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Abstract

Atherosclerosis results from a deposition of fatty sub-
stances and cholesterol in the inner wall of arteries, and
may lead to obstruction of the vessels, with resulting
myocardial or cerebral infarction or peripheral vascular
disease. The primary risk factor for atherosclerosis is an
abnormally high level of cholesterol in the blood. High-
density lipoprotein cholesterol (HDL-C), however, trans-
ports cholesterol away from the tissues and is consid-
ered to exert a protective effect. Cholesterol ester
transfer protein (CETP) promotes the transfer of choles-
teryl esters from HDL-C to proatherogenic apolipopro-
teins, and its inhibition has beneficial effects on the lev-
els of HDL-C. The CETP inhibitor torcetrapib is in
development for the treatment of atherosclerosis and
lipoprotein disorders. In a rabbit model of atherosclero-
sis, torcetrapib inhibited CETP activity by 70-80% and
elevated levels of HDL-C, which was associated with a
reduction in atherosclerotic lesions. A multiple-dose
study in healthy subjects showed significant, dose-
dependent increases in HDL-C, up to 91% relative to
placebo, after 14 days of treatment with torcetrapib.
Clinical studies of torcetrapib in subjects with low levels
of HDL-C treated with or without atorvastatin have also
shown significant increases in HDL-C. The drug is cur-
rently in phase Il clinical development as a combination
with atorvastatin.

Synthesis

Torcetrapib can be obtained by several related ways:

1) Condensation of 4-trifluoromethylaniline (l) with
propionaldehyde (ll) using TiCl, as the dehydrating
reagent and triethylamine in CH,CI, produces imine (ll),
which by subsequent Diels-Alder cycloaddition with
benzyl N-vinylcarbamate (IV) by means of BF,.Et,0 in
CH,CI, leads to tetrahydroquinoline (V). Acylation of com-
pound (V) with ethyl chloroformate (V1) in the presence of
pyridine in refluxing CH,CI, furnishes the bis-carbamate
(VI), which is selectively deprotected at the benzyl car-
bamate group by transfer hydrogenolysis with cyclo-
hexene and Pd/C in ethanol to yield cis-4-amino-2-ethyl-
6-(trifluoromethyl)tetrahydroquinoline-1-carboxylic acid
ethyl ester (VIIl). Reductocondensation of compound
(V) with 3,5-bis(trifluoromethyl)benzaldehyde (IX) and
NaBH(OAc), in dichloroethane provides the benzyl amine
derivative (X), which is finally acylated with methyl
chloroformate (XI) and pyridine in CH,CIl,, and the
racemic mixture obtained is separated using chiral HPLC
(1). Scheme 1.

2) Condensation of 4-trifluoromethylaniline (l) with
propionaldehyde (ll) and benzotriazole (XIl) in toluene
gives the secondary amine (XIIl), which is cyclized with
benzyl N-vinylcarbamate (IV) in the presence of p-tolu-
enesulfonic acid in hot toluene to yield the tetrahydro-
quinoline (V). This is converted to the bis-carbamate (VII)
by treatment with ethyl chloroformate (VI). Catalytic
hydrogenolysis of the benzyl carbamate group of (VII)
with ammonium formate and Pd/C in MeOH gives the
racemic amine (VIII), which is resolved by formation of
the diastereoisomeric salts with (-)-dibenzoyl tartrate to
furnish the (2R,4S)-quinoline derivative  (XIV).
Reductocondensation of chiral amine (XIV) with 3,5-
bis(trifluoromethyl)benzaldehyde (IX) by means of
NaBH(OAc), in dichloroethane provides the chiral benzy-
lamine (XV). Finally, this compund is acylated with methyl
chloroformate (XI) and Na,CO, in THF (2, 3). Scheme 2.
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Scheme 1: Synthesis of Torcetrapib
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3) Condensation of 3(R)-aminopentanenitrile (XVI)
with 1-chloro-4-(trifluoromethyl)benzene (XVII) in the
presence of palladium and phosphine catalysts in toluene
gives the chiral 3-anilinopentanenitrile (XVIII), which is
submitted to acidic hydrolysis by means of H,SO, in
water to provide amide (XIX). Further acylation of amide
(XIX) with methyl chloroformate (XI) and -BuOLi in diiso-
propyl ether yields carbamate (XX), which is reduced with
NaBH, in EtOH/H,0, followed by intramolecular cycliza-
tion in the presence of MgCl, to afford the tetrahydro-
quinoline (XXI). Subsequent acylation of compound (XXI)

with ethyl chloroformate (VI) and pyridine in CH,CI,
affords the bis-carbamate (XXII), which is finally alkylated
with 3,5-bis(trifluoromethyl)benzyl bromide (XXIII) by
means of +-BuOK in CH,CI, (4, 5). Scheme 3.

Introduction
Atherosclerosis results from a build-up of fatty sub-

stances, cholesterol and other materials in the inner wall
of medium-sized and large arteries. This deposition of
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Scheme 2: Synthesis of Torcetrapib
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plague and subsequent inflammatory processes lead to
further accumulation of cells in the arterial wall, which
may result in eventual obstruction of the arterial vessels.
Atherosclerosis leading to coronary artery disease can
result in myocardial or cerebral infarction or peripheral
vascular disease. The primary risk factor for atheroscle-
rosis is an abnormally high level of cholesterol in the
blood, but other established risk factors include diabetes
mellitus, hypertension, obesity and smoking. Cardio-
vascular disease due to atherosclerosis is a major public
health problem and is a leading cause of death in the U.S.
and developing countries (6, 7).

In an effort to reduce morbidity and mortality from
atherosclerosis, dietary recommendations exist for reduc-
ing levels of cholesterol and lipoproteins in the blood.
Cholesterol is transported in the blood by three forms of
lipoproteins: low-density lipoprotein (LDL), very-low-den-
sity lipoprotein (VLDL) and high-density lipoprotein
(HDL). The latter transports cholesterol away from the tis-
sues and to the liver, and is considered to exert a protec-
tive effect on the heart and circulation. Increasing the
levels of HDL is thus a therapeutic goal in the treatment
and prevention of atherosclerosis. Cholesterol ester
transfer protein (CETP) is a glycoprotein secreted from
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Scheme 3: Synthesis of Torcetrapib
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the liver that promotes the transfer of cholesteryl esters
from antiatherogenic HDL-C to the proatherogenic
apolipoproteins VLDL and LDL. Thus, the inhibition of
CETP represents a novel target for the treatment of
atherosclerosis by means of its beneficial effects on
levels of HDL-C (8). Torcetrapib (CP-529414) was identi-
fied from an active series of reversible CETP inhibitors
and is in development for the treatment of atherosclerosis
and lipoprotein disorders (9).

Pharmacological Actions

Torcetrapib was evaluated in a rabbit model of athero-
sclerosis. In rabbits fed an atherogenic diet for 16 weeks,
concomitant torcetrapib treatment resulted in inhibition of
CETP activity of 70-80% and elevated levels of HDL-C
throughout the treatment period compared with controls
(HDL-C = 207 mg/dl vs. 57 mg/dl at week 16). As-
sessments of preparations of unstained aortic tissue also
showed that the percentage of aortic surface covered
with lesions was 60% lower in torcetrapib-treated ani-
mals. The reduction in aortic atherosclerosis was

significantly associated with elevated levels of HDL
(10, 11).

Clinical Studies

The ability of torcetrapib to increase HDL-C levels
was evaluated in a randomized, placebo-controlled, mul-
tiple-dose phase | study in healthy subjects aged 18-55
years. A total of 40 subjects were randomized to treat-
ment with torcetrapib at doses of 10, 30, 60 or 120 mg
once daily or 120 mg b.i.d. for 14 days. Two subjects per
group received matching placebo. The extent and dura-
tion of CETP inhibition increased with increasing dose,
and modeling of the plasma concentration versus percent
inhibition data for all subjects on day 1 indicated an EC,
value of 43 nM, consistent with in vitro data for human
plasma. There were significant increases in HDL-C,
expressed as the mean of individual percent changes
from baseline, relative to placebo at all doses after 14
days. The increases were dose-dependent, ranging from
16% in the 10 mg once daily group to 91% in the 120 mg
b.i.d. group. A reciprocal decrease in LDL-C was
observed (21% with 120 mg once daily and 42% with
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120 mg b.i.d.). Consequently, there was a significant
decrease in the LDL-C/HDL-C ratio for doses of 30 mg
and greater. In the non-HDL plasma fraction, cholesteryl
ester content decreased and triglycerides increased, with
contrasting changes observed in the HDL fraction.
Torcetrapib was well tolerated, with no serious treatment-
related adverse events reported (12).

The effect of torcetrapib on plasma lippoprotein levels
was evaluated in a single-blind, placebo-controlled study
in 19 subjects with low levels of HDL-C. Nine subjects
were treated concomitantly with atorvastatin 20 mg daily.
All subjects received placebo for 4 weeks, followed by
torcetrapib 120 mg once daily for 4 weeks. Six subjects
(not receiving atorvastatin) were treated with torcetrapib
120 mg b.i.d. for a further 4 weeks. Torcetrapib signifi-
cantly increased plasma HDL-C levels measured at the
end of each treatment period. Plasma levels were
increased by 61% in patients receiving 120 mg once daily
concomitantly with atorvastatin, and by 46% in patients
who received torcetrapib alone. In subjects treated with
120 mg b.i.d. the increase was 106%. Plasma levels of
the HDL apolipoproteins A-l (apoA-l) and A-Il (apoA-II)
were also significantly increased by torcetrapib. There
were significant increases in cholesterol levels within
large HDL particles, as assessed by nuclear magnetic
resonance spectroscopy, in all groups, with a maximum
446% increase following the dose of 120 mg b.i.d. Further
study to define the mechanisms responsible for the
increased HDL levels revealed a normalization of apoA-I
levels within a,-migrating HDL and a delay in apoA-l|
catabolism. Torcetrapib was well tolerated, with no clini-
cally significant changes in routine clinical or laboratory
parameters. The most frequently reported adverse event
was headache (13, 14).

The efficacy and safety of torcetrapib when adminis-
tered with and without atorvastatin were also assessed in
two phase Il studies in subjects with low HDL-C levels.
The studies were multicenter, randomized, double-blind,
placebo-controlled trials evaluating torcetrapib doses of
10, 30, 60 or 90 mg daily for 8 weeks. In the first study
(n=162), subjects were not taking any concomitant lipid-
modifying therapy. In this study, there was a significant
increase in HDL-C relative to placebo at week 8 for all
torcetrapib doses above 30 mg (54.5% at 90 mg/day). In
the second study, subjects (n=174) received atorvastatin
20 mg daily during an 8-week run-in period and concomi-
tantly with torcetrapib. Significant increases in HDL-C
relative to placebo at week 8 were also observed, with a
maximum increase of 40.2%. Significant decreases in
LDL-C were also observed at the higher doses in both
studies and were more homogeneous with concomitant
atorvastatin treatment. Particle size for both HDL and LDL
increased with torcetrapib. The drug was generally well
tolerated in both studies, with no dose-related increases
in adverse events (15).

A recent study investigated the inhibition of 9 genetic
variants of CETP by torcetrapib and found no significant
differences in inhibition. Three separate clinical popula-
tions comprising 3,560 individuals were examined, and

Torcetrapib

the results were consistent with the relatively uniform
level of inhibition observed in clinical trials (16).

Pfizer has decided to develop the drug in combination
with atorvastatin and large phase Il trials are now in
progress, with results expected in 2007 (17-20).

Source

Pfizer, Inc. (US).

References

1. DeNinno, M.P., Magnus-Aryitey, G.T., Ruggeri, R.B., Wester,
R.T. (Pfizer Products Inc.). 4-Carboxyamino-2-substituted-
1,2,3,4-tetrahydroquinolines as CETP inhibitors. EP 1114031, JP
2002526475, JP 2004339239, US 6197786, WO 0017164.

2. Allen, D.J.M., Appleton, T.A., Brostrom, L.R., Tickner, D.L.
(Pfizer Products Inc.). 4-Carboxyamino-2-ethyl-1,2,3,4-tetrahy-
droquinoline crystal as CETP inhibitor. EP 1246804, JP
2003515592, WO 0140190.

3. Damon, D.B., Dugger, R.W. (Pfizer Products Inc.). Method for
making (—)-(2R,4S)-4-[(3,5-bis-trifluoromethyl-benzyl)-methoxy-
carbonylamino]-2-ethyl-6-trifluoromethyl-3,4-dihydro-2H-quino-
line-1-carboxylic acid ethyl ester. CA 2327029, EP 1125929, US
6313142.

4. Damon, D.B., Dugger, R.W., Scott, R.W. (Pfizer Products Inc.).
Cpds. useful as intermediates. WO 0288069.

5. Damon, D.B., Dugger, R.W., Scott, R.W. (Pfizer Products Inc.).
Methods for preparing CETP inhibitors. WO 0288085.

6. Prous Science Drug R&D Backgrounders: Atherosclerosis
(online publication). Updated May 2, 2005.

7. Tegos, T.J., Kalodiki, E., Sabetai, M.M., Nicolaides, A.N. The
genesis of atherosclerosis and risk factors: A review. Angiology
2001, 52: 89-98.

8. Barter, P.J., Brewer, H.B. Jr., Chapman, M.J., Hennekens,
C.H., Rader, D.J., Tall, A.R. Cholesteryl ester transfer protein: A
novel target for raising HDL and inhibiting atherosclerosis.
Arterioscler Thromb Vasc Biol 2003, 23: 160-7.

9. Ruggeri, R.B., Wester, R.T., Magnus-Aryitey, G. Discovery of
CP-529,414: A potent synthetic inhibitor of human plasma cho-
lesteryl ester transfer protein (CETP). 225th ACS Natl Meet
(March 23-27, New Orleans) 2003, Abst MEDI 156.

10. Morehouse, L.A., Sugarman, E.D., Bourassa, P.-A., Milici,
A.J. HDL elevation by the CETP-inhibitor torcetrapib prevents
aortic atherosclerosis in rabbits. Circulation 2004, 110(17, Suppl.
3): Abst 1168.

11. Morehouse, L.A., Sugarman, E.D., Bourassa, P.A., Milici, A.J.
The CETP-inhibitor torcetrapib raises HDL and prevents aortic
atherosclerosis in rabbits. 5th Int Symp Drugs Affect Lipid Metab
(Oct 24-27, Venice) 2004, 41.

12. Clark, R.W., Sutfin, T.A., Ruggeri, R.B. et al. Raising high-
density lipoprotein in humans through inhibition of cholesteryl
ester transfer protein: An initial multidose study of torcetrapib.
Arterioscler Thromb Vasc Biol 2004, 24: 490-7.



Drugs Fut 2005, 30(4)

13. Brousseau, M.E., Schaefer, E.J., Wolfe, M.L., Bloedon, L.T.,
Digenio, A.G., Clark, R.W., Mancuso, J.P., Rader, D.J. Effects of
an inhibitor of cholesteryl ester transfer protein on HDL choles-
terol. New Engl J Med 2004, 350: 1505-15.

14. Brousseau, M.E., Diffenderfer, M.R., Millar, J.S. et al. Effects
of cholesteryl ester transfer protein inhibition on high-density
lipoprotein subspecies and apolipoprotein A-I metabolism.
Circulation 2004, 110(17, Suppl. 3): Abst 684.

15. Davidson, M., McKenney, J., Revkin, J., Shear, C. Efficacy
and safety of a novel cholesteryl ester transfer protein inhibitor
torcetrapib when administered with and without atorvastatin to
subjects with a low level of high-density lipoprotein cholesterol.
54th Annu Sci Sess Am Coll Cardiol (March 6-9, Orlando) 2005,
Abst 802-3.

16. Lloyd, D.B., Lira, M.E., Wood, L.S. et al. Cholesteryl ester
transfer protein variants have differential stability but uniform
inhibition by torcetrapib. J Biol Chem 2005, 280(15): 14918-22.

17. Pfizer reviews recent developments. DailyDrugNews.com
(Daily Essentials) April 12, 2005.

349

18. Kastelein, J.J.P., Bots, M.L., Riley, W.A., Evans, G.W., Meijer,
R., Revkin, J.H., Raszewska, J., Shear, C.L., Thuren, T. Design
of a study comparing torcetrapib/atorvastatin with atorvastatin
alone on atherosclerosis in patients with familial hypercholes-
terolemia. 75th Eur Atheroscler Soc Congr (April 23-26, Prague)
2005, Abst W10-P-018.

19. Nissen, S.E., Tardif, J.-C., Crowe, T., Thuren, T., Shear, C.L.,
Revkin, J.H. Design of a study comparing torcetrapib/atorvas-
tatin with atorvastatin alone on atheroma volume in patients with
coronary heart disease. 75th Eur Atheroscler Soc Congr (April
23-26, Prague) 2005, Abst W16-P-060.

20. Bots, M.L., Riley, W.A., Evans, G.W., Kastelein, J.J.P.,
Revkin, J.H., Thuren, T., Shear, C.L., Nguyen, T.T. Design of a
study of the effect of torcetrapib/atorvastatin versus atorvastatin
alone on intima-media thickness in patients with mixed hyperlipid-
emia. 75th Eur Atheroscler Soc Congr (April 23-26, Prague)
2005, Abst W10-P-004.



