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TITLE OF THE INVENTION
COMBINATION THERAPY FOR THE TREATMENT OF URINARY FREQUENCY, URINARY
URGENCY AND URINARY INCONTINENCE

FIELD OF THE INVENTION

This invention concerns compositions for the &ealment of urinary frequency, urinary
urgency and urinary incontinence comprising a selected antagonist of the NK-1 receptor or a
pharmaceutically acceptable salt thereof and an anti-muscarinic agent or a pharmaceutically acceptable
salt thereof. This invention concerns combination therapy for urinary frequency, urinary urgency and
urinary incontinence wherein one of the active agents is a selected antagonist of the NK-1 receptor or a
pharmaceutically acceptable salt thereof and another is an anti-muscarinic agent or a pharmaceutically

acceptable salt thereof.
BACKGROUND OF THE INVENTION

The function of the lower urinary tract is to store and periodically release urine. This
requires the orchestration of storage and micturition reflexes which involve a variety of afferent and
efferent neural pathways, leading to modulation of central and peripheral neuroeffector mechanisms, and
resultant coordinated regulation of sympathetic and parasympathetic components of the autonomic
nervous system as well as somatic motor pathways. These proximally regulate the contractile state of

bladder (detrusor) and urethral smooth muscle, and urethral sphincter striated muscle.

* Urinary frequency, urinary urgency is a disorder characterized by frequent and generally
inappropriate strong urges to urinate. From a pathophysiologic point of view, urinary frequency, urinary
urgencyis most often associated with detrusor instability (“overactive bladder”), which may be intrinsic
or may occur secondary to neurolbgical conditions such as stroke or spinal cord injury. Urinary
frequency, urinary urgencyaffects approximately 16% of both men and women; particularly in women,
urinary frequency, urinary urgencyoften is accompanied by urinary incontinence, which is defined as
socially inappropriate, involuntary loss of urine. Urgency with or without incontinence has been shown
to negatively impact both social and medical well-being, and represents a significant burden in terms of
annual direct and indirect healthcare expenditures. Importantly, current medical therapy for urgency
(with or without incontinence) is suboptimal, as many patients either do not demonstrate an adequate
response to current treatments, and/or are unable to tolerate current treatments (for example, dry mouth

associated with anticholinergic therapy). See Ouslander JG. Management of Overactive Bladder. N Engl
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J Med 2004; 350:786-99. Therefore, there is need for new, well-tolerated therapies that effectively treat
urinary frequency, urinary urgencyand incontinence, either as monotherapy or in combination with

available therapies.

Adequate sensory ihput is a prerequisite for normal bladder control and changes in
sensory mechanisms may give rise to disturbances in bladder function. Thus, it has been proposed that
urge incontinence is “a disease of bladder éensors”. See Klein, L.A.: Urge incontinence can be a disease
of bladder sensors. J Urol., 139: 1010-10-14, 1998. In spinal health, afferent activity from the bladder is
mediated largely by the myelinated Ad—fibers that pass through the spinal tracts to the brainstem and
then to the pontine micturition center. After spinal disruption, a different type of afferent pathway
emerges that is mediated by unmyelinated C-fibers that are sensitive to capsaicin. It is thought that these
primary afferent C-fibers drive the spinal segmental reflex pathway and may be involved in pathological

conditions of the bladder including overactivity and incontinence.

A renewed interest in tachykinins (TK) and especially NK receptor antagonists, on the
micturition reflex is due to the recent introduction of C-fiber neurotoxins (capsaicin and resinferatoxin)
in urology for the treatment of both idiopathic micturition disorders and thbse related to neurological
dysfunctioné such as multiple sclerosis, Parkinson’s disease and spinal cord injuries. See Maggi, C.A.,
Barbanti, G., Santicioli, P., Beneforti, P., Misuri, D., Meli, A. and Turini, D.: Cystometric evidence that
capsaicin-sensitive nerves modulate the afferent branch of micturition reflex of humans. J. Urol., 142:
150, 1989. Lazzeri, M., Beneforti, P., Spinelli, M., Barbagli G., Turini D. Intravesical resiniferatoxin for
the treatment of hypersensitive disorders: a randomized placebo controlled study. J Urol., 164:676-679,
2000. Dasgupta, P. and Fowlér, C.J. Chilies from antiquity to urology. Brit. J. Urol., 80:845, 1997.

Lecci A., birder, L., Meini, S., Giuliani, S., Tramontana, M., Criscuoli, M. Capsaicin and the micturition
reflex: actions of tachykinins and other transmitters. Curr. Top. Pharmacol., 4; 193-220., 1998. M.B.
Chancellor and W.C. de Groat, Intravesical capsaicin and resiniferatoxin therapy; spicing up the ways to
treat the 'overactive bladder. J. Urol. 162; 3-11, 1999. Capsaicin, instilled directly into the bladder, was
the first such agent used and it has been reported to achieve beneficial effects (i.e. increased bladder
capacity) in ~70% of patients. Resinferatoxin, which is ~100-fold more potent than capsaicin, causes
prolonged inactivation of C-fibers without the initial stimulatory effects. See Avelino, A, Cruz F,
Coimbra, A. Intravesical resinferatoxin desensitizes rat bladder sensory fibers without causing intense
noxious exqitation. A C-fos study. Eur J Pharmacol., 378; 17-25, 1999. The introduction of these agents
into humans was supported by several animal studies that showed local or systemic treatment with

capsaicin or resiniferatoxin, at doses that depleted substance P and neurokinin A in the bladder, caused
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an increase in bladder capacity and reduced bladder hyperactivity. See Holzer-Petsche, U. and Lembeck,
F. Systemic capsaicin treatment impairs the micturition refiex in the rat. Br. J. Pharmacol. 83; 935-941,
1984. Cheng, C.I., Ma, C.P. and de Groat, W.C. Effect of capsaicin 'on micturition and associated
reflexes in rats. Amer. J. Physiol., part 2,34; R132, 1993. Cheng, C.I., Ma, C.P. and de Groat, W. Effect
of capsaicin on micturition and associated reflexes in chronic spinal rats. Brain Res., 678; 4048, 1995.
Maggi, C.A., Santicioli, P. and Meli, A.: The effects of topical capsaicin on rat urinary bladder motility
in vivo. Eur. J. Pharmacol., 103;41-51, 1984. Santicioli, P., Maggi, C.A. and Meli, A.: The effect
capsaicin pretreatment on the cystometrograms of urethrane anesthetized rats. J. Urol., 133; 700-708,
1985. Thus, a possible role of tachykinins as sensory transmitters in the micturition reflex has been
postulated and NK, and/or NK; receptor antagonists may induce the same effects as capsaicin by
inhibiting the sensorial input from the bladder to the spinal cord, thus increasing the threshold to initiate

micturition.

The effects of selective NK, and NK; receptor antagonists have been studied in various
animal models of bladder function. Using a cyclophosphamide-induced model of bladder overactivity, it
has been shown that two NK, antagonists (GR 82334 and RP 67580) increased the volume threshold
after i.t., but not i.v. administration. A moderate response in this model was also observed with the NK,
antagonist SR 48968 (10 nmol/rat), however the i.v. co-administration of NK, and NK,, antagonists did
not modify urodynamic variables in either vehicle- or cyclophosphamide-treated rats. See Lecci, A.,
Giuliani, S., Santicioli, P., Maggi, C.A. Involvement of spinal tachykinin NK1 and NK2 receptors in
detrusor hyperreflexia during chemical cystitis in anaesthetized rats. Eur J. Pharmacol., 259; 129-135,
1994. Using RP 67580 and SR 48968, Ishizuka et al., found that spinal NK, receptors are involved in the
micturition reflex induced by bladder filling in animals with bladder hypertrophy secondary to outflow
obstruction. See Ishizuka, O., Igwana, Y., Lecci, A., et al. 1994. Role of intrathecal tachykinin for
micturition in unanesthetized rats with and without bladder outlet obstruction. Br. J. Pharmacol. 113,
111-123. Another study determined that intrathecal administration of GR 82334 blocked capsaicin-
induced micturition reflex in rats. Importantly, at the same doses proved effective in the
chemonociceptive reflex, GR 82334 did not affect the micturition reflex induced by bladder filling or the
force of contraction induced by perineal pinching. See Lecci, A., Giuliani, S., Maggi, C.A. Effect of the
NK-1 receptor antagonist GR 82334 on reflexly-induced bladder contractions. Life Sciences, 51; 277-
280, 1992.

Scientists at Takeda Laboratories have investigated the effects of TAK-637 on lower

urinary tract function in guinea pigs and cats. Kamo and Doi, reported that in decerebrate cats, TAK-637
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(0.1, 0.3, 1 and 3 mg/kg i.v.) produced a dose-dependent increase in bladder capacity (maximal increase
was 94%) without any significant reduction in voiding efficiency. TAK-637 at 3mg/kg i.v. did not
inhibit the micturition reflex induced by electrical stimulation of the rostral brainstem near the locus
coeruleus, indicating that it does not impair the efferent pathways of the micturition reflex. These results
suggest that TAK-637 increases bladder storage capability without inhibiting the voiding function of the
lower urinary tract, presumably by inhibiting the afferent pathway of the micturition reflex rather than
the efferent pathway. The systemic-administration of TAK-637 decreased the number but not the
amplitude of distension-induced rhythmic bladder contractions in guinea pig, an effect which was also
observed in animals with severed spinal cords. TAK-637 also inhibited the micturition reflex induced by
topical application of capsaicin (which stimulates primary afferent nerve endings in the bladder wall)
onto the surface of the bladder dome. These results suggest that TAK-637 inhibits sensory transmission
from the bladder evoked by both physiological and nociceptive stimuli by blocking tachykinin NK,
receptors, almost certainly at the level of the spinal cord. Furthermore, TAK-637 inhibits the spinal
vesico-vesical reflex induced by electrical stimulation of the proximal cut end of the pelvic nerve in
spinal animals, but not bladder contractions induced by electrical stimulation of the distal cut end of the
nerve. Tissue bath studies showed that TAK-637 had no effect on carbachol or electrical field
stimulation induced contractions of isolated bladder strips, whereas other drugs used for abnormally
frequent micturition inhibited both contractions. These results suggest that TAK-637 inhibits the
micturition reflex by acting, at least in part, on NK, receptors in the spinal cord, a mechanism of action

clearly different from antimuscarinics or spasmolytics

NK-1 receptor antagonists, and in particular, those whose use is claimed herein, are also

believed to be useful in the treatment of Lower Urinary Tract Symptoms (LUTS).

_ See Moller, et. al., BMJ 2000; 320: 1429-1432 (27 May); Pinnock and Marshall, MJA
1997; 167: 72-75 (21 July); Moller, et. al., Obstetrics & Gyneology 2000; 96:446-451; and Clinical
Practice Guidelines: The Management of Uncomplicated Lower Urinary Tract Symptoms in Men,
UHMRC 2000.

SUMMARY OF THE INVENTION
_ In one aspect, this invention concerns a pharmaceutical composition for the treatment of
urinary frequency, urinary urgency and urinary incontinence comprising a therapeutically effective

amount of a selected antagonist of the NK-1 receptor of a pharmaceutically acceptable salt thereof and a
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therapeutically effective amount of an anti-muscarinic agent or a pharmaceutically acceptable salt
thereof.

In another aspect, this invention concerns combination therapy and pharmaceutical
compositions the treatment of urinary frequency, urinary urgency and urinary incontinence wherein one
of the active agents is a selected antagonist of the NK-1 receptor or a pharmaceutically acceptable salt

thereof and another is an anit-muscarinic agent or a pharmaceutically acceptable salt thereof.
DETAILED DESCRIPTION OF THE INVENTION

In one aspect, this invention concerns a pharmaceutical composition for the treatment of
a disease selected from urinary frequency, urinary urgency or urinary incontinence have two active
agents: a therapeutically effect amount of

(a) an antagonist of the NK-1 receptor selected from:
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or pharmaceutically acceptable salt thereof; or

(b) an antagonist of the NK-1 receptor selected from
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and a therapeutically effective amount of an anti-muscarinic agent.

Within this aspect there is a genus wherein the NK-1 receptor antagonists are selected

from group (a).

Within this genus is a sub-genus wherein the NK-1 receptor antagonist is:
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CF;3

or a pharmaceutically acceptable salt thereof.

Within this aspect there is a genus wherein the theNK-1 receptor antagonists are selected
5  from group (b).

Within this genus is a sub-genus wherein the NK-1 receptor antagonist is:

CF;

NH,

of a pharmaceutically acceptable salt thereof.

10 Within this aspect there is a genus wherein the NK-1 receptor antagonists are selected
from group (c).
Within this aspect there is a genus wherein the NK-1 receptor antagonists are selected

from group (d).
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For purposes of this specification, the anti-muscarinic agents include tolterodine,
oxybutynin, trospium, vamicamide, solifenacin, propiverine, S-oxybutynin, temiverine, sanctura, staybla,
fesoterodine, SVT40776, 202405 by GlaxoSmithKline, TD6301, RBX9841, DDP200, and PLD179. See,
for example, US 5,382,600; US 3,176,019; US 3,480,626; US 4,564,621; US 5,096,890; US 6,017,927,
US 6,174,896; US 5,036,098; US 5,932,607; US 6,713,464; US 6,858,650; and DD 106643. See also,
US 6,103,747; US 6,630,162; US 6,770,295; US 6,911,217; US 5,164,190; US 5,601,839; US 5,834,010;
US 6,743,441; W02002000652; W0200400414853. The anti-muscarinic agents also include trospium
chloride, darifenacin and imidafenacin (KRP-197). As will be appreciate by those of skill in the art,
these drugs may be administered orally or topically in standard or extended release forms, such as

extended release tolterodine, extended relesase oxybutynin and transdermal oxybutynin.

Accordingly, in one aspect, this invention concerns a pharmaceutical composition for the
treatment of a disease selected from urinary frequency, urinary urgency or urinary incontinence _
comprising a therapeutically effect amount of a selected NK-1 receptor antagonist, as discussed above
and a therapeutically effective amount of an anti-muscarinic agent selected from the group consisting of
tolterodine, oxybutynin, trospium, vamicamide, solifenacin, propiverine, S-oxybutynin, temiverine,
sanctura, staybla, fesoterodine, SVT40776, 202405 by GlaxoSmithKline, TD6301, RBX9841, DDP200,
and PLD179.

Within this aspect there is a genus wherein the anti-muscarinic agent is selected from the

group consisting of trospium chloride, darifenacin and imidafenacin.

Within this aspect there is a genus wherein the anti-muscarinic agent is selected from the

group consisting extended release tolterodine, extended relesase oxybutynin and transdermal oxybutynin.

Within this aspect there is a genus wherein there are exactly two active agents, wherein
one of the active agents is an antagonisto of the NK-1 receptor and the other active agents is an anti-

muscarinic agent.

The inventions described above comprise pharmaceutical compositions and the use
thereof, in which an individual dose contain both an antagonist of the NK-1 receptor and an anti-
muscarinic agent. In the alternative, the agents may be administered in separate dosage forms, at the
same time or one after the other. For purposes of this application, these alternative are described as

concomitant administration.
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~ Pharmaceutical compositions intended for oral use may be prepared according to any
method known in the art for the manufacture of pharmaceutical compositions and such compositions may
contain one or more agents selected from .the group consisting of sweetening agents, flavoring agents,
coloring agents and preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients may be for
example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or
sodium phosphate; granulating and disintegrating agents, for example, corn starch, or alginic acid;
binding agents, for example starch, gelatin or acacia, and lubricating agents, for example magnesium
stearate, stearic acid or talc. The tablets may be uncoated or they may be coated by known techniques to
delay disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action
over a longer period. Compositions for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or an
oil medium, for example peanut oil, liquid paraffin, or olive oil. Aqueous suspensions contain the active
materials in admixture with excipients suitable for the manufacture of aqueous suspensions. Qily
suspensions may be formulated by suspending the active ingredient in a suitable oil. Oil-in-water
emulsions may also be employed. Dispersible powders and granules suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture with a dispersing
or wetting agent, suspending agent and one or more preservatives.

Pharmaceutical compositions of the present compounds may be in the form of a sterile
injectable aqueous or oleagenous suspension. The compounds of the present invention may also be
administered in the form of suppositories for rectal administration. For topical use, creams, ointments,
jellies, solutions or suspensions, etc., containing the compounds of the present invention may be
employed. The compounds of the present invention may also be formulated for administered by
inhalation. The compounds of the present invention may also be administered by a transdermal patch by
methods known in the art. '

The compositions containing compounds of the present invention may be presented in
unit dosage form and may be prepared by any of the methods well known in the art of bharmacy. The
term “unit dosage form” is taken to mean a single dose wherein all active and inactive ingredients are
combined in a suitable system, such that the patient or person adminstering the drug to the patient can
open a single container or package with the entire dose contained therein, and does not have to mix any

components together from two or more containers or packages. Typical examples of unit dosage forms
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are tablets or capsules for oral administration, single dose vials for injection, or suppositories for rectal
administration. This list of unit dosage forms is not intended to be limiting in any way, but merely to
represent typical examples in the pharmacy arts of unit dosage forms. The compositions containing
compounds of the present invention may also be presented as a kit, whereby two or more components,
which may be active or inactive ingredients, carriers, diluents, and the like, are provided with instructions
for preparation of the actual dosage form by the patient or person administering the drug to the patient.
Such kits may be provided with all necessary materials and ingredients contained therein, or they may
contain instructions for using or making materials or components that must be obtained independently by
the patient or person administering the drug to the patient.

By "pharmaceutically acceptable” it is meant the carrier, diluent or excipient must be
compatible with the other ingredients of the formulation and not deleterious to the recipient thereof.

The terms "administration of” or "administering a" compound should be understood to
mean providing a compound of the invention to the individual in need of treatment in a form that can be
introduced into that individual’s body in a therapeutically useful form and therapeutically effective
amount, including, but not limited to: oral dosage forms, such as tablets, capsules, syrups, suspensions,
and the like; injectéble dosage forms, such as IV, IM, or IP, and the like; transdermal dosage forms,
including creams, jellies, powders, or patches; buccal dosage forms; inhalation powders, sprays,
suspensions, and the like; and rectal suppositories. The term “therapeutically effective amount” refers to
a sufficient quantity of the compounds of the present invention, in a suitable composition, and in a
suitable dosage form to treat or prevent the noted disease conditions.

It will be appreciated that when using any combination described herein, both the
compound of the present invention and the other active agent(s) will be administered to a patient, within
a reasonable period of time. The compounds may be in the same pharmaceutically acceptable carrier and
therefore administered simultaneously. They may be in separate pharmaceutical carriers such as
conventional oral dosage forms which are taken simultaneously. The term “combination” also refers to

the case where the compounds are provided in separate dosage forms and are administered sequentially.

Therefore, by way of example, one active component may be administered as a tablet and then, within a

reasonable period of time, the second active component may be administered either as an oral dosage
form such as a tablet or a fast-dissolving oral dosage form. By a “fast dissolving oral formulation™ is
meant, an oral delivery form which when placed on the tongue of a patient, dissolves within about 10
seconds. By “reasonable period of time” is meant a time period that is not in excess of about 1 hour.
That is, for example, if the first active component is provided as a tablet, then within one hour, the
second active component should be administered, either in the same type of dosage form, or another

dosage fqrm which provides effective delivery of the medicament.
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The compounds of this invention may be administered to patients (humans and animals,
including companion animals, such as dogs, cats and horses) in need of such treatment in dosages that
will provide optimal pharmaceutical efficacy. It will be appreciated that the dose required for use in any
particular application will vary from patient to patient, not only with the paﬁicular compound or
composition selected, but also with the route of administration, the nature of the condition being treated,
the age and condition of the patient, concurrent medication or special diets then being followed by the
patient, and other factors which those skilled in the art will recognize, with the appropriate dosage
ultimately being at the discretion of the attendant physician.

A suitable dosage level of the NK-1 receptor antagonist or pharmaceutically acceptable
salts thereof, is about 0.001 to 50 mg/kg per day, in particular about 0.01 to about 25 mg/kg, such as from
about 0.05 to about 10 mg/kg per day. The dosage range will generally be about 0.5 to 1000 mg per
patient per day, which may be administered in single or multiple doses. Preferably, the dosage range will
be about 0.5 mg to 500 mg per patient per day; more preferably about 0.5 mg to 200 mg per patient per
day; and even more preferably about 1 mg to 10 mg or 5 mg to 50 mg per patient per day. Specific
dosages of the compounds of the present invention, or pharmaceutically acceptable salts thereof, for
administration include 1 mg, 5 mg, 10 mg, 30 mg, 100 mg, and 500 mg. Pharmaceutical compositions of
the present invention may be provided in a formulation comprising about 0.5 mg to 1000 mg active
ingredient; more preferably comprising about 0.5 mg to 500 mg active ingredient; or 0.5 mg to 250 mg
active ingredient; or 1 mg to 10 or 100 mg active ingredient. Specific pharmaceutical compositions
comprise about 1 mg, 5 mg, 10 mg, 30 mg, 100 mg, and 500 mg of active ingredient.

A suitable dosage level of tolterodine includes that presently approved for the drug, such

a 1, 2 or 4 mg of tolterodine tartrate, once or twice a day.

The NK-1 receptor antagonists of group (a) and methods of making same are disclosed in
the Examples section, hereinunder.

The NK-1 receptor antagonists of group (b) and methods for making same are disclosed
in WP2005/073191, published August 11, 2005.

Tolterodine ((R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphernyl)-3-propanamine) and
methods of making same are disclosed in US 5,382,600.
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INTERMEDIATE 1

((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentane-
carboxylic acid ‘
Method A: The title compound was prepared as described in U.S. Patent No. 5,750,549 or was
obtained from its Y2 TEA salt as described in U.S. Patent No. 6,479,518 and J. Org. Chem., 67, 5993-
6000 (2002). In the latter case, the ¥2 TEA salt was suspended in water, the water was acidified with 2N
HCI until the pH was less than 2, and the mixture was extracted twice with ethyl acetate. The ethyl
acetate layers were each successively washed with brine, combined, and dried over sodium sulfate.
Removal of solvent in vacuo afforded the free acid as a thick oil which solidified on standing.
Method B: The title compound was also prepared as follows. To a 100 L flask was charged
sequentially 113.3 g (0.50 mol) of PA(OAc),, 331.4 g (1.11 mol) of 2-(di-+-butylphosphino)biphenyl,
2.476 kg (25.24 mol) of 1,3-cyclopentanedione, and 10.72 kg (50.5 mol) of powdered K3;PO,. The
resulting mixture was degassed (3X) by vacuum/N; back fills. The vessel was then charged with 26 L of
1,4-dioxane and 4.28 kg (32.78 mol) of 1-chloro-4-fluorbenzene and the vessel degassed (3X) with
vacuum/N; back fills. The fesulting slurry was heated to reflux for 12 h, cooled to rt, and water (23 L)
was added. The vessel was rinsed with an additional 6 L of water and the reaction mixture further
diluted with an additional 46 L of water. To the homogeneous solution was added 9 L of conc. HCI to
adjust the pH to 1 and the solution aged for 2.5 h. The slurry was then filtered and the cake washed with
17 L of water and 17 L of toluene. The solid was then dried at 60 °C for 48 h, provndmg 2-(4-fluoro-
phenyl)-1,3-cyclopentanedione as a light tan solid.

To a solution of 30.8 mL of THF in a stirred autoclave was added sequentially 17.31 g
(81:54 mmol) of K;POy, 4.0 g ( 40.8 mmol) of 1,3-cyclopentanedione, 268 mg (0.989 mmol) of 2-(di-+-
butylphosphino)biphenyl, 91.5 mg (0.405 mmol) of Pd(OAc)z, and 6.92 g (53.0 mmol) of 1-chloro-4-
fluorobenzene. The sides of the reaction vessel were washed with an additional 10 mL of THF and the
vessel purged 3 times with vacuum and nitrogen. The heterogeneous reaction mixture was then heated to
100 °C, generating 25 psig pressure in the vessel. The reaction was aged at 100 °C for 12 h, cooled to rt,
and diluted with 150 mL of water. The resulting homogeneous mixture was distilled to remove THF and

.then heated to 50 °C. The aqueous solution was then slowly acidified using conc. HCI until a final pH of

3 was obtained (10.6 mL). The slurry was cooled to rt and filtered. The wet cake was washed with 40
mL of water, 40 mL of toluene, and dried under vacuum at 60 °C for 24 h to give 2-(4-fluorophenyl)-1,3-
cyclopentanedione as a light brown solid.

To a 1-Liter 3-neck flask was charged 50 g (0.26mol) of 2-(4-fluorophenyl)-1,3-
cyclopentanedione as a solid to 260 mL of dry MeCN (KF < 100 ug/mL). To the resulting suspension
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was added 18.5 g (0.13 mol) of Na,HPO, and the sides of the reaction flask were washed with an
additional 100 ml of dry MeCN. In a separate flask containing 150 mL of MeCN was added 56 g (0.195
mol) of POBr;. The resulting POBr; solution was then added drop-wise to the slurry, and the mixture
was heated to 65 °C for 1.5 h and cooled to rt. The reaction mixture was quenched with IN KOH to a
final pH of < 8.0 and aged for 30 min. During the quench the precipitation of insolubles occurs at pH < 4
which turns to an oily mass around pH 7-7.5. The bottom oily layer and aqueous layer were separated.
The top MeCN layer containing the product was filtered over a small plug of solka floc, which was then
rinsed with one bed volume of MeCN. The combined MeCN layers were then concentrated to a final
volume of 500 mL. To the concentrated solution was added 600 mL of water at rt and the mixture
seeded with 500 mg of 3-bromo-2-(4-fluorophenyl)-2-cyclopenten-1-one. After aging for 30 min, the
remaining 700 mL of water were added drop-wise. After 45 min, the slurry was filtered, washed with
100 mL of water and dried under vacuum at 25 °C giving 3-bromo-2-(4-fluorophenyl)-2-cyclopenten-1-
one as a light brown solid. .

To 50 mL of dry dimethylacetamide (DMAC, KF < 100 ug/mL) was added 25 g (98
mmol) of 3-bromo-2-(4-fluorophenyl)-2-cyclopenten-1-one as a solid. In a separate 100 mL round-
bottom flask was mixed 2.08 g of 5 % Pd/C and 40 mL of DMAC. The slurry containing the catalyst was
then added to the flask containing the starting bromide and the 100 mL round bottom flask rinsed with an
additional 10 mL DMAC. To the reaction mixture was then added 46.7 mL (196 mmol) of N-
tributylamine and 20 mL (473 mmol) of MeOH. The resulting reaction flask was purged with nitrogen
(5X) and then with CO (5X). The CO pressure was set at 10 psi and the reaction mixture heated at 60 °C
for 12 h. The reaction mixture was filtered over a small plug of solka floc to remove the catalyst and the
pad washed with MeOH (172 mL). The methanol was removed under reduced pressure. To the mixture
was slowly added 8.6 mL of 1N HCIl at such a rate to keep the temperature < 24 °C, and then the batch
was seeded with 1 wt% of methyl 2-(4-fluorophenyl)-3-oxo-1-cyclopent-1-enecarboxylate. After aging
for 15 min, 163 mL of 1N HCI was added drop-wise over the next 2.5 hours maintaining the temperature
<25 °C. The slurry was aged at 15-20 °C for 30 min and sampled for supernatant concentration and
filtered. The cake is washed with 17 mL of 1 N HCI and then water until the pH of the filtrate was > 5.
The product is dried under vacuum/nitrbgen sweep for 40 h at 25 °C to give methyl 2-(4-fluorophenyl)-3-
oxo-1-cyclopent-1-enecarboxylate as a brown solid. '

To 13.2 L of toluene was added 900 mL (0.897 mol) of (R)-2-methyl-oxazaborolidine
and 540 mL (5.40 mol) of BH;-SMe, and the mixture was cooled to —20 °C. In a separate round bottom
flask was added 2.168 Kg (9.26 mol) of methyl 2-(4-fluorophenyl)-3-oxo-1-cyclopent-1-enecarboxylate
and 21 L toluene (final KF ~100). The toluene solution of ester was then added drop-wise over 1.25 h at

such a rate that the internal temperature did not rise above —20 °C. After 1.25 h the reaction mixture was
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quenched by slow addition of 2.2 liter of MeOH and allowed to warm to rt. The resulting toluene
solution was washed with 21 L of IN HCI, and azeotropically dried (50 °C, 25 inHg) to a final volume of
21 liters solution of methyl (3.5)-2-(4-fluorophenyl)-3-hydroxycyclopent-1-enecarboxylate.

To a toluene stream containing methyl (35)-2-(4-fluorophenyl)-3-hydroxycyclopent-1-
enecarboxylate in 21 L toluene was added 12 Liters of dry THF and the reaction mixture was cooled to —
48 °C. To the cooled solution was added drop-wise over 45 min 3.8 Liters (13.46 mol) of 70% Red-Al in
toluene. The reaction mixture was allowed to warm to —25 °C over 2.5 h and was added to a solution of
21 L of 2M NaHSOQO,. The mixture was stirred for 30 min and the layers separated. The toluene layer
was then washed with 15 L of water. The toluene layer was then azeotropically dried (50 °C, 25 inHg) to
a final volume of 21 L (KF 130 ug/mL) and used in the next step. To the toluene solution was added 820
mL (3.6 mol) of 25 wt% NaOMe in MeOH at 50 °C and the mixture heated to 75 °C for 1 h. The
mixture was then cooled to 50 °C and 17 L of water, 1 L of MeOH, and 4.5 L of 6N NaOH was added.
The mixture was stirred at 20-25 °C overnight. The layers were separated, and the toluene layer
discarded. The aqueous layer was then washed with 15 L of MTBE and the MTBE layer discarded. The
aqueous layer was then made acidic with conc. HCI (2.1 L, pH 1). ‘The mixture was extracted with 40 L
of [PAC. The IPAC layer containing the product (1.35 kg, 69% assay) was then treated with 500 g of

. Darco for 30 min at 25 °C and filtered over a pad of solka floc, rinsing the pad with and additional 5 L of
TPAC. The IPAC solution was then azeotropically dried (45 °C, 25 inHg) to a final volume of 15 L (KF

<200) and cooled to 20 °C. To the IPAC solution was added 3.04 L of n-heptane and the mixture seeded
with 5 g of (1R,2R,35)-2-(4-fluorophenyl)-3-hydroxycyclopentane-1-carboxylic acid. After a good seed
bed had been formed (30 min) the rest of the n-heptane (40.4 L) was added drop-wise over 1 hour. The
slurry was cooled to 10 °C and filtered. The cake was washed with 2 L of 5:1 n-heptane/IPAC and then
with 1 L of heptane. The cake was then dried under vacuum/N, sweep at 20-25 °C overnight to provide
(1R,2R,3S5)-2-(4-fluorophenyl)-3-hydroxycyclopentane-1-carboxylic acid as a colorless solid.

A solution of (1R,2R,35)-2-(4-fluorophenyl)-3-hydroxycyclopentane-1-carboxylic acid
(9.8 kg) in methanol (49 L) was heated to reflux in the presence of 10 mol% sulfuric acid. The reaction
was complete within 3 h (<2% starting material) and after cooling to 20 °C, the resulting solution was
diluted with dichloromethane (49 L). This solution was then washed with 0.1M Na,HPO, (98 L)
followed by saturated NaCl,g) (49 L). The resulting dichloromethane solution of (1R,2R,35)-2-(4-
fuorophenyl)-3-hydroxycyclopentane-1-carboxylic acid methyl ester was then azeotropically dried with
DCM (a further 75 L DCM used) to a final volume of 32 L.

(1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethanol (15 kg) was dissolved in heptane-
dichloromethane (4:1; 150 L) and the resulting solution was then treated with DBU (10 mol%) and
trichloroacetonitrile (1.05 equiv.) at 20 °C. The addition of CI3CCN resulted in a slight exotherm and the
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temperature of the batch increased gradually to 27 °C. After aging at approx. 25 °C for 6 h, the reaction
was complete (4% (S)-BTBA). The resulting reaction mixture was washed with 0.1M citric acid (75 L)
followed by saturated NaCl,g) (75 L). A total of <0.5% product was lost to these washes. The resulting
organic layer was then concentrated to a final volume of approx. 67 L ((1R)-1-(3,5-bis(trifluoro-
methyl)phenyl)ethoxy)-trichloroacetimidate in dichloromethane.

The solutions of (1R,2R,35)-2-(4-fuorophenyl)-3-hydroxycyclopentane-1-carboxylic acid
methyl ester in dichloromethane and ((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-trichloro-
acetimidate (1.25 equiv.) in heptane, prepared above, were combined and cooled to -8 °C.
Tetrafluoroboric acid (10 mol%) was added and the batch was left to age at this temperature. Additional
HBF, catalyst (2 mol%) was added and the reaction mixture was left to age at —8 °C overnight. After a
total of 23 h, the reaction was determined to be complete by HPLC and was warmed to rt. The resulting
slurry was solvent-switched to IPA (final volume of 50 L), SM NaOH,,, (3 equiv.) was added and the
solution was warmed to 40 °C. After 1.5 h, the hydrolysis was complete and the batch was cooled to rt.
The resulting solution was diluted with water (100 L) and washed twice with heptane (2 x 100 L). The
aqueous layer was then acidified by addition of conc. hydrochloric acid (3.7 equiv.) and extracted twice
with heptane (2 x 100 L). The combined heptane extracts were then washed twice with water (2 x 100 L)
and concentrated to a volume of 100 L. Negligible product was lost to the heptane washes, the acidified
aqueous layer and the combined aqueous washes. To the concentrated heptane solution was added
MTBE (10 L) and triethylamine at 45 °C. The resulting solution was then allowed to cool to 20 °C
overnight during which time the ether-acid TEA salt crystallized from solution. The slurry was therefore
cooled to 5 °C before filtering. The filtration liquors contained 1.3% of the desired product
((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentane-
carboxylic acid %2 TEA salt. The crude TEA salt (12.96 kg) was dissolved in toluene (100 L) and then
washed with 1M HCI (55 L) to remove the triethylamine. The resulting organic layer was then washed
with saturated aqueous NaHCO; (50 L) followed by water (50 L). The resulting toluene solution was
concentrated to 20 L and heptane (90 L) was added. The resulting solution was warmed to 50 °C,
triethylamine (1.1 equiv.) was added and the batch was cooled to 30 °C over 1 h. The slurry that had
formed was then allowed to cool to 20 °C overnight. The solid was collected by filtration, washing with
9:1 heptane-toluene (2 x 20 L) to give ((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentane-carboxylic acid ¥2 TEA salt. The ¥ TEA salt was suspended in
water, the water was acidified with 2N HCI until the pH was less than 2, and the mixture was extracted
twice with ethyl acetate. The ethyl acetate layers were each successively washed with brine, combined,
and dried over sodium sulfate. Removal of solvent in vacuo afforded the free acid as a thick oil which

solidified on standing:
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EXAMPLE 1

Fj Fs

Me.,.

(5R and 5S)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-1-methylpyrrolidin-2-one |
Step A: Methyl ((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentanecarboxylate
Method A: To a solution of ((1R),(2R),(3 S))—3-((IR)-1-(3,5—bis(triﬂuoromethyl)phenyl)ethoxy)-z-
(4-fluorophenyl)cyclopentanecarboxylic acid from Intermediate 1 in 1:1 methylene chloride:methanol
was added 2M TMS diazomethane in ether until the yellow color persisted. After 5 min, the excess TMS
diazomethane was quenched with acetic acid and the volatiles were removed in vacuo to afford the crude
title methyl ester. If necessary, purification by FC [flash chromatography] (20—40% ethyl
acetate/hexanes) afforded clean title intermediate. HPLC/MS: m/e = 479 (M+1), Rt =4.42 min NMR
(CDClL): & 1.34(d, 3 H), 1.86-1.92 (m, 1 H), 2.05-2.1 (m, 3 H), 2.80 (q, 1 H), 3.34 (dd, 1 H), 3.78 (q, 1
H), 4.46 (q, 1 H), 6.85-6.95 (m, 2 H), 6.95-7.05 (in, 2 H), 7.44 (s, 2 H), 7.64 (s, 1 H).

Method B: Into a solution of ((1R),(2R),(3S))-3 —((lR)—1—(3,5;bis(triﬂuoromethyl)phehyl)ethoxy)-z-
(4-fluorophenyl)cyclopentanecarboxylic acid from Intermediate 1 in methanol was bubbled HCI gas until
the solution was éaturated. The solution was aged for 16 hf at rt and was then concentrated in vacuo.
The residue was diluted with water and extracted twice with ethyl acetate. The ethyl acetate layers were
each successively washed with brine containing sodium bicarbonate solution, combined, and dried over
sodium sulfate. Removal of solvent in vacuo and purification by FC (20-40% ethy! acetate/hexanes)

afforded the title intermediate.

Step B: ((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
ﬂuorophenyI)cycldpentanemethanol

Method A: Tq a solution of methyl ((1R),(2R),(3S))-3 —((lR)-l-(3,5-bié(trifluoromethyl)phenyl)—

ethoxy)-2-(4-fluorophenyl)cyclopentanecarboxylate (7.6 gm, 15.9 mmol) from Intermediate 1 in THE

(150 mL) cooled in an ice bath was addéd 2M lithium borohydride in THF (16 mL). After 30 min, the
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reaction was stirred at rt for 16 hr. The reaction was heated to 40 °C for 5 hr, then quenched with 2N
HCI solution, diluted with water, and extracted twice with ethyl acetate. The ethyl acetate layers were
each successively washed with brine containing sodium bicarbonate solution, combined, and dried over
sodium sulfate. Removal of solvent in vacuo and purification by FC (20-40% ethyl acetate/hexanes)
afforded the title intermediate alcohol as a clear oil which gradually solidified. Mass spec (NH3/CI):
451(M+1). NMR (CDCl;): & 1.34 (d,J = 6.5 Hz, 3 H), 1.7-1.85 (m, 2 H), 1.85-2.0 (m, 1 H), 2.0-2.15
(m, 2 H), 2.72 (dd, J =8 and 11 Hz, 1 H), 3.52 (dABq, J = 6.6 and 10.6 Hz, 2 H), 3.68 (g, J = 6 Hz, 1 H),
4.47 (q, J = 6.5 Hz, 1 H), 6.85-6.95 (m, 2 H), 6.95-7.05 (m, 2 H), 7.40 (s, 2 H), 7.65 (s, 1 H).

Method B: To a suspension of ((1R),(2R),(3S))-3-((1R)-1-+(3,5-bis(trifluoromethyl)phenyl)ethoxy)-
2-(4-fluorophenyl)cyclopentanecarboxylic acid 2 TEA salt (25 gm, 48.5 mmol) (see Step A) suspended
in toluene (60 mL) and cooled in an ice bath was slowly added 1M borane:THF complex in THF (97
mL). After the initial gas evolution had ceased, the reaction was heated to 75 °C for 1 hr. The reaction
was again cooled in an ice bath prior to slow addition of water to quench excess borane. The mixture
was diluted with water and extracted twice with ethyl acetate. The ethyl acetate layers were each
successively washed with brine cohtaining some sodium bicarbonate solution, combined, dried over
sodium sulfate, and concentrated in vacuo. The residue was purified by FC (10-40% ethyl

acetate/hexanes) to afford the title intermediate alcohol as a clear oil which gradually solidified. Mass

spec (NH3/CI): 451(M+1).

Step C: ((1R),(2R),(3S))-3«((1R)-1-(3,5- bls(Trlfluoromethyl)phenyl)ethoxy)—2—(4-

fluorophenyl)cyclopentanecarboxaldehyde

A solution of oxalyl chloride (1.5 mL) in methylene chloride (40 mL) was cooled in a
dry ice/acetone bath.and DMSO (2.4 mL) was slowly added. After 15 min, ((1R),(2R),(3S))-3-((1R)-1-
(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentanemethanol (3.0 gm, 6.7 mmol)
from Step B in methylene chloride (10 mL) was added and the reaction was maintained at -70 °C for 1 hr.
DIPEA (12 mL) was then added and the reaction was warmed to rt for 2 hr; The reaction was then
diluted with water and extracted twice with methylene chloride. The methylene chloride layers were
each successively washed with brine containing some sodium bicarbonate solution, combined, dried over
sodium sulfate, and concentrated in vacuo. The residue was purified by FC (5% ethyl acetate/hexanes)

to afford the title intermediate aldehyde as a clear oil which gradually solidified in the freezer.

Step D: ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-
3-((1R and 18)-1-hydroxybut-3-en-1-yl)cyclopentane
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To a solution of ((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-
(4-fluorophenyl)cyclopentanecarboxaldehyde (1.55 gm, 3.46 mmol) from Step C in THF (20 mL) cooled
in an ice bath was added 2M allyl magnesium bromide in THF (2.1 mL). After 30 min TLC still
indicated some starting material was left, thus additional 2M allyl magnesium bromide in THF (1 mL)
was added. After an additional 90 min at rt, the reaction was quenched into a mixture of water, 2N HCl
solution, and ether and the mixture was extracted twice with ether. The ether layers were each
successively washed with brine containing some sodium bicarbonate solution, combined, and dried over
sodium sulfate. Removal of solvent in vacuo and purification by FC (10-20% ethyl acetate/hexanes)
afforded the title intermediate as a mixture of alcohol isomers. HPL.C/MS: m/e = - (no ionization), Rt =
4.45 min NMR (CDCl;): 8 1.37(2d, J=6.5Hz, 3 H), 1.7-2.25 (4 m, 7 H), 3.00 (m, 1 H), 3.49 (m, 0.5
H), 3.6-3.72 (m 1.5 H), 4.5 (m, 1 H), 4.86-5.1 (m,2 H), 5.6-59(m, 1 H), 693 (2t,J=8.6 Hz,2 H),
7.02-7.1 (m, 2 H), 7.45 (s, 2 H), 7.69 (s, 1 H). '

Step E: ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-
3-((1R and 1S)-1,4-dihydroxybut-1-yl)cyclopentane
To a solution of ((1S),(2R),(3R))-1<((1R)-1-(3,5-bis(trifluoromethy!)phenyl)ethoxy)-2-
(4-fluoropheny!)-3-((1R and 1S)-1-hydroxybut-3-en-1-yl)cyclopentane (837 mg, 1.71 minol) from Step D

“in THF (8 mL) was added 1M borane:THF complex (2.6 mL). After 1 hr at rt, additional 1M

borane:THF complex (1 mL) was added. After an additional 1 hr, SN sodium hydroxide (0.62 mL) and
30% hydrogen peroxide (1.0 mL) were added. The reaction was stirred at rt for 90 min, then quenched
into a mixture pf water and ether, and extracted twice with ether. The ether layers were each
successively washed with brine containing some sodium bicarbonate solution, combined, and dried over
sodium sulfate. Removal of solvent in vacuo and purification by Prep TLC (30-50% ethyl
acetate/hexanes) afforded the title intermediate as a mixture of hydroxy isomers. HPLC/MS: m/e = 509
(M+1), Rt =3.76 min

Step F: Methyl 4-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-
ﬂuorophenyl‘)cyclopent— 1-yl)-4-oxobutanoate
To a solution of ((18),(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-
(4-fluorophenyl)-3-((1R and 1S)-1,4-dihydroxybut-1-yl)cyclopentane (710 mg, 1.4 mmol) from Step E in
acetone (10 mL) was added 8N Jones reagent (1.6 mL). The reaction was stirred at rt for 30 min and was
then concentrated. The residue was diluted with water and extracted twice with ethyl acetate. The ethyl
acetate layers were each successively washed with brine, combined, and dried over sodium sulfate.

Removal of solvent in vacuo afforded the crude keto-acid which was used direcfly for the methylation.
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To a solution of the above crude acid in 1:1 methylene chloride:methanol (10 mL) was
added 2M TMS diazomethane in ether until the yellow color persisted. After 5 min, the excess TMS
diazomethane was quenched with acetic acid and the volatiles were removed in vacuo. The residue was
purified by prep TLC (20% ethyl acetate/hexanes) to afford the title compound. HPLC/MS: m/e = 535
(M+1), Rt=4.37 min NMR (CDCl;): & 1.37(d,J=6.4 Hz, 3 H), 1.84 (m, 1 H), 2.02 (m, 1 H), 2.15 (m,
2 H), 2.34-2.7 (m,' 4 H),2.97 (brq, 1 H), 3.31 (dd, J=8.3 and 10.2 Hz, 1 H), 3.64 (s, 3H), 3.74 (brq, 1
H), 4.5(q,J=6.4 Hz, 1 H), 6.93 (t, J = 8.6 Hz, 2 H), 7.07 (m, 2 H), 7.43 (s, 2 H), 7.69 (s, 1 H).

Step G: (5R and 5S)-5(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Triflucromethyl)phenyl)ethoxy)-2-

(4-fluorophenyl)cyclopent-1-yl)-1-methylpyrrolidin-2-one

To a solution of methyl 4-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-4-oxobutanoate (690 mg, 1.29 mmol) prepared as in Step F in
2M methylamine in methanol (5 mL) was added methylamine hydrochloride (172 mg) and 10% Pd/C
(100 mg). The mixture was then hydrogenated on a Parr shaker at 50 p.s.i. for 72 hr. The reaction was
filtéred, solvent evaporated, fresh 2M methylamine in methanol and Pd/C added, and the hydrogenation
continued for another 24 hr. Filtration and evaporation gave a residue which was purified by Prep TLC
to afford the title compound as a mixture of lactam isomers. HPLC/MS: m/e = 518 (M+1), Rt = 4.05 min’
NMR (CDCl3): 8 1.38 (d, J=6.7 Hz, 3 H), 1.6-2.5 (4m, 9 H), 2.36 and 2.67 (25,3 H), 2.75 and 2.79 (2
dd,J=3.2and 10 Hz, 1 H), 3.60 (dt, J =4.3 and 8.8 Hz, 1 H), 3.67 and 3.75 (2 q, J = 6.6 Hz, 1 H), 4.49
(g, J = 6.4 Hz, 1 H), 6.9-7.05 (m, 4 H), 7.43 (s, 2 H), 7.69 (s, 1 H).

(5R and 5S)-5<(((1R),(2R),(38))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)pyrrolidin-2-one

Using essentially the same procedures as in Example 1, Step G, methyl 4-
(((1R),(2R),(39))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-
4-oxobutanoate (100 mg, 0.187 mmol) from Example 1, Step F in 2M ammonia in methanol (S mL) and
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ammonium acetate (14 mg) was hydrogenated on a Parr shaker at 50 p.s.i. for 4 days. The reaction was
filtered, solvent evaporated, fresh 2M ammonia in methanol and Pd/C added, and the hydrogenation
continued for another 3 days. Filtration and evaporation gave a residue which was purified by Prep TLC
to afford recovered starting material (15 mg) and title product as a mixture of (5S) and (5R) lactam
isomers. HPLC/MS: m/e = 504 (M+1), Rt=3.84 min

EXAMPLE 3
F3

(5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopeﬁt- 1-yD)pyrrolidin-2-one
Step A: N-Methyl,N-methoxy ((1R),(2R),(35))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentanecarboxamide

To a solution of ((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-
(4-fluorophenyl)cyclopentanecarboxylic acid (10 gm, ~21.4 mmol) from Intermediate 1 (obtained from
11 gm of 2 TEA salt, ~21.4 mmol) in méthylene chloride (50 mL) was added at rt DMF (3 drops, cat.)
followed by slow addition of oxalyl chloride (2.4 mL, 27 mmol). After stirring at rt for 1 hr, the gas
evolution had stopped and the reaction was concentrated to dryness in vacuo. The residue was taken up
in methylene chloride and reconcentrated twice to remove excess oxalyl chloride.

The above residue was taken up in methylene chloride (100 mL) and cooled in an ice
bath before addition of N,O-dimethylhydroxylamine hydrochloride (2.65 gm, 33 mmol) and then DIPEA
(11.6 mL, 65 mmol) over 5 min. The reaction was Warmed to rt over 30 min and aged for 2 hr. The
reaction was then quenched into a mixture of water and 2N HCI (pH < 3) and was extracted twice with
inethy]ene chloride. The methylene chloride layers were each successively washed with brine containing
some sodium bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in
vacuo afforded the crude product which was purified by FC ‘(1-0—40% ethyl acetate/hexanes) to afford the
title intermediate (10.8 gm) as a thick oil (R¢= 0.2 in 20% ethy! acetate/hexanes). HPLC/MS: m/e = 508
{M+1), Rt =4.15 min NMR (CDCl;): 6§ 1.41 (d, J=6.7 Hz, 3 H), 1.9-2.0 (m, 1 H), 2.06 (br q, 2 H), 2.16-

2.24 (m, 1 H), 3.12 (s, 3 H), 3.22 (m, 1 H), 3.37 (s, 3 H), 3.53 (dd, J=89 and 11 Hz, 1 H), 3.84 (q, J =
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8.5 Hz, 1 H), 4.55(q, =6.7Hz, 1 H), 6.94 (brt, ] =8.7 Hz, 2 H), 7.11 (m, 2 H), 7.49 (s, 2 H), 7.73 (s, 1
H).

Step B: ((15),(2R),(3R))-1-((1R)-1~(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-

3-(1-oxopent-4-en-1-yl)cyclopentane

To a solution of N-methyl,N-methoxy ((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoro-
methyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentanecarboxamide (5.0 gm, 9.9 mmol) from Step A in
THF (50 mL) cooled in an ice bath was added 0.5M but-3-en-1-yl magnesium bromide in THF (25 mL,
12.5 mmol). The reaction was stirred for 30 min and was then allowed to warm to rt. Since TLC (20%
ethyl acetate/hexanes) of an aliquot indicated starting material was still present, another 25 mL portion of
0.5M but-3-en-1-yl magnesium bromide in THF was added. After an additional 2 hr, the reaction was
quenched into water containing excess 2N HCI and the mixture was extracted twice with ethyl acetate.
The ethyl acetate layers were each successively washed with brine containing some sodium bicarbonate
solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo afforded the title

intermediate (4.8 gm) as a thick oil which can be used directly in the following step (R¢=0.75 in 20%

. ethyl acetate/hexanes) or preferably be purified by FC (10-20% ethyl acetate/hexanes). HPLC/MS: m/e

= 503 (M+1), Rt = 4.53 min NMR (CDCL): & 1.40 (d, J = 6.6 Hz, 3 H), 1.83-1.92 (m, 1 H), 1.96-2.3 (4
m, 6 H), 2.36-2.44 (m, 1 H), 2.92-3.02 (m, 1 H), 3.33 (dd, J = 8.9 and 11 Hz, 1 H), 3.77 (q, J = 8.5 Hz, 1
H), 4.52 (q, ] = 6.6 Hz, 1 H), 4.92 (m, 1 H), 4.95 (m, 1 H), 5.71 (m, 1 H), 6.96 (br t, ] = 8.7 Hz, 2 H),
7.08 (m, 2 H), 7.46 (s, 2 H), 7.72 (s, 1 H). '

Step C: ((18),(2R),(3R))-1-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-
3-((18 and 1R)-1-(benzyloxycarbonylamino)pent-4-en-1-yl)cyclopentane (higher (1S)
and lower (1R) isomers)

Method A: To a solution of 7N ammonia in methanol (20 mL) was added ((1S),(2R),(3R))-1-((1R)-

1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-3-(1-oxopent-4-en-1-yl)cyclopentane (2.0

gm, 4.0 mmol) from Step B and ammonium chloride (350 mg, 6.0 mmol). The reaction flask was sealed

with a septum and stirred at rt for 60 min, at which time sodium cyanoborohydride (500 mg, 8.0 mmol)
was added portionwise over another 30 min. The reaction was stirred at rt for 16 hr, then quenched into
water and sodium hydroxide solution, and extracted twice with methylene chloride. The methyleﬁe
chloride layers were each successively washed with brine containing sorﬁé sodium hydroxide solution,
combined, and dried over sodium sulfate. Removal of solvent in vacuo afforded the crude amine product
as a dark oil. HPLC/MS: m/e = 504 (M+1); Rt = 3.46 min.
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The above residue was taken up in methylene chloride (50 mL) and was cooled in an ice
bath. To the solution was added DIPEA (3.6 mL, 20 mmol) and benzyl chloroformate (1.7 mL, 12
mmol). The reaction was allowed to warm to rt over 4 hr and was then quenched into water containing
excess 2N HCIl. The mixture was extracted twice with methylene chloride and the'methylenc chloride
layers were each successively washed with brine containing some sodium bicarbonate solution,
combined, and dried over sodium sulfate. Removal of solvent in vacuo afforded the crude CBZ products
as a dark oil. This was purified by FC (5—40% ethy] acetate/hexanes) to afford in order of elution:
recovered starting material (360 mg), unknown by-product, higher Rf CBZ (18) product (430 mg), mixed
fractions (200 mg), lower Rf (1R) CBZ product (600 mg), and then two isomeric hydroxyl by-products

from reduction of the ketone.

Method B: Method B was done essentially the same as Method A except that only 1 eq. of TM
ammonia in methanol and 10 eq. of ammonium acetate are used in place of excess ammonia and
ammonium chloride. The yield of each CBZ isomer is about 40%. (Higher Rf (1S) isomer) HPLC/MS:
m/e = 638 (M+1), 594 (M+1-44, 100%), Rt = 4.70 min (Lower Rf (1R) isomer) HPLC/MS: m/e =638
(M+1), 594 (M+1-44, 100%), Rt = 4.70 min NMR (CDCl3): 6 1.39(d,J=6.7Hz, 3 H), 1.44-1.5(m, 1
H), 1.6-1.7 (m, 2 H), 1.74-1.9 (m, 2 H), 1.96-2.04 (m, 2 H), 2.04-2.18 (m, 2 H), 2.83 (dd, J = 7.8 and 10.6
Hz, 1 H), 3.65 (m, 1 H), 3.72 (q, J= 7.3 Hz, 1 H), 4.48-4.54 (m, 2 H), 4.91 (m, 1 H), 4.93 (m, 1 H), 5.13
(ABq, 2 H), 5.71 (m, 1 H), 6.95 (brt, J= 8.7 Hz, 2 H), 7.07 (m, 2 H), 7.35-7.43 (m, 5 H), 7.44 (s, 2 H),
7.71 (s, 1 H).

Step D: (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonylpyrrolidin-2-one (from lower CBZ
(1R) isomer).

Method A: A solution of ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)-3-((1R)-1-(benzyloxycarbonylamino)pent-4-en-1-yl)cyclopentane (lower (1R) isomer from
Step C) (600 mg, 0.94 mmol) in methanol (30 mL) was cooled in a dry ice/acetone bath to -70 °C. Ozone
was bubbled into the solution until the blue color presisted. Excess ozone was remove with a stream of
nitrogen and the ozonide mixture was quenched with dimethyl sulfide (5 mL). The mixture was allowed
to warm to rt for 2 hr and 2 drops of 2N HCl were added prior to concentration of the reaction in vacuo.
The residue was taken up in acetone (25 mL) and evaporated to remove water. The residue was again
taken up in acetone (25 mL) and excess Jones reagent (0.50 mL) was added at rt all at once. After
stirring for 2 hr, the reaction was quenched into water and the mixture was extracted twice with ethyl

acetate. The ethyl acetate layers were each successively washed with brine containing some sodium
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bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo and
purification by FC (20-40% ethy! acetate/hexanes) afforded the title intermediate.

Method B: Method B was done essentially the same as Method A except that on larger scale the
crude ozonolysis product in acetone was élowly added to excess Jones Reagent in acetone at less than 30
°C. Afiter 1 hr, the excess Jones Reagent was quenched with isopropanol. Work-up and purification was
done as in Method A. HPLC/MS: m/e = 638 (M+1), 594 (M+1-44, 100%), Rt = 4.35 min NMR
(CDCl;):  1.34(d, J=6.5Hz 3 H), 1.62-1.8 (m, 2 H), 1.8-1.9 (m, 2 H), 2.0-2.1 (m, 2 H), 2.36-2.58 (m,
2 H),2.68-2.8 (m,2 H),3.52(q, ] =6.2 Hz, 1 H), 4.35 (ddd, 1 H), 4.41 (q, J = 6.5 Hz, 1 H), 5.06 (ABq, J
=124 Hz, 2 H), 6.77 (brt, J = 8.6 Hz, 2 H), 6.90 (m, 2 H), 7.15-7.35 (m, 5 H), 7.35 (s, 2 H), 7.64 (s, 1
H). '

Step E: (5R)-5-(((1R),(2R),(3S))-1-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)pyrrolidin-2-one (lower (R) isomer)

A solution of (SR)-5-(((1R),(2R),(3S))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonylpyrrolidin-2-one (lower (R) isomer
from Step D) (400 mg, 0.63 mmol) in methanol (5 mL) was hydrogenated on a Parr shaker at 50 p.s.i. for
1 hr when TLC indicated the reaction was complete. The reaction was filtered and evaporated. The
residue was purified on 6x1000 uM prep plates (3% methanol in methylene chloride) to remove any
residual higher Rf isomer and afforded pure title compound. HPLC/MS: m/e = 504 (M+1), Rt =3.85
min NMR (CDCl;): 6 1.38 (d, J=6.6 Hz, 3 H), 1.4-1.53 (m, 1 H), 1.68-1.88 (m, 2 H), 1.88-2.0 (m, 2 H),
2.0-2.15 (m, 2 H), 2.2-2.26 (m, 2 H), 2.69 (dd, J=7.2 and 10.1 Hz, 1 H), 3.61 (q, J = 6.9 Hz, 1 H), 3.66
(@, J=5.9Hz, 1 H),4.49(q,J=6.6 Hz, 1 H), 6.16 (s, 1 H), 6.95 (br t, J= 8.6 Hz, 2 H), 7.01 (m, 2 H),
7.42 (s, 2 H), 7.69 (s, 1 H).

EXAMPLE 4
F3

Me..
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(5S)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis( Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)pyrrolidin-2-one -

Using essentially the same procedures as in Example 3, Step D-E, ((15),(2R),(3R))-1-
((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-3-((1S)-1-(benzyloxycarbonyl-
amino)pent-4-en-1-yl)cyclopentane (higher (18) isomer from Example 3, Step C) (60 mg, 0.094 mmol)
was converted to the title compound. HPLC/MS: m/e = 504 (M+1), Rt = 3.95 min NMR (CDCI;): 3]
1.37(d,J=6.4 Hz, 3 H), 1.56-1.68 (m, 1 H), 1.68-1.86 (m, 2 H), 1.86-1.98 (m, 2 H), 1.98-2.16 (m, 2 H),
2.2-2.26 (m,2H),2.74 (dd,J=7.8 and 10.5 Hz, 1 H), 3.58 (q, T=7.2 Hz, 1 H), 3.66 (q, =59 Hz, 1 H),
447(q,J=6.6Hz, 1 H), 5.08 (s, 1 H), 6.97 (brt, J=8.6 Hz, 2 H), 7.05 (m, 2 H), 7.42 (s,2 H), 7.69 (s, 1
H).

(5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenylethoxy)-2-(4-fluorophenyl)-

cyclopentan-1-yl)-5-methylpyrrolidin-2-one

Step A: ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-
3-((2R and 28)-2-hydroxyhex-5-en-2-yl)cyclopentane '

To a solution of ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-

(4-fluorophenyl)-3-(1-oxopent-4-en-1-yl)cyclopentane (5.0 gm, 10 mmol) prepared as in Example 3, Step
B, in THF (50 mL) was added at rt 1.4M methyl magnesium bromide (10.7 mL). After 1 hr, additional
Grignard (5 mL) was added and the reaction was stirred for another hr. The reaction was then quenched
into water containing excess 2N HC! and the mixture was extracted twice with ethyl acetate. The ethyl
acetate layers were each successively washed with brine containing some sodium bicarbonate solution,
combined, and dried over sodium sulfate. Removal of solvent in vacuo and purification by FC (10-30%
ethyl acetate/hexanes) afforded partial separation of both title isomeric intermediates (5.15 gm).
NMR (CDCl;) (Higher Rf): & 1.05 (s, 3 H), 1.38 (d, J = 6.6 Hz, 3 H), 1.46 (t, ] = 7.8 Hz, 2 H), 1.72-1.82
{(m, 1 H), 1.82-2.06 (m, 5 H),2.24(q,J=7.6 Hz, 1 H),3.12(dd, J = 6.7 and 9.0 Hz, 1 H), 3.55(q, J = 6.3
Hz, 1 H), 4.51 (q, J = 6.6 Hz, 1 H), 4.88-4.95 (m, 2 H), 5.73 (tdd, 1 H), 6.93 (br t, ] = 8.6 Hz, 2 H), 7.04-
7.09 (m, 2 H), 7.45 (s, 2 H), 7.69 (s, 1 H). NMR (CDCl;) (Lower Rf): § 1.15(s,3 H), 1.38(d,J=6.6
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Hz, 3 H), 1.45 (tABq, 2 H), 1.74-1.90 (m, 4 H), 1.96-2.06 (m, 2 H), 2.23 (g, ] = 7.6 Hz, 1 H), 3.12 (dd, J
=6.4 and 9.0 Hz, 1 H), 3.57 (g, J = 6.0 Hz, 1 H), 4.51 (q, ] = 6.6 Hz, | H), 4.81-4.87 (3 m, 2 H), 5.59-
5.70 (m, 1 H), 6.93 (brt, J = 8.6 Hz, 2 H), 7.06-7.11 (m, 2 H), 7.46 (s, 2 H), 7.70 (s, 1 H).

Step B: ((1S),(2R),(3R))- 1((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-

3-((2R and 28)-2-(acetylamino)hex-5-en-2-yl)cyclopentane

To a solution of ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-
(4-fluorophenyl)-3«((2R and 2S)-2-hydroxyhex-5-en-2-yl)cyclopentane (5.1 gm, 9.8 mmol) from Step A
(mix fractions) in acetonitrile (150 mL) at rt was added conc. sulfuric acid (S mL). After 2 hr, the
reaction was quenched into sodium bicarbonate solution and was extracted twice with ethyl acetate. The
ethyl acetate layers were each successively washed with brine containing some sodium bicarbonate
solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo and purification by FC
(1040% ethyl acetate/hexanes) separated a major non-polar by-product, a trace of starting material,
followed by the higher Rf (2S) title intermediate (700 mg) and lower Rf (2R) title intermediate (800 mg)
(Rf=0.15 and 0.25 in 30% ethyl acetate/hexanes). HPLC/MS: m/e = 560 (M+1), Rt =4.37 min
NMR (CDCI;) (Higher Rf): 5 1.28 (s, 3 H), 1.39 (d,J=6.5Hz, 3 H), 1.39 (s, 3 H), 1.56-1.66 (m, 1 H),
1.66-1.95 (m, 5 H), 1.97-2.08 (m, 1 H), 2.12-2.21 (m, 1 H), 2.77(q, J=7.6 Hz, 1 H),2.97 (dd, Y= 6.7
and 9.0 Hz, 1 H), 3.59(q, J=6.3 Hz, 1 H), 4.49 (q, J = 6.6 Hz, 1 H), 4.84-491 (3 m, 2 H), 5.25 (5, 1 H),
5.71 (tdd, 1 H), 6.95 (brt, J = 8.6 Hz, 2 H), 7.04-7.09 (m, 2 H), 7.44 (s, 2 H), 7.70 (s, 1 H). HPLC/MS:
m/e = 560 (M+1), Rt =4.37 min NMR (CDCl;) (Lower Rf): 8 1.31 (s, 3 H), 1.40 (d, J = 6.6 Hz, 3 H),
1.45 (m, 1 H), 1.67 (s, 3 H), 1.72-1.83 (m, 2 H), 1.83-2.04 (m, 5 H), 2.86-2.97 (m, 2 H), 3.57 (q,J=6.0
Hz, 1 H), 4.51 (q,J = 6.6 Hz, 1 H), 4.88-4.95 (3 m, 2 H), 5.24 (br s, 1 H), 5.65-5.76 (m, 1 H), 6.93 (brt,J
= 8.6 Hz, 2 H), 7.03-7.08 (m, 2 H), 7.47 (s, 2 H), 7.70 (s, 1 H).

Step C: N-Acetyl (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-

(4-ﬂuorophenyl)cyclopentan—1-yl)-S-methylpyrrolidin;2—one

Using essentially the same procedure as in Example 3, Step D, but using the lower Rf
((15).(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-3-((2R)-2-
(acetylamino)hex-5-en-2-yl)cyclopentane (800 mg, 1.4 mmol) from Step B, the title intermediate was
obtained after FC (15-30% ethy! acetate/hexanes). HPLC/MS: m/e = 560 (M+1), Rt =4.32 min NMR
(CDCl;): 8 1.38(d, T=6.7 Hz, 3 H), 1.55 (s, 3 H), 1.73 (s, 3 H), 1.65-1.84 (m, 3 H), 1.91-1.99 (m, 1 H),
2.05-2.15 (m, 1 H), 2.35-2.42 (m, 1 H), 2.55-2.61 (m,2 H), 2.71 (dd, J=7.1 and 11 Hz, 1 H), 3.39(q,J =
10.5Hz, 1 H),3.57(q, J = 6.4 Hz, 1 H), 4.51 (q,J = 6.6 Hz, 1 H), 6.88-6.96 (m, 4 H), 7.39 (s, 2 H), 7.70

(s, 1 H).
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Step D: (SR)-5-(((1R),(2R),(39))-3«((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopentan-1-yl)-5-methylpyrrolidin-2-one

To a solution of N-acetyl (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)-
phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan- 1-yl)-5-methylpyrrolidin-2-one (330 mg, 0.59 mmol) from
Step C in isopropanol (20 mL) was added hydrazine (0.20 mL). After stirring for 24 hr at rt, additional
hydrazine (0.10 mL) was added and the mixture was heated to 60 °C for 4 hr. The reaction was then
concentrated in vacuo and the residue was diluted with water, acidified with 2N HCI, and extracted twice
with ethyl acetate. The ethyl acetate layers were each successively washed with brine containing some
sodium bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo and
purification by FC (40-75% ethyl acetate/hexanes, then 5% methanol/ethyl acetate) afforded the title _
product. HPLC/MS: m/e =518 (M+1), Rt= 3.97 min NMR (CDCl;): 8 1.22(s,3 H), 1.39(d,J=6.6
Hz, 3 H), 1.58-1.66 (m, 1 H), 1.71-1.96 (m, 4 H), 2.03-2.13 (m, 1 H), 2.21-2.30 (m, 2 H), 2.21-2.41 (m, 1
H), 2.81 (dd,J=6.8and 94 Hz 1 H),3.61(q,J=6.2Hz, 1 H),4.50 (q, J=6.4 Hz, 1 H), 6.20 (5, 1 H),
6.94 (brt, J= 8.5 Hz, 2 H), 7.03-7.08 (m, 2 H), 7.44 (s, 2 H), 7.70 (s, 1 H).

EXAMPLE 7

F3

(58)-5-(((1R),(2R),(3S))-3-((1R)-1-(3 ,5-bis(Triﬂuoromethyl)phenyl)ethoxy)—2-(4-
fluorophenyl)cyclopentan-1-yl)-5-methylpyrrolidin-2-one

Using essentially the same procedure as in Example 6, Steps C - D, but using the higher
Rf ((1S),(2R),(3R))-1-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)-3-(( 2S)-2-
(acetylamino)hex-5-en-2-yl)cyclopentane (5.8 g) prepared as in Example 6, Step B, the title product was
obtained after column chromatography (2% methanol/methylene chloride). HPLC/MS: m/e = 518
(M+1), Rt= 3.99 min

-38-



10

15

20

25

WO 2007/146224 PCT/US2007/013683

EXAMPLE 8
Fj F3
d
H. an
F
OH OH
Faster, major Slower, minor

(3R,5R and 38,5R)-5-(((1R),(2R),(3S))-3-((1 R)—i -(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-hydroxypyrrolidin-2-one
Step A: (3R,5R and 38,5R)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)pheny!)-

ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonyl-3-hydroxypyrrolidin-

2-one

To a solution of (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonylpyrrolidin-2-one (0.91 gm, 1.43 mmol)
prepared as in Example 3, Step D (from lower (1R) CBZ isomer of Step C) in THF (40 mL) was cooled
to -70 °C and 1M LiHMDS (2.1 mL) was added. After 10 min, the mixture was allowed to warm to -20
°C for 30 min after which time solid, dried MoOPH reagent (1.24 gm) was added. The reaction was
stirred at rt for 40 min before being quenched with an aq. solution of sodium sulfite and 2N HC1. The
mixture was diluted with water and extracted twice with ethyl acetate. The ethyl acetate layers were _
each successively washed with brine containing some sodium bicarbonate solution, combined, and dried
over sodium sulfate. Removal of solvent in vacuo and purification by FC (30—40% ethyl
acetate/hexanes) afforded the title intermediate as a mixture of isomers. HPLC/MS: m/e = 610 (M+1-44,
100%), 654 (M+1), Rt = 4.18 min

Step B: (3R,5R and 38S,5R)-5«(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)-

ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-hydroxypyrrolidin-2-one

A solution of (3R,5R and 38,5R)-5«(((1R),(2R),(3S))-3-((1R)-1-(3,5-
bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonyl-3-
hydroxypyrrolidin-2-one (320 mg) from Step A was hydrogenated as in Example 3, Step E, to afford the
title product (225 mg) as a mixture of hydroXy isomers. Some of this mixture was then separated using a
preparative Chiracel OD column eluting with 15% isopropanol/heptanes to afford the major, faster
(3S,5R) isomer and minor, slower (3R,5R) isomer. Faster product; HPLC/MS: m/e = 520 (M+1), Rt=
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3.72 min. NMR (CDCl3): § 1.39(d, J =6.6 Hz, 3 H), 1.63-1.72 (m, 1 H), 1.78-1.87 (m, 1 H), 1.87-1.98
(m, 2 H), 1.98-2.06 (m, 2 H), 2.06-2.15 (m, 1 H), 2.70 (dd, J = 7.4 and 10.4 Hz, 1 H), 3.62-3.71 (m, 2 H),
423(t,J=73Hz 1 H),4.50(q,J=6.4 Hz, 1 H), 6.51 (s, 1 H), 6.97 (brt,J = 8.5 Hz, 2 H), 7.03-7.08
(m, 2 H), 7.44 (s, 2 H), 7.70 (s, 1 H). Slower product; HPLC/MS: m/e = 520 (M+1), Rt =3.73 min.
NMR (CDCl;3): 8 1.38(d, J =6.6 Hz, 3 H), 1.71-1.88 (m, 2 H), 1.88-2.04 (m, 2 H), 2.04-2.15 (m, 2 H),
2.26-2.34 (m, 1 H),2.81 (dd,J=7.3 and 10 Hz, 1 H), 3.53 (m, 1 H), 3.59(q, J=89Hz, 1 H),425(,J=
9.1 Hz, 1 H), 4.52(q,J=6.4 Hz, 1 H), 6.97 (brt,J = 8.5 Hz, 2 H), 7.03-7.08 (m, 2 H), 7.44 (s, 1 H), 7.46
(s,2H), 7.72 (s, 1 H).

EXAMPLE 9
F3 F3
Me,. Me..
Fa F3
and
F
OH OH
Faster, major Slower, minor

(3R,5S and 3S,58)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-(hydroxy)pyrrolidin-2-one

Using essentially the same procedures as in Example 8, but starting with (5S)-5-
(((1R),(2R),(38))-3-((1R)-1 -(3,5-bis(triﬂuoromethyl)phenyl)ethoxy)—Z-(4-ﬂuorophenyl)cyclopentan- 1-
yl)-1-benzyloxycarbonylpyrrolidin-2-one (1.3 gm, 2.0 mmol) prepared as in Example 4 (from higher (18)
CBZ isomer of Example 3, Step C), the title compounds were prepared as a mixture. The isomers can be
separated as the CBZ derivative by FC (30—60% ethy] acetate/hexanes) or as the title compounds using a
preparative Chiracel OD column (10% isopropanol/heptanes) to afford the major, faster (3R,5S) isomer
(Rt = 26 min) and minor, slower (3S,5S) isomer (Rt = 32 min). HPLC/MS (Faster): m/e = 520 (M+1), Rt
=3.73 min HPLC/MS (Slower): m/e = 520 (M+1), Rt =3.73 - min

EXAMPLE 10
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and

(3R,5R and 3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyhethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-hydroxy-5-methylpyrrolidin-2-one
Step A: (SR)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(Trifluoromethyphenyl)ethoxy)-2-(4-

fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonyl-5-methylpyrrolidin-2-one

To a solution of (SR)-5-(((1R),(2R),(38))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan- 1-yl)-5-methylpyrrolidin-2-one (1.0 gm, 1.9 mmol) prepared as in
Example 6, Step D (from lower (1R) acetylamino isomer of Step C) in THF (10 mL) was cooled to -70
°C and 1M LiHMDS (3.8 mL) was added. After 30 min, benzyl chloroformate (0.552 mL) was added
and the reaction was allowed to warm to rt for 1 hr. The mixture was quenched into water and aq. 2N
HCI and extracted twice with ethyl acetate. The ethyl acetate layers were each successively washed with
brine containing some sodium bicarbonate solution, combined, and dried over sodium sulfate. Removal
of solvent in vacuo and purification by FC (10-30% ethyl acetate/hexanes) afforded the title intermediate
and recovered starting material. HPLC/MS: m/e = 608 (M+1-44, 100%), 652 (M+1); Rt=4.48 min

Step B: (3R,5R and 38,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)-
phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonyl-3-hydroxy-5-
methylpyrrolidin-2-one .

To a solution of (5R)-5-(((1R),(2R),(38))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-ﬂuorophenyl)cyclopentan-l-yl)-l-benzyloxycarbonyl-S-methylpyrrolidin-_2-one (0.535 gm,
0.85 mmol) prepared in Step A in THF (20 mL) was cooled to -70 °C and 1M LiHMDS in THF (1.0mL)
was added. After 10 min, the mixture was allowed to warm to -20 °C for 30 min after which time solid
MoOPH reagent (740 mg) was added. The reaction was stirred at rt for 40 min before being quenched
with an aq. solution of sodium sulfite and 2N HCl. The mixture was diluted with water and extracted
twice with ethyl acetate. The ethyl acetate layers were each successively washed with brine containing
some sodium bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in .

vacuo and purification by FC (20-40% ethyl acetate/hexanes) afforded recovered starting material and
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the title intermediate as a mixture of isomers. HPLC/MS: m/e = 624 (M+1-44, 100%), 668 (M+1); Rt=
4.26 min

Step C: (BR,5R and 3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)-

ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-hydroxy-5-methylpyrrolidin-2-on

A solution of (3R,5R and 38S,5R)-5-(((1R),(2R),(38))-3-((1R)-1(3,5-
bis(trifluoromethyl)-phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonyl-3-
hydroxy-5-methylpyrrol-idin-2-one (300 mg) from Step B was hydrogenated as in Example 3, Step E, to
afford the title product (226 mg) as a mixture of hydroxy isomers. The isomers were then separated
using a preparative Chiracel OD column eluting with 10% isopropanol/heptanes to afford the faster,
minor (3R,5R) isomer and slower, major (3S,5R) isomer. HPLC/MS (Faster, minor): m/e = 534 (M+1),
Rt=4.13 min. NMR (CDCl;): 8 1.26 (s, 3 H), 1.41 (d, J = 6.4 Hz, 3 H), 1.74-1.86 (m, 2 H), 1.86-1.97
(m, 2 H), 2.20-2.11 (m, 1 H), 2.12-2.18 (m, 1 H), 2.30(q, 1 =8.7 Hz, 1 H), 2.94 (dd, J = 6.4 and 9.2 Hz, 1
H),3.61(q,J=5.7Hz, 1 H),440(t,J=7.6 Hz, 1 H),4.52 (q,J= 6.4 Hz, 1 H), 5.83 (brs, 1 H), 6.96 (br

" t,J = 8.7 Hz, 2 H), 7.02-7.07 (m, 2 H), 7.47 (s, 2 H), 7.72 (s, 1 H). HPLC/MS (Slower, major): m/e = 534

(M+1), Rt = 4.08 min. NMR (CDCl;):  1.31 (s, 3 H), 1.41 (d, J = 6.6 Hz, 3 H), 1.67 (dd, J = 7.1 and
13.7, 1 H), 1.66-1.76 (m, 1 H), 1.76-1.86 (m, 1 H), 1.87-1.96 (m, 1 H), 2.08 (hex, 1 H), 2.23 (q, ] =9.8
Hz, 1 H), 2.19(dd, J = 7.1 and 13.7 Hz, 1 H), 2.76 (dd, J = 6.8 and 9.9 Hz, 1 H), 3.61 (q, J=6.2 Hz, 1
H), 4.30 (dd, J = 7.4 and 8.5 Hz, 1 H), 4.50 (q, J = 6.6 Hz, 1 H), 6.16 (br s, 1 H), 6.96 (br t, ] = 8.7 Hz, 2
H), 7.02-7.07 (m, 2 H), 7.44 (s, 2 H), 7.72 (s, 1 H).

EXAMPLE 11

(3R,5S and 38,5S5)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis( Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-hydroxy-5-methylpyrrolidin-2-one
Using essentially the same procedures as in Example 10, but starting with (5S)-5-
(((1R),(2R),(39))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-
yl)-1-benzyloxycarbonyl—s-methylpyrrolidin-Z-one (1.0 gm, 1.9 mmol) prepared as in Example 7 (from
-42 - '
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higher (1S) acetyl isomer of Example 6, Step B), the title compounds were prepared as a mixture. The
isomers were separated using a preparative Chiracel OD column (15% isopropanol/heptanes) to afford
the major, faster (3S,5S) isomer and minor, slower (3S,5R) isomer. Faster product; HPLC/MS: m/e =
534 (M+1), Rt =3.78 min. NMR (CDCl;): 6 132 (s,3H), 1.40 (d, = 6.7 Hz, 3 H), 1.64-1.74 (m, 1 H),
1.77 (dd, J = 7.1 and 13.5, 1 H), 1.74-1.83 (m, 1 H), 1.91-2.00 (m, 1 H), 2.07 (hex, 1 H), 2.23 (q,J=9.8
Hz, 1 H),2.37(dd,J=7.1and 13.5Hz, 1 H), 2.84 (dd, J=7.4 and 10.3 Hz, 1 H), 3.59(q, J=6.2Hz, 1
H), 4.27 (dd,J=7.4 and 8.5Hz, 1 H), 448 (q,J=6.6 Hz, 1 H),5.62 (brs, 1 H), 698 (brt, ] =8.7 Hz, 2
H), 7.05-7.10 (m, 2 H), 7.43 (s, 2 H), 7.71 (s, 1 H). Slower product; HPLC/MS: m/e = 534 (M+1), Rt =
3.80 min.

EXAMPLE 12

F3 F3

Me.,. Me...

(3R,5R and 3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-hydroxy-3-methylpyrrolidin-2-one
Step A: (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-oxoypyrrolidin-2-one
To a solution of (3R,5R and 3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoro-
methyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-hydroxypyrrolidin-2-one (0.20 gm, 0.39
mmol) prepared as in Example 8 in acetone (3 mL) was added 8N Jones reagent (0.150 mL). After 30
min, the mixture was diluted with water and extracted twice with ethyl acetate. The ethyl acetate layers
were each successively washed with brine containing some sodium bicarbonate solution, combined, and

dried over sodium sulfate. Removal of solvent in vacuo and pufiﬁcation by FC (2% methanol/methylene

'chloride) afforded the title intermediate. HPLC/MS: m/e = § 18 (M+1).
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Step B: (3R,5R and 3S,5R)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)-

ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-hydroxy-3-methylpyrrolidin-2-one

To a solution of (5R)-5-(((1R),(2R),(38))-3«((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-oxoypyrrolidin-2-one (62 mg, 0.12 mmol) from Step A in
THF (2 mL) was added at rt 1.4 M methyl magnesium bromide (0.146 mL). After 1 hr, the reaction was
quenched into with water and 2N HCI and extracted twice with ethyl acetate. The ethyl acetate layers
were each successively washed with brine containing some sodium bicarbonate solution, combined, and
dried over sodium sulfate. Removal of solvent in vacuo and purification by Prep TLC (2%
methanol/methylene chloride) afforded the title products as a-mixture of isomers. These were separated
on a Chiracel OD column (6% isopropanol/heptanes). Faster isomer; HPLC/MS: m/e = 534 (M+1),Rt=
3.73 min. NMR (CDCl;): & 1.32(s,3 H), 1.41 (d, J=6.5 Hz, 3 H), 1.6-1.79 (m, 2 H), 1.80-1.91 (m, 1
H), 1.91-2.01 (m, 1 H), 2.01-2.16 (m, 3 H), 2.41 (brs, 1 H),2.74 (dd, J= 7.4 and 10.3 Hz, 1 H),3.69(q, J
=62Hz,1H),3.74(q,J=69Hz, 1 H),4.52(q,J=6.6 Hz, 1 H), 6.03 (brs, 1 H), 6.98 (brt, J =8.7 Hz,
2 H), 7.02-7.07 (m, 2 H), 7.46 (s, 2 H), 7.72 (s, 1 H). Slower isomer; HPLC/MS: m/e = 534 (M+1), Rt =
3.71 min. NMR (CDCl;): 8 1.36 (s, 3 H), 1.42 (d, J = 6.6 Hz, 3 H), 1.67 (dd, 1 H), 1.74-1.91 (m, 3 H),
1.94-2.04 (m, 2 H), 2.06-2.18 (m, 2 H), 2.79 (dd, J = 7.1 and 9.8 Hz, 1 H), 3.50 (dt, J = 8.0 and 8.5 Hz, 1
H),3.68(q,7=5.7Hz, 1 H),4.53(q, J=6.4Hz 1 H), 6.33 (brs, 1 H),6.97 (brt,J=8.7 Hz, 2 H), 7.03-
7.08 (m, 2 H), 7.47 (s, 2 H), 7.73 (s, 1 H). '

EXAMPLE 13

Fa

Me..

NH, HCI

(BR,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopentan-1-yl)-3-aminopyrrolidin-2-one hydrochloride salt

Step A: (3R,5R and 38,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3 ,S-bf s(Trifluoromethyl)-
phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-mesylpyrrolidin-2-one
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To a solution of (3R,5R and 3S,5R)-5'—(((1R),(2R),(BS))-3-((1R)-l—(3,5—
bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-hydroxypyrrolidin-2-one
(0.295 gm, 0.57 mmol) prepared as in Example 8 (prior to separation of the hydroxy isomers) in
methylene chloride (3 mL) cooled in an ice bath were added TEA (0.094 mL) and mesyl chloride (0.044
mL). After 10 min, the mixture was allowed to warm to rt for 30 min at which time additional TEA
(0.040 mL) and mesy! chloride (0.020 mL) were added. The reaction was stirred at rt for 20 min before
being quenched into dilute aq. HCl. The mixture was diluted with water and extracted twice with ethyl
acetate. The ethyl acetate layers were each successively washed with brine containing some sodium
bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo and
purification by FC (25-50% ethyl acetate/hexanes) afforded the title intermediates as the major, higher
Rf (3S,5R) isomer and minor, lower Rf (3R,5R) isomer.

Step B: (3R,5R)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopentan-1-yl)-3-azidopyrrolidin-2-one

To a solution of (3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-mesylpyrrolidin-2-one (170 mg, 0.284 mmol) from Step
A (higher Rf) in DMF (2 mL) was added sodium azide (185 mg). The reaction was heated at 80 °C for
16 hr. The mixture was diluted with water and extracted twice with ether. The ether layers were each
successively washed with brine containing some sodium bicarbonate solution, combined, and dried over
sodium sulfate. Removal of solvent in vacuo and purification by FC (25-50% ethyl acetate/hexanes)
afforded the title intermediate. HPLC/MS: m/e = 545 (M+1), Rt =4.13 min. NMR (CDCl;): § 1.3-1.4
(m, 1 H), 1.42 (d, J = 6.4 Hz, 3 H), 1.71-1.81 (m, 1 H), 1.81-1.91 (m, 1 H), 1.94-2.03 (m, 1 H), 2.06-2.16
(m, 2 H), 2.23-2.30 (m, 1 H), 2.75 (dd, J = 7.1 and 9.8 Hz, 1 H), 3.57 (q, J = 8.0 Hz, 1 H), 3.68 (q,J = 6.0
Hz, 1 H),4.07 (t, J=9Hz, 1 H), 4.52 (q, J=6.4 Hz, 1 H), 6.49 (brs, 1 H), 6.98 (br t, J = 8.7 Hz, 2 H),

. 7.03-7.08 (m, 2 H), 7.46 (s, 2 H), 7.72 (s, 1 H).

Step C: (BR,SR)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-aminoopyrrolidin-2-one hydrochloride salt
A solution of (3R,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5- _
bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-azidopyrrolidin-2-one (112
mg) from Step B was hydrogenated over 20% Pd(OH),/C (40 mg) as in Example 3, Step E, in the
presence of 2N HCI in ether (0.20'mL) to afford the title product HClI salt after filtration and evaporation
of solvent. HPLC/MS: m/e = 519 (M+1), Rt = 3.21 min.
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EXAMPLE 14
F3

Me.., Fs

NH, HCI

(3S,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-aminopyrrolidin-2-one hydrochloride salt

Using essentially the same procedures as in Example 13, Steps B-C, but starting with the
minor, lower mesylate (3R,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-
(4-fluorophenyl)cyclopentan-1-y1)-3-mesylpyrrolidin-2-one from Step A, the title product was obtained.
HPLC/MS: m/e = 519 (M+1), Rt = 3.21 min. Azide intermediate NMR (CDCl;): 6 1.40(d, J=6.4 Hz, 3
H), 1.68-1.78 (m, 1 H), 1.78-1.91 (m, 3 H), 1.91-1.98 (m, 1 H), 1.98-2.06 (m, 1 H), 2.10-2.18 (m, 1 H),
2.75(dd, J=7.5and 10.5 Hz, 1 H), 3.65 (brq, 1 H), 3.72(q, J = 6.0 Hz, 1 H), 4.04 (dd, J= 5.9 and 8.2
Hz, 1H), 4.51 (q,J=6.4 Hz, 1 H), 6.97 (brt, ] = 8.7 Hz, 2 H), 7.07-7.13 (m, 2 H), 7.45 (s, 2 H), 7.67 (br
s, 1 H), 7.71 (s, 1 H).

EXAMPLE 15
F3

Me.

F3

M'e}‘l—Me HCI

(3R,5R)-5-(((1 R),(2R),(3 S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-dimethylaminopyrrolidin-2-one hydrochloride salt

To a solution of (3R,5R)-5-(((1 R),(2R),(3 S$H-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-3-aminopyirolidin-2-one (20 mg, 0.036 mmol) from
Example 13 in 1,2-dichloroethane (1 niL) was added 37% by wt éq formaldehyde (0.015 mL), DIPEA
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(0.0063 mL), and sodium triacetoxy borohydride (23 mg) and the reaction was stirred at rt for 16 hr. The
mixture was diluted with water and extracted twice with methylene chloride. The organic layers were
each successively washed with brine containing some sodium carbonate solution, combined, and dried
over sodium sulfate. Removal of solvent in vacuo and purification by Prep TLC (5% methanol/
methylene chloride) afforded the title compound after formation of the hydrochloride salt with 2N HCl in
ether and evaporation. HPLC/MS: m/e = 547 (M+1), Rt = 3.23 min. NMR (CDCl;): 6 1.39(d,J=6.6
Hz, 3 H), 1.38-1.47 (m, 1 H), 1.74-1.88 (m, 2 H), 1.93-2.05 (m, 3 H), 2.05-2.16 (m, 1 H), 2.10-2.18 (m, 1
H),235(s,6 H),2.78 (dd, J = 7.5 and 10 Hz, 1 H), 3.4-3.5 (m, 2 H),3.69 (m, 1 H), 4.51 (q,J=6.6 Hz, 1
H), 6.96 (brt, J = 8.7 Hz, 2 H), 7.04-7.08 (m, 2H), 733 (brs, 1 H), 7.44 (s, 2 H), 7.71 (s, 1 H).

EXAMPLE 16

F3

Mel,

M}Me HCI

(38,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-dimethylaminopyrrolidin-2-one hydrochloride salt

Using essentially the same procedures as in Example 15, but starting with (3S,5R)-5-
(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-
y1)-3-dimethylaminopyrrolidin-2-one from Example 14, the title product was obtained. HPLC/MS: m/e =
519 (M+1), Rt = 3.21 min.
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EXAMPLE 17
F3

MJ\J—H HCI

(3R,5R)-5-(((1R),(2R),(38))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopentan-1-yl)-3-methylaminopyrrolidin-2-one hydrochloride salt

A solution of (3R,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyli)phenyl)-
ethoxy)—Z-(4-ﬂuorophenyl)cyclopentan—1—yl)—3-aminopyrrolidin—2-one (25 mg, 0.048 mmol) prepared as
in Example 13, 1-hydroxymethylbenztriazole (7.2 mg), and DIPEA (0.017 mL) were stirred in methanol
(2 mL) for 16 hrs and was then evaporated. The residue was taken up in methano! (2 mL) and
hydrogenated for 2 hr at 45 psi over 20% Pd(OH),/C (40 mg) as in Example 3, Step E. HPLC/MS
indicated a mixture of statring material, mono- and di-methylation. The title compound was isolated by
RP prep HPLC and converted to the hydrochloride salt with 2N HCl in ether.
HPLC/MS: m/e = 533 (M+1), Rt =3.25 min.

EXAMPLE 18

F3
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(BR,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopent-1-yl)-3-amino-3-methylpyrrolidin-2-one hydrochloride salt
F3

Mal.

F3

Step A: (BR,5R)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

ﬂuorophenyl)cyclopent-l-yl)-'l,3-dibenzyloxycarbonyl—3-methylpyrrolidin-2-one

A solution of (5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopentan-1-yl)-1-benzyloxycarbonylpyrrolidin-2-one (13 gm, 20.4 mmol)
(prepared as in Example 3, Step D, (dried by prior evaporation of 100 mL of toluene) in THF (200 mL)
under nitrogen was cooled to -25 °Cinan ice/dry ice/methanol bath and benzyl chloroformate (3.2 mL)
was added. After stirring for 10 min, 1M NaHMDS (51 mL) was added slowly over 10 min. The
reaction was allowed to warm to -15 'C over 30 min at which time TLC (30% ethyl acetate/hexanes) of
an aliquot (quenched into ethyl acetate/2N HCI) indicated that the starting material was essentially gone.
Methyl iodide (12.7 mL) was added and the reaction was allowed to warm to rt for 1 hr and was then
warmed in a water bath to 30 "C for 2-3 hr. The reaction was monitored by HPLC/MS for the
intermediate (m/e = 728 (M+1-44, 100%), Rt = 4.64 min) and product (m/e = 742 (M+1-44, 100%), Rt =
4.69 min) and was about 90% complete. The reaction was then stored at 0 °‘c overnight at which time the
methylation was deemed essentially complete and the reaction was slowly quenched into a stirred
mixture of ethyl acetate, water, and excess 2N HCI solution. The mixture was extracted twice with ethyl
acetate and the ethyl acetate layers were each successively washed with brine containing some sodium
bicarbonate solution, combined, and dried over sodium sulfate. Removal of solvent in vacuo and
purification by FC (10-50% ethyl acetate/hexanes) afforded the title intermediate. The (5S) isomer (5-
10%) is slightly higher Rf and was normally only partially separated at this step since it can be removed
in subsequent steps. However on smaller scale, the minor, higher Rf isomer can be isolated.
HPLC/MS: m/e = 742 (M+1-44, 100%), 786 (M+1); Rt =4.69 min NMR (CDCl;) (Major, lower
(3R,5R) isomer): & 1.37(d,J=6.6 Hz, 3 H), 1.48 (s, 3 H), 1.58-1.66 (m, 1 H), 1.71-1.85 (m, 2 H), 1.95-
2.05 (m, 2 H), 2.50 (dd, J = 6.6 and 12 Hz, 1 H), 2.84-2.92 (m, 1 H), 2.86 (dd, J = 6.6 and 10 Hz, 1 H),
3.59(q,J=6.4Hz, 1 H),4.33 (brq,J=7Hz 1 H),4.48(q,J=6.6 Hz, 1 H), 4.76 and 4.98 (ABq, ] =

-49 .



10

15

20

WO 2007/146224 PCT/US2007/013683

12.5 Hz, 2 H), 5.22 and 5.25 (ABq, J = 11 Hz, 2 H), 6.73-6.83 (m, 4 H), 7.3-7.46 (m, 5 H), 7.42 (s, 2 H),
7.69 (s, 1 H). '

F3

Mev.

Step B: (BR,5R)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-3-carboxy-3-methylpyrrolidin-2-one
A solution of (3R,5 R)-5<(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-1,3-dibenzyloxycarbonyl-3-methylpyrrolidin-2-one (22.5 gm,
28.7 mmol) (prepared as in Step A) in methanol (500 mL) was hydrogenated over 20% Pd(OH),/C (2.0

- gm) on a Parr shaker at 45 p.s.i. in a2 L flask. After 6 hr, HPLC/MS indicated mostly product acid (m/e

=562 (M+1), Rt = 3.89 min) and a trace of methyl ester (m/e = 576 (M+1), Rt = 4.13 min), but still some
intermediate benzy! ester (m/e = 652 (M+1), Rt =4.38 min). Thus, an additional portion of 20%
Pd(OH)z(C (0.5 gm) was added and the hydrogenation was continued for another 16 hr, at which time

.HLPC/MS indicated that the hydrogenation was essentially complete. The reaction was filtered to

remove catalyst and was evaporated to dryness to afford the title acid. This material was routinely used
without purification after evaporating a portion of toluene to remove residual water and methanol. A
portion was recrystallized from ethyl acetate/heptanes and then again from nitromethane to afford x-ray
quality crystals which confirmed the indicated stereochemistries. HPLC/MS: m/e = 562 (M+1); Rt=
3.89 min NMR (CDCl;) (Major (3R,5R) isomer): 8 1.39 (d, J=6.6 Hz, 3 H), 1.47 (s, 3 H), 1.64-1.76
(m, 1 H), 1.76-1.87 (m, 1 H), 1.87-2.01 (m, 2 H), 2.01-2.11 (m, 2 H), 2.11-2.18 (m, l.H), 2.75(dd,I=6.5
and 9.4 Hz, 1 H), 3.63 (t, ) =5.4 Hz, 1 H), 3.69 (m, 1 H), 4.50(q, J = 6.6 Hz, 1 H), 6.67 (br s, 1 H), 6.93
(m, 2 H), 6.98 (m, 2 H), 7.44 (s, 2 H), 7.69 (s, 1 H).
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Step C: (BR,5R)-5-(({1R),(2R),(35))-3«((1R)-1-(3,5-bis(Triflucromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopent-1-yl)-3-benzyloxycarbonylamino-3-methylpyrrolidin-2-one

To a solution of (3R,5R)-5-(((1R),(2R),(38))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)-
ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-3-carboxy-3-methylpyrrolidin-2-one (15 gm, 26.7 mmol)
(prepared as in Step B and dried by evaporation of 100 mL of toluene) in acetone (200 mL) was added at
rt DIPEA (12 mL) and then isobutyl chloroformate (5.25 mL). The reaction was stirred at rt for 40 min
and was then cooled to 0 °C in an ice/brine bath. This solution was slowly added to a cold solution of
sodium azide (8.7 gm) in water (150 mL) and acetone (150 mL) maintaining the temperature at < 10 °C.
The mixture was stirred for 45 min (HPLC/MS indicated some acid, but mostly acyl azide, m/e = 587
(M+1), Rt = 4.22) and then most of the acetone was removed in vacuo without heating. The mixture was
diluted with ice water and was extracted twice with toluenie. The toluene layers were each successively
washed with cold brine containing some sodium bicarbonate solution, combined, and dried over sodium
sulfate. About 2/3 of the solvent was removed in vacuo without heating to afford a dry toluene solution
of the acyl azide intermediate. (Note: It is very important to keep the solution cold to prevent
rearrangement to the isocyanate prior to complete drying by azeotroping any water and acetone during
removal of the toluene. Also, the residual isobutanol must be removed at this time. However, the acyl
azide should not be concentrated to dryness due to the exothermic loss of nitrogen during the subsequent

rearrangement.) The above toluene solution of acyl azide (~ 200 mL) was heated to 85 °C under nitrogen

for 1-2 hr (nitrogen bubbling ceases and HPLC/MS indicated acyl azide was gone, isocyanate m/e = 559

(M+1), Rt = 4.29 min) and was then further concentrated to 100 mL. To this solution was added benzyl
alcohol (28 mL), DIPEA (14 mL.), and DMAP (200 mg, cat) and the mixture‘was reheated to 85 °C for 3-
4 hr (monitored by HPLC/MS for loss of isocyanate, m/e = 559 (M+1), Rt = 4.29 min; product, m/e =
667 (M+1), Rt =4.23 min). The mixture was concentrated in vacuo and purified by FC (20-80% ethyl
acetate/hexanes) to remove some of the residual (3S,5S) and (3R,5S) isomers and afforded the title
intermediate (>95% (3R,5R) isomer). Any residual amounts of (35,5S) and (3R,5S) isomers were
rcmbyed by preparative reversé phase HPLC (0.1% TFA in 70% acetonitrile/water). The product
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fractions were combined, sodium bicarbonate added to neutralize TFA, acetonitrile was mostly removed
in vacuo, the product was extracted from the aqueous with 2x ethyl acetate, and the solvent was
evaporated after drying with sodium sulfate to afford the title CBZ intermediate (10 gm) and 2.8 gm
mixed fractions after the main isomer peak. The mixed fractions could be further purified by Chiracel
OD to obtain additional product (Rt = 8 min), as well as the minor (3S,5R) isomer (Rt = 22.5 min) and
variable amounts of the (3S,5S) isomer (Rt = 10.5 min). NMR (CDCl;) (Major, (3R,5R) isomer): 8 1.37
(s,3H), 1.40(d,J =6.4 Hz, 3 H), 1.78-1.9 (m, 2 H), 1.91-2.0 (m, 1 H), 2.0-2.25 (m,3 H), 2.79 (dd, ] =
6.6 and 12 Hz, 1 H), 3.52-3.61 (m, 1 H), 3.65 (q, J = 6.4 Hz, 1 H), 4.52 (q, J= 6.6 Hz, 1 H), 5.05 and 5.09
(ABq, 2 H), 5.29 (br é, 1 H), 6.23 (br s, 1 H), 6.96 (brt, 2 H), 7.04 (br m, 2 H), 7.32-7.41 (m, 5 H), 7.47
(s, 2 H), 7.72 (s, 1 H). NMR (CDCl;) (Minor, (3S,5R) isomer): 8 1.26 (s, 3 H), 1.36 (d, J = 6.5 Hz, 3 H),
1.50 (dd, 1 H), 1.6-1.73 (m, 1 H), 1.73-1.85 (m, 1 H), 1.85-2.3 (m, 4 H), 2.47 (dd, J = 6.6 and 12 Hz, ]
H),2.67(dd,J=6.6and 12 Hz, 1 H), 3.61 (q,J=6.3 Hz, 1 H),3.80 (brs, 1 H),4.46 (q,J=6.4 Hz, 1 H),
4.99 and 5.05 (ABq, J=12.2 Hz, 1 H), 6.12 (brs, 1 H), 6.92 (br t, 2 H), 6.98 (br m, 2 H), 7.26-7.38 (m, 5
H), 7.40 (s, 2 H), 7.66 (s, 1 H). NMR (CDCl;) (lactam (35,5S) isomer): § 1.34(s,3H),1.36 (d,J=6.5
Hz, 3 H), 1.55-1.71 (m, 1 H), 1.71-1.84 (m, 1 H), 1.84-1.95 (m, 1 H), 1.95-2.2 (m, 3 H),2.47 (dd, J=6.6
and 12 Hz, 1 H),2.73 (t, 1 H),3.45(q, J=6.3 Hz, 1 H),3.64 (m, 1 H), 4.44 (q, ] = 6.4 Hz, 1 H), 4.97 (br
s, 1 H), 5.03 and 5.08 (ABq, 1 H), 5.32 (brs, 1 H), 6.95 (br t, 2 H), 7.05 (br m, 2 H), 7.28-7.38 (m, 5 H),
7.36 (s, 2 H), 7.66 (s, 1 H). ‘

Step D: (3R,5R)-5(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-

fluorophenyl)cyclopent-1-yl)-3-amino-3-methylpyrrolidin-2-one hydrochloride salt

A solution of (3R,5R)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(trifluoromethyl)-
phenyl)ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-3-benzyloxycarbonylamino-3-methylpyrrolidin-2-one
(12.5 gm, 18.7 mmol) (prepared as in Step C) in methanol (100 mL) and 2N HClI in ether (19 mL) was
hydrogenated over 20% Pd(OH),/C (0.65 gm) on a Parr shaker at 45 p.s.i. for 90 min. HPLC/MS
indicated product (m/e = 533 (M+1), Rt = 3.33 min) and only a trace of N-methylation (m/e = 547
(M+1), Rt =3.35 min). The reaction was filtered to remove catalyst and was evéporated to dryness to
afford the title cofnpound as the hydrochloride salt. This material was triturated three times with ether
(200 mL each) to afford the final product as a white solid (10.2 gm) after vacuum drying. HPLC/MS:
m/e = 532 (M+1); Rt=3.25 min NMR (CD;0D) (Major (3R,5R) isomer): 6 1.31(d, J= 6.5 Hz, 3 H),
1.35 (s, 3 H), 1.46 (dd, = 9.3 and 12.6 Hz, 1 H), 1.67-1.84 (m, 2 H), 1.93-2.08 (m, 3 H), 2.14-2.23 (m, 1
H), 2.79 (dd, J=6.6 and 12 Hz, 1 H), 3.59 (dt, 1 H), 3.72(q,J=7.6 Hz, 1 H), 4.62 (g, J = 6.6 Hz, 1 H),
6.91 (m, 2 H), 7.13 (m, 2 H), 7.50 (s, 2 H), 7.70 (s, 1 H). Use of nOe experiments confirmed the relative
lactam stereochemistry as (3R,5R). '
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EXAMPLE 19

F3

Me..

NH, HCI

(3S,5R)-5<(((1R),(2R),(39))-3~((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl}-3-amino-3-methylpyrrolidin-2-one hydrochloride salt

Using essentially the same procedures as in Example 18, but using the higher Rf
(3S,5R)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-1,3-dibenzyloxycarbonyl-3-methylpyrrolidin-2-one from Step A or the
slower (3S,5R)-5-(((1R),(2R),(38))-3«((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-3-benzyloxycarbonylamino-3-methylpyrrolidin-2-one (Rt = 22.5 min) from
Step C, the title product was obtained. HPLC/MS: m/e = 532 (M+1); Rt=3.26 min

EXAMPLE 20
F3

Me.,

NH, HCI

(3S,558)-5-(((1R),(2R),(3S))-3«((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-3-amino-3-methylpyrrolidin-2-one hydrochloride salt

Using essentially the same procedures as in Example 18, but starting with (5S)-5-
(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-
yl)-1-benzyloxycarbonylpyrrolidin-2-one from Example 4 or using the middle (3S,5S)-5-
(((1R),(2R),(3 S))—3 -((1R)-1-(3 ,5-bis(triﬁuoromethyl)phenyl)ethoxy)-2-(4-ﬂuorophenyl)cyclopent- 1-yl)-
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3-benzyloxycarbonylamino-3-methylpyrrolidin-2-one (Rt = 10.5 min) from Example 18, Step C, the title
product was obtained. HPLC/MS: m/e = 532 (M+1); Rt=3.26 min

EXAMPLE 21

Fi

F3

5 NH, HCI

(3R,5S5)-5-(((1R),(2R),(35))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-3-amino-3-methylpyrrolidin-2-one hydrochloride salt
Using essentially the same procedures as in Example 18, but starting with (5S)-5-

(((1R),(2R),(3S))-3-((1R)-1 —(3 ,5-bis(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopentan-1-
10 yl)-1-benzyloxycarbonylpyrrolidin-2-one from Example 4 and using the faster (3R,5S)-5-

(((1R),(2R),(39))-3«((1R)-1(3,5-bis(triflucromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-

3-benzyloxycarbonylamino-3-methylpyrrolidin-2-one (Rt = 8.2 min) as in Example 18, Step C, the title

product was obtained. HPLC/MS: m/e = 532 (M+1); Rt=3.26 min

15
EXAMPLE 22

F3

Me..

Me}\l—-H .HCI

(BR,SR)-5-(((1R),(2R),(3S))-3-((1R)-1 -(3,5-bis('friﬂuoromethyl)phenyl)ethoxy)-2-(4-ﬂuorophenyl)-
cyclopent-1-yl)-3-aminomethyl-3-methylpyrrolidin-2-one hydrochloride salt
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Using essentially the same procedures as in Example 17, but starting with (3R,5R)-5-
(((1IR),(2R),(3S))-3«((1R)-1-(3,5-bi s(trifluoromethyl)phenyl)ethoxy)-2-(4-fluorophenyl)cyclopent-1-yl)-
3-amino-3-methylpyrrolidin-2-one hydrochloride salt (30 mg) from Example 18, the title compound was
obtained. HPLC/MS: m/e = 547 (M+1); Rt =3.28 min

EXAMPLE 23

F3

Mel.

Me,N-Me HCI

(3R,5R)-5-(((1R),(2R),(3S))-3-((1R)-1-(3,5-bis(Trifluoromethyl)phenyl)ethoxy)-2-(4-
fluorophenyl)cyclopent-1-yl)-3-dimethylamino-3-methylpyrrolidin-2-one hydrochlon;ide salt

10 Using essentially the same procedures as in Example 16, but starting with (3R,5R)-5-
(((1IR),(2R),(3S))-3-((1R)-1 -(3,S-bis(triﬂuorémethyl)phenyl)ethoxy)-z-(4-ﬂuorophenyl)cyclopent- 1-yl)-
3-amino-3-methylpyrrolidin-2-one hydrochloride salt (30 mg) from Example 18, the title compound was
obtained. HPLC/MS: m/e =561 (M+1); Rt=3.31 min

While the invention has been described and illustrated with reference to certain

15  particular embodiments thereof, those skilled in the art will appreciate that various adaptations, changes,

modifications, substitutions, deletions, or additions of procedures and protocols may be made without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:
1. A pharmaceutical composition for the treatment of a disease selected from
urinary frequency, urinary urgency or urinary incontinence having two active agents: a therapeutically

effect amount of

(a) an antagonist of the NK-1 receptor selected from:

CF3 CF;

CHj..
\O

H
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CHs..
o)
H
H.\ H
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_N-CHj3
CH3

or pharmaceutically acceptable salt thereof; or

(b) an antagonist of the NK-1 receptor selected from
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|
H3C/
H,C,, '1 CF
3 ’ CF3 3
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CF,;

HC,,
3 : CF3
H.C,, .
3 . CF3 R
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HsC” NY

@) o

or pharmaceutically acceptable salt thereof;

and a therapeutically effective amount of an anti-muscarinic agent.

2. A composition according to Claim 1 wherein the NK-1 receptor antagonist is selected

from group (a).

3. A composition according to Claim 2 wherein the NK-1 receptor antagonist is
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CF3

or a pharmaceutically acceptable salt thereof.

4. A composition according to Claim 1 wherein the NK-1 receptor antagonist is selected

S from group (b).

5. A composition according to Claim 4 wherein the NK-1 receptor antagonist is

CF;

NH,

of a pharmaceutically acceptable salt thereof.

10
6. A composition according to claim 1 to 5 wherein the anti-muscarinic agent is selected
from the group consisting of
tolterodine, oxybutynin, trospium, vamicamide, solifenacin, propiverine, S-oxybufynin,
temiverine, sanctura, staybla, fesoterodine, SVT40776, 202405 by GlaxoSmithKline, TD6301,
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RBX9841, DDP200, and PLD179, trospium chloride, darifenacin and imidafenacin, extended release
tolterodine, extended relesase oxybutynin and transdermal oxybutynin.

7. A composition according to claim 6 wherein the anti-muscarinic agent is selected

from the group consisting of trospium chloride, darifenacin and imidafenacin.

8. A pharmaceutical composition according to any of claims 1 to 7 wherein there are
exactly two active agents, wherein one of the active agents is an antagonist of the NK-1 receptor and one

of the active agents is an anti-muscarinic agent.

9. Use of a composition according any one of Claim 1 to 8 for the treatment of urinary

frequency, urinary urgency or urinary incontinence.

10. Method of treating urinary frequency, urinary urgency or urinary incontinence in a
patient in need of such treatment comprising: administering to said patient in need of such treatment a
therapeutically effective amount of a composition according to any one of the claims selected from
Claims 1 to 9.

11. Method of treating urinary frequency, urinary urgency or urinary incontinence in a
patient in need of such treatment comprising: the concomitant administration to said patient in need of

such treatment a therapeutically effect amount of

(a) an antagonist of the NK-1 receptor selected from:
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/N'CH3
CH3

or pharmaceutically acceptable salt thereof, or

(b) an antagonist of the NK-1 receptor selected from
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CF3

H1C,
3= CF,

CFj

CF3
H C/,
3 : CF3

HC

HNFS
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| CF,
CFs ,
HaC.,
3Co.. CF4
o]

H3C/, . N

CF3 CF,

H3C,,.

CF, CF,
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CF,
CF3

H3C/,_

CF;

HsC.,

HaC~

or pharmaceutically acceptable salt thereof; and

and a therapeutically effective amount of an anti-muscarinic agent.

12. A method according to Claim 11 wherein the NK-1 receptor antagonist is selected

from group (a).

13. A method according to Claim 11 wherein the NK-1 receptor antagonist is
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CF3

or a pharmaceutically acceptable salt thereof.

14. A method according to Claim 11 wherein the NK-1 receptor antagonist is selected

from group (b).

15. A method according to Claim 11 wherein the NK-1 receptor antagonist is

CFj;

CH3/. CF3

of a pharmaceutically acceptable salt thereof.

16. A method according to claim 11 to 15 wherein the anti-muscarinic agent is selected
from the group consisting of

tolterodine, oxybutynin, trospium, vamicamide, solifenacin, propiverine, S-oxybutynin,
temiverine, sanctura, staybla, fesoterodine, SVT40776, 202405 by GlaxoSmithKline, TD6301,
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RBX9841, DDP200, and PLD179, trospium chloride, darifenacin and imidafenacin, extended release
tolterodine, extended relesase oxybutynin and transdermal oxybutynin.

17. A method according to claim 11to 16 wherein the anti-muscarinic agent is selected

from the group consisting of trospium chloride, darifenacin and imidafenacin.
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