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For ongoing biosynthetic and metabolic studies, a method was required for 
facile resolution and differentiation of (25R)- and (25S)-26-hydroxycholesterol esters. 
Redel’J achieved resolution of the two epimeric diacetates by recycling them multiple 
times in a Waters Assoc. high-performance liquid chromatography instrument 
equipped with two serially-connected pPorasi1 (30 cm x 4.0 mm I.D.) columns. In 
our hands, in using a Micromeritics instrument in the recycling mode, no resolution 
of the epimers was achieved. Usually, on recycling, the peak of the eluted material 
became diffused and the components were not resolved. 

We report a simple and efficient method for single path resolution and iden- 
tification of the (25R)- and (25S)--26-hydroxycholesterols as 26-p-bromobenzoates 
and/or 3,26-di-p-bromobenzoates. The di-p-bromobenzoates were resolved nearly to 
the base line. The 26-mono-p-bromobenzoates are eluted considerably slower. In all 
instances, the (25S)-3,26-di-p-bromobenzoate esters were eluted ahead of the corre- 
sponding (25R)--di-esters. 

EXPERIMENTAL 

Reagent grade solvents were used in synthetic preparations. Silica gel [(HF60; 
254+ 366) Merck, Darmstadt, F.R.G.] was used for thin-layer chromatography 
(TLC). NMR spectra were recorded on a Varian 390 instrument in CZHC13 using 
tetramethylsilane (TMS) as internal standard. For HPLC, reagent grade solvents 
were redistilled and degassed prior to use. 

(25RS)-26-Hydroxycholesterol-3,26-bis-p-bromobenzoate (I) 
A mixture of (25RS)-26-hydroxycholestero13p4 (8.5 mg), pyridine (100 ~1) and 

p-bromobenzoylchloride (40 mg) in dry benzene (3 ml) was stirred (12 h) at room 
temperature. Diethyl ether (10 ml) and water (10 ml) were then added and stirring 
was continued for 1 h. The product was extracted with diethyl ether, the ether extract 
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was washed with aqueous sodium bicarbonate, water, dried and the solvent removed. 
The residue was fractionated by preparative TLC [silica gel; hexane-ethyl acetate 
(3: l)] to furnish the bis-p-bromobenzoate. 

(25R)-26-Hydroxycholesterol-3,26-bis-p-bromobenzoate (derived from diosgenin) 
(11) 

A mixture of (25R)--26-hydroxycholestero15 (derived from diosgenin) (100 
mg), pyridine (1 ml), p-bromobenzoylchloride (500 mg) and benzene (10 ml) was 
stirred for 48 h at room temperature. The mixture was diluted with diethyl ether (10 
ml) then 5% aqueous sodium bicarbonate (20 ml) was added and the mixture was 
stirred for 12 h. The organic layer was separated and the aqueous layer was re- 
extracted with diethyl ether. The combined ether extract was washed with water, 
dried and concentrated to give a crystalline residue. Purification by preparative TLC 
[silica gel; hexane-ethyl acetate (2:1)] furnished the title product (54 mg); m.p. 94 
95°C (from methanol); NMR 6 = 0.65 (s, 3H, Crs-H), 0.9 (3H, d, J = 6Hz, &i-H), 
0.99 (3H, s, Cr,-H), 0.98 (3H, d, J = 8Hz, C2,-H), 3.5 (bm, 3a-H), 4.12 (2H, m, 
Cz6-H), 5.34 (m, G-H) and also an AzB2 pattern for the aromatic protons. 

(25R)-26-Hydroxycholesterol-26-p-bromobenzoate (III) and (25S)-2&hydroxycho- 
lesterol-26-p-bromobenzoate (IV) (from synthetic samples) 

Synthetic samples of (25R)- and (25S)-26-hydroxycholesterol-3-tetrahydropyr- 
any1 (THP) ether were obtained from the late Professor Henry W. Kircher of the 
University of Arizona (Tucson, AZ, U.S.A.). 

To a solution of (25R)-26-hydroxycholesterol-3-THP ether (25 mg, m.p. 
13 l-132°C) in pyridine (2 ml) and benzene (5 ml), p-bromobenzoylchloride (100 mg) 
was added. The mixture was stirred for 24 h at room temperature and processed in 
the usual manner. For the removal of the THP-ether the crude product was dissolved 
in methanol (10 ml), containing concentrated hydrochloric acid (two drops) and the 
mixture was stirred at 20°C (4 h). The solvent was distilled under reduced pressure, 
and the residue was dissolved in diethyl ether. The ether extract was washed with 
aqueous sodium bicarbonate, water, dried and concentrated. The obtained product 
was purified by preparative TLC [silica gel; hexane-thy1 acetate (3:1)] and then 
crystallized from methanol (18.5 mg). 

The (25S)-26-hydroxycholesterol-3-THP ether (20 mg) was processed in a sim- 
ilar manner to yield (25S)-26-hydroxycholesterol-26-p-bromobenzoate. 

(25R)- (V) and (2SS)-26-Hydroxycholesterol-3,26-bis-p-bromobenzoate (VI) (from 
synthetic samples) 

The above “synthetic” (25R)-26-hydroxycholesterol-26-p-bromobenzoate (5 
mg) was stirred with p-bromobenzoylchloride (20 mg) in pyridine (0.5 ml), and ben- 
zene (1 ml) at room temperature for 15 h. After the usual work-up and purification 
by preparative TLC [silica gel; hexane-ethyl acetate (3:1)] (25R)-26-hydroxycholes- 
terol di-p-bromobenzoate was obtained. HPLC analysis indicated that the product 
was at least 98% pure. 

In a similar manner, the (25S)-26-hydroxycholesterol-26-p-bromobenzoate 
was converted to the di-p-bromobenzoate. HPLC analysis indicated that the product 
was mostly (25S)-isomer contaminated with a small amount of (25R)-isomer. 
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TABLE I 

HPLC OF “SYNTHETIC” SAMPLES OF (25R)- AND (25S)-26-HYDROXYCHOLESTEROL-DI-p- 
BROMOBENZOATES 

Solvent Flow-rate (mllmin) Retention time (min) 

(25s) (25R) 

Dichloromethane-hexane (1: 1) 1.5 11.25 11.63 
Dichloromethane-hexane (1: 1) 1.0 17.30 18.30 
Dichloromethane-hexane (2:3) 1.25 21.0 22.4 
Dichloromethane-hexane (3:7) 1.3 45.0 47.0 

HPLC 
A Micromeritics instrument, equipped with a Micromeritics Model 750 solvent 

delivery system, and a Micromeritics dual Model 788 variable-wavelength UV de- 
tector was used. The detector was set at 254 nm. The flow-rate was adjusted as 
indicated in Table I. An Altech 5-pm silica gel column (20 cm x 4.5 mm I.D.) was 
used throughout. The column was eluted with the indicated mixtures of 
dichloromethane-hexane. 

DISCUSSION 

Our initial attempts at resolving the (25RS)-26-hydroxycholesterol-di-p-bro- 
mobenzoate on a lo-pm Microsil-NH2 bonded6 column (30 cm x 5 mm I.D.) and 
a Whatman lo-pm Partisil PXS 1025 column (25 cm x 4.5 mm I.D.), using mixtures 
of dichloromethane-hexane as the mobile phase, were not successful. In both cases 
low resolution was obtained and the analysis time on the Partisil PXS 1025 column 
was almost double the NH*-bonded column. Even coupling of four Partisil PXS 1025 
columns in series did not improve the separation. 

However, when the sample of the (25RS)-di-p-bromobenzoate was analyzed 
on the Altech 5-pm silica gel column, using conditions specified in Fig. la, a reason- 
ably good resolution of the diastereoisomers was obtained. To identify the isomers, 
(25R)-26-hydroxy-di-p-benzoate derived from diosgenin was analyzed. The product 
(Fig. 2) contained mainly the (25R)-isomer and a small amount of the (25S)-isomer 
and a minor unknown impurity. Spiking of the (25RS)-diester with (25R)-diester 
(originating from diosgenin) revealed that the (25S)-isomer is eluted first (Fig. lb). 
Addition of (25S)-di-p-bromobenzoate (see below) to the (25RS) (Fig. la) enhanced 
the faster moving peak (Fig. lc). 

The late Professor H. W. Kircher had sent us two samples of synthetic 26- 
hydroxycholesterol-3-THP ethers for analysis and confirmation of their C-25 config- 
urations. The samples were converted to 26-mono- and 3,26-di-p-bromobenzoates, 
as described in the Experimental section. The sample, which was thought to be the 
(25R)-diester, proved to be essentially homogeneous (Fig. 3b), while the (25S)-di-p- 
bromobenzoate contained a significant amount (lO-15%) of the (25R)-isomer (Fig. 
3a). A mixture of the two isomers was resolved as seen in Fig. 3c. The retention times 
of the “synthetic” diesters, with different solvent mixtures, are given in Table I. The 
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Fig. 1. An Altech 5-pm silica gel (20 cm x 4.5= column was used. The column was eluted with 
dichloromethane-hexane (1:l) at a flow rate of 1 ml/min. (a) (25RS)-Cholesterol-di-p-bromobenzoate (I); 
(b) (25RS)-3,26-diester (I) spiked with (25R)-26-hydroxycholesterol diester (II); (c) (25RS)-diester (I) 
spiked with (25S)-3,26-diester (VI) (derived from the synthetic sample). 

Fig. 2. Chromatography of (25R)-3,26-diester (II) (derived from diosgenin). 

Fig. 3. Chromatography of 3,26-diester (V) and (VI) derived from synthetic samples: (a) (25S)-3,26-di- 
p-bromobenzoate (VI); (b) (25R)-3,26-di-p-bromobenzoate (V); (c) mixture of (25R) (V) and (25s) (VI) 
hi-p-bromobenzoates. 

26-mono-p-bromobenzoates were purified in this system, but 
siderably slower (cu. 60 min). 

The described procedures are very likely applicable to 
droxy analogues. 

their elution was con- 

other steroidal 26-hy- 
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