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Abstract: Efficient syntheses are described of desmosterol (4), the corresponding 24(S),25

epoxide (6) and various analogs of 6 for evaluation as ligands and functional activators of LXR
receptors. © 1998 Elsevier Science Ltd. All rights reserved.

A number of oxysterols can bind the nuclear proteins LXR and PXR, orphan members of the nuclear
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hydroxylase (Cyp7a), the ratc-limiting enzyme for bile acid synthesis, and other lipid-metabolizing gencs.3
LXRo and LXR were shown to he significantly activated by various cholesterol derivatives bearing oxygen on
the aliphatic sidechain, such as 22(R)-hydroxycholesterol, 24(§)-hydroxycholesterol, and 24(5),25-
epoxycholesterol (24(5),25-ECH).45 Since 24(S),25-ECH is formed during normal cholesterol biosynthesis
from squalene 2,3(S), 22(5),23-dioxide via 24(S),25-oxidolanosterol,%7 and since this molecule can scrve to
clock cholesterol biosynthesis, it is a logical candidate for a significant role in LXR activation. Despite the
potential importance of 24(S), 25-ECH and its possible role also in the regulation of HMG-CoA reductase
activity,8 an efficient stereocontrolled synthesis has been lacking.%10 Described herein is an effective synthesis of
desmosterol (4), its stereocontrolicd conversion to 24(S),25-ECH (6) and the synthesis of various analogs of 6
which are of interest in connection with understanding the nature of oxysterol ligand binding to LXR and

structure-activity relationships for LXR activation. !

is outlined in Scheme 1. Reduction of ester 112 to the alcohol, Swern oxidation to aldehyde 2 and Horner-

Emmons condensation with trimcthylphosphonoacetatel3 produced the expected E-o,B-unsaturated ester which

by reduction with magnesium and methanol afior

aldehyde, Wittig olefination, and desilylation gave desmosterol (4) in quantity. This routc also allows access to
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with (DHQD),PYDZ15 in 1.5: 1 tert-BuOH-H,O proceeded slowly because of the limited solubility of the sterol,

but gave 24(R),25-dihydroxycholesterol (5) in 82% yield and with 96 : 4 diastercosclectivity. Treatment of 5 with
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methanesulfonyl chloride (4 equiv) and pyridine (20 equiv) in CH2Cly at 23 °C effected conversion to the 3,24-
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bismesylate of 5 which upon exposure to K2COj3 in McOH gave the 24,25-epoxide. Removal of the 3-mesylate

with excess n-BuLi in THF at -20 °C affords 24(S),25-epoxycholesterol 6. Asymmetric dihydroxyla

(1) reaction with benzoyl chloride, triethylamine and 4-N,N-dimethylaminopyridine in CHpCl; at 23 °C to form
the 3-benzoate (97%), (2) oxidation with 1.1 equiv of terr-BuOOH and a catalytic amount of cupric pivalate in

01 /rn A1 )

C for 12 h to give the 7-ketone (50%)17 and
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3) benzoate cieavage by use of 1% NaOH in CH30H-

d(
THF (5:1) at 23 °C for 1.5 h to afford 7 (87%). The 7[-alcohol 8 was prepared from the benzoate of 7 by
e

CH3OH-THF as described for 7. The 7a-alcohol 9 was similarly prepared from the benzoate of 7 by use of L-
Selectride in THF at -78 °C for 5 h18 and subsequent benzoate cleavage. Epoxidation of the 3-acetate of 6 with

m-chloroperoxybenzoic acid at -40 °C in CHCly and acetate cleavage with KoCO3-CH30H at 23 °C provided
predominantly the 5,6-o-epoxide 10 (5,6-0/5,6-P selectivity 8: 1).

The 24(5),25-imino analog of epoxide 6 24(S),25-iminocholesterol (11) was prepared from 24(R),25-
epoxycholesterol acctate as shown in Scheme 2. The imino analog 11 was of special interest to test the effect of
replacing the epoxide oxygen in 6 by the more strongly basic imino function on binding and activation of LXR.

Biological evaluation of the various synthetic ligands described herein is reported in detail elsewhere,i1
but can be summarized briefly as follows. The most active compounds with respect to binding to LXRa and

whole cell tunctional activation of LXRs were 24(5),25-EC (6), 7Ta-hydroxy-24(5),25-EC (9) and 5,6-a.-
24(5),25-diEC (10). Inicrestingly, while 6 and 9 also activated LXR, 10 did not. Thus, 10 is the first known

compounds 5, 7, 8 and 11. The imino sterol 11 was also found to be toxic to cells. Based on the hypothesis

that a H-bond accepting oxygen function at C(24) can lead to good binding to and activation of LXRs, we tested
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the 3B-aicohol of mcthyl ester 3 and also the corresponding N,N-dimethylamide. As predicied, both were active.
Remarkably, the dimethylamide showed 80% of the functional activity of 24(5),25-EC vs LXRa and 110% vs

I XRB Thns 3
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of hypercholesteremia.1?
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