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STEREOCHEMISTRY OF THE LITHIUM
ALUMINUM DEUTERIDE REDUCTION
OF THE THIIRANE RING*
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Abstract—Inversion of configuration has been demonstrated for the opening of the thiirane ring
using lithium aluminum deuteride. This is based on a comparison of the optical activity of butane-2-p
obtained from 2,3-dimethylthiirane with that from reductive displacement of other functional groups.

THE ready availability of optically active four-carbon compounds from a bacterial
fermentation of carbohydrates' has resulted in a convenient series of compounds for
the stereochemical evaluation of lithium aluminum deuteride reductions. The action
of Bacillus polymyxa on glucose yields (RR)-2,3-butanediolf in a high state of optical
purity. This, in turn, can be converted to (RR)-2,3-epoxybutane,?3 (R)-2-butanol,*
(R)-2-methanesulfonoxybutane,’ (S)-2-bromobutane,® and (SS)-2,3-dimethylthiirane,’
all with established configuration.

With the exception of the alcohols mentioned above, the functional groups of these
compounds can be replaced by deuterium using lithium aluminum deuteride, leading
to butane-2-p from the aliphatic compounds, 2-butanol-3-p from the epoxide, and
2-butanethiol-3-p from the thiirane. Furthermore, the last two can be converted to
butane-2-pD by appropriate reductions. A measurable optical rotatory power for
butane-2-p was predicted by Fickett® and subsequently verified experimentally.®:10
The use of this property has been a convenient tool in comparing the steric route of
reductions of the type in question.

The oxygen and sulfur heterocyclic compounds were carried through the reaction
sequences shown in Fig. 1, so that introduction of the deuterium atom took place
during ring opening.

The results of observations of the optical activity of the various butane-2-D samples
are given in Table 1. In our previous studies®® an absolute configuration was assigned
to the butane-2-D isomers on the basis of three principal pieces of evidence: (1) trans-
opening of the epoxide ring, using lithium aluminum hydride, was observed in the
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bicyclic epoxides;" (2) second-order kinetic data was obtained for the reduction of
primary alkyl bromides with the same reagent;'* and, (3) the sign associated with the
optical rotatory power of (R)-butane-2-D, as calculated by Fickett,® was positive. This
indicates that dextrorotatory butane-2-p must be assigned the (R)-configuration. As
indicated in Fig. 1, the successive reaction of (SS)-2,3-dimethylthiirane with lithium
aluminum deuteride and Raney nickel led to dextrorotatory, hence (R), butane-2-D.
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FiG. 1. Stereospecific introduction of deuterium by ring opening.

Consequently, ring opening was accompanied by inversion of configuration, and the
(25:3R) configuration must be assigned to the 2-butanethiol-3-p intermediate. Our
interpretation is consistent with the observation of Bordwell et al.»® that the ring of
methylthiirane is opened at the 1-position with lithium aluminum hydride.

TABLE 1. OPTICAL ROTATION OF BUTANE-2-D OBTAINED BY
VARIOUS LITHIUM ALUMINUM DEUTERIDE REDUCTIONS

Parent compound Butane-2-p, [x]3°
R R
(RR)-2,3-Epoxybutane —0-56°*
(S8)-2,3-Dimethylthiirane +0-36°
(R)-2-Methanesulfonoxybutane —0-4772

(S)-2-Bromobutane -+0-50°%

As in the case of the deuterobutanol, which was converted into (SR)- and (8S)-
isomers of butane-2,3-p, (Fig. 2),% an attempt was made to convert (2S:3R)-2-butane-
thiol-3-p into butane-2,3-p,. This proved unsuccessful, for deuteride reduction of the
methanesulfonate ester of the thiol yielded mainly the original thiol, as reported for
similar esters.!* Also, it has been established that Raney nickel desulfurization is
non-stereospecific for simple systems with no participating adjacent groups.!®
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FiGg. 2. Stereoisomers of butane-2,3-D,.

EXPERIMENTAL RESULTS

(RR)-2,3-epoxybutane. The active epoxide was prepared by the procedure of Lucas
et al®3 from (RR)-2,3-butanediol.* The epoxide had [«]5 -+57-2°, indicating an
optical purity of 97 per cent based on the best previous value, 4 59-05°.3

(S8S)-2,3-dimethylthiirane. This was prepared from the epoxide according to the
thiourea method of Bordwell and Andersen.!® Yield, 73 per cent; b.p. 88-89°
(735 mm); n¥ 1-4587; d47° 0-8863; MRy, Caled. 27-13, Found 27-08; [«]® —129-0°
(In reference 7 nZ 1-4390; [«f3y — 94-33°).

(25:3R)-2-butanethiol-3-p. Reduction of the active thiirane was carried out in
refluxing ethyl ether using a 1:1 molar ratio of lithium aluminum deuteride.?” In pre-
liminary studies, more efficient use of the reducing agent was sought by the use of
lithium aluminum hydride and lithium hydride mixtures, but the advantages were
doubtful. In all instances, with reaction times of up to 12 hr, the product was con-
taminated with starting material, and isolation required removal of the latter by

TABLE 2. PHYSICAL CONSTANTS OF BUTANETHIOLS

(2S:3R)-2-Butanethiol-3-p (SR)-2-Butanethiol Literature

B.p 82-82-5° (735 mm) 83° (735 mm) 84-85°19
nt 1-4303 (25°) 1-4302 (25°) —
d} 0-8277 (25°) 0-8185 (25°) 0-8299 (17°)'®
dgs, caled.1®

0-8277 ) — —
MRy, Caled., Found

28-37, 28-48 28-37, 28-47 —
[}, +32:0° (25°) — +15-7° (20°)%°

* The authors are indebted to Dr. R. W. Watson of the National Research Council of Canada for the
culture of Bacillus polymyxa used in the biosynthesis of the diol.
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extraction with pentane from an aqueous solution of potassium hydroxide. The yield
of purified product was about 35 per cent.

(R)-butane-2-p. The reduction of the thiol was carried out with Raney nickel in
refluxing ethanol.2! From 3-4 g (0-037 mole) of the thiol was obtained 1-7 g butane-2-D
in 7 hr: yield, 77 per cent; di° 0-5856; o +0-21°; [«]% 4-0-36° (Lit.: d%°, Caled.,!8
0-5836; [«]F 0-56°.5 Chromatographic analysis of the sample indicated the presence of
3-3 per cent trans-2-butene and 5-3 per cent cis-2-butene. This was sufficient alkene to
account for the high density of the sample.

SUMMARY

The reductive opening of the thiirane ring with lithium aluminum deuteride has
been demonstrated to proceed with inversion of configuration. This is consistent with
the steric course of similar reductions of 2-bromobutane, 2-methanesulfonoxybutane,
and 2,3-epoxybutane.

21 R. Mozingo, D. E. Wolf, S. A. Harris and K. Folkers J. Amer. Chem. Soc. 65, 1013 (1943).



