1306 J. Med. Chem. 1999, 42, 1306—1311

Quinuclidine Inhibitors of 2,3-Oxidosqualene Cyclase-Lanosterol Synthase:
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Novel 3-substituted quinuclidine inhibitors of cholesterol biosynthesis are reported. Compounds
were optimized against oxidosqualene cyclase-lanosterol synthase (OSC) inhibition in vivo,
rather than by the conventional optimization of structure—activity relationship information
based on in vitro OSC inhibition. Thus, examination of HPLC lipid profiles from orally dosed
rats showed cholesterol biosynthetic intermediates and whether cholesterol levels were reduced.
A new substituted quinuclidine pharmacophore 18a—c was rapidly found for the inhibition of
OSC, and the most promising inhibitors were validated by the confirmation of potent OSC
inhibition. Compound 16 gave an ICsy value of 83 + 11 nM for human and an 1Csg value of 124
+ 14 nM, for rat, coupled with oral and selective inhibition of cholesterol biosynthesis derived
from OSC inhibition (rat, EDsy = 1.3 + 0.7 mg/kg, n = 5; marmoset, 15 mg/kg dose, n = 3,
caused complete inhibition). These 3-substituted quinuclidines, which were derived from a
quinuclidine series previously known to inhibit cholesterol biosynthesis at the squalene synthase
step, may afford a novel series of hypocholesterolemic agents acting by the inhibition of OSC.

Introduction

Recent 5 year clinical trials of the cholesterol-lowering
HMGCOoA reductase inhibitor drugs (HMGCoARIs) pra-
vastatin? and simvastatin® have shown significant
reductions in patient mortality rates for both hyper-
cholesterolemic patients? without known coronary dis-
ease and for those with existing coronary heart disease.?
These landmark trials have thus established cholesterol-
lowering drugs as an important treatment for coronary
disease and have stimulated the search for new choles-
terol-lowering agents with other mechanisms of action.
In seeking alternative approaches to the discovery of
novel hypocholesterolemic agents, we considered the
inhibition of other cholesterol biosynthesis enzymes.*
The very widespread clinical use of the HMGCoARIs
indicates that they are well-tolerated drugs, despite
their interruption of cholesterol biosynthesis before the
pathway becomes dedicated to the biosynthesis of
cholesterol. Nevertheless as a target mechanism for new
inhibitors, we chose to reject the steps before the
pathway becomes dedicated to the biosynthesis of
cholesterol. Potentially dose-limiting toxicity might arise
from the consequent reduced levels of essential iso-
prenoid precursors, the antioxidant ubiquinone, or the
dolichols. Similarly, inhibition at enzyme steps after the
formation of lanosterol has the potential* to afford
toxicity arising from the utilization (in place of choles-
terol) of biosynthetic intermediates containing the full
sterol ring system. From this analysis, the enzyme steps
of squalene synthase (SQS), squalene epoxidase, and
oxidosqualene cyclase-lanosterol synthase (OSC, EC
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5.4.99.7) remained for further consideration as enzyme
inhibition targets.

Considerable effort has been directed to the search®
for novel inhibitors of SQS, and 3-substituted qui-
nuclidines have been reported®” as an inhibitor class.
Recently we further described®® 3-substituted qui-
nuclidine SQS inhibitors (e.g., 1 and 2) which were
potent inhibitors of rat microsomal SQS and orally
active inhibitors of rat cholesterol biosynthesis. A small
group of these quinuclidines (which had been optimized
in the rat as SQS inhibitors) was tested orally at 20 mg/
kg in the dog for the inhibition of cholesterol biosyn-
thesis from mevalonate using a test protocol identical
to that described below for rats. Liver extracts from
dosed animals were examined by HPLC, and unexpect-
edly a few compounds, e.g., 3 and 410 (3, S(—), oral EDsg
for inhibition of rat cholesterol biosyntheis = 4.7 + 0.7
mg/kg and 4, S(—), oral EDsp = 3.6 + 0.9 mg/kg), gave
HPLC chromatograms with a main peak corresponding

to oxidosqualene, the substrate for OSC. This finding
indicated that in the dog 3 and 4 inhibited OSC rather
than SQS as the mechanism of cholesterol biosynthesis
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Quinuclidine Inhibitors of OSC

Table 1. Selective Quinuclidine SQS Inhibitors

1C50 SQS (n=2)rat 1Cs0 OSC (n = 2) rat
compd mp °C microsomes, in nM microsomes, in nM

1 174—-175 16 >100
2 55—-56 6 >100

inhibition. Quinuclidines 1 and 2 did not exhibit in vitro
inhibitory activity against rat microsomal OSC (Table
1), and this led to an investigation of the scope of the
OSC inhibitory activity of 3-substituted quinuclidines.
More particularly, novel, selective, and more potent
quinuclidine OSC inhibitors were sought as potential
new hypocholesterolemic agents.

Whereas quinuclidines have not previously been
reported as inhibitors of OSC, many inhibitors of the
OSC step of cholesterol biosynthesis have been de-
scribed!! by academic groups, e.g., 52 and 6.12 However,
most of these inhibitors have high lipophilicities, which
may not be consistent with oral drug delivery in vivo.
The mechanism of oxidosqualene cyclization has been
studied in detail,* and potent orally active OSC inhibi-
tors have been reported, e.g., 7a (BIBB 515),1° 8 (BIBX
79),16 and 9 (Ro 48-8071).17 The trifluoromethyl ana-
logue 7b'8 of 7a (BIBB 515) was used as a standard OSC
inhibitor before 7a had been reported!® as the OSC
inhibitor of choice in this series.

7a,R=Cl
7b, R=CF,

Chemistry

Reaction of 3-chloroquinuclidine with bromophenyl-
thiols, in the presence of NaH/DMF at 100 °C, gave the
3-phenylthio derivatives 10a—c in 36—76% yields
(Scheme 1). Mitsunobu reaction of quinuclidin-3-ol 11a,
and 40 variously substituted phenols (Scheme 1) in the
presence of PhsP/DEAD using a multiple-parallel pro-
cedure, gave a 20—80% yield of quinuclidines 12a. The
enantiomers 13b and 13c were also made by identical
Mitsunobu reactions, but with the quinuclidin-3-ol
enantiomers 11b and 11c as the starting materials (11b
and 11c were obtained by resolution® of 11a, using
(+)camphor sulfonic acid as the resolving agent). The
general published®° procedure (Scheme 2) for preparing
ethyne-linked quinuclidines, e.g., 14a—e, involved reac-
tion of quinuclidin-3-one 15 and lithium trimethylsilyl-
acetylide in THF at —70 °C. A subsequent®0 palla-
dium(ll) catalyzed coupling reaction with appropriately
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Scheme 1. Synthesis of Sulfur- and Oxygen-Linked
Quinuclidinesab
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10a, R = 2-Br; 10b, R = 3-Br; 10c, R = 4-Br.
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a2 Reagents and conditions: (a) NaH, DMF, THF, 100 °C.
b Reagents and conditions: (a) PhsP, DEAD, THF, 25 °C.
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Scheme 2. Synthesis of Acetylene-Linked
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2 Reagents and conditions: (a) Li trimethylsilylacetylide, THF,
-10 OC; (b) (Pth)zpdCIg, CU', EtsN, DMF, 70 OC; (C) HzSO4 or
HCOzH.

substituted bromobenzenes gave 14a—e in 20—80%
overall yield. Acid-catalyzed (H,SO4 or HCO3H) re-
arrangement?0 of the hydroxy propyne group present in
14a gave only the Meyer—Schuster 1,3-rearrangement
product 16 (50% vyield). The assigned structure of 16
(Scheme 2) was supported by 'H NMR NOE experi-
ments, in which irradiation of the olefinic proton at 6
7.09 showed signal enhancement to the quinuclidine C-4
proton at 6 2.67 (14%, 250 MHz), there being no signal
enhancement to the C-2 quinuclidine protons at ¢ 3.90.

The quinuclidine starting materials, e.g., 11a and 15,
are commercially available, as are the bromophenylthiol
precursors for 10a—c. All of the 4,4'-dihalodiphenyl
reagents required to prepare 13a—c and 14a—e can be
purchased, except for the known?! 4,4'-dibromodiphenyl
sulfide and its sulfoxide derivative. The reported qui-
nuclidine structures were consistent with the observed
1H NMR and MS spectra.

Results and Discussion

The optimization strategy for quinuclidines as OSC
inhibitors (which is detailed below) was not developed
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in the conventional manner of gathering detailed in
vitro data. It involved the collection of lipid profile data
from orally dosed rats, which showed cholesterol bio-
synthetic intermediates and whether cholesterol levels
were reduced. This process avoided the risk of optimiz-
ing cholesterol biosynthesis inhibition, resulting from
the inhibition of steps other than OSC. Thus selective
OSC inhibitors could have been sought among synthetic
analogues of the primary OSC inhibitor lead compounds
3 and 4, but this tactic was rejected because of the large
number of compounds of this series known0 to be SQS
inhibitors in rats and the nonselectivity of these leads.
Instead, alternative structures were sought by examin-
ing the OSC inhibitory activity of the >700 available
quinuclidines in the Zeneca company collection. This
quinuclidine set contained diverse quinuclidines with
2- or 3-substitution by aryl or heteroaryl rings linked
directly to the quinuclidine ring carbons or via com-
monly used medicinal chemistry linking groups such as
O, S, CH,, CH=CH, etc. A conventional approach to
identifying selective OSC inhibitors among these qui-
nuclidines would be first to seek in vitro OSC inhibitory
activity against microsomal OSC. However, in addition
to the current lead compounds 3 and 4, there are several
known!! cases where in vitro OSC inhibitors have
subsequently been shown to also inhibit other choles-
terol biosynthesis enzymes. Following an in vitro test
strategy would thus necessitate in vitro selectivity
testing at the relatively large number* of other choles-
terol biosynthesis steps, and subsequently orally active
compounds would need to be found from these selective
in vitro inhibitors. As an alternative, an in vivo screen
was developed which gave an indication of potency (in
terms of cholesterol biosynthesis inhibition) and selec-
tivity for the OSC step. All 700 quinuclidines were
tested orally in the rat (50 mg/kg, n = 1) for the
inhibition of cholesterol biosynthesis from tritiated
mevalonate. Extracts from test animal livers were
analyzed by HPLC using a radiochemical detector to
give radiochromatograms as lipid profiles showing the
intermediates of cholesterol biosynthesis and cholesterol
levels. The HPLC peaks obtained were identified by
comparison with the retention times of the well-
established* intermediates of cholesterol biosynthesis.
The risk of poor reliability in single-animal testing was
accepted, as pilot testing suggested this risk was
negligible. OSC inhibitors with poor oral availability
would not have been detected, but this issue was
considered minimal due to the good oral bioavailability
previously found®910 in the rat of this set of quinuclid-
ines. The identification of characteristic biosynthetic
substrate peaks in the radiochromatograms enabled test
compounds to be classed as 49% inactive (cholesterol
peak unchanged), 18% SQS inhibitors (farnesyl pyro-
phosphate peak present and cholesterol peak reduced
by >50%), 12% nonselective inhibitors (cholesterol peak
reduced, but several peaks observed), and 21% (i.e., 147
quinuclidines) selective OSC inhibitors (cholesterol peak
reduced by >50% and oxidosqualene peak present).

The 147 selective OSC inhibitors were further opti-
mized by examining the 50 most potent OSC inhibitors
identified from the HPLC radiochromatogram peaks
(7% of the original 700 compounds screened at 50 mg/
kg, n = 1) in orally dosed rats (20 mg/kg, n = 5). The
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Table 2. Oral Inhibition of Rat Cholesterol Biosynthesis
% % inhibition

compd formula mp°C vyield 20mg/kg,n=5
10a CizHieBrNSHCI2 214-215° 52 <5
10b C13H1sBrNS oil 38 <5

10c  CizHi6BrNS-HCI 180—-182°> 76 47 +12

13a C20H20C|N02 147-149 22 92 +3ath mg/kg
14a  Cz2H20BrNO2 214-216 20 59+£5

14b  Cz1H20BrNO; 178—180 39 55+12

14c  Cy1H20BrNOS 291-292 63 79+10

14d  Cz1H20BrNO2S 223-224 28 83+10

14e  Cp1H20BrNOsS 218-219 25 94+10

16 szHzoBl’NOz 159—-161 50 84 +3ath mg/kg
7b C23H21F3N202 151-152 98 +2ath mg/kg

2 All new compounds were analyzed correctly (+0.4%) for C, H,
and N and afforded 'H NMR data consistent with the structures
assigned. ? HCI salt.

lipid profiles from these lower dose studies confirmed
the selective OSC inhibitory activity found in the
primary screening at 50 mg/kg and defined a smaller
group of compounds (cholesterol synthesis inhibition
>50% at 20 mg/kg) from which a provisional quinucli-
dine OSC inhibitory pharmacophore covered by 17a,b
could be described. This pharmacophore embraced a

AR

3-substituted quinuclidine ring linked (only by X =
oxygen or sulfur, Y = H; or X = ethynyl, Y = OH) to a
substituted phenyl ring. Additional in vivo optimization
of the pharmacophore 17a,b was based on newly
synthesized quinuclidine analogues, in order to find the
scope of substitution in the 3-linked phenyl ring.
Compounds were also confirmed as OSC inhibitors by
showing >50% inhibition of rat microsomal OSC in vitro
at 1 uM. The optimum substitution position on the
phenyl ring was examined by synthesis of the thio-
linked bromo derivatives 10a—c, (Table 2). Only the
para bromo substitution in 10c afforded potent selective
OSC inhibitory activity in the rat (oral dose at 20 mg/
kg gave 47% inhibition). The corresponding 2- and
3-bromo analogues were much less active (<30% inhibi-
tion). Results from in vivo testing (oral rat, 50 mg/kg, n
= 1) of 40 substituted 3-phenoxyquinuclidines 12a
confirmed the requirement for para substitution. In this
multiple-parallel synthesis, the phenyl ring substituents
included alkyl, alkoxy, halogens, CN, COMe, CFj3,
N-morpholino, N-imidazolinyl, NO,, PhO, PhCH,, and
PhCO, and the phenyl ring was replaced by 5-benzo-
dioxalanyl and 6-quinolinyl. These phenoxyquinuclid-
ines also indicated that the most potent selective OSC
inhibitory activity would be found in quinuclidines
having a link group Z (O, CH>, CO) to a second phenyl
ring (as in 13a—c, Z = CO). The benzophenone moiety
present in 13a—c has also been independently identified
in the Roche OSC inhibitor series,'” e.g., 9. A range of
these second link groups Z (14a—e, Z = CO, O, S, SO,
SO,) in the ethyne-linked quinuclidines was examined
in rats (oral, 20 mg/kg, n = 5, Table 2). Selective
inhibition of cholesterol biosynthesis derived from OSC
inhibition was found for link groups with and without
hydrogen bond acceptor properties. The enantiomers
13b and 13c of 13a showed identical activity in both in

17a, X=H,Y=0,S
R = varied groups

17b, X = OH, Y = ethynyl
R = varied groups
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vitro and orally dosed in vivo tests in the rat (13b, 60%
inhibition at 100 nM (n = 2) against rat microsomal
OSC, and 60% inhibition of rat cholesterol biosynthesis
at 2 mg/kg n = 5; 13c, 58% inhibition at 100 nM against
rat microsomal OSC, and 57% inhibition of rat choles-
terol biosynthesis at 2 mg/kg).

Separate from the above iterative optimization proc-
ess, the ethyne-linked compound 14a was rearranged
under Meyer—Schuster reaction conditions?° to give the
enone 16. This purely chemical ploy afforded another
linking group for inclusion in the quinuclidine OSC
pharmacophore 17a,b that was not present in the
original set of 700 quinuclidines. On the basis of the
above in vivo optimization process (involving the reduc-
tion of cholesterol peaks and the appearance of oxido-
squalene peaks in the plasma profiles) and the confir-
matory data (shown below) on quinuclidines 13a and
16, the provisional quinuclidine OSC inhibitory phar-
macophore 17a,b was modified to 18a—c. The benzo-

AT O

18a, X=H,Y=0, S,
Z=CO, 0, S, SO, S02
R = varied groups

18b, X = OH, Y = ethyne,
Z=CO0,0,S, SO, s02
R = varied groups

18¢, X = no substituent, Y = =CHCO
Z=CO0, 0, S, SO, S02
R = varied groups

phenone substituted derivatives 13a and 16 were
selected for more detailed study as examples of the
derived pharmacophore 18a—c. Quinuclidine 13a caused
oral inhibition of rat cholesterol biosynthesis (EDso = 2
+ 0.3 mg/kg, n = 5), with corresponding 1Cs values for
the inhibition of microsomal OSC of 58 + 19 (rat) and
35 4+ 9 nM (human). Quinuclidine 16 also showed potent
in vitro inhibitory activity (microsomal OSC: human
ICs0 = 83 + 11 nM; rat ICsp = 124 + 14 nM) and oral
inhibition of rat cholesterol biosynthesis (EDsp = 1.3 +
0.7 mg/kg, n = 5); oral dosing of marmosets at 15 mg/
kg, n = 3 (employing the test protocol described above
for rat oral dosing) caused complete inhibition of cho-
lesterol synthesis and the generation of oxidosqualene.

The factors influencing whether 3-substituted qui-
nuclidines selectively inhibit cholesterol biosynthesis at
the SQS or OSC steps were considered by comparing a
typical selective SQS inhibitor 1 with a typical selective
OSC inhibitor 13a. The mechanism by which SQS
converts farnesyl pyrophosphate to squalene, and sub-
sequently in the pathway oxidosqualene is converted by
OSC to lanosterol, is widely accepted®!4 to proceed
through carbocationic intermediates. The quinuclidine
ring nitrogen atoms of 1 (SQS inhibitor) and 13a
(optimized OSC inhibitor) are in similar chemical
environments with both potentially being able to act
(when protonated) as carbocation mimics of the postu-
lated®>!* high-energy enzymatic intermediates of SQS
or OSC. The similar physical properties of 1 and 13a
(CLOGP?2 1, =5.0; 13a, = 4.7, and pK, 1, = 9.0; 13a,
= 9.1) suggested no reason for the different inhibitory
actions observed; however, both the selective OSC and
SQS inhibitory quinuclidines have lipophilic 3-substit-
uents. The different selective pharmacological actions
found for 1 and 13a were attributed to the different
molecular size and orientation of the 3-substituent in
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relation to the quinuclidine ring. In the selective SQS
inhibitory quinuclidines, potent activity is known® to be
conferred by a linear side chain, which may mimic the
farnesyl group present in the substrate and products
of SQS. By contrast, potent and selective quinuclidine
OSC inhibitors such as 13a are distinguished from the
quinuclidine SQS inhibitors by having longer angular
side chains containing a link group to a phenyl ring and
a second linking group to another phenyl ring.

Conclusions

Substituted quinuclidine cholesterol biosynthesis in-
hibitors were optimized by examination of rat lipid
profiles of cholesterol biosynthetic intermediates. This
gave the potent new quinuclidine OSC inhibitors 13a
and 16 for further study and, in addition, a quinuclidine
pharmacophore 18a—c, which described other orally
active OSC inhibitors. Since 1960, lead optimization has
commonly relied on in vitro structure—activity relation-
ship (SAR) data obtained from interactions at enzyme
and receptor sites. Here optimization via HPLC lipid
analysis gave a measure of inhibitory potency and
enabled selective OSC inhibitors to be identified as
potential hypocholesterolemic agents. For success, the
process relied on the known®8-10 good oral bioavailability
in rats of 3-substituted quinuclidines and, with this
limitation of oral availability, may have wider utility
for the examination of enzyme inhibitors in other
multiple-step pathways. In this approach, the gathering
of only limited in vitro data prevents the establishment
of conventional SAR analyses and the consequent
consideration of the expression of in vitro OSC inhibi-
tory potency in vivo. This drawback was counterbal-
anced by the identification of very potent, orally active,
and selective OSC inhibitors within a quinuclidine set
which had previously been a source of SQS inhibitors.
The optimization approach was further validated by the
demonstration of the inhibition of cholesterol biosyn-
thesis in orally dosed rats and marmosets. More detailed
evaluation of 3-substituted quinuclidines may thus
afford a novel series of hypocholesterolemic agents.

Experimental Section

Melting points were determined with a Buchi apparatus and
are uncorrected. The *H NMR spectra were determined with
a Bruker AM (300 MHZ) spectrometer (with SiMe, as an
internal standard), and mass spectra were measured on a
Platform Micromass (electrospray) instrument. Reactions were
carried out under an atmosphere of argon, and column
chromatography was on E. Merck silica gel (Kieselgel 60, 230—
400 mesh). Solvents were dried over MgSO, before evapora-
tion.

A. Chemistry. Typical Synthesis of a 3-Thio Linked
Quinuclidine. 3-(2-Bromophenylthio)quinuclidine (10a).
NaH (0.96 g, 60% dispersion in mineral oil, 24 mmol) was
added over 5 min to a stirred solution of 2-bromobenzene thiol
(2.27 g, 12 mmol) in DMF (20 mL) at 20 °C. The mixture was
stirred for 15 min, and 3-chloroquinuclidine hydrochloride
(1.82 g, 10 mmol) was added over 5 min when the mixture
was stirred for 15 min. The mixture was heated at 100 °C for
18 h and then cooled, and H,O (200 mL) added. The aqueous
phase was extracted with EtOAc (3 x 50 mL), and this extract
was extracted with 2 M HCI (3 x 25 mL). The acid extract
was basified to pH 12 with 10 M NaOH and extracted with
EtOAc (3 x 40 mL). These EtOAc extracts were washed with
H-0, dried (Na;SO,), and evaporated to give an oil, which was
purified by chromatography on an IST Bond Elut silica column
(25 g) eluting with CH,Cl, and CH,Cl,/MeOH/ammonia (200:
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3:1) to give an oil 10a (1.6 g, 52%): *H NMR (CDCl3) 6 1.44
(m, 1H), 1.59 (m, 1H), 1.76 (m, 1H), 1.91 (m, 1H), 2.12 (m,
1H), 2.81 (m, 4H), 2.96 (m, 1H), 3.48 (m, 2H), 6.02 (m, 1H),
7.26 (m, 2H), 7.56 (d, 1H); EI-MS m/z 298 (M + H). The oil
(300 mg) was dissolved in 'PrOH (2 mL), and 11 M HCI (0.25
mL) and Et,O were added to give a colorless hydrochloride
(210 mg): mp 214—215 °C. Anal. (C13H16BrNS-HCI) C, H, N.

Typical Synthesis of a 3-Oxy Linked Quinuclidine
(Multiple-Parallel Synthesis). 3-[(4-Chlorobenzoyl)-4-
phenoxy]quinuclidine (13a). Compound 11a, (0.64 g, 5
mmol) in THF (4.5 mL) and DMF (2.5 mL) was added to a
stirred solution of 4-chloro-4'-hydroxybenzophenone (1.29 g,
5.5 mmol), PPh; (1.70 g, 6.5 mmol), and DEAD (0.94 mL, 6.0
mmol) in THF (4 mL) at 5—-10 °C, and the mixture was stirred
for 18 h. The solvent was evaporated and the residue dissolved
in MTBE (8 mL); the solution was extracted with 2 M HCI,
and the extracts were washed with MTBE. The extract was
made basic with 4 M NaOH to pH = 11, and the mixture was
stirred for 1 h and filtered to give a solid, which was triturated
in EtOH to give, on crystallization from, EtOH 13a (0.37 g,
22%): mp 147—149 °C; *H NMR (CDCls) ¢ 1.4 (m, 1H), 1.67
(m, 2H), 2.0 (m, 1H), 2.20 (m, 1H), 2.95 (m, 5H), 3.32 (m, 1H),
4.47 (m, 1H), 6.90 (d, 2H), 7.34 (d, 2H), 7.75 (q, 4H); EI-MS
m/z 342 (M + H). Anal. (C20H20CINO,) C, H, N.

(+) and (=) 3-[(4-Chlorobenzoyl)-4-phenoxy]quinucli-
dine (13b) and (13c). These compounds were prepared in a
manner similar to that of 13a, but starting from (+) and
(—)quinuclidin-3-ols 11b and 11c, respectively, to give 13b and
13c as colorless solids. 13b (22%): mp 124—125 °C; [0Z] =
+32.5° (c = 0.49, EtOH). Anal. (C2H2CINO,) C, H, N. 13c
(20%): mp 124—125 °C; [0Z] = —33.5° (c = 0.49, EtOH).
Anal. (CH20CINO;) C, H, N. The 'H NMR data found for these
enantiomers were identical to that found for 13a.

Typical Synthesis of a 3-Ethynyl Linked Quinuclidine.
3-[4-(4-Bromophenylsulfonyl)phenylethynyl]quinuclidin-
3-ol (14e). Bis(4-bromophenyl)sulfone (1.5 g, 4 mmol) and
dichlorobis(triphenylphosphine) palladium(l1l) (60 mg, 0.085
mmol) were added to a solution of 3-ethynyl-3-trimethylsilyl-
oxyquinuclidine (0.444 g, 1.995 mmol) in NEt; (6 mL) and DMF
(2 mL), and the mixture was heated under reflux at 70 °C for
4 h. The cooled reaction mixture was added to H,O (20 mL),
and the mixture was extracted with EtOAc/Et,O (1:1). The
extract was washed with H,O, dried, and evaporated. The
residue was dissolved in EtOAc and filtered through alumina,
eluting with EtOAc/MeOH (1:1) to give, after crystallization
from THF-n-hexane, 14e as a colorless solid (254 mg, 25%):
mp 218—219 °C; 'H NMR (CDClg) 6 1.42 (m, 1H), 1.63 (m, 2H),
1.91 (m, 2H), 2.03 (m, 1H), 2.84 (m, 3H), 3.05 (d, 1H), 3.29 (d,
1H), 7.53 (d, 2H), 7.55 (d, 2H), 7.78 (d, 2H), 7.88 (d, 2H); EI-
MS m/z 445 (M+) Anal. (C21H2()BI"NO3S) C, H, N.

Meyer—Schuster Rearrangement Reaction. (Z2)-3-[4-
(4-Bromobenzoyl)phenacylidene]quinuclidine (16). 3-[2-
(4-Bromobenzophenone)ethynyl]quinuclidin-3-ol (0.5 g, 1.2
mmol) was added to 98% H,SO, (5 mL) with stirring. The
reaction mixture was stirred at ambient temperature for 18
h, and H,O (10 mL) was added cautiously. The diluted solution
was poured onto ice/10 M NaOH to precipitate a solid, and
the solid was extracted into CH,Cl, (2 x 50 mL). The extracts
were combined, washed with brine, dried, and evaporated. The
residue was purified by flash chromatography on silica gel,
eluting with EtOH/EtOAC/EtsN (80:20:3) to give 16 as a
colorless solid (0.25 g, 50%): mp 182—183 °C; *H NMR (DMSO-
de) 60 1.6—1.7 (m, 2H), 1.8—1.95 (m, 2H), 2.7 (m, 1H), 2.7—
2.95 (m, 4H), 3.95 (s, 2H), 7.1 (m, 1H), 7.6—7.9 (m, 6H), 8.1
(m, 2H); EI-MS m/z 410 (M + H). Anal. (Cx H2BrNO;-
0.25H;0) C, H, N.

B. Biological Assays. In Vitro Assay for Inhibition of
Rat Microsomal OSC. Rat microsomes (1 mL) containing
protein (15—20 mg/mL) were diluted with 50 mM phosphate
buffer (722 uL, pH 7.4), and tween (0.1 g) was added to 50
mM phosphate buffer (100 mL). A solution of “cold” oxido-
squalene in ethanol (1 mL, 0.65 mg/mL) was added to an
ethanolic solution (1 mL) of radiolabeled oxidosqualene (stock
solution 18 uL, 1 mCi/mL), and compounds were dissolved in
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DMSO as follows: molecular weight/1000 x 7.875 = mg/mL
required to give a 10~* M stock solution. Dilutions were made
from the stock to give 1075, 107% M, etc. concentrations of test
compound. Phosphate-buffered tween (281 uL) was placed in
5 mL disposable vials, and compound solution (4 L) was added
and mixed well. Microsomes (14.6 L) were added and the vials
preincubated for 10 min at 37 °C. Oxidosqualene mix (15 uL)
was added and the mixture incubated for another 1 h. The
reaction was terminated by the addition of 16% KOH in 20%
aqueous ethanol (315 uL). The samples were heated at 80 °C
for 2 h, hexane (2 x 5 mL) was added, and the samples were
“whirl-mixed” for 10 s. The hexane phases were separated and
blown down with N, and the residue was dissolved in CH3;CN/
IPrOH (300 uL, 4:1). The samples were chromatographed using
a Hichrom 30DS1 column with an isocratic elution using
CH3CN/"PrOH (95:5, flow rate 1 mL/min). The output from the
UV detector was connected to a radiochemical detector to
visualize radiolabeled sterol intermediates. The reaction rate
was measured as the conversion of oxidosqualene to lanosterol,
and the effects of compounds were expressed as an inhibition
of this process. 1Cs values were obtained using the “Origin”
curve-fitting program supplied by MicroCal Software Inc., with
a tight binding background.

In Vivo Assay for Inhibition of Cholesterol Biosyn-
thesis in Rats. Female rats (130 £ 20 g) were acclimatized
to reverse lighting and compounds orally dosed (n = 1) in
DMSO/HPMC. One hour later, tritiated mevalonate (2.5 uCi)
was administered, and after another 1 h the rats were
sacrificed. A weighed piece of liver (ca. 0.5 g) was saponified
in KOH/EtOH (2 mL, 1:9 w/v) at 80 °C for 2 h, and the mixture
was diluted (2 mL) before extraction with isohexane (5 mL).
The solvent was evaporated under N, at 40 °C, and the residue
was dissolved in 'PrOH/CH3CN (300 uL, 1:4). Aliquots of this
solution (100 uL) were examined by HPLC (Spherisorb column
S30DS1-1590; 10 cm x 4.6 mm) and the column eluates
monitored by an on-line radiochemical detector. In this way
an HPLC lipid profile was obtained for each compound relating
radioactivity counts to elution times. Chromatographic peaks
obtained at different retention times were identified by
comparison to the retention time of standard intermediates
in the cholesterol biosynthesis pathway (e.g., oxidosqualene
4.8 min; squalene 7.0 min; farnesyl pyrophosphate 2.0 min;
cholesterol 13.1 min), so that a selectivity profile could be
obtained in addition to the extent of the inhibition of the
biosynthesis of cholesterol from peak area.
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