WO 2008/119176PCT/CA2008/000605 Amidanon process for the preparation of cathepsin
BACKGROUND OF THE INVENTION This invention describes an amidation process whereby

perfluorinated amino acids can be activated and treated with an amine in the presence of a base to
yield amideswaviff@utdogs of optical purity. The resulting amides are selective cathepsin K inhibitors
which can be used in the treatment of osteoporosis and metastatic bone diSd4s&?4/SEMAVIARY
According to a first aspect there is provided a process for preparing a compound of formula I:
15comprising amidating a salt of folinula RA or an acid of formula BE 11AJIB with

1-aminocyclopropane carhonittiierincthe presence.qf & coupling.agent, a base and a solvent;
70wherein Rl is C1_6 alkyl or C1_6 haloalkyl; R2 is C1-6 alkyl or C1-6 haloalkyl;

BACKGROUND OF THE INVENTION

5 This invention describes an amidation process whereby perfluorinated amino

acids can be activated and treated with an amine in the presence of a base to vield amides

without loss of optical purity. The resultig amides are selective cathepsin K inhibitors which
can be used in the treatment of 08teoporosis and metastatic bone disease.

10 SUMMARY
According 1o a first aspect, there s provided a process for preparing a compound
of formula I:
I
15 comprising amidating a salt of formula IIA or an acid of formula [IB
R? R
)Kn/o-Hx*

0B

with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a solvent:

2

20 wheremn R1 is C}.g alkyl or C1.g haloalkyl;
R2 15 C1_g alky! or C1.¢ haloalkyl:
R3 is SOm(C1.6 alkyl);
X is a tertiary amine, a secondary amine or a meta) salt; and
1 1s an integer from zero to two.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE | is a characteristic X-ray diffraction pattern of crystalline N'(1-
3
cyanocyelopropyl)-4-fluoro-N-- {(15)-2,2 2 -trifluoro-1 -[4-(methylsulfonyl)-1,1 "-biphenyl-4-
ylJethyl}-L-leucinamide.
-1-



R3is SOm(C1-6 alkyl); X is a tertiary amine, a secondary amine or a metal salt; and m is an integer
from zero to two. 25 BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 is a characteristic
X-ray diffraction pattern of crystalline Nr-(1- cyanocyclopropyl)-4-fluor0O-N2- { ( 1
S)-2,2,2-triflugro2d@timdsyl fonyl1)-1 ,11-biphenyl-4- yliethyl}-L-leucinamidge\W&saos/m00605
2008/119176PCT/CA20081000605 FIGURE 2 is a typical differential scanning calorimetry
(DSC) curve of crystalline NI-(1-cyanocyclopropyl)-4-fluoro-N2- {(15)-2,2,2-trifiuoro- 1 -PI-(m
ethylsulfonyl)-1, | '-bipheny1- 4-yllethyll-L-leucinamide. FIGURE 3 is a typical differential scanning
calorimetry (DSC) curnvdQVB&niosphivos# tiffereparicoyprainproloylpdufiuBroci 2urfd &) <2y 2@ ]
uoro-144 vl eisuliaoprbyil A bigbety sy ethylihiobrhauginamideiRERALEDRESGRIPTION
OF THE Iglywpgm cucinamide BY this invention, there are provided processes for the preparation of
s 100f st i formula I

compoun ructura ] _ , ) ] _
FIGURE 3 1is a typical differential scanning calorimetry {DSC) curve of

5  arporphous N 1-(1 ~cyanocyclopropyl)-4-fluoro-N"-{{15)-2,2,2-trifluoro-1 -[4'-{methylsulfonyl)-
1,1-biphenyl-4-yi]ethyl }-L-leucinamide.

DETAILED DESCRIPTION OF THE INVENTION
By this invention, there are provided processes for the preparation of compounds
10 of structural formula I:

comprising amidating a salt of formula IIA or an acid of formula I1B
R? R’

/kﬂ/cmx*

15

with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a solvent;

2

wherein R1 is C1.¢ alkyl or C]_g haloalkyl;
R2 is C1.¢ alkyl o C1_¢ haloalkyl;
20 R31s SOm(C1.6 alkyl);
X 18 a tertiary amine, a secondary amine or a metal salt; and
m 1s an integer from zero to two.
In an embodiment of the invention, R' is Cr¢ haloalkyl. In a class of the
invention, R is (2-fluoro,2-methyhpropyl.
25 In an embodiment of the invention, R is Cy haloalkyl. In a class of the
invention, R is trifluoromethyi,
In an embodiment of the invention, R* is SOxC 4 alkyl}. In a class of the
invention, R? is SO,CH;.



15HAIIB with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a
solvent; wherein Rl is C1-6 alkyl or CI-6 haloalkyl; R2 is C1-6 alkyl or C1-6 haloalkyl; 20R3 is
SOm(C1-6 alkyl); Xis a tertiary amine, a secondary amine or a metal salt; and m is an integer from
zero to two. wo 2008/1mars embodiment of the invention, Rl is Cl..6 haloalkyt:dra6l@ssdqfiihe invention,
Rl is (2-fluoro,2-methyl)propyl. 25In an embodiment of the invention, R2 is C1.6 haloalkyl. In a class of
the invention, R2 is trifluoromethyl. In an embodiment of the invention R3 is S02(C 1.6 alkyl).
In a class of the invention, 12.3 is SO2CH3. WO 2008/119176PCI/CA2008/000605 In an embod
enthe invention X is a deesradsdansireinhs slaagion tResinvestivhnxaisimCHpe irsspémbodiment of
the inventiamsrthie.camypouricko 07/

In an embodiment of the invention, the compound of formula Iis
F
CF; ¥

i =N
"<
N
DR
g ‘

TR

5 O ¢
N'-(1-cyanocyclopropyli-4-fluoro-A- {{15)-2,2, 2-rifluoro-1-[4"-(methylsulfony!)-1,1"-biphenyl-
4-yllethyl }-L-leucinamide.

An a-aminoacid or its corresponding salt is activated, followed by treatment with
an amine in the presence of a base. Activation may be achieved by formation of an acyl halide,

10 mixed anhydride or by treatment with a coupling agent, with or without an additional activating
agent, in the presence of a suitable base and in a suitable solvent.

In an embodiment of the invention, the coupling agent is a carbodiimide,
phosphonium salt or uronium salt. In a class of the invention, the coupling agent is EDC.

In an embodiment of the invention, the activating agent is HOBt, N-hydroxy

15 succinimide, 2-hydroxypyridine, N-hydroxyphthalimide or CDL In a class of the invention, the
activating agent is HOBt.

In an embodiment of the invention, the base is N-methyl morpholine, TEA, M-
ethyldiisopropylamine, 2,6-lutidine, 2,4.6 collidine or 1-methylpiperidine. In a class of the
mnvention, the base is N-methyl morpholine.

20 In an embodiment of the invention, the solvent is DMF, DMAc, NMP,
acetonitrile, THE, or DMSO. In a class of the invention, the solvent is DMF.

In an embodiment of the invention is the process for the preparation of a
compound of structural formula:

25



5 N1-( I -cyanocyclopropyl)-4-fluoro-N2- {(1S)-2,2,2-uoro-1-[4!-(methylsulfony1)-1,1'-biphenyl-
4-yljethyll-L-leucinamide. An a-aminoacid or its corresponding salt is activated, followed by
treatment with an amine in the presence of a base. Activation may be achieved by formation of an acyl
halide, 10mixed ankydride or by treatment with a coupling agent, with or without ansadditional
activating agent, in the presence of a suitable base and in a suitable solvent. In an embodiment
of the invention, the coupling agent is a carbodi mide, phosphon um salt or uronium salt. In a class of
the invention, the coupling agent is EDC. In an embodiment of the invention, the activating agent is
HOBt, N-H{HFBR LSRN & !2-hydroxypyridine, N-hydroxyphthalimide or CDI. In a class of the
invention, the activating agent is HOBt. In an embodiment of the fhvention, the base is N-methyl
morpholine, TEA, N- ethyldiisopropylamine, 2,6-lutidingz 2,46 Cottidine or 1-methylpiperidine. In a
class of the invention, the base is N-methyl morpholing. an §mb(§diment of the invention, the
solvent is DMF, DMAc, NMP, acetonitrile, THE D @ 1n s@ ﬁfﬁe invention, the solvent is
DMF. In an embodiment of the inventip he ptdcessifor the preparation of a compound of
structural formula. 25

e

"
with 1-aminocyclopropane carbonitrile, in the presence of EDC, HOBt, N-methyl morpholine
and DME.
5 The term “alkyl” as used herein shall mean a substituting univalent group derived

by conceptual removal of one hydrogen atom from a straight or branched-chain acyclic samrated

hydrocarbon (i.e., -CHjy, -CHCH3, -CHpCHpCH3, -CH(CHz)y, -CHyCHyCHyCH3,

-CHpCH(CH3)7, ~C(CH3)3) etc ).

As appreciated by those of skill in the art, “halo” or “halogen” as used herein is

10 intended to include chloro, fluoro, bromo and jodo. The term “keto” means carbonyl {C=0).

The term “alkoxy” as used herein means an alky! portion, where alkyl is as defined above,

connected to the remainder of the molecule via an oxygen atom. Examples of alkoxy include

methoxy, ethoxy and the like,

The term “haloalkyl" means an alkyl radical as defined above, unless otherwise

15 specified, that is substituted with one to five, preferably one to three halogen. Representative
examples include, but are not limited to trifluoromethyl, dichloroethyt, and the like.

The term "tertiary amine” includes, but is not limited to, trimethylamine,
triethylamine, tripropylamine, dimethylethanolamine and bis-tris.

The term "secondary amine” includes, but is not limited to, dimethy! amine,

20 diethylamine, methylethanolamine, aziridine, azetidine, pyrrolidine, piperidine, and
dicyclohexylamine (DCHA).

The term "metal salt” includes, but is not limited to, salts of aluminum, antimony,
calcium, copper, gold, iron, lead, lithium, magnesium, platinum, potassium, sodium, silver,
strontium, tin, titanium, tungsten and zinc. Preferred metal salts include salts of lithium, sodium,

25 potassium, magnesium, calcium, aluminum and zinc.

The term carbediimide refers to a class of coupling agents that are often used to
activate carboxylic acids towards amide formation. Nonlimiting examples or carbodiimides
nclude: DCC (N,N'-dicyclohexylcarbodiimide), DIC (N,N'-diisopropylcarbodiimide) and EDC
(1-ethyl-3~(3-dimethylaminopropyl) carbodiimide hydrochloride).

30 The term phosphonium salt refers to salts containing the phosphonium ion ((PH4")
1on) which are useful as coupling agents. Nonlimiting examples of phosphonium salts inchude:

-d .



WO 2008/119176PCT/CA2008/1100605 comprising amidating a salt: with 1-aminocyclopropane
carbonitrile, in the presence of EDC, HOBt, N-methyl morpholine and DMF. 5The term "alkyl" as used
herein shall mean a substituting univalent group derived by conceptual removal of one hydrogen atom

from a straight@edranetad-chain acyclic saturated hydrocarbon (i.e., -CHZgq¢ 280k 55 12CH2CH3,
-CH(CH3)2, -CH2CH2CH2CH3, -CH2CH(CH3)2, -C(CH3)33etc,). As appreciated by those of skill in
the art, "halo" or "halogen” as used herein is 10intended to include chloro, fluoro, bromo and iodo. The
term "keto" means carbonyl (C=0). The term "alkoxy" as used herein means an alkyl portion, where
alkyl is astefplediabovdido risotethtpboeptemaindedi of, teRvke@rendaranpexygidinatom. Examples
of alkoxy mmm@;@ﬁgﬁmg@m@@gﬂ@y@b@ {?f@i&iﬁ:‘%&fﬂ%@?ﬁns an alkyl radical as defined
Palogen. Fe e ea to wifluorormethy, dlohloroethyl, and the
like. The term "teHigRF AR saltrde o silineinimed te wmamyiemibepitietiyamine,
tripropylamsimsphinedtnietiandkamniredanHBi8tids; | H-Benzotbheldermijsecandary amine” includes, but
© not imitediacthmethamineneadisiviamnes maviemanolamine, rldine, speijine, pymoliding
plper_ldlncic%:nd g}? EQ%QF)I(XII%% %o(r%%H%%a-tl;ah?_"l‘t met(?lmsalt includes, Wut IS | t mjlte:g to, salts of
aluminum, antimony. carcium. coppar, gaig: For Uitridim 7 harpaEamtre PR, Netissium,
sodium, sifEnstyiuon et ERaTatotaisy sten BidAin¢! Pratormdamdtal saits, intliide salts of lithium,
sodium, tetramethyluronium tetrafluoroborate).
1 Crystalline &V 1u(] ~cyanocycl0pr0pyi)=4mﬂu0ro=~N2 -§{(18)-2,2,2-triflworo-1-[4'-
(methyisulfonyl}-1,1-biphenyl-4-yi]ethyl}-L-leucinamide is characterized by an X-ray powder
diffraction (XRPD) pattemn, collected using copper Ko radiation, corresponding to characteristic
reflection peaks at 19.7. 20.1 and 17.6 degrees. The pattern is further characterized by
characteristic reflection peaks at 23.6, 17.9 and 19.1 degrees. The pattern is further characterized
15 by characteristic reflection peaks at 24.8, 11.7 and 11.9 degrees. The XRPD patterns are
measured using a Scintag XDS-2000, Si(Li) Peltier-cooled solid state detector, Cul o source at a
generator power of 45 kV and 40 mA, and divergent beam (2 mm and 4 mm) and rece1ving beam
shits (0.5 mm and 0.2 mm). Scan range is set from 2-40°26 with a step size of 0.02° and a count
time of 2 seconds. The sample is measured on a quartz disk with spinning to reduce potential in-
20 plane orientation effects. Peak positions are verified weekly using 2 standard corundum plate
(NIST SRM 1976).
In addition to the X-ray powder diffraction pattern described above, crystalline
N-(1 -cyanocyclopropyl}-4-flucro-N-{(15)-2,2 2-trifluoro- 1 -[4'«(methylsulfonyl}-1,1'-biphenyl-
4-yllethyl}-L-leucinamide is characterized by melting onset at 214°C. The DSC thermal
25 behaviour is investigated using a Seiko robotic DSC (RDC-220). DSC analyses (n=2) are carried
out in crimped aluminium pans (2, 10, and 20°C/min, 80mI/min nitrogen). The DSC is
calibrated for temperature and heat flow with gallium (Goodfellow, 99.99% Pure), indium
(Goodfeliow, 99.999% Pure), and tin (NIST SRM 2220).
Amorphous N'-(1 -cyanocyclopropyl)-4-fluoro-N- {(18)-2,2 2-trifhaoro-1-[ 4
30 (methylsulfonyl)-1,1'-biphenyl-4-yljethyl}-L-leucinamide can also be observed. The glass
transition temperature for the amorphous form is evaluated by temperature cycling and is
measured at the mid-point. The sample are heated from -30°C to 75°C at 10°C/min following by
cooling at 10°C/min to -30°C, and then the sampie is re-heated to 180°C at 10°C/min (n=1). A
glass transition temperature (Tg) of about 64°C (mid-point, 10°C/min) followed by an exothermic
35 fransition at a peak temperature of 101°C, attributed to recrystallization of amorphous material, is
obtained for a predominantly amorphous sample. The DSC thermal behaviour is mvestigated
using a Seiko robotic DSC (RDC-220). DSC analyses (n=2) are carried out in crimped
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25potassium, magnesium, calcium, aluminum and zinc. The term carbodiimide refers to a class of
coupling agents that are often used to activate carboxylic acids towards amide formation. Nonlimiting
examples or carbodiimides include: DCC (N,N'-dicyclohexylcarbodiimide), DIC
(N,N'-diisopropglearbndimide) and.EDC (1-ethyl-3-(3- dlmethylamlnopropyp&g&ggdg)a %?ua
hydrochloride). 30The term phosphonium salt refers to salts containing the phosphonlum lon ((PH44)
ion) which are useful as coupling agents. Nonlimiting examples of phosphonium salts include: WO
2008/119176PCT/CA2008/000605 phosphonium iodide, tetramethylphosphonium iodide, PyBrOP

(Bromo-trishpyinglidinanp i sSpheniurat@xafluetephesphateyand ByASHe ((-Azahenzgtriazol-1-
y|0XY)t”py{éﬁl&k@ﬁﬁ@MH%'HW@HH!&B?@%B@@@WT% #@% %g]u saltielers o Salts containing

the uroniugy, |t| WM nium salts includeé: I
(2-(1H- Benzotrlazole- -y “l, , turonium hexafl uorophosphate), HATU (2-(7-Aza-

H-benzotriazole-1-y1)- 1% schesfesaedrsieraiarelioxafivomphasphayo)bdiAF abbreviations

((0- (73Azabam2h&iaﬁo{eﬁﬂg-we)aﬁiﬂ§sN Ntetramethyluronlum tetrafluoroborate) and TBTU
(2-(1H-Benzotriaggie.| -y1)-1,1,3,3- fetr %@fgron um&etrafluoroborate) 10Crystalline
NI-(l-cyanocycIo[gg:%E% )-4-fluoro-N2- f( trﬁ‘t uoro-114'-

(methylsulfony1) iphenyl-4-yli SIY}‘ %ﬂf’éﬁ‘?&ﬁﬁde is characterized by an X-ray powder diffraction
(XRPD) pattern, ¥all#ted using coplletih radtigtither corresponding to characteristic reflection peaks
at 19.7. 20.1 andrly;6 degree%(;w@pgp&@més further characterized by characteristic reflection peaks
at23., 17.9 and)i}d% 1 degree lﬁﬁ% RIS furéjer characterized 15by characteristic reflection
peaks at 24.8, 11.7 and 11.9 d€grees KRB Batterns are measured using a Scintag XDS-2000,
Si(Li) Peltier-coolaf solid statérdﬁ%éﬁfjé?ﬁ@@ﬂ(a source at a generator power of 45 kV and 40 mA, and
divergent beam Zvam and 4 miigaidni@eeiving beam slits (0.5 mm and 0.2 mm). Scan range is set
from 2-4020 Witl);)m%r@p size of 0. OZﬁ%ﬁﬁ%f&g{g@e of 2 seconds. The sample is measured on a
quartz disk with |ng tor r? entlal |n 20plane orientation effects. Peak positions are verified
weekly using a standard coru dﬁﬁ%fog R RE =0 1976). In addition to the X-ray powder
d|ffrég:|on patterhidescribed aB’dVeC@?Waidnmxdazoie

NI-(1-cyanocyclapsapy1)-4-fluoro-N2r-{{l B)heh 2otF - - %meﬁtjy gﬁlg‘gg%Jy ohiRiphenyld-yliethyll-
L- Ieucmalggggﬂléogglﬁ{(%g}e{ﬂged by melting onset at 214C. The DSC thermal

EDC: 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride
HOBt: \-Hydroxybenzotriazole
20 NMM: N-methyl morpheonline

Scheme 1 depicts the reaction of a substituted ¢-amino acid or its salt with an
amine in the presence of a coupling agent, an activator and a base to yvield the corresponding o-

amino amide product without epimerization of the a-stereccenter.
25



25behaviour is investigated using a Seiko robotic DSC (RDC-220). DSC analyses (n=2) are carried out
in crimped aluminium pans (2, 10, and 20C/min, 80mL/min nitrogen). The DSC is calibrated for
temperature and heat flow with gallium (Goodfellow, 99.99% Pure), indium (Goodfellow, 99.999%
Pure), and tiww{Nib&H SR 2220). Amorphous NI-(1-cyanocyclopropyl)-4-glgtociesoooces
((15)-2,2,2-trifluoro-144'- 30(methylsulfony1)-1,11-biphenyl-4-yllethyl}-L-leueinamide can also be
observed. The glass transition temperature for the amorphous form is evaluated by temperature
cycling and is measured at the mid-point. The sample are heated from -30C to 75C at 10C/min
following by cooling at 10C/min to -30C, and th&nHE&i&ample is re-heated to 180C at 10C/min (n=1). A
glass transition temperature (Tg) of about 64C (mid-point, 10C/min) followed by an exothermic
35transition at a peak temperature of 101¢ 5 att uted to recrystallizatidyi@f amorphous material, is
obtained for a predominantly amorphqus_sam ThesBSE therm§ behaviour is investigated using a
Seiko robotic DSC (RDC-220). DS ialysegs (n=4) are carried crimped aluminium pans (2, 10,
and 20C/min, 80mL/min nitregen)~Ihe-DSC is calidrated for tem(g)erature and heat flow with gallium
(Goodfellow, 99.99% Purlum (Goodfellow, 99.999% Pure]o At dindNIST SRM 2220).

In the schemes and exantples below, various reagent symbols aagkabbreviations Shave the following

meanings: DMACc:N,N -Dimethyl acetamide DCHA:Dicyclohexylewivierg M| E:Methyl-t-butylether
iPAc:lsopropyl acetate 10DMF:N,NLDimethylforma d THF:Tetrahydrofuran

2 R‘i

The following examples further illustrate details for the preparation of the
5  compounds of the present invention. Those skilied in the art will readily understand that known
variations of the conditions and processes of the following preparative procedures can be used to

prepare these compounds. All temperatures are degrees Celsius unless otherwise noted.

10 EXAMPLE 1

4-FLUORO-N-{(15)-2,2,2-TRIFLUORO-1-[4-(METHYLSULFONYL)BIPHENYL-4-
YLJETHYL}-L-LEUCINE DICYCLOHEXYLAMINE SALT

CFs

DCHA

15 MeOZS Me(}zs

Biphenyl acid (20.74 g) was dissolved in 2-propanof (186 mL) / water (20.7 mL}. A solution of
N, N-dicyclohexylamine (9.82 mL) in 2-propano! (21 mL) / water (2 mL} was added (~10% of
volume) and the solution was seeded with DCHA salt (10 mg). A heavy seed bed formed and the
slurry was let stir at rt for 30 min. Addition of DCHA was continued over 20-30 min. The slurry

-7-



TEA:Triethylamine DMSO:Dimethylsulfoxide NMP:1-Methy1-2-pyrrolidinone 15CDI:N
N'-Carbonyldiimidazole HATU:0-(7-Azabenzotriazol- | -y1)-N,N,N1V-tetramethyluroni um
hexafluorophosphate EDC:1-Ethy1-343-dimethylaminopropyl]carbodiimide hydrochloride

HOBt:N-Hydregyhenzotriazole 20NMM:N-methyl morphonline Schemeck depisisdhe reaction of
a substituted a-amino acid or its salt with an amine in the presence of a coupling agent, an activator
and a base to yield the corresponding a-amino amide product without epimerization of the
a-stereocenter. 25 WO 2008/119176PCT/CA2008/000605 SCHEME 1 The following examples
further illugtratetdatai stiorcniepraphfdtiopdofiefilier cake was washed with 2-propancl / water (2 x

30mL, 10:1) and MTBE (2 x 30 mL). DCHA salt was obtained as a white solid, 24.4 g, 84%
vield. 'Fl NMR (CDyOD) 8 8.07 (d, 2H, J = 8.0), 7.94 (d, 2H, .7 = 8.0), 7.75 (d, 2H, J = 8.0), 7.61
(d, 26, J=8.0}, 431 (m, 1H), 3.46 (bq, 1H, J = 4), 3.22 (m, ZH), 3.19 (s, 3H), 2.11 (bm, 55),

5 1.91 (bm, 5H), 1.75 (b, 2H), 1.49 (d, 3H, J=21.6), 1.48 (d, 3H, J = 21.6), 1.35 (m, 9H); °F
NMR (CI:;0D) 8 - 72.9, - 129.4; mp 209-211°C, [o}p™" + 18.7 (¢ = 0.29, MeOH).

EXAMPLE 2

10 N-(1-CYANOCYCLOPROPYL)-4-FLUORO-N*-{{(1 8¥-2,2 2-TRIFLUORG-1-[4"-
(METHYLSULFONYL)BIPHENYL-4-YLIETHYL}-L-LEUCINAMIDE

F
NC_  NH,R*CI
OH
i
o HATU
ETQNI‘PF
DMAC
F
H
N: ',CN
O
MGOQS
15 Acid (1.9 g) was dissolved in DMAc {10 mL) and cooled to 0°C. 1-

Aminocyclopropane carbonitrile hydrochloride (0.57 g) and HATU (1.85 g) were added. The
resulting slurry was stirred for 15 min and DIEA (2.12 mL) was added over 1.5 h. The reaction
was aged for 1 h. Water (11.2 mL) was added via dropping funnel over 70 min and the shurry
was aged for Th at 20°C. The mixture was filtered and the filter eake was washed with a solution
20 of DMAciwater (9.4 mL, 1:1.2), water (18.7 mL), 2-propancl (9.3 mL) The baich was dried to
vield 1.67 g, 79% yield of the corresponding amide.
. Amide (2.56 g), was dissolved in THF (30.7 mL) at 30°C. Water (19 mL) was
added via dropping funnel. The batch was seeded and aged for 1h at 20°C. Additional water
{40.9 mL) was added over 1.5 h and the batch was aged for 16 h. The batch was filtered and
25 washed with water (15 mL}. The solids were dried to a constant weight to yield 2.50 g, 97%

S8



5 compounds of the present invention. Those skilled in the art will readily understand that known
variations of the conditions and processes of the following preparative procedures can be used to
prepare these compounds. All temperatures are degrees Celsius unless otherwise noted.
10EXAMPLE¥2-PR&ORB-N-{(1S)-2,2,2-TRIFLUORO-144'-(METHYLSULFONYA BN Y L-4-
YLIETHYL)-L-LEUCINE DICYCLOHEXYLAMINE SALT H2N,Cy Cy 15Me02SMe02S Biphenyl acid
(20.74 g) was dissolved in 2-propanol (186 mL) / water (20.7 mL). A solution of
IV ,N-dicyclohexylamine (9.82 mL) in 2-propanol (21 mL) / water (2 ml.,) was added (--10% of volume)
and the soliglibalwus seidted WVBEOROEH 619 1 dhs A Ha A seeatheti-f8rmatosrd, ta, slarry was let
stir at rt fog.30) B0 (Adtilior BLRCHAWSICORIRUEH avern20r80 TN (Jdae Sy N0k 5, 8.0),
2008/119%7 Sty at,r ight filter ilt k washed
%.@P&Eé%%@%%%?ﬂléggﬁa@@#g@;@ S 21 THFety, She JISHe W3,

with 2-propanal [ water (2 X L, 10: mL).’D was obtainéd as‘a white
St o ot DR i B e B oot o R G 2 B0} 90TEe o1
J= 8.0), 7610325 J22610) 6473104, LHY,: 3066186 28K I o)y 3 22%(f(2HY, B IKCSFBH), 2.11 (bm,
51-1), 51.91 (bm, 5H), 1.75 (bm, 2H), 1.49 (d, 3H, J= 21.6), 1.48 (d, 3H,J= 21.6), 1.35 (m, 9H); 19F
NMR (CD30D) 6 - 72.9, - 129.4; mp 209-211%% (c = 0.29, MeOH). EXAMPLE 2 10
N-(1-CYANOCYCLOPROPYL)-4-FLUORO-NZ- -2,2,2-1RIFLUORO-1-[4"-
(METHYLSULFONYL)BIPHENYL-4-YL]JETHYL)-L-LEUCINAMIDE 15Acid (1.9 g) was dissolved in
DMAC (10MH(L)ENANO06TEE LOPRORY L)-4-FLUORO-A- {(15)-2,2,2-TRIFLUORO-1-[4"-

10 (METHYLSULFONYL)BIPHENYL-4-YLIETHYL}-L-LEUCINAMIDE

F NC. NHs"Cr
o A
O Hy#N Y
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A round-bottom flask was charged with bipheny! acid*DCHA salt (76.6 g, 99.2%
15 ee, diastereomeric ratio 342:1) and DMF (590 g). Solid aminocyclopropane carbonitrilesHCI
(15.2 gj, HOBt=H;0 (17.9 g}, and EDC-HCI (29.1 g) were all charged forming a white slurry.
The batch was then heated to 38-42°C and aged for 5 hours. The batch was then cooled to 20-
25°C and held overnight. HPLC analysis showed 99.4% conversion. The batch was heated to
38-42°C and water (375 g) was charged to batch over 2 hours. The batch remained as a slurry
20 throughout the water addition. The batch was then heated to 58-62°C and aged for 1 hour.
Following age, water (375 g} was charged over 3 hours, at a rate of 2.1 g/min. The batch was
then cooled to 15-25°C and aged overnight. The batch was filtered and washed with 39% DMF
1n water (2 x 300 g) and 2-propanol (180 g). The solids were dried in the filter at 40-60°C for 24
hours. The desired crude product was isolated as a white solid {57g, 92% vield, 99.4 wt%). A
25 round-bottom flask was charged with crude solid (57 g) and acetone/water solution (324 g,
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Aminocyclopropane carbonitrile hydrochloride (0.57 g) and HATU (1.85 g) were added. The resulting
slurry was stirred for 15 min and D1EA (2.12 mL) was added over 1.5 h. The reaction was aged for | h.
Water (11.2 mL) was added via dropping funnel over 70 min and the slurry was aged for |h at 20C.
The mixture wasfilsered7and the filter cake was washed with a solution 20ef DiAA@swetars(9.4 mL,
1:1.2), water (18 7 mL), 2-propanol (9.3 mL) The batch was dried to yield 1.67 g, 79% yield of the
corresponding amide. Amide (2.56 g), was dissolved in THF (30.7 mL) at 30C. Water (19 mL)
was added via dropping funnel. The batch was seeded and aged for Ih'at 20C. Additional water (40 9
mL) was a8ded obkst 5 vk st htpelisateh tivAS Sg atvibich g HntTiHe brbebvaais RBYE P et 28%ashed with
water (15ilak ihe. SWMSng)mﬁdﬁ&amEmmghMﬁeﬁeﬁam vrE%h e MM@eded (1.7 g,

2008/ 119%@%%/%%9%%0@ %éféﬁd%ﬁ@%? Amide- 1@%&@&@%@%@%@&@%@ .05 (d,
2H, J= 8@,796§%§H J=8 g} H@J@ 80%443(m 5 (ddd, 1H,
J=5.0, 8.5 86318 [SHHFERLE th &fte%%t}wfa%v Lovels b g& 1, "= 22.0),
1.36 (m, dand, ﬂ_lt@fkctmmmobdwem ma?;sqwmwﬂm@/@mo()l% EQ%WMRI(@%@H} ®-23.2h€136.8;
ER 5(cm- ﬁi%%&k@%&dﬁ&ﬁ%@% dehRidR 233rddhiGsta]02 the 43348 FrdliBa, (Mepgl). EXAMPLE 3

N-(1- CY 4 FL O N2+ IF 4
(M(ETHY % zﬁﬁiﬁf\ﬂ? . %@éﬁ\?@%‘gﬁgﬁaﬁ% @otfom W& vas charged
with biphdh§A ’a@d@él@\%t] (‘7§ ®g7 80 P9 H5/ced dladttPdentdlic rafi 9484 hrdiohE Boo g).

Solid amidgtyalapidpdris ¢athoritrifetiol,@.5,2.6), HOBt1120 (1% 9hg), arg EDCHCAHR9.459)dwere all
charged f@;gnﬁg Laﬁvgplg 8l ry;HTbe Qgtgp yx@@ meﬂﬁeg ﬁ? 3 43@ dS@q\ﬁ\,ﬁ@urs The batch

es hed s R ci@% T, a'y ek (‘i?r% R rames se

slurry 20tAGudHolE thelwvatet atifitoh STHE At was then heated to 58-62C and aged for 1 hour.
Following age, water (375 g) was charged over 3 hours, at a rate of 2.1 g/min. The batch was then
cooled to 15-25C and aged overnight. The batch was filtered and washed with 39% DMF in water (2 x
300 g) and 2-propanol (180 g). The solids were dried in the filter at 40-60C for 24 hours. The desired
crude product was isolated as a white solid (579, 92% vyield, 99.4 wt%). A 25round-bottom flask was
charged with crude solid (57 g) and acetone/water solution (324 g, WO
2008/119176PCT/CA2008/000605

- 10 -



88/12). The slurry was then heated to 40C, at which point the batch was in solution, and aged for an
hour. Water (46 g) was then charged over 30 minutes. The batch was then seeded (13g, 3,0 wt%),
and the batch was aged at 40C for an hour prior to proceeding with the crystallization. Water (255 g)
was chargedwavercd/ 84174 he batch was then cooled to 23C over 1.5 h, agaedrforde&tuersdsfiltered. The
solids were washed with acetone/water (158 g, 45/55) and water (176 g). The filter cake was dried with
nitrogen sweep / vacuum at 55C. The desired product (57.2 g, 99.9wt%, 99.8A% (enantiomer ND),
was obtained in 94.9% yield. 1I-1 NMR (CD30D) 88.17 (bs, 1H), 8.05 (d, 211,1=8.5), 7.96 (d, 2F1, J =
8.5), 7.80dAl 1= %Ieﬁ)ﬁ?’-%‘i & 211, = 8.0), 4.43 (m, 1H), 3.55 (ddd, 1H, = 5.0, 8.5, 8.0), 3.18 (s, 3I-1),
2.84 (bm, 1H), 2.02 (m, 2H), 1.46 (d, 10314,1= 21.5), 1.43 (d, 3H, 1=22.0), 1.36 (m, 2H), 1,07 (m, 1H),
0,94 (m, 11-1); 13C NMR (CR3QENE; A2 5-NMik(GRIENB S 218618, ER (cm”) 3331, 2244, 1687,
1304, 1152 p 223-224 C, [ct]02 + 23.3 (c = 0.53, MeOH). WO 2008/119176PCT/CA2008/0011605
WHAT IS CLAIMED IS - A process for preparing a cgnpogmd of formulaI: HA11B 10with
1-aminocyclopropane carbonitrile, in the presence oka cogpling-pgent, a base and a solvent; wherein
R1is C1-6 alkyl or C1-6 haloalkyl; R2 is C1 " /ghﬁkﬁ (38 is SOM(C1-6 alkyl);

ears)!

G

5 [3

comprising amidating a salt of formula ITA or an acid of formula IIB
2

10 with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a solvent;

wherein R1 is C1.g alkyl or C1_g haloalkyl;
RZ is Cy.g alkyt or C1.¢ haloalkyl;
R3 is SOm{C1-6 alky);
15 X is a tertiary amine, a secondary amine or a metal salt; and

m is an integer from zero to two.

2. The process of Claim 1 wherein the coupling agent is a carbodiimide, a

phosphonium salt or a nronium salt.
20

3 The process of Claim 2 wherein the base is N-methyl morpholine, TEA, N-
ethyldiisopropylamine, 2,6-lutidine, 2,4,6 collidine or 1-methylpiperidine.

4. The process of Claim 3 wherein the solvent is DMF, DMAc, NMP,
25 acetonitrile, THF or DMSO.

5. The process of Claim 1 which also comprises an activating agent.
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15Xis a tertiary amine, a secondary amine or a metal salt; and m is an integer from zero to two. 2.The
process of Claim 1 wherein the coupling agent is a carbodiimide, a phosphonium salt or a uronium
salt. 20 3. The process of Claim 2 wherein the base is N-methyl morpholine, TEA,
Nethyldusopropwamiines72,6-lutidine, 2,4,6 collidine or 1-methylpiperidine.pcr/cazedsdigprocess of
Claim 3 wherein the solvent is DMF, DMAc, NMP, 25acetonitrile, THE or DMSO. 5. The
process of Claim 1 which also comprises an activating agent. WO 2008/119176PCT/CA2008/000605
6. The process of Claim 5 wherein the activating agent is N-hydroxy succi2-hydroxypyridine,
N-hydroxyphthalimide, €DI orfHOBec7ss THE lsrock shafe®@| dimativkiereinthei cobipfirg-agent is EDC; the
activating sagefhis:HOBhe Pasas, N=metby|meorpheiine cand tha-sglvent is DMF. 8. The
process of Claim | wherein R.L is C1.6 haloalkyl; R2 is C1_6 haloallcyl and R3 is SO2(C1.6 alkyl).
109.The process of Cla?jm 8 wherein Rl is (2-fluoro,2-meth I)prop?{l; R2 is trifluoromethyl and R3 is

. 1

SO2CHS3. e process of Claim 6 wherein the coupling agent is EDC; the acfivating
5 agent is HOBt; the base is N-methyl morpholine; and the solvent is DMF.
8. The process of Claim 1 wherein R'is C,¢ haloalkyl; R? is Ci haloalkyi
and R? is $O(C).¢ alkyl).

10 9, The process of Claim 8 wherein R is (2-fluoro,2-methylpropyl; R% is
trifluoromethyl and R’ is SO,CHs,
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