NoTEs

was added 1.8 g (0.026 mol) of sodium ethoxide in small portions
over & period of 30 min. The resulting mixture was stirred for
2 days at room temperature, after which 14 ml of dilute hydro-
chloric acid was added. The ether layer was separated and
washed with water, 5% sodium bicarbonate, water, and saline
water and then dried over sodium sulfate. The solvent and ex-
cess ethyl a-bromopropionate were evaporated under reduced
pressure. Tle of the reaction mixture indicated the presence
of the desired steroidal glycidic ester and three minor impurities,
The mixture was chromatographed on 150 g of alumina (Woelm,
neutral grade 2). Elution with petroleum ether (bp 30-60°)
and benzene gave 5.05 g of 13 as a colorless semisolid which was
homogeneous by tle. Repeated efforts to obtain a satisfactory
elemental analysis of this compound failed, apparently due to
residual amounts of solvent present in the semisolid. However,
mass spectral analysis gave a correct molecular ion peak of M+
486 for CguHuOs, ir 1728 and 1755 em™! (carbonyl stretching of
glycidic ester),® nmr4.22 ppm (q, CH,CHj).

Sodium Glycidate of 5x-Cholestan-3-one (14).—To a solution
of 957 mg (0.002 mol) of glycidic ester 13 in 5 ml of absolute eth-
anol was added 200 mg (0.003 mol) of sodium ethoxide and then
0.09 ml {0.005 mol) of water. The mixture was allowed to stand
at room temperature for 30 min, during which time the sodium
salt precipitated. An additional 5 ml of ethanol was then added
and the mixture was refluxed for 1 hr. After cooling, 843 mg
(889%,) of pale yellow solid was collected by filtration. An ana-
lytical sample of 14 was obtained as a colorless solid after two
recrystallizations from methanol.

Anal. Caled for CsHyOsNas:
C,74.91; H, 10.08.

Anodic Reaction of the Sodium Glycidate of 5c-Cholestan-3-
one (14).—A solution of 744 mg (1.5 mmol) of sodium glycidate
14 in 50 ml of methanol was electrolyzed (apparatus I) for 6 hr
at 150 mA (14-17 V) with the solution temperature maintained
at 14.5-16°. Work-up in the usual manner gave 668 mg of a
neutral fraction, tle of which showed the presence of two com-
pounds, one of which absorbed short-wave uv light. The neu-
tral products were chromatographed on two preparative tle

C, 74.95; H, 10.27. Found:

(30) H. H. Morris and R. H, Young, Jr., J. Amer. Chem. Soc., 79, 3408
(1957); H.O. House and J. W, Blaker, 1bid., 80, 6389 (1958).

/NVotes

J. Org. Chem., Vol. 36, No. 21, 1971 3235

plates (silica gel, 1 mm thick) and developed continuously for 3
hr in hexane-ether (92:8). Elution of the uv absorbing zone
from each plate gave a total of 207 mg (329%) of product. Ap-
proximately one-half of this was crystallized from methanol-
acetone to give 73 mg of 3-acetyl-5a-cholest-2-ene (15) as clus-
ters of colorless needles, mp 90-92°. The analytical sample had
mp 92-92.5°, [a]®p +91.2° (CHCls) [lit.’s mp 90-91°, [«]¥D
+93.8° (CHCly)]; ir 1670 (CH;C=0) and 1642 cm™! (>C=
CH-); nmr 2.25 (s, CH;C==0) and 6.80 ppm (m, >C=CH-).

Anal. Caled for CyHi0: C, 84.40; H, 11.72. Found:
C, 84.59; H, 11.96.

The material lacking uv absorption eluted from the plates
(215 mg) was impure and was rechromatographed on a l1-mm
preparative tle plate, from which 106 mg of pure material was ob-
tained. The solid was recrystallized from acetone to give 56
mg (119,) of 3¢-acetyl-3t-methoxy-5a-cholestane (16) as color-
less flakes: mp 100-101° (a second recrystallization from the
same solvent raised this to 101-101.5°); [a]%p +21.9° (CH-
ClL); ir 1712 em™! (CH,C=0); nmr 2.16 (s, CH;C==0) and
3.12 ppm (s, ~-OCH,).

Anal. Caled for CsHsO,:
C, 81.07; H, 11.94.

Attempted Anodic Reaction of the Sodium Glycidate of Piper-
onal (17).—A solution of 714 mg of sodium glycidate 17, pre-
pared in the usual two-step synthesis, in 50 ml of methanol was
electrolyzed with apparatus I for 6 hr in the usual manner.
The solution turned red immediately at the outset of electrolysis
and was deep purple after 10 min. Work-up of the reaction gave
only 80 mg of a neutral fraction, which consisted of numerous
products on the basis of tle. The reaction was not further in-
vestigated.

Registry No.—1, 31045-09-7; 2, 31045-10-0; 3,
31107-22-9; 4, 31045-11-1; 5, 31045-12-2; 6, 31045-
13-3; 7, 932-66-1; 7 semicarbazone, 7499-13-0; 8,
15174-91-1; 10, 31045-17-7; 11, 31107-23-0; 11 semi-
carbazone, 31044-94-7; 12, 31044-95-8; 12 oxime,
31044-91-4; 13, 31107-17-2; 14, 31044-92-5; 15,
2310-32-9; 16, 31045-21-3.

C, 81.02; H, 11.79. Found:
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In a recent study on the reduction of certain organo-
sulfur compounds,! it was reported that reduction of
thiobenzoie aecid with lithium aluminum hydride pro-
duced primarily benzyl mercaptan (909;) and a very
small amount of benzyl aleohol. In contrast to this
report, during a brief study of the reduction of thio-
benzoic acid and thioheptanoic acid with lithium alu-
minum hydride, we observed that significant amounts of
both aleohol and thiol were obtained. Therefore, we
decided to make a systematic study of the reduction of
thio acids, in order to determine how the relative
amounts of sulfur and oxygen displacement (i.e., alco-

(1) K. A, Latif and P. K. Chakraborty, Tetrahedron Leit., 971 (1967).

hol and thiol formation, respectively) would be affected
by the following factors: (1) nature of the group at-
tached to the thiocarboxylate function, (2) type of
metal hydride used, (3) method of reagent addition,
and (4) presence of Lewis acid catalysts. The effect of
the latter was of particular interest since it has been
shown that lithium aluminum hydride reduction of
thiol esters in the presence of boron fluoride? or alumi-
num chloride? occurs with oxygen displacement (thio-
ether formation) as opposed to the sulfur displacement
(alcohol and thiol formation) which oceurs with lithium
aluminum hydride alone. Similarly, hydrogenolysis of
hemithioacetals and hemithioketals with lithium alumi-
num hydride-aluminum chloride results exclusively in
cleavage of the carbon-oxygen bond.*

Results and Discussion

Table I shows the composition of the alcohol-thiol
mixtures obtained by reduction of a series of thio acids

(2) E. L. Eliel and R. A. Daiginault, J. Org. Chem., 29, 1630 (1964).

(3) D. E. Bublitz, bid., 82, 1630 (1967).

(4) E. L. Eliel, L. A, Pilato, and V. G. Badding, J. Amer. Chem. Soc., 84,
2377 (1962).
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TasLe I

ComposITION oF THIOL~ALCOHOL MIXTURES® FROM
THE REpUCTION 0oF THIO Acips (RCOSH)

~———-Reducing agent —
LiAlH~ NaBHe-

_ R Registry no. LiAlHY  BFs® AlCls
CeH; 98-91-9 56 70 864
p-CICH, 31143-03-0 56 67 78
p-MeOCeH, 6279-44-3 53 76 95
n-CsHy, 7530-91-8 45 60

C.H; 1892-31-5 51 81

¢ Expressed as mole pecentage of thiol in the thiol-alcohol
mixture., ¥ Thio acid was added to the hydride. Inverse addition
produced 45, 40, and 409, thiol from C¢H;COSH, p-MeOCsH ;-
COSH, and n-C;H;COSH, respectively. © Hydride was added
to the mixtures of thio acid and boron fluoride etherate; LiAlH,:
BF;: thio acid mole ratios, 1:0.8:0.8. ¢ The mole percentage of
thiol was 84 when AICI; was omitted.

under a variety of conditions. Lithium aluminum hy-
dride reduction occurs rapidly to give high yields (86~
100%) of alcohol-thiol mixtures. As indicated in
Table I, alcohol and thiol are formed in nearly equal
amounts and the ratio is not significantly different for
aliphatic, aromatic, and substituted aromatic acids.
Algo, the ratio was not affected by variation in the
hydride concentration from 1 to 2 M or by changes in
the LiAlH,:thio acid mole ratio from 1.2 to 2.5. Slow,
inverse addition of hydride results in a small but con-
sistent increase in the proportion of alcohol formation
over that observed when the thio acid was added to the
hydride. ,

The data show that when boron fluoride etherate’
and the thio acid are present in a 1:1 molar ratio, a
significant increase in the proportion of oxide displace-
ment (thiol formation) occurs. These reductions oc-
curred rapidly and completely with yields in the range
of 67-859%,. A large excess (15:1) of boron fluoride
etherate as described for the conversion of thiol esters
to thioethers? reduced the total yield but did not result
in further increase in the amount of benzyl mercaptan
produced from thiobenzoic acid.

Sodium borohydride reduction of the thioacids in
diglyme was investigated. Reduction of thiobenzoic
acid with sodium borohydride alone was only about
half complete after 2 days, but the sodium borohydride-
aluminum chloride reagent deseribed by Brown® caused
essentially complete reduction in 0.5 hr with yields in
the range of 78-95%,. As seen in Table I, the propor-
tion of oxygen displacement (thiol formation) is much
higher than with the other reductants studied. In two
cases investigated (thiobenzoic and thiopropanoie) the
thio—alcohol ratio was nearly the same when AlCls was
omitted.

Experimental Section

Materials.—All compounds used in the study have been de-
seribed previously. Authentic samples were either commercially
available or prepared by standard procedures. Thiobenzoic acid

(8) Aluminum chloride as catalyst under the same conditions gave 509,
thiol from thiobenzoic acid and 519 thiol from thichexanoic acid, in com-
bined thiol-alcohol yields of 83 and 65%, respectively. Extensive side
reactions evidently oceur at other conditions (increase in AlCls: LiAlHa ratios
up to 3.2; mode of reagent addition changed), so that yields as low as 509,
from thiobenzoic acid and 309 from thiohexanocic acid were observed.
However, the mole percentage of thiol produced did not vary extensively:
for thiobenzoic acid 34-57% and thichexanoic acid, 48~60%.

(6) H. C. Brown and B. C. Subba Rao, J. Amer. Chem. Soc., T8, 2582
(1956).

Nortes

was supplied by Evans Chemical Co.; the other thio acids were
prepared from the corresponding acyl chlorides.” Equivalent
weights of the thio acids were determined by iodine titration and
found to be within at least 5% of the calculated values in all
cases.

Methods of Analysis.—The mixtures of alcohols and thiols
obtained by reduction of the thio acids were analyzed by vpe
using an F & M Model 700 chromatograph. All analyses were
done with a 4 ft X 0.25 in. aluminum column containing 15%
Carbowax 20M on 60-80 mesh Chromosorb W (HMDS treated).
Column temperatures were varied between 45 and 190° and flow
rates from 60 to 120 ml/min so that short retention times were
obtained (1.2-2.5 min for the alcohols). In all alechol-thiol
mixtures the thiol had the shorter retention time. Analysis was
based on peak-height ratios. An average of six standard mix-
tures was prepared from the pure alcohol and thiol for each analy-
sis. To assure accuracy of the peak-height analysis, slight ad-
justment of the flow rate was sometimes made, so as to reproduce
identical retention times between runs. Yields were determined
by addition of internal standards.

Lithium Aluminum Hydride Reductions.—In typical reduc-
tions 0.025 mol of the thio acid dissolved in 20 ml of ether was
allowed to react with 0.031 mol of ca. 1 M, standardized LiAlH,
solution. Solutions refluxed during addition and reaction was
complete in less than 15 min. After hydrolysis with acid the
ether solutions were analyzed directly by vpe. In a typical run
using boron fluoride, 0.016 mol of ca. 1 M LiAlH, solution was
added to a mixture of 0.0125 mol of the thio acid and 1.8 g (0.0125
mol) of redistilled boron fluoride etherate in 15 ml of ether.

Sodium Borohydride Reductions.—To 15 ml of a 1.04 M solu-
tion (0.016 mol) of NaBH, in diglyme, thio acid (0.0125 mol) in
5 ml of diglyme was added, followed by a solution of 0.005 mol of
sublimed AlCl; in 5 ml of diglyme. The mixture was then stirred
and heated at 75° for 30 min under nitrogen. The thiol-alcohol
mixture was isolated by hydrolysis with acid and extraction with
ether. The quantity of unreacted thio acid as determined by io-
dine titration after bicarbonate extraction of the ether solution
was usually about 5%. In an experiment carried out under the
same conditions but with the AlCl;s omitted, 479 of thiobenzoic
acid remained after 44 hr.

Registry No.—LiAlH,, 16853-85-3; NaBH., 16940-
66-2.
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The use of infrared spectroscopy to show the pres-
ence of intramolecular hydrogen bonding between hy-
droxyl groups and = electrons is well documented.?
Of special interest is the work of Oki and Iwamura, who
demonstrated, via ir, that benzyl alecohols undergo a
type of intramolecular hydrogen bonding as in L.?

(1) NSF Undergraduate Fellow, 1970.

(2) L. H. Bellamy, ‘“‘The Infra-red Spectra of Complex Molecules,”
Wiley, New York, N. Y., 1966, p 95.

(3) (a) M. Oki and H. Iwamura, Bull, Chem. Soc. Jap., 82, 955 (1959);
(b) M. Oki and H. Iwamura, ibid., 85, 1552 (1962).



