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Optically active butane-2-d has been prepared by lithium aluminum deuteride reduction of p-2,3-epoxybutane followed by
conversion of the resulting deutero aleohol to the deutero bromide and reduction of the bromide with lithium aluminum
hydride. If the assumption is made that inversion accompanies opening of the epoxide ring, the specific rotation exhibited
by pure liquid p-butane-2-d corresponds in sign but not in magnitude to the value predicted by Fickett using Kirkwood’s

theory of optical activity.

Recently Kirkwood’s theory of optical rotatory
power? was applied by Fickett® for the calculation
of the specific rotation of butane-2-d. For the stereo-
isomer illustrated (I),
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the calculated value of [a]F was 1.1° for a medium
of refractive index 1.33. It was proposed* that this
simple hydrocarbon might be obtained by appro-
priate reduction of p-2,3-epoxybutane.

In a study of the stereochemistry accompanying
this synthesis, active butane-2-d has been synthe-
sized by the following route, and a concurrent se-
quence has been carried out using lithium aluminum
hydride in the first step instead of lithium aluminum
deuteride.

H CH;
CH;;—C\ LiaD. HO—C—T  ppn
| >0 —— ! —
H—C D—C—I1
J:’Hs éHg
11 111
ICHS ]CH’&
!
H—C—Br  vLiAlH; CH,
| — |
D-—(IJ—H Dw(il‘—H
CH; CH;
v \'

In all of the steps between p(+)-2,3-epoxybutane
(II) and p-butane-2-d (V), each synthetic inter-
mediate exhibited a sign of rotation opposite to
that of its precursor. This eliminated the possi-
bility that the optical activity of the levorotatory
butane-2-d was due to the precursor, particularly
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in view of the fact that the parallel sequence yielded
n-butane which exhibited no optical activity.

The configuration of all the deuterium compounds
is based on the assumption that inversion accom-
panies the opening of the epoxide ring with lithium
aluminum deuteride, as demonstrated for bicyclic
epoxides®® with lithium aluminum hydride. If
the absolute configuration of the butane-2-d is
p, the sign agrees with the theoretical calculation?
but the magnitude, [«]%® —0.56 =+ 0.02°, is only
about one-half the predicted value, [a]h 1.1°
Aproximately the same observations had been
made for e-deuteroethylbenzene® in which agree-
ment of sign was noted, but the calculated rotation,
[«]% 0.41°, was considerably higher than the ob-
served rotation for the pure liquid enantiomorph,
(] —0.30°7

Racemization during reduction of 2,3-epoxybu-
tane is negligible, for the specific rotation of 1L-2-
butanol is within 99.09, of the maximum reported
values, [a]% —13.63°, interpolated for resolved
material ® and [a]% —13.51° for material prepared
by the indicated route.? In addition, the magnitude
of rotations of the 2-bromobutane, [a]% 28.45°,
and .3-bromobutane-2-d, 1 [a]% 29.34°, is essentially
the same as empirically calculated maximum
values, [a]® 28.6°!! and 26.1°.12 Potentially, race-
mization or hydrogen exchange might have taken
place during contact of butane-2-d or its precursors
with phosphoric acid, lithium aluminum deuteride,
or lithium aluminum hydride. However it has been
demonstrated that n-butane does not undergo noti-
ceable hydrogen exchange reactions or isomerization
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during short periods of time in contact with sulfuric
acid at 25°** or with barium hydride at 300°.%4
Furthermore, lithium aluminum hydride did not
racemize adjacent asymmetric centers during re-
duction of 2-methylbutanoic acid or [-menthone.?

On the basis of these observations, namely, that
(a) only inversion accompanies epoxide-ring open-
ing, (b) subsequent reactions induce no racemiza-
tion of the adjacent center, and (¢) observed rota-
tion cannot be due to impurities, the stereoisomer
p-butane-2-d has been obtained with a high degree
of optical purity. The specific rotation, [a]%
—0.56°, of this simplest monodeutero hydrocarbon
in the liquid state is somewhat higher than that
reported for a-deuteroethylbenzene,” (1% —0.30°,
but the molecular rotations, —0.33° and —0.32°
respectively, are comparable.

EXPERIMENTAL!®

b(+)-2,3-Epoxybutane. The epoxide was prepared from
L( —)-2,3-butanediol’” by a previously described pro-
cedure.’® ¥ Tts optical purity, [e]% 57.10°, was about
979, based on the best previous value, 59.05°,%°

L( — )-2-Butanol. This was prepared by the method of
Leroux and Lucas® by reduction of p-2,3-epoxybutane with
lithium aluminum hydride;#® [a]% —13.49° (lit.,® [a]?%
~13.51°).

p{ — )-erythro-3-Buianol-2-d. From the reduction of 20.6 g.
(0.285 mole} of p(+)-2,3-epoxybutane with 3.5 g. (0.0835
mole, 0.334 equiv.) of lithium aluminum deuteride in ether
was obtained 18.3 g., 869, yield, of the deutero alcohol,
b.p. 96.5-98.0° (730 mm.). The material was redistilled
through a spinning band column: b.p. 98.9° (734 mm.);
n% 1.3948; o3 —11.05°; d3° 0.8134; [«]% —13.59°.

Anal. Cale’d for C;HDO: C, 63.95; H 4+ D, 14.76; ap-
parent H, as reported in microanalysis, 13.56. Found: C,
63.92; H, 13.65.

p(+)-2-Bromobutane. A modification of the method of
Noller and Adams?' was used to convert L-2-butanol to the
bromide with phosphorus tribromide, The crude reaction
mixture was washed with water and 5%, sodium bicarbonate,
isolated by azeotropic distillation with water, dried over
calcium chloride, and redistilled. The optical purity of the
product, [«]3 28.45°, was considerably higher than that
of previously reported preparations, —13.79°* and
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—13.66°12 from partially resolved p-2-butanol, and —13.52°
for 1-2-bromobutane from the von Braun reaction.2?

L( -+ )-threo-3-Bromobutane-2-d. This was prepared by the
procedure used for p-2-bromobutane. From 16.0 g. (0.213
mole) of p( — )-erythro-3-butanol-2-d and 25 g. (0.092 mole)
of phosphorus tribromide there was obtained 23.0 g., 759
vield, of the corresponding bromide: b.p. 90.2-90.3° (735
mm.); n3 1.4337; o5 37.00°; d2° 1.2614; [«]? 29.34°.

Anal. Cale’d for C;HBrD: C, 34.80; H + D, 7.29; ap-
parent H, as reported in microanalysis, 6.65; Br, 57.90.
Found: C, 34.68; H, 6.64; Br, 58.00.

n-Butane and p(—)-butane-2-d. The butanes were pre-
pared by the reduction of the corresponding secondary
bromo compounds with lithium aluminum hydride and
lithium hydride in tetrahydrofuran.?® The apparatus was
an integral system consisting of solvent distilling column,
reaction flask with stirrer and condenser, gas washing units,
and collection ampoule. For the preparation of butane-2-d,
about 35 g. of solvent was introduced to the thoroughly dry
reaction flask by distillaticn from lithium aluminum hydride.
After addition of 1.6 g. (0.042 mole) of lithium aluminum
hydride and 1.5 g. (0.19 mole) of lithium hyvdride, 11.6 g.
(0.084 mole) of 3-bromobutane-2-d was added dropwise to
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the refluxing solvent and this temperature was maintained
for one hour. The butane-2-d which formed was passed
through two scrubbers containing 859, phosphoric acid,
through sodium hydroxide pellets, and into an ampoule at
—80°; residual material was flushed into the ampoule with
nitrogen; vield, 4.0 g., 819. The product was distilled
through a 100-cm. Podbielniak Heligrid column. Successive
redistillations had no noticeable effect on the optical rotatory
powers of either butane-2-d or butane prepared by the same
procedure. The polarimeter tube, Figure 1, was of an all-
glass, water-jacketed construction, with windows, A,
sealed on the ends with an epoxy cement.?® The tube
contained a side arm, B, and bulb, C, for freezing out bu-
tane fiom a gas handling system. After the tube was sealed
at D, liquid butane could readily be transferred from the
freeze-out bulb to the measuring tube, E. The polarimeter
wag an O. C. Rudolph & Sons Model 70 with a changeable
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image-field diaphragm, and verniers to read directly to
0.01° arc. All optical rotation measurements were made in
the liquid state because theoretical ealculations were based
on a pure liquid with refractive index 1.33, but also because
measurement involving a comparable number of gas mole-
cules at standard conditions would require a polarimeter
tube length of over 200 dm. n-Butane: «% 0.00 & 0.01°;
d?® 0.5731 (lit.,» d3° 0.5733, caleulated from d3®'® and
d:® *). o(—)-Butane-2-d: b.p. —1.5° to —1.0° (740 mm.)
(lit.,2 —1 1/5° to 1/,°); &% —0.32 % 0.01° (I, 0.985 dm.);
d3® 0.5829; [a]® —0.56 == 0.01° (four observations in two
different polarimeter tubes).
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