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compound 2e (trace, 2.8 min), compound 1b (66%, 5.7 min), and
compound 3b (34%, 6.3 min). Compound 2e was isolated by pre-
parative VPC and showed ir 1720 em™1; NMR 5 4.39 (1 H, t), 1.3-
2.6 (8 H,m), 0.2 (9 H, s); MS (70 eV) m/e (rel intensity) 186 (<0.1),
171 (42), 148 (18), 129 (23), 75 (100); MS (20 V) 186 (<0.1), 171
(100), 148 (40), 129 (23), 75 (66), 73 (15).

Anal. Caled for CgH1305Si: mol wt, 186.1056. Found: mol wt,
186.1056.

Acyloin Condensation of Diethyl Adipate. A 25-g sample of
diethyl adipate was cyclized according to Rithimann'® to give after
distillation 23.4 g of bis silyl ethers (68%). VPC analysis (column
A, 110°) showed compound 1b (89%, 1.9 min) and compound 3b
(11%, 2.2 min). Column B (110°) showed compound 1b (89%, 5.7
min) and compound 3b (11%, 6.3 min).

Registry No.—1b, 6838-67-1; 2a, 533-60-8; 2e, 53638-19-0; 3b,
57173-86-1; 10b, 57173-87-2; trimethylsilyl chloride, 75-77-4; di-
ethyl adipate, 141-28-6.
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In connection with studies which have led to an efficient
asymmetric synthesis of the levorotatory iodolactone 1,! it
became necessary to have a convenient source of (S)-(~)-
pulegone (2). (S)-(—)-Pulegone occurs in the volatile oils of
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. .
numerous plants;? however, there are at present no com-
mercial suppliers.

The classical cation-olefin cyclization of citronellal to a
mixture of isopulegols followed by oxidation offered a
method for the preparation of 2 from {—)-citronellal;® how-
ever, the optical purity of (~)-citronellal isolated from nat-
ural sources is low.* A more convenient starting material
appeared to be (—)-citronellol,® which is available by high-
temperature hydroalumination of (+)-pinane, followed by
oxidation of the acyclic organoaluminum compound.®

Treatment of (—)-citronellol, [«]?°D —4.1° (neat) (88%
optically pure), with 2.5 equiv of pyridininum chlorochro-
mate’ in dry methylene chloride gave isopulegone (5) in
one step via the intermediates citronellal (3) and the isopu-
legols (4). Treatment of 5 with ethanolic sodium hydroxide
gave (—)-pulegone, [¢]2°D —20° (neat), which was isolated
in 70% overall yield.®
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That pyridinium chlorochromate is sufficiently acidic to
cause the cyclization of 3 to 4 was suggested by the obser-
vation that cis allylic alcohols are oxidized by the reagent
to trans aldehydes.”

Optically pure (—)-2 was prepared by recrystallization of
its semicarbazone from ethanol. Treatment of the fully re-
solved semicarbazone (crystallized three times from etha-
nol), [«]22D" —65.2°,° with excess pyruvic acid'® in glacial
acetic acid gave (S)-(—)-pulegone, [«]2°D —22.5° (neat).!!

Experimental Section

Preparation of (—)-Pulegone (2). T'o a suspension of 160 g (0.8
mol) of pyridinium chlorochromate in 1 L. of dry methylene chlo-
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ride was added 40.0 g (0.26 mol) of (—)-citronellol, [«]®*D —4.1°
(neat).12 The slurry was stirred at 25° for 36 hr.!3 The mixture was
filtered through Celite and the solids were washed thoroughly with
methylene chloride. The solution was evaporated to ca. 500 ml and
washed with 10% hydrochloric acid, 10% sodium bicarbonate, and
water. The methylene chloride solution was evaporated to give a
mobile oil (43 g). The oil was taken up in 300 ml of ethanol and
treated with 600 mg (15 mmotl) of sodium hydroxide. The solution
was heated for 1 hr, then the ethanol was evaporated under re-
duced pressure and the residue was partitioned between 200 ml of
ether and 100 ml of water. The ether was washed with 10% hydro-
chloric acid and then brine. Evaporation of the solvent and distil-
lation of the residue gave 28 g (0.184 mol, 71%) of (—)-pulegone, bp
104-106° (18 mm), [«]??D —20° (neat), homogeneous by gas chro-
matographic analysis.

Preparation of (S)-(—)-Pulegone Semicarbazone. To a solu-
tion of 35 g (230 mmol) of (—)-pulegone, [«]?>D —20° (neat), in 400
m! of ethanol and 200 ml of water cooled to 0° was added 55 g (404
mmol) of sodium acetate trihydrate and 40 g (359 mmol) of semi-
carbazide hydrochloride. The solution was stirred at 0° for 2 hr
and then at 20° for 36 hr. The precipitated solid (53 g) was sepa-
rated by filtration and was extracted three times with 200 ml of
chloroform. Evaporation of the chloroform and recrystallization of
the residue from ethanol gave 47 g (225 mmol, 98%) of the semicar-
bazone, mp 169-171°. This material was recrystallized twice from
ethanol to afford 40.2 g (192 mmol, 83%), of pure semicarbazone:
mp 170-171°; [a]23D —65.2° (¢ 2.2, CHCl,);? ir (CCly) 3522, 3489,
3419, 3200 (NH), 1689 (C=0), 1510 cm~! (C=N); NMR (CDCl3) &
8.73 (1 H, s, NNH), 5.88 (2 H, bs, NHy), 2.83-0.88 (16 H, m), 1.87
(3 H, s, allylic CHg), 1.74 (3 H, s, allylic CH3), 1.00 (3 H, d, J = 5.5
Hz, CHj). ‘

Regeneration of Optically Pure (—)-Pulegone (2). To 40 g
(191 mmol) of (—)-pulegone semicarbazone dissolved in 100 ml of
hot glacial acetic acid was slowly added (ca. 30 min) 35 g (398
mmol) of freshly distilled pyruvic acid. The solution was heated on
a steam bath for 2 hr. The volume was reduced to ca. 50 ml under
reduced pressure and the residue was partitioned between 200 ml
of water and 400 m! of ether. The ether layer was washed with 200
ml of water, 200 ml of saturated sodium bicarbonate, and 50 ml of
brine. The ether solution was dried (MgSOy), evaporated, and dis-
tilled to give 25 g (164 mmol, 86%) of (—)-pulegone, bp 104-108°
(22 mm), [«]?3D —22.5° (neat).111¢

Registry No.—2, 3391-90-0; 2 semicarbazone, 57237-90-8; (—)-
citronellol, 7540-51-4; semicarbazide hydrochloride, 18396-65-1.
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Shoppee,? after a review of the literature, concluded
that, owing to homoallylic participation by the 5,6 =
bond,?? the hydroxyl group of cholesterol invariably under-
goes replacement by chlorine with retention of configura-
tion. Epicholesteryl chloride (3-a-chlorocholest-5-ene, 1)
was subsequently prepared by a variety of methods,*? all of
which involved replacement, with inversion, of a 3-a-hy-
droxyl group by chlorine prior to introduction of the 5,6 =
bond by dehydration of a 5- or 6-ol. Column and thin layer
chromatography were used to separate it from cholesta-
3,5-diene (2). Recently, it has been shown that reaction of
cholesterol with triphenylphosphine-carbon tetrachloride
reagent does give rise to a small (~8%) amount of 1 within
the product mixture.® :

Since dipolar aprotic solvents are excellent media for
SN2 reactions,” it might be possible to utilize them to pre-
pare 1 by direct attack of chloride ion upon a suitable cho-
lesteryl substrate. Several bimolecular inversions.at C-3 of
cholesteryl derivatives have been documented.® Plausible
products from chloride-ion attack are indicated in Scheme
L

Reaction of cholesteryl p-toluenesulfonate (3a) with lith-
ium chloride in refluxing acetone® was found to lead to a
crude product, mp 91-92°, which after recrystallization
gave pure cholesteryl chloride (3-3-chlorocholest-5-ene,
3b), mp 95°. Unfortunately, neither crude nor purified
yields are given but, from the small increase in melting
point after recrystallization, it would appear that the reac-
tion. gave almost entirely substitution products, formed
with retention of configuration. However, when the same
reaction was carried out in refluxing acetonitrile,® a crude
product was obtained which on chromatographic analysis
yielded 8% 1, 71% 3b, and 18% 2,

Scheme 1

cholesta-3,5-diene (2)

Cl
38-chlorocholest-5-ene (3b)

a

3a-chlorocholest-5-ene (1)
(epicholesteryl chloride)



