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Trivalent phosphorus compounds such as triethyl
phosphite or triphenylphosphine remove sulfur from
episulfides (thiiranes) to give an olefin and the thiono-
phosphate or phosphine sulfide.?2 We wish to report that
certain four-membered ring sulfides (thietanes) also
give up their sulfur to triphenylphosphine or triethyl
phosphite, although less readily.

When 3-chlorothietane is treated with triphenyl-
phosphine or triethyl phosphite, allyl chloride and
triphenylphosphine sulfide or triethyl thionophosphate
are produced. For example, in refluxing xylene (bp
137-140°) for 70 hr, a 939, yield of triphenylphosphine
sulfide is obtained. 3-Hydroxythietane reacted much
more slowly under the same conditions (349, of tri-
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phenylphosphine sulfide after 115 hr in refluxing xy-
lene), and thietane itself was desulfurized in low yield
after a long reaction time (109 triphenylphosphine
sulfide after 188 hr in refluxing xylene). Attempts to
identify the organic products from the desulfurization
of 3-hydroxythietane or thietane were not successful.
The desulfurization of 3-chlorothietane may proceed
vie chloromethylthiirane formed by rearrangement of
3-chlorothietane.? The desulfurization of chloromethyl-
thiirane by triphenylphosphine in benzene was faster*
than the desulfurization of 3-chlorothietane which
indicates that, if the above scheme is correct, the slow
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step is the rearrangement, which is not unreasonable
considering the nonpolar nature of the solvent.
Alternatively, the reaction may be bimolecular.
Chy
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3-Hydroxythietane likewise may decompose to a
cyclic ion which could rearrange to hydroxymethylthi-
irane which may be desulfurized to allyl alcohol.
Both 3-hydroxythietane and thietane may undergo
ring scission to mercaptans or mercapto radicals which
can be desulfurized.® Possible three-carbon fragments
from 3-hydroxythietane (allyl alcohol, n-propyl! alecohol,
isopropy! alcohol, acetone, propionaldehyde) were not
detected by gas chromatography.

Experimental Section

3-Hydroxythietane was prepared by a modification of the
method of Sjoberg.” 3-Chlorothietane was prepared by the
procedure of Martin and Anderson by treatment of 3-hydroxy-
thietane with thionyl chloride in chloroform.?

Reaction of Thietanes with Triphenylphosphine and Triethyl-
phosphite.—3-Chlorothietane (2.0 g, 0.018 mole) and triphenyl-
phosphine (4.7 g, 0.018 mole) were dissolved in 10 ml of xylene
in a 50-ml, round-bottomed flask connected to a condenser and
a Dean—Stark separator which was in turn connected to a Dry
Ice—acetone condenser to condense volatile materials. Benzene
also can be used as a solvent but yields are lower. The mixture
was refluxed for 70 hr at the end of which ca 0.5 g of material
was obtained in the Dean—Stark trap. This material gave an
immediate precipitate when treated with alcoholic silver nitrate.
The liquid collected in the trap was identified as allyl chloride
by comparison of its infrared spectrum with an authentic sample.

The residue in the reaction flask solidified when it was cooled.
It was chromatographed on an alumina (Fischer, 80-200 mesh,
activated at 110°) column with cyclohexane and benzene as
eluents. A 93.5%, vield of triphenylphosphine sulfide (4.96 g)
was obtained. The sulfide was identified by its melting point
(160-162°; lit.? mp 161°) and its infrared spectrum which was
identical with that of an authentic sample.

The reactions with triethyl phosphite were done in the same
way except that the solvent was not removed. The reaction
mixtures were analyzed either by gas chromatography or frac-
tionated under reduced pressure. Triethyl thionophosphate was
obtained in yields of 40-667%.

The reactions of 3-hydroxythietane and thietane with tri-
phenylphosphine and triethyl phosphite were done in the same
way as the reaction of 3-chlorothietane. 3-Hydroxythietane and
triphenylphosphine in refluxing benzene for 110 hr gave 4%
triphenylphosphine sulfide; in refluxing xylene for 115 hr a 349%,
yield of the phosphine sulfide was obtained. Yields of 11 and
139, of triethyl thionophosphate were obtained when 3-hydroxy-
thietane was refluxed in xylene for 66 and 90 hr, respectively.
No triphenylphosphine sulfide was obtained when the phosphine
and thietane itself were refluxed in benzene for 110 hr. In
refluxing xylene for 188 hr a 109, yield of triphenylphosphine
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sulfide was obtained from thietane and a reflux time of 185 hr
with triethyl phosphite yielded 109 of triethyl thionophosphate.

Comparison of Reactivity of Chloromethylthiirane and 3-
Chlorothietane.—A solution of chloromethylthiirane (4.0 g,
0.036 mole) and triphenylphosphine (9.5 g, 0.036 mole) in 100 ml
of benzene was refluxed. Aliquots of 10 ml were taken at various
times, the solvent was removed under vacuum, and the residue
was chromatographed on an alumina column with cyclohexane
and benzene. The weight of triphenylphosphine sulfide eluted
from the column was converted into per cent yield. The same
procedure was followed with 3-chlorothietane. The results are
shown in Table I.

TasrLe I
COMPARISON OF REACTIVITY OF 3-CHLOROTHIETANE AND
CHLOROMETHYLTHIIRANE WITH TRIPHENYLPHOSPHINE
IN REFLUXING BENZENE

3-Chlorothietane———— Chloromethylthiirane———

% %o

Time, hr (CeHy):PS Time, hr (CsHs):PS
8.5 19 9.5 77
22.5 26 22.25 82
46.5 40 46.25 84
60.5 49 70.25 81
84.5 58 94.25 85
163.5 72 162.25 85

Registry No.—Triphenylphosphine, 603-35-0; tri-
ethyl phosphite, 122-52-1; 3-chlorothietane, 6013-95-2;
3-hydroxythietane, 10304-16-2; chloromethylthiirane,
3221-15-6.
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Biotin sulfoxides (Ia and b) have been considered to
be intermediates in the microbiological degradation of
biotin.2 To supplement an understanding of the
metabolism of these compounds, studies on the acid
hydrolysis of biotin sulfoxides were carried out.
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biotin sulfoxide isomers

Whereas treatment with 1 N formic acid and 0.1 N
hydrochloric acid did not affect biotin d-sulfoxide,
partial epimerization of the sulfoxide grouping of the
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Figure 1.—Partial inversion of configuration of biotin d-sulfox-
ide (¢o = 2 mg/ml of 1 N HC], 100°, concentration given as %
of radioactive material present).

compound was obtained in 1 N hydrochloric acid
(Figure 1). Acid-catalyzed racemization of other
sulfoxides in 979 sulfuric acid® and in 12 M aqueous
HCl-dioxane (1:2)* has been reported previously.
Analogous results have been obtained by treatment
of the l-sulfoxide under the same conditions. Equili-
bration of the d-sulfoxide follows clean pseudo-first-
order kinetics in the beginning, with deviations start-
ing after about 16 hr, mainly resulting from competition
of hydrolysis reactions with the inversion. Under the
conditions used the initial rate constants were k; =
1.38 X 1075 sec™! for inversion of the d-sulfoxide and
k, = 047 X 1075 sec! for the Il-sulfoxide. The
produets formed showed R; values which were in agree-
ment with those found for biotin I-sulfoxide or biotin
d-sulfoxide, respectively, in both solvent systems used
(see Table I). The ratio of I-sulfoxide to d-sulfoxide

TasLe I
ParErR CHROMATOGRAPHY OF BIOTIN ANALOGS
R values:
Compd A% B
Biotin 0.67 0.68
Biotin sulfone 0.28 0.20
Biotin d-sulfoxide 0.40 0.45
Biotin l-sulfoxide 0.25 0.38

Diaminocarboxylic acid sulfate of biotin 0.13 0.51

s« Water-saturated 1-butanol. * 1-Butanol-methanol-benzene-
water (2:1:1:1).

was determined to be 3:1 after a reaction time of 66
hr, which is in good agreement with the value for the
equilibrium ratio calculated from initial rate constants
ks and k;. The reaction showed a remarkable specific-
ity for catalysis by hydrogen chloride since both 1 N
formic acid and 1 N sulfuric acid did not invert the
configuration of biotin d-sulfoxide. This specificity is
in agreement with similar results obtained by Mislow,
et al.* These investigators postulated a mechanism for
the HCl-catalyzed inversion of configuration of sul-
foxides involving a symmetrical sulfur dichloride inter-
mediate or transition state: R,80 + 2HCl— R,SCl, +

(3) 8. Oae, T. Kitao, and Y. Kitaoka, Chem. Ind. (London), 291 (1961).
(4) K. Mislow, T. S8immons, J. T. Melillo, and A. L. Ternay, Jr., J. Am.
Chem. Soc., 86, 1452 (1964).



