i 4-H,C—C4H,4 CqHsS 35 85 83--84° 83-84° 12

* For unsymmetrically substituted sulfines, the (Z/E)-mixture of isomers was used. Procedure as exemplified by the reduction of 2c.
" Yields represent isolated yields of thiones, the purity of which was also checked by LR., 'H-N.M.R,, and T.L.C. (alumina) analysis.
¢ Chromatographed on Florisil with benzene; recrystallization from methanol (—20°C under CO.).

¢ Chromatographed on Florisil with benzene; recrystallized from dichloromethane/petroleum ether, 40-60 °C (—20°C, under CO,).

¢ After correcting for recovered starting material (30%).
T CioHieS calc. C 79.94 H 6.72 S13.34
(240.4) found 79.90 6.65 13.32

Table 2. Comparison of Alternative Procedures for Reduction of 2 to 3

Sulfine Procedure* Time [h] Yield [%)
2e A 48 94°
B 2 97
C 4.5 90
2f A 7 80
B 1 95
C 6 92
2g A 20 92
B 2 85
C 3 95
2h A 32 94
B 2 95
C 3.5 92

* Method A =P4S,, (0.5 mol)/CH,Cl,/25°C;
Method B =P,S,, (0.5 mol)/CICH,—CH,C1/83°C;
Method C =PSBr; (1.0 mol)/CH,Cl,/25 °C (details see procedure for
2h).

® Reaction incomplete. The yield is corrected for recovered starting ma-
terial (30%).

phosphorus pentasulfide (Fluka AG) and thiophosphoryl bromide (E.
Merck, Darmstadt) were used as supplied. LR. spectra were recorded on
Perkin Elmer 257 or 298 spectrophotometers and 'H-N.M.R. spectra on
a Varian EM-390 instrument, operating at 90 MHz. Melting points are
uncorrected. T.L.C. (to monitor the progress of the reactions) and co-
lumn chromatography were conducted on alumina, with either benzene
or diisopropyl ether/hexane mixture (1:2) as eluents. Microanalysis data
were kindly obtained by Mr. A. F. Hamminga, Analytical Department,
Rijksuniversiteit Groningen, 9747 AG Groningen, The Netherlands.

Bis{4-dimethylaminophenyl] Sulfine (2d):

This sulfine is obtained by oxidation of bis[4,4'-dimethylaminojthioben-
zophenone in the usual way'®. The sulfine; yield: 92%, is recrystallized as
gold plates (chloroform/ether); m.p. 181-183°C.

C7HN,08 calc. C 6796 H 6.7t N 9.33 S 10.67
(330.3) found 67.35 6.60 9.53 10.54
LR. (KBr): v¢—s—o=1075, 1005, 985 cm '

Reduction of Bis{d-methoxyphenyl] Sulfine (2¢) with Phosphorus Penta-
sulfide:

To a stirred solution of the sulfine (0.50 g, 1.82 mmol) in dichlorome-
thane (30 ml) is added phosphorus pentasulfide (0.41 g, 0.92 mmol). The

reaction mixture is stirred for 2 h at 25 °C before filtering off the insolu-
ble material. The precipitate is washed with dichloromethane (2 % 10 ml)
and the combined dichloromethane solution washed thoroughly with
10% aqueous sodium hydrogen carbonate solution (3 x 20 ml) and then
water (2 x 20 ml) before drying with magnesium sulfate. Removal of the
solvent in vacuo and column chromatography on alumina, using ben-
zene as eluent, gives a bright blue solid. Recrystallization from methanol
at —20°C gives blue crystals of 4,4’-dimethoxythiobenzophenone (3c);
yield: 0.39 g (83%); m.p. 120-121 °C (Lit."', m.p. 116-118 °C).

Reduction of 2,4,6-Trimethylphenyl 2,4,6-Trimethylphenylthio Sulfine
(2h) with Thiophosphoryl Bromide:

To a stirred solution of the sulfine (1.00 g, 3.03 mmol) in dichiorome-
thane (50 ml), thiophosphoryl bromide (0.32 ml, 3.03 mmol) is added, us-
ing a syringe and septum cap. After stirring for 3.5 h at 25°C, the mix-
ture is washed thoroughly with 10% aqueous sodium hydrogen carbonate
solution (3 x 20 ml), water (2 x 20 ml), and dried with magnesium sulfate.
Removal of the solvent in vacuo and column chromatography or alumi-
na, with benzene as eluent, gives an orange-red solid. Recrystallization
from n-hexane affords 2,4,6-trimethylphenyl 2,4,6-trimethyldithioben-
zoate (3h); yield: 0.88 g (92%); m.p. 143-144°C (Lit.", m.p. 142-
143°C).
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