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Abstract. A series of aromatic isosteres of the farnesyl chain of potent
squalene synthase inhibitor 1 were prepared and evaluated. The results
are consistent with the local conformation indicated in structure 2.

Squalene synthase catalyzes the conversion of farnesyl diphosphate (FPP) to squalene in the
first committed step of cholesterol biosynthesis.! Due to its unique position in the sterol pathway,
inhibition of squalene synthase may have advantages over interfering elsewhere in the pathway for
the development of novel antihypercholesterolemic agents. We recently described the discovery of
ether 1 (eq 1), the first potent inhibitor of squalene synthase (K;j = 37 nM against the rat liver
microsomal enzyme).23 We proposed that the large enhancement in enzyme-inhibitor binding
energy observed for ether 1 relative to the substrate FPP (K = 12,700 nM) is a result of strong
interaction(s) between the ether oxygen and the catalytic group(s) which promote the solvolysis of
FPP to an allyl cation - inorganic diphosphate ion pair.2 A priori, the farnesyl subunit of 1 is expected
to possess a large degree of conformational freedom, some of which must be lost upon binding to the
enzyme. This report describes our preliminary efforts to define the bound conformation of the
isoprenyl subunit of these inhibitors through the synthesis and evaluation of conformationally
restricted isosteres.

Squalene
Synthase Jz
Squalene
(eq 1)

Examination of the crystal stucture of squalene? obtained at -110 °C reveals a repeating motif
for each five carbon isoprene subunit. The most striking feature of the solid state conformation is the
eclipsing of the allylic C-C bond on the disubstituted olefin terminus with the C=C bond, as indicated
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Figure 1. Conformationally Restricted Aromatic Templates: The indicated
bridging distances are derived from crystal structures from the Cambridge
Structural Database” for the aromatics (N = number of structures averaged),
and from the crystal structure of squalene4 for the isoprene.

in 2 (Figure 1). Experimental® and molecular modeling® studies on related olefinic systems suggest
that this is a low energy conformation. To probe the acceptability of this local conformation in the
context of the ether inhibitors, we proposed to enforce conformation 2 in a series of aromatic
isosteres 3. The bridging distance of 5.978 A in 4, derived from the squalene crystal structure,4 was
utilized as a yardstick for the fit of the aromatic templates with the natural isoprene. As illustrated in
Figure 1, the degree of fit decreases as one proceeds through the series from 5 to 8. The bridging
distances for the substructures 9 and 10 (Table 1) obtained from PM3 calculations8 are consistent

with those in Figure 1 derived from crystal structures.”

Table 1. Bridging Distance as Estimated from PM3 Calculations®
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Aromatic isosteres 11 - 13 and 15 - 17 were synthesized (vide infra) and evaluated as inhibitors
of rat liver microsomal squalene synthase? in comparison to the acyclic parents 1 and 14 (Figure 2). In
the initial series (11, 12 & 13), which all contain the natural "vinylic" methyl group, there is both a
lack of correlation between the inhibitory activity and the bridging distance, and a profound loss of
activity relative to the acyclic parent. In contrast, the des-methyl series (15, 16 & 17) does exhibit a
correlation between inhibitory potency and the bridging distance. The most potent aromatic isostere,
the para-disubstituted phenyl analog 15, possesses similar activity to the acyclic analogs 1 and 14.
The discrepancy remains, however, between the methyl and des-methyl series: inhibitors 14 and 15
are equipotent whereas 11 is 250-fold less potent than 1. Our working hypothesis rests on the fact
that the para-phenylene substructure is axially symmetric and bridges the required distance whether
or not the olefinic plane of 1/14 and the aromatic plane of 11/15 bind in a coincident manner. The
structure of the active site may force the aromatic ring to rotate about this axis as a result of steric
interactions between the indicated carbons (+) and the enzyme. In the case of 11, this would cause the
methyl group to rotate out of its binding pocket, perhaps into a sterically costly environment (Figure
3).
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Figure 2. Inhibition of Rat Liver Microsomal Squalene Synthase
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The synthesis of the aromatic isosteres capitalizes on the palladium-catalyzed cross-coupling!0
of the vinyl zinc derived from iodide 181! with a series of iodoesters 19a-¢.12 This procedure!3 affords
20a-e in a highly stereoselective mannerl4 (Scheme I, Table 2). For the preparation of inhibitor 12,
the coupling was performed with iodothiophene 2215 already containing the ether linked
phosphonate to afford 23f in 71 % yield (eq 2). After reduction of esters 20a-e (LAH, ether, 0 °C, > 90
%) to the corresponding modified farnesols 21a-e, the syntheses of the inhibitors were completed
utilizing modifications of our published methodology.23:16.17 The corresponding lithium alkoxides
(n-BuLi or LiN(TMS)2, THF) were coupled with CF3SO3CHPO(O-iPr)p18 (THF, - 78 to 0 °C, 55-73 %)
to provide phosphonates 23a-e, which, along with 23f, were hydrolyzed to the corresponding
monoacids 24a-f (Scheme II). The phosphonic acids were activated either as acid chlorides (Method
A), p-nitrophenyl esters (Method B), or acid fluorides (Method C)19 prior to coupling with
LiCHPO3Me3 to afford triesters 26a-f (37-71 % overall from 23a-f). Methods B and C were
particularly preferred when the intermediates were acid sensitive. Finally, the triesters were
deprotected with TMSBr20 (2,4,6,-collidine, CH2Cly; NaOH, 58-91 %) to provide the tri-sodium salts
in Figure 2.
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In summary, we have generated a series of aromatic isosteres of the potent squalene synthase
inhibitor 1, in order to probe the local conformation of the isoprene subunit adjacent to the ether
function. The results are consistent with conformation 2, or a closely related conformer, as suggested
by experimental and molecular modeling studies, but the aromatic ring may not be able to bind in a
manner that is coincident with the plane of the olefin of the acyclic analogs.
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