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was added and the mixture refluxed for 12 hr. The reaction mix-
ture was cooled, acidified with dilute hydrochloric acid, and ex-
tracted with ether. The organic phase was washed with water,
aqueous sodium bicarbonate, and brine, dried over MgSQy, and
concentrated in vacuo. The residue was dissolved in a 3:1 mixture
of acetic acid and concentrated hydrochloric acid and refluxed for
5 hr. The cooled reaction mixture was made basic with aqueous so-
dium bicarbonate and extracted with ether. The ether layer was
washed with water and brine, dried over MgSO,, and concentrated
in vacuo to yield a yellow solid which was purified by column chro-
matography over silica gel, mp 82-84° from methanol: NMR
(CDCly, 220 MHz) 145 (s, 3 H), 175 (s, 3 H), 185 (s, 3 H), 495 Hz
(m, 2 H); ir (CCly) 1748 em™!. Anal. Caled for Co7Hy0: C, 83.87;
H, 11.99. Found: C, 83.90; H, 12.40.

58-Ethylcholestan-3-one (8a). To a solution of lithium di-
ethylcopper in ether, prepared from 3.0 g (15. 7 mmol) of cuprous
iodide and 42 ml (31.2 mmol) of 0.736 M ethyllithium, was added a
solution of 2.0 g (5.2 mmol) of 6 in ether at 0°. The enolate 7a was
hydrolyzed as described for 8b to yield 8a from methanol, mp 85—
87°, ir (CCly) 1723 cm~!., Anal. Caled for CogH300: C, 83.99; H,
12.15. Found: C, 84.13; H, 12.17.

56-Ethyl-A-norcholestan-3-one (5a). A sample of 53-ethyl-
A-norcholestan-3-one (5a) was prepared from 6 using lithium di-
ethylcopper in the same sequence as described for 5b. The inter-
mediates 9a, NMR (CDCls, 220 MHz) 1240 (t of d, J = 2.5, 10 Hz),
1165 (d, J = 10 Hz), 140 Hz (s, 8 H), and 10a, ir (CCl,) 1733, 1747
em™!, NMR (CDCl;, 220 MHz) 802 (s, 6 H), 145 Hz (s, 3 H), were
colorless oils and were obtained in yields of 80 and 87%, respective-
ly. The sample of 5a prepared in this manner was identical in all
physical properties with the dihydro derivative of the major photo-
product 3 of 1.
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Samples of cholest-5-ene-33,26-diol 3-tetrahydropyranyl ether were prepared via hydroboration of cholest-
5,25-dien-38-ol tetrahydropyranyl ether with (a) disiamylborane, (b) (+)-diisopinocampheylboranes (DIPCB),
and (c¢) (=)-(DIPCB). The 26-hydroxy compounds were converted first to cholest-4-en-3-on-26-ol p-bromoben-
zoates and then to cholest-4-ene-38,26-diol 26-p-bromobenzoates. Authentic (25R)- and (25S5)-cholest-4-ene-
38,26-diol p-bromobenzoates were prepared from kryptogenin and from (258)-cholest-4-en-3-on-26-ol p-bromo-
benzoate, respectively. The magnitudes of the Cotton effects of the 25R and 25S samples were the same but of the
opposite sign. The 258 compound had a negative Cotton effect while the 258 compound had a positive Cotton ef-
fect. Both compounds were assumed to be optically pure (100%). The CD spectra of the corresponding analogs de-
rived from the hydroboration of the ‘C-25 olefin were recorded. Based on the sign and amplitude of their Cotton
effects, their stereochemistry and optical purity at C-25 was defined.

For studies of the stereochemistry of the reduction of the
C-24 double bond of lanosterol in the course of the biosyn-
thesis of cholesterol in the S-10 fraction of rat livers3-5 we

required samples of (25R)- and (255)-26-hydroxycholes-
tenone.*-3 The attempted preparation of these compounds
via the selective hydroboration of cholesta-5,25-dien-38-0l
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3-tetrahydropyranyl ether (3-THP ether)® with (—)- and
(+)-diisopinocampheylborane”™? is the subject of this com-
munication.

Experimental Section

Materials. Tetrahydrofuran and boron trifluoride etherate were
purified by procedures previously described.” Sodium borohydride
(minimum 98% pure) was supplied by Fisher Scientific Co. The
previously used samples of (+)- and (~)-a-pinene were employed
in the present study.?

Physical Measurements. Melting points were taken on a hot-
stage apparatus and are corrected. Infrared (ir) spectra were re-
corded on a Perkin-Elmer 237 spectrophotometer as KBr wafers.
Ultraviolet spectra were measured on a Perkin-Elmer 202 spectro-
photometer. Nuclear magnetic resonance (NMR) spectra were re-
corded on a Varian DA60 spectrometer at 60 MHz. Chemical shifts
are quoted in parts per million downfield from internal tetrameth-
ylsilane. Coupling constants are quoted in hertz. Mass spectra
were measured on a Varian Associates M-66 instrument. A Hilger
MEK.-III instrument was used for the measurement of all optical
rotations.? The optical rotations of the samples of cholest-4-en-3-
on-26-ols were also recorded on a Rudoph and Son’s photoelectric
polarimeter.* The CD measurements were carried out on a Jasco
J-40 instrument,

Chromatography, Gas chromatographic (GLC) analyses were
performed on a Perkin-Elmer Model 811 instrument equipped
with a flame ionization detector. A 3-ft silanized glass column of
3% XE-60 on Chromosorb at 240-250° was used for all analyses,
Silica gel (Merck HF25443¢5) was used for preparative and analyti-
cal TLC in the indicated solvent systems. The products were de-
tected under ultraviolet light and by color reactions with phospho-
molybdic acid. Radiochromatograms were scanned on a Vanguard
automatic chromatogram scanner (Model 880).

Preparation of (25R)-Cholest-5-ene-38,26-diol (la) from
Kryptogenin Diacetate (2). A specimen of kryptogenin diacetate
(2) was purified by preparative TLC [ethyl acetate-benzene (1:4)]
and crystallized from ethyl acetate-hexane to give needles: mp
148-151°%; [a]?'D ~176.3 £ 0.5° (c 4.84, CHCly) [reported [a]%D
-167° (CHC3!9)]; [«]23D —182° (¢ 0.08, dioxane; from ORD mea-
surement!!),

--H
CH;0R,
RO
1
25R, derived from 2
a, R, =H,R,=H
b, R, = C(C,H;),; R, = C(C(H,),
¢, R, =H;R, = C(C, s)a
d, R, = Ac; R, = C(C.H;),
e, B, =Ac;R, = Ac
£, R, =Ac;R,=H
0
--H
O CH,0Ac
AcO/[
2

The diacetate (>90% pure) was subjected to Clemmensen reduc-
tion.12 The ir spectrum of the crude product revealed complete re-
duction of the side-chain carbonyl (1710 cm~1). The material was
then further reduced by the Huang-Minlon procedure!? and the
resulting mixture was crystallized from ethyl acetate, giving nee-
dles. Trace impurities were removed by preparative TLC and the
purified material was recrystallized to give (25R)-cholest-5-ene-
33,26-diol (1a): mp 172-173°%; [2]¥'D -27.7 & 1.4° (¢ 1.85, DMF);
[a]*'D —26.3 & 1.6° (c 1.22, dioxane); [«]?'D*-83.5 + 1.3° (¢ 1.5,
CHCl;) [reportéd'? mp 177-178°, [«]2°D ~30° (¢ ~1, CHCl3)].
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(25R)-Cholest-5-ene-38,26-diol 26-Triphenylmethyl Ether
(le) (Derived from Kryptogenin), A solution of the diol 1a (700
mg, 1.756 mmol) and purified triphenylchloromethane (532 mg, 1.93
mmol) in dry pyridine (20 ml) was refluxed for 3 hr.!3 The reaction
was terminated by pouring into water and the products were ex-
tracted with ether. The organic phase was washed several times
with a solution of KHoPO, and then with water. The solution was
dried (Na2S0y) and the solvent was removed to furnish a noncrys-
talline product, which was purified by chromatography on a col-
umn of silica (40 g). Elution with hexane-benzene (1:4, 700 ml)
furnished an amorphous powder (130 mg) considered from its
spectral properties to be the ditrityl ether 1b. Elution of the col-
umn with benzene (800 ml) gave triphenylmethylcarbinol and sub-
sequent use of ether-benzene (1:9, 1.8 1) yielded the 26-monotrityl
ether 1e (520 mg) as an amorphous solid [ir vmax (KBr) 3380 cm™!
(OH) and aromatic absorption bands]. Finally, elution of the col-
umn with methanol-ether (1:49, 600 ml) furnished the unreacted
diol 1a (190 mg) having the same optical rotation as the starting
material. Treatment of this diol (190 mg) as described above gave
an additional 102 mg of monotrityl ether le.

(25R)-Cholest-4-en-3-on-26-0l (3a). The ether le was further
purified by preparative TLC [ethyl acetate-benzene (1:1)] to give
an amorphous powder, characterized by its NMR spectrum
(CDCly): 0.67 (s, 3 H, 18-H), 0.93 (d, J = 6.5 Hz, 6 H, 21- and 27-
H), 0.99 (s, 3 H, 19-H), 2.88 (d, J = 6 Hz, 2 H, 26-H), ca. 3.50
(broad, 1 H, 3a-H), 5.31 (1 H, 8-H), ca. 7.33 ppm (m, aromatic H),

<H
CH,OR,

R,
3

25R, derived from 1

a,R,=0:R,=H;
b, R, = O; R, = p-BrC,H,CO
¢, R, = §-OH; R, = p-BrC,H,CO

A mixture of the monotrityl ether 1¢ (520 mg), toluene (125 ml),
and cyclohexanone (2.5 ml) was stirred and distilled until 50 ml of
toluene was collected. Aluminum isopropoxide (300 mg) was added
and the mixture was refluxed with the exclusion of moisture (18
hr). After cooling, the solution was treated with a saturated solu-
tion of potassium hydrogen tartrate (20 ml) and the product was
isolated in the conventional manner, The volatile components were
distilled under reduced pressure, and the resulting oily residue was
refluxed (2.5 hr) with 85% aqueous acetic acid (20 ml). The reac-
tion mixture was poured into water and the product was extracted
with ether. The extract was processed in the usual manner to yield
an oily residue which was fractionated by TLC [ethy! acetate~ben-
zene (1:3)] and (25R)-cholest-4-en-3-on-26-0l (3a) was isolated.
Crystallization from ethyl acetate-hexane furnished needles (180
mg): mp 129-131°; ymay (KBr) 3380 (OH), 1663 (C==0), 1615 cm™!
(C=C); Amax (EtOH) 241 nm (¢ 15800); [a]?'D +84.5 + 0.8° (¢ 2.5,
CHCl3) and [a]?*D +85.6 + 0.5° (¢ 5.3, CHCly); homogenous by
GLC (250°; tr 24 min).

(25 RS)-Cholest-5-ene~3§,26-diol 3-Tetrahydropyranyl Eth-
er (5a) (Hydroboration of 4 with (+)-Diisopinecampheylbo-
rane). A mixture of sodium borohydride (1.5 mmol, 57.0 mg) and
(—)-a-pinene (4.4 mmol, 0.70 ml) in tetrahydrofuran (10 ml) was
stirred and cooled to 0° as previously described.”® Boron trifluo-
ride etherate (2 mmol, 0.25 ml) was added dropwise from a syringe
in 2 min and the mixture was stirred at 0-2° for 3.5 hr. A solution
of cholest-5,25-dien-38-ol tetrahydropyranyl ether®® (4, 240 mg) in
tetrahydrofuran (5~10 ml) was then added during 5 min, The mix-
ture was stirred for 2.5 hr at 0-2° and allowed to warm up to room
temperature. Then 3 N NaOH (3.0 ml) and 30% Hz0; (3.0 ml)
were added and the stirring was continued for 1.5 hr at ~40°. The
product was recovered with ether and the volatile components
were removed under reduced pressure at 70~80°, The residue was
chromatographed on a column of silica gel (20 g). Elution with
benzene (150 ml) furnished starting material (4, 45 mg) and elu-
tion with methanol-dichloromethane (1:9, 200 ml) gave (25RS)-
cholest-5-ene-33,26-diol 3-tetrahydropyranyl ether (5a, 180 mg).
The ir spectrum of 3a and its chromatographic properties were
identical with those of the 258 isomer (6a) (23% optical purity de-
scribed previously®®t) (see below).
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THPO

CH,OR,

R,0
5
25RS

a, hydroboration of 4 with (+)-DIPCB;
R,=THP;R,=H

b, from 5a;R, =R, =H

¢, from 5h; R, = H; R, = C(C H,),
d, fromacid 9¢; R, =R, = H

e, fromacid 9d; R, =R, =H

f.[25-°H];R, =R, = H

(25 RS)-Cholest-5-ene-348,26-diol (5b) (from 5a). The above
material (5a, 150 mg) was dissolved in methanol (15 ml), p-tolu-
enesulfonic acid (5 mg) was added, and the mixture was refluxed
for 1 hr. The solution was diluted with water and extracted with
ether. The ether solution was washed with dilute NaOH and water
and dried (NasSO4) and the solvent was evaporated. Crystalliza-
tion of the residue from ethyl acetate-hexane (1:1) gave needles
(100 mg), mp 171.5-172.5°. A portion of the crystalline material
was further purified by TLC [ethy! acetate-benzene (1:1)] and
crystallized to furnish needles of (25RS)-cholest-5-ene-3,26-diol
(5b), mp 171.5-172.5°, [«]®D —35 + 1.33° (¢ 1.51, CHCly). The
product was homogeneous by GLC analysis.

(258)-Cholest-5-ene-38,26-diol (6b) (ca. 23% Optical Pu-
rity) (Hydroboration of 4 with Disiamylborane). The prepara-
tion of 4 and its selective hydroboration with disiamylborane to
yield 6a was carried out exactly as previously described.®® The ob-
tained 3-THP ether 6a was then hydrolyzed to the 3,26-diol 6b,
mp 168.5°, [2]D —35.9 + 1.53° (¢ 1.31, CHCly).

CH,OR,
H

RO
6

258, ca. 28% optical purity

a, hydroboration of 4 with disiamylborane;
R, =THP;R,=H

b, from6a; R, =R, =H

¢, from 6a; R, = THP; R, = Ac

d, from 6¢; R, = H; R, = Ac

258, ca. 83% optical purity

e, hydroboration of 4 with (-)-DIPCB;
R,=THP;R,=H

f,from6e;R, =R,=H

g, from 6f; R, = H; R, = C(C.H,),

(258)-Cholest-5-ene-38,26-diol (6f) (ca. 83% Optical Purity)
(Hydroboration of 4 with (—)-Diisopinocampheylborane). The
reaction was performed in the manner described for the hydrobo-
ration with (+)-diisopinocampheylborane except that (+)-a-pi-
nene was used for the preparation of the (—)-DIPCB reagent. The
26-hydroxytetrahydropyranyl ether (6e) was isolated, purified,
and converted as above to the (255)-cholest-5-ene-34,26-diol (6f).
mp 171-172°, [2]2°D —38.0 % 1.16° (¢ 1.72, CHCly).
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. (25R8)-Cholest-4-en-3-on-26-0l (7a) (from 5b). The 25RS
diol 5b was converted through the 26-monotrityl ether 5¢ to
(25RS)-cholest-4-en-8-on-26-0l (7a) by the procedure described
above. The product was homogeneous by TLC and GLC and
showed [0]?2D +87.4 £ 0.8° (¢ 2.7, CHCly) and [«]2?D +85.9 + 0.5°
(c 4.3, CHCly).

CH,OR,
H

25RS, derived from 5a
a,R,=0;R,=H
b,R, = O; R, = p-BrC,H,CO
¢, R, = 8-OH; R, = p-B:C,H,CO

(258)-Cholest-4-en-3-on-26-0l (8a) (ca. 23% Optical Purity)
(from 6a). A solution of (255)-cholest-5-ene-343,26-diol 3-tetrahy-
dropyranyl ether (6a, 1.35 g) in pyridine (5 ml) and acetic anhy-
dride (0.2 ml) was kept at 25° overnight and the product was
worked up in the conventional manner to give the 3-THP 26-ace-
tate 6¢ (1.45 g). This compound was dissolved in 90% ethanol (50
ml) and treated with 2 N HCI (0.25 ml) under reflux for 5 min. The
usual work-up procedure furnished 1.21 g of material which was
chromatographed on silica gel (50 g). Elution of the column with
ethyl acetate~benzene (1:9, 450 m!) gave 180 mg of a mixture con-
taining starting material and the required 26-acetoxy-38-alcohol
(6d). Further elution (4.0 1.) furnished (255)-cholest-5-ene-383,26-
diol 26-acetate (6d), vmax (KBr) 3415 (OH) and 1740 cm~!
(-OCOCHya).

Oxidation of the hydroxy acetate (150 mg) with aluminum iso-
propoxide (170 mg) and cyclohexanone (0.75 ml) in dry toluene (20
ml) at reflux (7 hr) was performed as described for 3a. The oily
product was dissolved in a mixture of 5% aqueous NayCOj; in
methanol (18 ml) and stored for 16 hr at 25°. Water was added and
the product was isolated with ether. The residue (129 mg) was
fractionated by preparative TLC to give (256S)-cholest-4-en-3-on-
26-0l (8a) (23% optical purity) (75 mg), which was crystallized
from ethyl acetate—hexane: mp 140.5-145.5%; Amax (EtOH) 241 nm
(¢ 16400); [2]?'D +80.4 % 0.4° (¢ 2.58, CHCls) and [a]2?D +82.4 +
0.4° (¢ 5.6, CHClg); mass spectrum m/e 400 (M%), 358 (M — 42)
2717, 229, 124 (base peak).

CH,OR,
—H

R,
8

258, ca. 23% optical purity; derived from 6a

a,R,=0O;R,=H
b, R, = O, R, = p-BrC.H,CO
¢, R, =-OH; R, = p-BrC;H,CO

258, ca. 83% optical purity; derived from 6e

d,R,=O;R,=H
e, R1 =0; R2 = p-BrCGH4CO
f, R, = f-OH; R, = p-BrC,H,CO

255, 100% optical purity; derived from the incubation
of cholesterol with M. smegmatis

g, R, =0O; R, = p-BrC,H,CO
h, R1 = B'OH, RZ = p-BrCeH4CO

(25S)-Cholest-4-en-3-on-26-ol (ca. 83% Optical Purity) (8d)
(from 6e). The 258 diol 6f was converted via 6g to the 258 keto
alcohol 8d, [«}??D +74.8 £ 0.8° (¢ 2.5, CHCly).

(258)-38-Tetrahydropyranyloxycholest-5-en-26-0ic  Acid
(ca. 23% Optical Purity) (9a). A solution of (258)-cholest-5-ene-
33,26-diol 3-tetrahydropyranyl ether (6a) (23% optical purity) (250
mg) in pyridine (5 ml) was added to a magnetically stirred mixture
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of pyridine (20 ml), chromic oxide (1.0 g), and water (0.3 ml) at 0°.
The mixture was stirred (4 hr) at 25°, then poured into water {150
ml) and the product recovered with ether. The organic phase was
washed with cold dilute HCl, 5% NaOH, and water and dried
(NagS04). Evaporation of the solvent gave a neutral material (110
mg), vmax (KBr) 1700 and 1730 em™!, which was not further inves-
tigated, The alkaline extract was cooled in ice and acidified with
dilute HCL The product was extracted with ethyl acetate~ether
(1:1). The extract was washed and dried (NaySO,) and the solvent
was removed. The obtained sold (141 mg) was crystallized from ac-
etone to give (255)-33-tetrahydropyranyloxycholest-5-en-26-oic
acid (9a): mp 158.5-160.5°; ymax (KBr) 3500-3100 (COOH), 1725,
1700 cm™?! (C=0).

COOR,
“H

R10/
9

a, R, = THP; R, = H [derived from 25S (6a), ca. 23%
optical purity ]

b,R,=R,=H

¢, R, = R, = H; 25, recovered from crystalline quinine salt

d, R, = H; R, = H; 25£, recovered from the mother liquor
of crystallization of the quinine salt

e, methyl ester of 9b; R, = H; R, = CH,

{258)-Cholest-5-en-38-0l-26-0ic Acid (ca. 23% Optical Pu-
rity) (9b). A solution of the 258 3-ether acid 9a (350 mg) and p-
toluenesulfonic acid (10 mg) in methanol (10 ml) was stored at 25°
for 18 hr. The solvent was then removed in a stream of nitrogen.
The residue was taken up in ether, washed with water, and dried
and the solvent was removed. TLC and the ir spectrum indicated
that the residue was a mixture of the hydroxy acid 9b and the 26-
methyl ester. The crude material was saponified with 5% methano-
lic KOH (reflux, 1 hr). The solution was acidified and the product
recovered with ether. Two crystallizations from ethyl acetate fur-
nished plates of (25S)-cholest-5-en-33-0l-26-oic acid (9b): mp
170-172.5° (reported for 25RS acid 176-178° uncorrected'* and
173-175'%); [«]??D —28.9 £ 0.9° (¢ 2.21, CH30H) and —21.7 + 2° (c
1.0, CH3sOH); vmax (KBr) 3400 (OH), 1700 em™! (C=0).

The mother liquors of crystallizations were combined (98 mg)
and recrystallized to give a second sample of the acid 9b, mp 169-

171°, [«]??D —23.0 £ 1.4° (¢ 1.4, CH30H). Both specimens were

homogeneous by TLC (ethyl acetate).

A portion of 9b was treated with ethereal diazomethane and the
product crystallized from methanol to give the methyl ester 9e: mp
99-101° (reported for 25RS 26-Me ester 100-103° uncorrected'
and 102-10315); yyay (KBr) 3430 (OH), 1730 cm™! (ester).

Attempted Resolution of the Quinine Salt of (25S)-Cholest-
5-en-38-0l-26-oic Acid (ca 23% Optical Purity) (9b). Attempts
to resolve the acids using the systems brucine-methanol, brucine—
acetone, or strychnine-ethanol were not successful. However, it
appears that at least a partial resolution was obtained using (—)-
quinine-methanol.

A mixture of the 258 hydroxy acid 9b (113.5 mg, 0.272 mmol)
and (—)-quinine (88.0 mg, 0.272 mmol) was dissolved in hot meth-
anol and stored at 0-5° overnight. The obtained salt was filtered
(126 mg), dissolved in methanol (3.0 ml), and stored at 0-5° for 5
hr. The crystals were collected (89 mg) and the salt was decom-
posed by shaking with a mixture of ether (75 ml) and 1 N HCIL (30
ml). The ether layer was washed, dried, and concentrated to yield
the acid 9¢ (47 mg), which was recrystallized from ethyl acetate~
hexane as needles, [«]?*D —27.2 £ 1.1° (¢ 2.2, CH30H) and —25.3
+ 1.8° (¢ 0.9, CH30H).

The mother liquors of crystallization of the quinine salt were
combined and the salt was decomposed as described above to give
the acid 9d (62 mg) which was crystallized from ethyl acetate-hex-
ane. The product showed [¢]22D ~19.1 & 1.1° (¢ 1.9, CH;0H).

A sample of the acid 9¢ from a duplicate experiment showed
[«¢]*?D —27.3 £ 1.4° (¢ 1.4, CH;0H). Following preparative TLC
and crystallization 9¢ had [«]22D —25.3 + 1.1° (¢ 1.9, CH30H). The
acid 9d (from the duplicate experiment) showed [a]%?D —20.8 +
1.4° (CH3;0H). After preparative TLC and crystallization this
specimen of 9d had [«]??D —21.9 + 1.1° (¢ 1.9, CH3;0H); NMR
spectrum (in dimethylformamide-d-) 0.71 (s, 3 H, 18-H), 1.00 (s, 3

J. Org. Chem., Vol. 40, No. 25, 1975 3683

H, 19-H), 1.11 (d, J = 7.0, 3 H, 27-H), ca. 3.38 (broad, 1 H, 3a-H),
and 5.30 (1 H, 6-H).

(25¢)-Cholest-5-ene-38,26-diol (5d) from Acid 9c. A mixture
of the acid 9¢ (from the duplicate experiment), LiAlHy, and dry
tetrahydrofuran was refluxed in an atmosphere of dry nitrogen.
The recovered product was purified by TLC [ethyl acetate—ben-
zene (1:1)] and crystallized from ethy! acetate. The (25£)-cholest-
5-ene-38,26-diol (5d) showed [¢]?*D —30.4 £ 3.0° (¢ 0.66, DMF),
[«]2!D —27.1 + 1.8° (c 1.18, dioxane), and [a]?'D —33.7 £ 1.8° (c
1.2, CHCI3).

(25£)-Cholest-5-en-38,26-diol (5e¢) from Acid 9d. The acid 9d
(from the duplicate experiment) was reduced with LiAlH, as de-
scribed above. The obtained (25&)-cholest-5-ene-33,26-diol (5e)
showed []21D —31.9 + 2.2° (¢ 1.12, DMF), [«]2'D —33.3 & 2.0° (c
1.0, dioxane), and {«]2?D —37.8° (¢ 1.1, CHCl;).

(25 R)-Cholest-5-en-33-01-26-0ic Acid 3-Acetate (10a). A
mixture of the 26-trityl ether lc (derived from kryptogenin) (1 g),
pyridine (10 ml), and acetic anhydride (2 ml) was stored for 16 hr
at ambient temperature. The product was recovered in the conven-
tional manner to yield 14, ir no OH band, 1730 cm™! (acetate), aro-
matic absorption bands.

A solution of (25R)-38-acetoxycholest-5-ene 26-trityl ether (14,
2.93 g) in 90% aqueous dioxane (60 ml) containing concentrated
HCI (0.5 ml) was heated at 50-60° for 2 hr. The solution was dilut-
ed with water and extracted with ether. The organic phase was
washed with dilute NaHCOQj3 and water, and, after drying, the sol-
vent was removed.

The resulting residue was adsorbed on a silica gel (100 g) col-
umn. Elution with benzene (2.7 1.) gave triphenylmethanol and
some (25R)-cholest-5-ene-33,26-diol diacetate (le), mp 125.5—
127.5° [reported!? (for 25R diacetate) 128-129° (uncorrected)].
Subsequent elution with ethyl acetate-benzene (3:97, 1.8 1) fur-
nished (25R)-cholest-5-ene-383,26-diol 3-acetate (1f, 952 mg). Crys-
tallization from ethyl acetate gave plates: mp 130.5-131.5°; [«]?'D
~35.6° {¢ 3.0, CHCl3); vmax (KBr) 3360 (OH) and 1735 cm™! (ace-
tate); NMR spectrum (CDCls) 0.68 (s, 3 H, 18-H), 0.91 (d, J = 6.5
Hz, 6 H, 21- and 27-H), 1.03 (s, 3 H, 19-H), 2.03 (s, 3 H,
~0O0CCH3), 3.46 {d, J = 5 Hz, 2 H, 26-H), ca. 4.57 (broad, 1 H, 3a-
H), and 5.37 (4, J = 5 Hz, 1 H, 6-H). Further elution of the column
with ethyl acetate-benzene (3:7) gave (25R)-cholest-5-ene-383,26-
diol (1a) (410 mg), mp 167-168°.

The 3-acetoxy-26-alcohol 1f (770 mg) in acetone (80 ml) was oxi-
dized with Jones reagent at ambient temperature for 3 min. Con-
ventional work-up gave a crystalline residue (728 mg), which was
shown by TLC to contain mainly the required acetoxy acid (10a).
Purification by preparative TLC [ethyl] acetate-benzene (2:3)] and
crystallization of the major product from ether-hexane gave
(25R)-cholest-5-en-33-01-26-oic acid 3-acetate (10a): mp 142.5--
149° (mostly 148-149°); vmax (KBr) 3600-3000 (broad, -COQH)
and 1725 em~! (C==0, acid and ester); [«]?‘D —45.9 + 1.3° (¢ 2.44,
CHCly).

—~H
COOH

RO
10

a, R = Ac [derived from 256R (1f) (100% optical purity)]
b,R=H '

c, b recovered from crystalline quinine salt

d, b recovered from mother liquor of quinine salt

(25 R)-Cholest-5-en-38-0l-26-oic Acid (10b), 10¢, and 10d. A,
(25R)-Cholest-5-en-38-0l-26-o0ic acid 3-acetate (10a, 650 mg) was
dissolved in a mixture of ether (50 ml) and a saturated solution of
NaCOj3 in 80% methanol (440 ml). After 24 hr at room tempera-
ture the solution was acidified with concentrated HCI (Congo Red)
and the volume of solvent was reduced under vacuum at 35°. The
residue was diluted with water, and the product was extracted with
ether and worked up as usual to give a crystalline residue (620 mg).
Two crystallizations from ethyl acetate furnished needles (400 mg)
of (25R)-cholest-5-en-38-0l-26-oic acid (10b), mp 168-170°, [«]?*D
—34.1° (¢ 2.0, CH30H). From the mother liquor a second crop (125
mg) was obtained: [a]?‘D —33.5° (¢ 2.0, CH30H) [reported for
25RS acid mp 176-178° 14 (uncorrected) and 173-175°' [a]2°D
—30.6° {no solvent or concentration reported)).

B. The above (25R)-cholest-5-en-38-0l-26-o0ic acid (10b, 113.5
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mg) (prepared in A) was subjected to resolution in the (-)-qui-
nine-methanol system described previously. The twice-crystallized
salt and the mother liquors were decomposed to give acids 10c (71
mg) and 10d (38 mg), respectively. Both samples had [«]?*D
—33.6° (¢ 2.0, CH30H). Hence the acids 10 derived from krypto-
genin are apparently optically pure 25R acids.

[25-3H]-5a-Cholestane-38,26-diol (12). A specimen of [25-
3H]cholest-5-ene-383,26-diol 3-tetrahydropyranyl ether® (255 ug,
3.8 uCi) was mixed with nonradioactive material (500 mg) and con-
verted to [25-*H]cholest-5-ene-33,26-diol (5f) as previously de-
scribed.® The product was crystallized from ethyl acetate to con-
stant specific activity.

The [25-3H]cholest-5-ene-383,26-diol (5f, 400 mg) was hydroge-
nated in ethyl acetate-perchloric acid.® The partially acetylated
reduced residue was treated with 1 N methanolic KOH (75 ml) at
25° for 18 hr. The product 12 was isolated and recrystallized from
methanol. The specific activity was unchanged, mp 166.5-171°,
[«]**D +23.6 £ 1.2° (¢ 1.7, CHCl3) [reported’? for R diastereomer,
179-181° uncorrected, [«]2°D +28° (ca. 1%, CHClg)].

[25-8H]-5a-Cholestane-38,26-diol (12, 200 mg) in acetone (75
ml) was treated with Jones reagent (0.756 ml) dropwise at room
temperature for 5 min. The usual work-up procedure gave a homo-
geneous product which was crystallized from ethyl acetate-hexane
to give [25-H]-5a-cholestan-3-on-26-oic acid (11a). The specific
activity of 11 remained unchanged.

COOR
T
Q) |
H
-
a,R=H
b, R = CH,
CH,OH
T
HO '
H
12

We repeated the oxidation of 12 with the pyridine (20 ml)-chro-
mic acid (1, g)-water (0.3 ml) reagent. The resulting 11a retained
all the tritium.

The 3-keto 26-acid 11a showed mp 145-147.5° [reported!? for
the 25R diastereomer 156-158° (uncorrected)]; vmax (KBr) 3680~
3640 and 1715 em™! (-COOH); [a)?*D +39.8 + 1.3° (¢ 1.5, CHCly)
[reported?? for 25R (11a) [«]2°D +32° (¢ ~1, CHClg)].

Equilibration of [25-*H]-5a-Cholestan-3-on-26-oic Acid
(11a) and 26-Methyl Ester (11b) with Base. A. The keto acid
11a (100 mg) was treated with a saturated solution of NasCOg in
80% methanol (25 ml) for 24 hr at room temperature. Isolation oft
the product and crystallization from ethyl acetate-hexane gave
11a which showed an unchanged specific activity and [a]?*D
+40.1° (c 1.8, CHCly).

B. A specimen of the acid 11a (50 mg) was refluxed with 5%
KOH in aqueous ethanol (1:9, 10 ml) for 20 hr. The product was
isolated and crystallized from ethyl acetate-hexane. No loss of tri-
tium ocecurred.

C. The material from experiment B was refluxed with KOH (600
mg) in propylene glycol (10 ml) and water (2 ml) for 20 hr. The
product was isolated, purified by TLC [ethyl acetate-benzene (1:
2)], and crystallized. The specific activity remained unchanged.

D. Another specimen of the keto acid 11a (40 mg) was esterified
with diazomethane, The resulting 26-methyl ester 11b (38 mg) was
added to a solution of sodium methoxide in dry methanol (860 mg
of Na in 25 ml of MeOH) and the mixture was refluxed (6 hr)
under No. Water (3 ml) was then added and the solution was re-
fluxed for a further 2.5 hr. The product was isolated in the usual
manner and after purification by TLC [ethy] acetate~benzene (1:
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3)] the keto acid 1la was crystallized. The specific activity re-
mained unchanged.

Preparation of Cholest-4-en-3-on-26-0l p-Bromobenzoates.
The 26-p-bromobenzoates 3b (derived from kyptogenin), 7b (de-
rived from hydroboration of A% with (+)-diisopinocampheylbo-
rane), 8b (derived from hydroboration of A2 with disiamylbo-
rane), and 8e (derived from hydroboration of A2 with (—)-diisopi-
nocampheylborane) were prepared as previously described. 416

Preparation of Cholest-4-en-38,26-dicl 26-p-Bromoben-
zoates. (255)-Cholest-4-en-3-on-26-0l p-bromobenzoate (8¢, ca. 5
mg) [derived from microbially prepared 26-hydroxycholest-4-en-
3-one] was dissolved in 0.5 ml of ether and treated with 1.5 mg of
lithium aluminum tri-tert-butoxyhydride at 0°. The suspension
was kept at 0° for 16 hr. The reaction mixture was poured into ice-
water and extracted with ether. The crude product obtained after
evaporation of the solvent was purified by preparative TLC
[CHC13-MeOH (24:1)] and afforded ca. 1.8 mg of cholest-4-ene-
38,26-diol 26-p-bromobenzoate (8h): uv (MeOH) 245 nm (¢ ca.
20000); NMR (CDCls) 0.70 (s, 3 H, 18-H), 0.94 (d, J = 6.5 Hz, 3 H,
21-H), 1.01 (d, J = 6.5 Hz, 3 H, 27-H), 1.04 (s, 3 H, 19-H), ca. 4.1
(broad, 1 H, 3a-H), 4.15 (2 H, 26-H), 5.27 (s, 1 H, 4.H), 7.59 and
7.90 ppm (4 H, benzoate protons) (the NMR spectrum was ob-
tained on a Jeolco PS-100 instrument by the Fourier transform
method).

The 26-p-bromobenzoate 8h was further purified by liquid chro-
matography on a Waters-Ale instrument equipped with two linear-
ly connected Corasil columns (3 ft X 0.375 in. each). The column
was percolated with hexane-2-propanol (199:1) at a rate of 3 ml/
min. A small amount of starting material (retention time 23 min)
and a trace of an impurity were removed. The required 33-0l-4-ene
8h showed a retention time of 35 min.

The four remaining cholest-4-ene-38,26-diol 26-p-bromoben-
zoates were prepared in a similar manner.

Results and Discussion

Our approach to the synthesis of 26-hydroxycholesterol
analogs was the same as that previously used.® We planned
to hydroborate™® selectively the 25 double bond of the
5,25-diene 3-THP ether 4 and oxidize the resulting product
with NaOH-H30; to yield the 26-hydroxycholesterol 3-te-
trahydropyranyl ether (THP ether). The 26-hydroxy
3-THP ether could then be manipulated to give the re-
quired products.

It was considered likely that hydroboration of 4 with the
achiral disiamylborane will give racemic (or nearly so)
(25R8)-26-alcohol.f% On the other hand, hydroboration of
4 with (+)-diisopinocampheylborane (DIPCB) [derived
from (—)-a-pinene] and (—)-DIPCB [derived from (+)-
a-pinene] should result in 26-alcohols enriched with 25R
and 255 isomers, respectively. These projections were
based on certain generalizations on the possible orientation
of the substrate (4) and the hydroborating reagents in the
transition state.”® The C-25(26) methylene moiety is locat-
ed at the end of the aliphatic side chain and is removed
from the chiral centers of 4. We therefore considered it
likely that the hydroboration of the C-25(26) double bond
will be minimally influenced by the chiral centers of 4. In
essence, we thought that the reaction will proceed in a
manner similar to that of a straight-chain aliphatic com-
pound with a terminal methylene”® moiety.

As reference we have synthesized (25R)-cholest-5-ene-
38,26-diol (1a) from kryptogenin diacetate'? (2), which is
known to have the 25R stereochemistry.!” Authentic
(25S)-cholest-4-en-3-on-26-o0l was obtained from the incu-
bation of cholesterol with M. smegmatis. %618 The 258
stereochemistry of the microbially obtained product was
determined by X-ray crystallography!®2 of its 26-p-bromo-
benzoate (8g).

The determination of the C-25 stereochemistry (and
eventually optical purity) of the 26-hydroxy specimens ob-
tained via hydroboration of 4 was to be carried out by the
circular dichroism (CD) method on the 26-p-bromoben-
zoates!®. The CD spectra of these derivatives were to be
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Table I
Circular Dichroism (CD) Data of Samples of Cholest-4-ene-38,26-diol 26-p-Bromobenzoates?
Egtimategl cD
optical purity
Entry Compd Chirality at C-25,6 % Origin of sample Ae A, nm

1 8h 258 Microbial transformation +0.78 244
2 3c 25R Kryptogenin —0.80 244
3 Tc 25RS 0 Hydroboration¢ with (+)-DIPCB

4 8f 258 83 Hydroboration¢ with (—)-DIPCB +0.64 245
5 8c 258 23 Hydroboration¢ with disiamylborane +0.18 243

aThe spectra were recorded in methanol—dioxane (9:1) solutions. # Calculated on the basis of A€ of 8h and 3¢, which
were assumed to be optically pure (100%). ¢ The substrate for hydroboration was the 25(26)-olefin 4.

compared with that of the (25S8)-p-bromobenzoate 8g
whose 258 chirality was rigorously established. At this
point we had two options, either to convert the microbially
prepared (25S)-26-hydroxycholestenone to the (25S)-26-
hydroxycholesterol analog, or convert the other chemically
prepared compounds to the 26-hydroxycholestenones. Be-
cause of the scarcity of the microbially prepared material
we chose to convert all the products to the 26-hydroxycho-
lestenone analogs.

The transformation of the samples of 26-hydroxycholest-
erols to 26-hydroxycholestenones was carried out by two
procedures. When the 26-hydroxycholesterol was the start-
ing material (1a, 5b, and 6f) the 26-hydroxyl was selective-
ly protected by tritylation.!® Treatment of la with
(CeH5)3CCl and pyridine gave the 26-trityl ether le, which
was separated from the accompanying 3,26-ditrityl ether
1b. The formation of a ditrityl ether involving a primary
and secondary hydroxyl was previously noted.'® Oppenauer
oxidation of 1e¢ and mild acid hydrolysis of the product
provided the required 3a. A similar sequence of transfor-
mations was used for the preparation of 7a (from 5b via 5¢)
and of 8d (from 6e via 6f and 6g).

In the case of the 26-hydroxy 3-THP ether 6a the 26-
hydroxyl was acetylated and the resulting 6c was treated
with acid to yield the 3-hydroxy 26-acetate 6d. The ob-
tained 6d was oxidized by the Oppenauer procedure to give
26-acetoxycholestenone, which was saponified to the re-
quired 26-hydroxycholestenone (8a).

The four samples of 26-hydroxycholestenone, 25R (3a),
25RS (7a), 258 (23% optical purity) (8a), and 255 (83% op-
tical purity) (8d), were treated with p-bromobenzoyl chlo-
ride and pyridine to yield the 26-hydroxycholestenone 26-
p-bromobenzoates 3b, 7b, 8b, and 8e, respectively. At-
tempts to determine the C-25 sterecchemistry of these
compounds by CD failed, since all gave essentially identical
curves. The dominating effect of the 4-en-3-one chromo-
phore obviously obscured the CD differences emanating
from the stereochemical variations at C-25. To obviate this
difficulty it was necessary to eliminate the 4-en-3-one chro-
mophore. This was accomplished by reduction of the conju-
gated ketone to an allylic alcohol. Thus, treatment of the
pertinent 26-hydroxycholestenone 26-p-bromobenzoates
with LiAlH(t-BuQ); gave the required A*-33-01-26-p-bro-
mobenzoates 3¢, 7¢, 8¢, and 8f. In a similar manner, reduc-
tion of the (25S)-26-hydroxycholestenone p-bromoben-
.zoate 8¢ (derived from the microbial preparation) gave 8h.

The CD spectra of all samples were recorded in metha-
nol-dioxane (9:1) solutions. Although the observed Cotton
effects were not large, they sufficed for assigning the con-
figurations!® at C-25 (Table I). It is evident that the 8h ob-
tained microbiologically and 3¢ obtained from kryptogenin
gave CD Cotton effects of the same magnitude but of the
opposite sign (entries 1 and 2). While the 8h whose 258
configuration was determined by X-ray crystallography has
a positive CD Cotton effect (Table I, entry 1), the 25R ana-

log 3¢ derived from kryptogenin has a negative CD Cotton
effect {Table I, entry 2).2° Rather unexpectedly, the deriva-
tive 7¢ obtained by “asymmetric” hydroboration of 4 with
(+)-DIPCB did not show a Cotton effect and proved to be
racemic (25RS) (Table I, entry 3). In contrast, 8f, which
was derived from hydroboration of 4 with (—)-DIPCB, has
a positive CD Cotton effect (Ae +0.64) for the 25S isomer.
Assuming a 100% optical purity for 8h, it follows that the
optical purity of 8f is ca. 83%. Finally, hydroboration of 4
with the achiral disiamylborane gave the 258 isomer 8c
which had an optical purity of ca. 23%.

The C-25 stereochemistry of the hydroboration products
was unexpected and difficult to rationalize. However, the
results become accountable if a “25S-inducing effect” is as-
signed to the steroidal moiety. The hydroboration of 4 with
the achiral disiamylborane gave the 258 product (23% opti-
cal purity) due to the “25S8” influence of the steroidal nu-
cleus. The hydroboration of 4 with the (—)-DIPCB was ex-
pected to yield the 25S isomer and this was seemingly po-
tentiated by the “inducing effect” of the steroidal mole-
cule; hence 8f shows a fairly high “255” character (ca. 83%
optical purity). In contrast, the (+)-DIPCB was expected
to yield the 25R isomer, but this was counteracted by the
influence of the steroidal moiety and resulted in the race-
mic (25RS) Te. Presumably the side chain of 4 is coiled
during hydroboration so that the steroidal skeleton exerts a
chiral (258) influence.

In the initial stages of the study it was considered likely
that 6a, obtained via hydroboration of 4 with disiamylbo-
rane, is racemic.68® Attempts to resolve the 26-alcohol
3-THP ether 6a with different reagents were not success-
ful. Consequently we decided to convert the alcohol to a
25-carboxylic acid and resolve the acid.

We have previously proven®® that the transformation of
[25-3H]cholest-5-ene-33,26-diol (5f) via [25-3H]-5a-choles-
tane-348,26-diol (12) to [25-3H]-5a-cholestan-3-on-26-oic
acid (11a) proceeds without epimerization at C-25 as evi-
denced by the retention of all the tritium in the acid (11a).
We repeated the sequence of reactions except that the oxi-
dation was carried out with the CrOs-pyridine-water re-
agent.?! Again no loss of tritium was observed. Since one of
the steps in the projected preparation of the 26-acids in-
volved saponification, we tested also the influence of com-
mon bases in protic solvents on the chirality at C-25. Under
the conditions of equilibration tested (see Experimental
Section) 1la and 11b retained all the tritium, indicating
that epimerization at C-25 did not occur. Consequently, 6a
was oxidized under the same conditions (CrOz—pyridine~
water), to yield the acid 9a, which was hydrolyzed to 9b.
The obtained acid 9b was treated with (—)-quinine and the
resulting salt was crystallized from methanol. The acid 9¢
([a]*2D —27.2°, —25.3°) was recovered from the crystalline
quinine salt. The acid 94 ([«]22D —19.1°) was obtained
from the mother liquor of crystallization of the quinine
salt. It seems therefore that at least a partial resolution of
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the acids was achieved by the procedure employed. The
acids 9¢ and 9d were reduced (LiAlH,) to the 26-alcohols
5d and 5e, respectively.

The authentic 25R acid 10b was prepared from la de-
rived from kryptogenin., The diol la was converted to the
26-trityl ether le and acetylated to 1d. Acid hydrolysis pro-
vided the 3-acetoxy-26-hydroxy 1f which was oxidized to
10a and saponified to 10b. To test the optical purity of 10b
attempts were made to resolve it via the quinine salt as de-
scribed above. However, both the acid 10¢ recovered from
the crystalline salt and the acid 10d recovered from the
mother liquor had the same [«]2¢D —38.6°. No further at-
tempts were made to determine the configurations of the
acids 9¢ and 9d and the configurations of the derived alco-
hols 5d and 5e, respectively.

The identity of the [a]D of 10¢ and 104 tends to indicate
their near 100% “optical purity” and consequently the near
“optical purity” of la and of the kryptogenin diacetate 2.

Registry No.—1a, 20380-11-4; le, 56792-57-5; 1f, 56845-81-9; 2,
56792-58-6; 3a, 56792-59-7; 3¢, 56792-60-0; 4, 24583-89-9; 5a,
24583-90-2; 5b, 13095-61-9; 6a, 56845-82-0; 6b, 56845-83-1; 6d,
56906-69-5; 7a, 19257-21-7; 7c, 56845-84-2; 8a, 41530-25-0; 8b,
41530-31-8; 8¢, 56792-61-1; 9a, 56792-62-2; 9b, 56845-85-3; 9e¢,
6561-58-6; 9e, 56845-86-4; 10a, 56792-63-3; 10b, 56845-87-5; 11a,
24583-91-3; 12, 54575-47-8; triphenylchloromethane, 76-83-5; [25-
“H]cholest-5-ene-33,26-diol 3-tetrahydropyranyl ether, 56792-64-
4,
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Cyanoethylation of 2,2,6-trimethylcyclohexanone followed by saponification affords 3-(17,3',3’-trimethyl-2’-ke-
tocyclohexyl)propionic acid (5), the carboxyl of which is converted to acetyl (9) either by treatment of 5 with
methyllithium or by sequential exposure to oxalyl chloride, diazomethane, hydrogen chloride, and zinc-acetic
acid. Reaction of 5 with thionyl chloride affords chloro lactone 10 rather than the normal acid chloride. Pyrrol-
idine-catalyzed cyclodehydration of diketone 9 produces 4,4,10-trimethyl-A%-7-octalone, which undergoes hydro-
genation to a 4:1 mixture of the corresponding trans and cis decalones (12 and 13). Decalone 12 is also available
from 10-cyano-4,4-dimethyl-trans-7-decalone by the sequence ketalization, lithium aluminum hydride reduction
of cyano to imino, Huang-Minlon reduction of imino to methyl, and ketal hydrolysis, or from 10-carbethoxy-4,4-
dimethyl-trans-7-decalone by the sequence ketalization, lithium aluminum hydride reduction, Sarett oxidation to
the angular aldehyde, Huang-Minlon reduction, and ketal hydrolysis. 4,4,10-Trimethyl-trans-decalin was pre-
pared by reduction of 12. Condensation of 12 with ethyl formate affords exclusively the 8-hydroxymethylene de-
rivative, which is dehydrogenated by 2,3-dichloro-5,6-dicyanoquinone to form the A%®-unsaturated keto aldehyde
23. Michael addition of the sodium enolate of tert-butyl isovalerylacetate or tert-butyl propionylacetate produces
adducts 24, which in the presence of p-toluenesulfonic acid in acetic acid undergo tert-butyl ester cleavage, decar-
boxylation, and cyclodehydration, thereby forming the tricyclic enediones 25a and 25b, respectively. On the basis
of 1TH NMR data these are tentatively assigned the trans-syn-cis configuration, and the adducts 24 are formulated
with a 9« side chain. Exposure of the enediones to pyridine hydrobromide perbromide in acetic acid brings about
aromatization of ring C to form DL-sugiol and DL-nimbiol, respectively. Hydrogenolysis of the former affords DL-

ferruginol.

Earlier we described a general scheme of synthesis which
was planned to allow stereoselective construction of a vari-
ety of polycyclic members of the diterpenoid family of nat-
ural products.'® In essence this involves preparation of a

4,4,10-trisubstituted trans-7-decalone (1)2 which is to be-
come the A/B ring system of the terpenoid, followed by at-
tachment of a C ring which carries the appropriate carbon
substituerits and functional groups. In this paper we de-



