
Amidation process for the preparation of cathepsin K inhibitors 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 amides, without loss of
optical purity. The resulting amides are selective cathepsin K inhibitors
which can be used in the treatment of osteoporosis and metastatic bone
disease. SUMMARY  According to a first aspect, there is provided a process
for preparing a compound of forrnula I: CN R3 11A1E3 with 1
-aminocyclopropane carbonitrile, in the presence of a coupling agent, a
base, a solvent and an activating agent selected from the group consisting
of N-hydroxy succininiide, 2- hydroxypyridine, N-hydroxyphthalimide, CDI
and HOBt; wIsit.4in R1 is C1-6 alkyl or Cr-6 haloalkyl; R2 is Ci -6 alkyl
or Ci_6 haloallcyl; R3 is SOm(C1-6 aliciA); X is a tertiary amine, a
secondary amine or a metal salt; and m is an integer from zero to two--II
BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 is a characteristic X-ray
diffraction pattern of crystalline M-0 -
cyanocyclopropy1)-4-fluoro-N2-1(135)-2,2,2-trifluoro-1-141-(methylsulfonyl
)-1,11-biphenyl-41 yllethyll-L-leucinamide. 



WO 2008/119176PCT/CA2008/000605              FIGURE 2 is a typical
differential scanning calorimetry (DSC) curve of crystalline
NI-(1-cyanocyclopropy1)-4-fluoro-N2-
{(1S)-2,2,2-trifluoro-144'-(methylsulfony1)-1,11-biphenyl4-yllethyll-L-leu
cinamide. FIGURE 3 is a typical differential scanning calorirnetry (DSC)
curve of 5amorphous NI -(1-cyanocyclopropy1)-4-fluoro-N2-
{(18)-2,2,2-trifluoro-1 -[4'-(methylsulfony1)-
1,11-bipheny1-4-yl]ethyll-L-leucinamide. DETAILED DESCRIPTION OF THE
INVENTION                  By this invention, there are provided processes
for the preparation of compounds 10of structural formula I:    15HAJIB
with 1-aminocyclopropane carbonitrile, in the presence of a coupling
agent, a base and a solvent; wherein R1 is C1-6 alkyl or C16 haloalkyl; R2
is C1-6 alkyl or C1-6 haloalkyl; 20 R3 is S063(C1-6 alkyl); X is a
tertiary amine, a secondary amine or a metal salt; and 



m is an integer from zero to two.            In an embodiment of the
invention, R is Ch6 haloalkyl. In a class of the invention, RI is
(2-fluoro,2-methyl)propyl. 25In an embodiment of the invention, R2 is Ch6
haloalkyl. In a class of the invention, R2 is trifluoromethyl.
In an embodiment of the invention, R3 is S02(CI -6 alkyl). In a class of
the invention, R3 is SO2CH3.  WO 2008/119176PCT/CA2008/000605
hi an embodiment of the invention X is a secondary amine. In a class of
the invention, X is DCHA. In an embodiment of the invention, the compound
of formula I is 50"0   -(1-cyanocyclopropyI)-4-fluoro-1V2- {(15)-2,2
,2-trifluoro-144'-(methylsulfony1)-1,1'-biphenyl4-ylj ethyl }
-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, phosphoniurn salt or uroniurn 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, N- 



ethylditsopropylamine, 2,6-lutidine, 2,4,6 collidine or
1-methylpiperidine. In a class of the invention, the base is N-methyl
morpholine. 20In an embodiment of the invention, the solvent is DMF, DMAc,
NMF, acetonitrile, THF, 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  WO
2008/119176PCT/A2008/O00605 comprising amidating a salt:  .<.? 00 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 or branched-chain acyclic saturated hydrocarbon
(i.e., -CH3, -CH2CH3, -CH2CH2CH3, -CH(CH3)2, -CH2CH2CH2CH3, -CH2CH(C113)2,
-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 iodo. The term "keto" means carbonyl (0--0). The term "alkoxy" as used
herein means an alkyl 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 "haloallcyl" means an alkyl radical as defined above, unless
otherwise 15specified, that is substituted with one to five, preferably
one to three halogen. Representative examples include, but are not limited
to trifluoromethyl, dichloroethyl, and the like. The term "tertiary amine"
includes, but is not limited to, trimethylamine, triethylamine,
tripropylamine, dimethylethanolamine and his-iris.              The term
"secondary amine" includes, but is not limited to, dimethyl 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 carbociiimide 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,Nr-dicyclohexylcarbodiimide), DIC (N,N-diisopropylearbodiimide) and EDC
(1-ethy1-3-(3-dimethylaminopropyl) carbodiimide hydrochloride). 30The term
phosphonium salt refers to salts containing the phosphonium ion ((P114+)
ion) which are useful as coupling agents. Nonlimiting examples of
phosphonium salts include:  WO 2008/119176PCT/CA2008/000605 phosphonium
iodide, tetramethylphosphonium iodide, PyBrOP (Bromo-tris-pyrrolidino
phosphoniumhexafluorophosphate) and PyAOP ((7-Azabenzotriazol-1-
yloxy)tripyrrolidinophosphonitun hexafluorophosphate). The term uronium
salt refers to salts containing the uronium ion. Nonlimiting 5examples of
uronium salts include: HBTU (2-( 1 H-Benzotriazole-1-y1)-1,1,3,3-
tetramethyluronium hexafluorophosphate), HATU
(2-(7-Aza-1H-benzotriazole-1-y1)-1,1,3,3- tetramethyluronium
hexafluorophosphate), TATU ((0-(7-Azabenzotriazole-1-y1)-N,N,N,Ntetram
ethyluroni um tetra fl uoroborate) and TBTU (2-(1H-B enzot ri
azole-1-y1)-1,1,3 .3- 



tetramethyluronium tetrafluoroborate). 10Crystalline
Aft-(1-cyanocyclopropy1)-4-fluoro-N2- {(15)-2,2,2-trifluoro-144'-
(methylsulfony1)-1,1 '-biphenyl-4-yllethyli-L-leucinamide is characterized
by an X-ray powder diffraction (XRPD) pattern, collected using copper Ka
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 15by 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, CuKa source at a generator power of
45 kV and 40 tnA, and divergent beam (2 mm and 4 mm) and receiving beam
slits (0.5 mm and 0.2 mm). Scan range is set from 2-4020 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 a standard corundum plate (MIST
SRM 1976).            In addition to the X-ray powder diffraction pattern
described above, crystalline N1-(1-cyanocyclopropyll-4-fluoro-N2-
{(1S)-2,2,2-trifluoro-144'-(methylsulfony1)-1,1t-bipheny1-
4-yljethyl)-L-leucinamide is characterized by melting onset at 214C. 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 20Chnin, 80mL/min nitrogen). The DSC is  calibrated for
temperature and heat flow with gallium (Goodfellow, 99.99% Pure), indium
(Goodfellow, 99.999% Pure), and tin (NEST SRM 2220). Amorphous NI
-(1-cyanocyclopropy1)4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-14`- 30
(methylsulfony0-1,1'-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 -30C to 75C at 10C/min following by cooling at
10C/min to -30C, and then the sample 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
101C, attributed to recrystallization of amorphous material, is obtained
for a predominantly amorphous sample. The DSC thermal behaviour is
investigated using a Seiko robotic DSC (RDC-220). DSC analyses (n=-2) are
carried out in crimped  WO 2008/119176PCT/CA2008/000605 aluminium pans (2,
10, and 20Chnin, 80mlimin nitrogen). The DSC is calibrated for temperature
and heat flow with gallium (Goodfellow, 99.99% Pure), indium (Goodfellow,
99.999% Pure), and tin (N1ST SRM 2220). In the schemes and examples below,
various reagent symbols and abbreviations 5 have the following meanings: 



DMAc:N,AP-Dimethyl acetamide DCHA:Dicyclohexylamine
MTBE:Methyl-t-butylether iPAc:Isopropyl acetate 10DMF:NN'-Dimethylformarn
de THF:Tetrahydrofuran 1 EA:Triethylamine DMSO:Dimethylsulfoxide
NMP:1-Methy1-2-pyrrolidinone 15CDI:N N'-Carbonyldiimidazole
HATU:0-(7-Azabenzotriazol-1-y1)-N,N,NW-tetramethyluronium hex
afluorophosphate EDC:1-Ethy1-3-[3-dimethylaminopropyl]carbodiimide
hydrochloride HOBt:N-Hydroxybenzotriazole 20NMIVI:N-methyl morphonline
Scheme 1 depicts the 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 NC NH3*C1- 0+1X. coupling agent
activating agent base solvent    The following examples further illustrate
details for the preparation of the 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 1 4-FLUORO-N-
{(lS)-2,2,2-TRIFLUOR0-144'-(METHYLSULEONYL)BIPHENYL-4- 'METHYL} -L-LEUONE
DICYCLOHEXYLAMENE SALT  CF3   



,,, "Cy H2 N Cy  15Me02SMe02S Biphenyl acid (20.74 g) was dissolved in
2-propanol (186 mL) / water (20.7 mL). A solution of N,N-dicyclohexylamine
(9.82 mL) in 2-propanol (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  WO 2008/1 191 76PCT/CA2008/000605
was let stir at rt overnight and filtered. The filter cake was washed with
2-propanol / water (2 x 30 mL, 10.1) and MTBE (2 x 30 mL) DCHA salt was
obtained as a white solid, 24.4 g, 84% yield. 1H NMR (CD30D) 5 8.07 (d,
2H, Jr 8.0), 7.94 (d, 211, J= 8.0), 7.75 (d, 2H, Jr- 8.0), 7.61 (d, 211,
J= 8.0), 4.31 (m, III), 3.46 (bq, 111, .1= 4), 3.22 (m, 2H), 3.19 (s,
311), 2.11 (bm, 511), 51.91 (bm, 511), 1.75 (bm, 2H), 1.49 (d, 311, .1=
21.6), 1.48 (d, 311,J= 21.6), 1.35 (m, 911); 19F NMR (CD30D) 5 - 72.9, -
129.4; mp 209-211C, faiD20 + 18.7 (c = 0.29, Me0H). EXAMPLE 2 10
N-(1-CYANOCYCLOPROPYL)-4-FLUORO-N2- {(1.5)-2,2,2-TRIFLUOR0-144'-
(METHYLSULEONY1)BIPHENYL-4-YLIETHYL} -L-LEUCINAMIDE 15Acid (1.9 g) was
dissolved in DNIAc (10 inL) and cooled to 0C. 1- Aminocyclopropane
carbonitrile hydrochloride (0.57 g) and HATU (1.85 g) were added. The
resulting slurry was stirred for 15 mm 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 slurry was aged for lh at 20C. The
mixture was filtered and the filter cake was washed with a solution 20 of
DMAc:water (9.4 mL, 11 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 THE (30.7 mL) at 30C. Water (19 mL) was
added via dropping funnel. The batch was seeded and aged for lh at 20C.
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%  WO
2008/119176PCT/CA2008/000605 yield of pure amide. 1H NMR (CD30D) 68.17
(bs, 1H), 8.05 (d, 2H, J= 8.5), 7.96 (d, 2H, J= 8.5), 7.80 (d, 2H, I=
8.0), 7.64 (d, 2H, J= 8.0), 4.43 (m, 1H), 3.55 (ddd, 11-1,J= 5.0, 8.5,
8.0), 3.18 (s, 3H), 2.84 (bm, 1H), 2.02 (m, 2H), 1.46 (d, 3H, J= 21.5),
1.43 (d, 3H, .1=22.0), 1.36 (m, 2H), 1.07 (m, 111), 0.94 (m, I H); `3C NMR
(CD30D) 5; 19F NMR (CD30D) 8 -73.2, -136.8; IR 5(cm1) 3331, 2244, 1687,
1304, 1152; mp 223-224 C, [432 + 213 (c = 0.53, Me0H). EXAMPLE 3
N-(1-CYANOCYCLOPROPYL)-4-FLUORO-N2- t(15)-2,2,2-TRIFLU0R0-144'- 10
(M:ETHYLSULFONYL)BIPHENYL-4-YL] ETHYL } -L-J ,FUONAMIDE A round-bottom
flask was charged with biphenyl acidDCHA salt (76.6 g, 99.2% 15 ee,
diastereomeric ratio 342:1) and DMF (590 g). Solid aminocyclopropane
carbonitrileHCI (15.2 g), HOBt-H20 (17.9 g), and EDCHC1 (29.1 g) were all
charged forming a white slurry. The batch was then heated to 38-42C and
aged for 5 hours. The batch was then cooled to 20- 25C and held overnight.
HPLC analysis showed 99.4% conversion. The batch was heated to 38-42C 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
58-62C 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 (57g, 92% yield, 99.4 wt%). A 25 round-bottom flask was charged with
crude solid (57 g) and acetone/water solution (324 g,  WO
2008/119176PCT/CA2008/000605 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 (1.7 g, 3.0
wt%), and the batch was aged at 40C for an hour prior to proceeding with
the crystallization. Water (255 g) was charged over 4.5 h. The batch was
then cooled to 23C over 1.5 h, aged for 4 5 h and filtered. 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. 111 NMR (CD30D) 58.17 (bs, 1H), 8.05 (d, 2H, J= 8.5), 7.96 (d, 2H,
J = 8.5), 7.80 (d, 2H, J = 8.0), 7.64 (d, 2H, f= 8.0), 4.43 (in, 1H), 3.55
(ddd, 114,1 = 5.0, 8.5, 8.0), 3.18 (s, 3H), 2.84 (bin, 1H), 2.02 (m, 2H),
1.46 (d, 103H, 1=21.5), 1.43 (d, 3H,1= 22.0), 1.36 (m, 2H), 1.07 (m,
11-1), 0.94 (n, 1H); 13C NMR 



(CD30D) 8; 19F NMR (CD30D) 8 -73.2, -136.8; IR (cm4) 3331, 2244, 1687,
1304, 1152; mp 223-224 C, [ct]i)2 + 23.3 (c = 0.53, Me0H).  WHAT IS
CLAIMED IS:  I.A process for preparing a compound of formula I:    IIAIIB
with 1-aminocyclopropane carbonitrile, in the presence of a coupling
agent, a base,a solvent and an activating agent selected from the group
consisting of N-hydroxy succinimide, 2- hydroxypyridine,
N-hydroxyphthalimide, CDI and HOBt; wherein R1 is C1_6 alkyl or C1_6
haloalkyl; R2 is C1-6 alkyl or Ci_6 haloalkyl; R3 is SOm(Ci_6 alkyl); 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 uronium salt.
3. The process of Claim 2 wherein the base is N-methyl morpholine, TEA,
N-etbyldiisopropylamine, 2,6-lutidine, 2,4,6 collidine or
1-methylpiperidine.              4. The process of Claim 3 wherein the
solvent is DMF, DMAc, NMP, acetonitrile, THE or DMSO. 



5. The process of Claim 1 wherein the coupling agent is EDC; the
activating agent is HOBt; the base is N-methyl morpholine; and the solvent
is DMF.              6. The process of Claim 1 wherein Ri is C1..6
haloalkyl; R2 is C1,6 haloalkyl and R3 is S02(C1,6 alkyl).              7.
The process of Claim 7 wherein R1 is (2-fluoro,2-methyl)propyl; R2 is
trifluoromethyl and R3 is SO2CH3. 


