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Taranabant

Prop INN; USAN

MK-0364

Cannabinoid CB, Inverse Agonist
Antiobesity Drug

N-[3-(4-Chlorophenyl)-2(S)-(3-cyanophenyl)-1(S)-methylpropyl]-2-methyl-2-[5-(trifluoromethyl) pyridin-2-yloxy]propionamide
INChl=1/C27H25CIF3N302/c1-17(34-25(35)26(2,3)36-24-12-9-21(16-33-24)27(29,30)31)23(14-18-7-10-22(28)11-8-
18)20-6-4-5-19(13-20)15-32/h4-13,16-17,23H,14H2,1-3H3,(H,34,35)/t17-,23+/m0/s1

C27HZSC”:3N3()2

Mol wt: 515.9543

CAS: 701977-09-5

CAS: 605678-99-7 (racemate)
CAS: 701977-00-6 (stereoisomer)
CAS : 701977-08-4 (diastereomer)
EN: 427829

Abstract

The cannabinoid CB, receptor, a G-protein-cou-
pled receptor expressed in the nervous system, has
been linked to the control of food intake and energy
expenditure in a variety of studies. The CB, receptor
inverse agonist rimonabant (Acomplia®) has proven to
decrease food intake and increase energy expenditure
and weight loss in animal models and humans, and
the drug has been approved for the treatment of obe-
sity in Europe. Taranabant (MK-0364) is a structurally
novel CB, receptor inverse agonist under develop-
ment for the treatment of obesity that has demonstrat-
ed promising activity in preclinical studies, including
inhibition of food intake and body weight gain in
rodents with diet-induced obesity, effects not seen in
CB, receptor-deficient mice. Early clinical trials have
also revealed reduced food intake and increased ener-
gy expenditure with taranabant in overweight and
obese subjects. Phase Il trials in overweight and
obese individuals are under way, with the results of
one 12-week study showing dose-related body weight
loss compared to placebo but an increase in psychi-
atric-related adverse events at higher doses. Further
data are needed to determine if these events can be
avoided at effective doses, a possibility held forth by
the finding that efficacy in terms of weight loss does
not require complete CB, receptor occupancy.

Synthesis

Taranabant can be prepared by two different synthet-
ic strategies. 2-Methyl-2-[5-(trifluoromethyl)pyridin-2-
yloxy]propionic acid () is chlorinated with oxalyl chloride
and DMF in CH,ClI,, and the resulting acid chloride is then
coupled with 3-(4-chlorophenyl)-2(R,S)-(3-cyanophenyl)-
1(R,S)-methylpropylamine (lla) by means of NMM in
CH,CI, to produce racemic taranabant, which is finally
resolved employing chiral HPLC (1-3). Similarly, the tar-
get enantiomer is obtained by condensation of acid (I)
with the (S,S)-amine (Ilb) using cyanuric chloride and
NMM as the coupling reagents (4). In an alternative
method, acid (l) is converted to the carboxamide (lIl) by
chlorination with SOCI, followed by treatment with ammo-
nium hydroxide. Subsequent coupling of amide (lll) with
the enol tosylate (IV) in the presence of Pd,(dba), and
1,4-bis(diphenylphosphino)butane (dppb) gives the
N-acyl enamine (V). After hydrolysis of the cyano group to
the corresponding carboxamide with K,CO, and H,O,,
asymmetric hydrogenation of the enamine double bond
over chiral rhodium catalysts (generated from a diene-
rhodium complex salt and chiral diphosphine ligands) pro-
vides the desired isomer (VI). Reconversion of carbox-
amide (VI) to the target nitrile is finally accomplished by
treatment with cyanuric chloride in DMF/MTBE (5, 6).
Scheme 1.

Intermediates (Il) and (V) are prepared as follows.
Alkylation of the sodium enolate of methyl 3-bro-
mophenylacetate (VII) with 4-chlorobenzyl bromide (VIII)
in cold THF followed by methyl ester hydrolysis with LIiOH
in aqueous acetonitrile affords 2-(m-bromophenyl)-3-(p-
chlorophenyl)propionic acid (1X), which is converted to the
corresponding Weinreb amide (X) by chlorination with
oxalyl chloride and subsequent treatment with N,O-
dimethylhydroxylamine. Addition of methylmagnesium
bromide to the methoxyamide (X) gives the 3,4-diaryl-2-
butanone (XI), which is then reduced using NaBH, or
LiBH(s-Bu), (L-selectride) to provide alcohol (Xlla) as the
major diastereoisomer. After conversion of alcohol (Xlla)
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Scheme 1: Synthesis of Taranabant
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to the corresponding mesylate, displacement with NaN,
in hot DMF leads to azide (XIlI), which is reduced by cat-
alytic hydrogenation in the presence of PtO, and Boc,0
to afford the Boc-protected amine (XIV). Then, palladium-
catalyzed substitution of the aryl bromide (XIV) with zinc
cyanide yields the nitrile (XV), which is deprotected to
(lla) using HCI in EtOAc (2, 3). Similarly, coupling
between 3-bromobenzonitrile (XVI) and isopropenyl
acetate (XVII) in the presence of Pd,(dba), and 2-(dicy-
clohexylphosphino)-2’-(dimethylamino)biphenyl
(DCPDMAB) gives 1-(m-cyanophenyl)acetone (XVIII),
which is alkylated with 3-chlorobenzyl chloride (XIX) in
the presence of cesium hydroxide and tetrabutylammoni-
um iodide to yield the diarylbutanone (XX). Reduction of
ketone (XX) with lithium tri(sec-butyl)borohydride pro-
duces alcohol (XXI), which is converted to the Boc-pro-
tected amine (XV) by mesylation followed by displace-
ment with NaN,, and then reduction of the resulting azide
(XXII) by catalytic hydrogenation in the presence of PtO,

and Boc,O (1). The ketonitrile (XX) is alternatively pro-
duced by palladium-catalyzed cyanuration of aryl bromide
(XI) with either zinc cyanide or potassium ferrocyanide.
The intermediate enol tosylate (IV) can be obtained by
treatment of (XX) with sodium tert-butoxide and p-tolu-
enesulfonic anhydride (5, 6). Preparation of the enan-
tiomerically pure amine (llb) can be accomplished by res-
olution at the stage of the diarylpropionic acid (IX) or, in a
more efficient method, by dynamic kinetic resolution of
(XI) via stereoselective hydrogenation to (Xllb) in the
presence of the chiral Ru catalyst [(S)-xy/BINAPI-[(S)-
DAIPEN]RUCI, and excess potassium tert-butoxide (4).
Scheme 2.

Two procedures have been reported for the synthesis
of the intermediate 2-methyl-2-[5-(trifluoromethyl)pyridin-
2-yloxy]propionic acid (l). 2-Chloro-5-(trifluoromethyl)pyri-
dine (XXIII) is coupled with lithium lactate (XXIV) employ-
ing NaH in hot DMF to produce the 2-(pyridyloxy)propionic
acid (XXV). After esterification of acid (XXV) with
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Scheme 2: Synthesis of Intermediates (Il) and (IV)
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Scheme 3: Synthesis of Intermediate (1)
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trimethylsilyldiazomethane in MeOH/CH,Cl,, the resulting
methyl ester is alkylated with iodomethane and sodium
hexamethyldisilazide to furnish the (pyridyloxy)isobu-
tyrate (XXVI). Subsequent hydrolysis of methyl ester
(XXVI) with NaOH in H,0/MeOH/THF provides the target
carboxylic acid intermediate (I) (1). Alternatively, the con-
densation of 2-hydroxy-5-(trifluoromethyl)pyridine (XXVII)
with ethyl 2-bromoisobutyrate (XXVIII) in the presence of
cesium carbonate provides the 2-(pyridyloxy)isobutyrate
ester (XXIX), which is hydrolyzed to the corresponding
carboxylic acid (I) by means of NaOH in acetonitrile/water
(2, 3). Scheme 3.

Background

Obesity has been classified as a global epidemic (7),
and its prevalence is increasing across age groups
throughout the industrialized world (8). Obesity is associ-
ated with a wide array of co-morbid conditions, notably
diabetes, coronary heart disease and hypertension. As it
increases the risk of other health disorders, obesity has a
similar severe impact on mortality, with a 50-100%
increased risk of death from all causes in obese subjects
as compared with normal-weight individuals of the same
age (9, 10). The direct and indirect costs of obesity and
diseases secondary to obesity are staggering, reaching

USD 117 billion for 1999-2000 in the United States, with
USD 61 billion being direct costs (11).

As long-term compliance to diet and exercise plans is
low, many patients require pharmacotherapy to lose
weight. Existing monotherapies are able to achieve a
maximum average weight loss of about 10% after approx-
imately 6 months of use, although weight is often
regained when drug therapy is discontinued (12).

Several lines of evidence implicate the cannabinoid
CB, receptor and endogenous agonists, or endocannabi-
noids, in the modulation of food intake and energy expen-
diture. Studies in different species have shown the CB,
receptor to be expressed in various brain regions, includ-
ing the hypothalamus, amygdala, hippocampus, basal
ganglia, cortex and cerebellum, and some of these areas
have been implicated in food intake and energy balance
(13-16). The CB, receptor is the brain receptor for tetrahy-
drocannabinol, the psychoactive substance in marijuana,
and marijuana use is associated with increased appetite
(13, 17). Cannabinoid agonists have been shown to
increase the reward value of food, while the CB, receptor
inverse agonist rimonabant has been found to inhibit the
intake of food in lean rodents and rodents with diet-
induced obesity, marmosets and humans (18-23). Inverse
agonists have also been shown to increase energy
expenditure (24). Leptin, derived from adipocytes,
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appears to modulate the levels of endocannabinoids (22).
Finally, CB, receptor knockout in mice was associated
with a lean phenotype and resistance to diet-induced
obesity (25).

Rimonabant (Acomplia®) was approved in Europe in
2006 for the treatment of obesity. It has been associated
with weight loss but also with side effects, particularly an
increased risk of psychiatric adverse events (26).

Investigators at Merck Research Laboratories discov-
ered a number of novel acyclic amide CB, receptor
inverse agonists which proved to be potent, selective and
orally bioavailable. Optimization efforts intended to
enhance in vivo efficacy and reduce the potential for the
formation of reactive metabolites led to the identification
of taranabant (MK-0364), a structurally distinct compound
from rimonabant, which has demonstrated beneficial
effects on food intake and body weight in preclinical stud-
ies and is currently undergoing clinical investigation in
obese subjects (3, 27).

Preclinical Pharmacology

In binding assays utilizing the cannabinoid receptor
agonist [®H]-CP-55940, taranabant was found to bind to
the recombinant human CB, receptor with an IC; of 0.3
nM and to the rat CB, receptor with an IC.; of 0.4 nM,
with corresponding K; values of 0.13 and 0.27 nM. The
IC,, values for binding to human and rat CB, receptors
were 290 and 470 nM, respectively, with corresponding
K; values of 170 and 310 nM. Taranabant showed over
1,000-fold selectivity for CB, receptors over CB, recep-
tors and numerous other targets. Taranabant also
demonstrated inverse agonist activity at the CB, recep-
tor, having the opposite effect (a further increase) on
forskolin-induced cAMP levels than CP-55940 in CB,
receptor-expressing Chinese hamster ovary (CHO) cells
(EC,, = 2 nM) (3, 27).

In rats with diet-induced obesity, acute administration
of taranabant 1 and 3 mg/kg p.o. dose-dependently inhib-
ited food intake (60% and 70%, respectively, at 6 h) and
body weight gain, effects not seen in CB, receptor-defi-
cient mice. At a minimum effective dose of 0.3 mg/kg,
chronic administration was associated with decreased
food intake, body weight gain and adiposity in diet-
induced obese rats treated for 2 weeks. The relative
weight loss compared with vehicle for doses of 0.3, 1 and
3 mg/kg was 4%, 5% and 7%, respectively, at the end of
the study. Single taranabant doses of 0.3, 1, 3, 10 and 30
mg/kg p.o. were associated with dose-dependent
increases in CB, receptor occupancy in rats. When the
chronic administration study was repeated, brain CB,
receptor occupancy by taranabant of 30% at 2 h postdose
was associated with weight loss, and higher occupancy
was correlated with greater efficacy. Furthermore, cumu-
lative weight gain, body composition, cumulative food
intake and cumulative feed efficiency in heterozygous
mice with one disrupted allele of the CB, receptor gene
Cnr1 were intermediate between wild-type and CB,
receptor-deficient mice, further supporting the notion of
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partial receptor occupancy by taranabant being associat-
ed with efficacy in terms of weight loss (27-29).

Safety

The results of a phase |l study comparing taranabant
and placebo in obese patients (NCT00109148) revealed
a risk of psychiatric adverse events with higher doses.
The randomized, double-blind, multicenter trial included
533 patients given placebo or taranabant 0.5, 2, 4 or 6
mg/day for 12 weeks. In these groups, the percentage of
patients discontinuing due to adverse events was 10.5%,
4.7%, 4.6%, 16.2% and 10.2%, respectively. Gastro-
intestinal events were significantly increased in the high-
er taranabant dose groups, to 61.0% and 53.7% on 4 and
6 mg, respectively, compared to placebo (38.1%).
Psychiatric adverse events were also significantly
increased in the taranabant 2, 4 and 6 mg groups (27.5%,
31.4% and 27.8%, respectively) compared to placebo
(18.1%). Of the psychiatric adverse events, the incidence
of anxiety was significantly higher in the taranabant 6 mg
group (10.2%) compared to placebo (2.9%). Psychiatric-
related adverse events led to treatment discontinuation in
15% of patients. The similarity of the psychiatric adverse
events seen in this study and in studies of rimonabant
—depression, anxiety, irritability and others— suggest that
the events may be related to the agents’ mechanism of
action (30).

Clinical Studies

A randomized, double-blind, placebo-controlled study
in 15 healthy, lean male volunteers was conducted to
determine human brain CB, receptor occupancy after sin-
gle and multiple doses of taranabant. Study subjects
received 14 days of treatment with placebo or taranabant
1, 4 or 7.5 mg, or a single taranabant dose of 12 mg fol-
lowed by multiple doses of 6 mg. Brain CB, receptor
occupancy was assessed by PET with the CB, receptor
ligand [8F]-MK-9470 before dosing and at approximately
2 and/or 24 h after single or multiple doses. The results
revealed dose-dependent occupancy of brain CB, recep-
tors after single and multiple doses. A plasma concentra-
tion of taranabant of 7 nM was required to achieve an
average target brain CB, receptor occupancy of 30% at
24 h, and this level of occupancy was achieved with
doses of 4-6 mg/day. The treatment was generally well
tolerated (30-32).

The weight loss seen with CB, receptor inverse ago-
nists appears to be due in part to increases in energy
expenditure, as shown in a randomized, double-blind,
4-period crossover study in overweight and moderately
obese male subjects. The 17 subjects included in the
study received single doses of placebo, taranabant 4 mg,
taranabant 12 mg and sibutramine 30 mg, and resting
energy expenditure (REE) was evaluated using indirect
calorimetry over a 5-h postdose period and at 24 h post-
dose. Peak REE was the maximum of the average of two
consecutive 30-min measurements within 2-5 h postdose.
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Peak REE geometric mean ratios for taranabant 4 mg,
taranabant 12 mg and sibutramine 30 mg versus placebo
were 1.02, 1.06 and 1.03, respectively. Taranabant and
sibutramine were generally well tolerated (33, 34).

The reductions in food (energy) intake seen with
taranabant in preclinical studies have also been seen in
overweight humans, indicating that this is also a mecha-
nism by which the drug reduces weight. The effect of
taranabant on food intake was investigated in a random-
ized, double-blind, placebo-controlled, 4-period crossover
study in 36 overweight/obese male subjects. The treat-
ments were the same as in the above study, with place-
bo, taranabant 4 and 12 mg and sibutramine 30 mg as
positive control. The subjects received meals at 3, 10, 13
and 24 h postdose that were approximately 5 times
larger than standard portions and could be consumed ad
libitum. Analysis of caloric intake showed mean reduc-
tions in energy intake over 24 h of 3%, 22% and 12% with
taranabant 4 mg, taranabant 12 mg and sibutramine 30
mg, respectively, compared to placebo. Taranabant 12
mg and sibutramine 30 mg significantly reduced energy
intake by approximately 27% and 20%, respectively, at
the lunch meal compared to placebo. Energy intake was
lowest with taranabant 12 mg at all four meals. The effect
of taranabant 4 mg on energy intake was not significant.
Taranabant and sibutramine were again well tolerated
(35, 36).

Data from the phase Il study discussed above
(NCT00109148) showed reduced body weight with taran-
abant in obese subjects. In an analysis using last obser-
vation carried forward to impute missing data, least-
squares mean changes from baseline in body weight
were —1.2,-2.9, -3.9, —4.1 and -5.3 kg, respectively, with
placebo and taranabant doses of 0.5, 2, 4 and 6 mg, rep-
resenting a significant trend over the range of study
doses. A significant dose-response effect was also seen
for the change in waist circumference (30).

A number of other studies of the effect of taranabant
on weight are presently ongoing. These include three
randomized, double-blind, placebo-controlled phase I
studies in obese and overweight subjects, a phase Il
study of weight loss in patients with type 2 diabetes and
a phase lll study in obese patients (37-41). A phase |l trial
is also under way investigating taranabant as an aid to
smoking cessation (42).

Drug Interactions

Chronic administration of taranabant did not appear to
alter the pharmacokinetics of ethinylestradiol or norelge-
stromin in a study in healthy women taking the oral con-
traceptive Ortho Tri-Cyclen®. The randomized, crossover
study included two 28-day contraceptive cycles wherein
19 healthy female volunteers with normal menstrual
cycles received active oral contraceptive for 21 days fol-
lowed by 7 days of placebo. On days 1-21 of each cycle,
subjects were given a single dose of oral taranabant 6 mg
or placebo. Evaluation of plasma samples on day 21 of
each 28-day cycle revealed geometric mean ratios for
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ethinylestradiol and norelgestromin of 0.93 and 1.02,
respectively, for AUC,, and 0.95 and 0.95, respectively,
for C_,. These values were within predefined acceptable
boundaries of bioequivalence. Co-administration of taran-
abant and oral contraceptive was generally well tolerated,
with only mild adverse events observed and none leading
to discontinuation. Headache and nausea were the most
common drug-related adverse events (43).

Source
Merck & Co., Inc. (US).
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