Am dati on process for the preparation of cathepsin K inhibitors BACKGROUND
OF THE | NVENTI ON This invention describes an am dation
process whereby perfluorinated am no aci ds can be activated and treated
with an"amne in the presence of a base to yield am des, wthout |oss of
optical purity. The resulting am des sel e ve cathep5|n K inhibitors
whi ch can be used Wﬁ“ﬁﬁ@mFﬁgﬁ?ﬁﬁﬁ?mﬁTg%Sngégﬁggls and netastatic bone

di sease. SUMVARY According to a first aspect, there is provided a process
for preparing a conpound of forrnula I: CN R3 11A1E3 with 1

-am nocycl opropane carbonitrile, in the presence of a coupling agent, a
base, BACKGIRVEMND OF TEHNNMENIBIN ng agent sel ected fromthe group consisting

of N-hydroxy Sﬁ*ﬁ&&ﬂ%ﬁﬁdndﬁmﬁms&ydﬁmwmdmwhw&m@ﬂmhﬁmom de, CDI
and FKIR wsit.4in Rl is,Cl- I G -6 al kyl
H%%EEﬁqﬂﬁﬁd“W§§ﬂﬁ§d§@#€E ICIé%ﬁﬁgﬁﬁ%ﬂ%&%éanﬁ%mﬂ%§hab

seconﬂa&mm(ﬁ ﬂcﬁaiplmmt'ﬁhemﬂﬁﬁnbmﬁweﬁlﬁ?ﬂvﬁﬁ%‘@w %‘E;r tvvo--l I
BRI EF SCRI BT, %m} Iﬁaﬁﬁaﬁcﬂoﬁe disehR@r acteristic X—ray
di f.f r'ge ern o crystalllne MO -

: cyanocycl opropyl) 4-fluoro-N2-1(135)-2,2,2-trifluoro-1- 141 (rret hyI sul fonyl
) - 1, Idemianviireny| - 41 yl 1 ethyl | - L-1 euci namde :

According 1o a first aspect, there is provided a process for preparing a compound

of fdrmula I

compnsmg amzdanng a salt of fonnula TA oran acnd of formula TIB

e ;Y

.. with 1 —ammocycloprbpane carbonitrile, in the presence of a coupling agent, a base, a solvent and

- an actlvatmg agent selected frorn the group consisting of N-hydroxy succinimide, 2-

, 3

hydroxypymhne N- hydroxyphﬂmlxm1de, CDI and HOBt;

wherein R1 is C1-g alky! or C1-6 haloalkyl;
R2 is C1.¢ slkyl or C]-¢ haloalkyl;
R3 is SOm(C1-6 atkyl);
 Xis a tertiaTy amine, asecondaryammeorametalsait, and

m is an integer from zero fo tWO. -

BRIEF DESCRIPTION OF THE DRAWBJGS |
FIGURE 1 is 2 characteristic X-ray diffraction pattern: of cxystalhne N’ 1- -

cyanocyclbpmpyl)-4 fluoro-N"-{(185)-2,2,2-trifluoro-1-{4- {methylsulfonyl}-1, 1'-blphenyl—4- '

yllethyl}-L-lencinamide.
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WD 2008/ 119176PCT/ CA2008/ 000605 FIGURE 2 is a typical
differential scanning calorinetry (DSC) curve of crystalline

NI - (1- cyanocycl opropyl) - 4- f | uor o- N2-

{(1S) -2, strlfluoro-144' - (et hyl sul fonyl)-1, 11- bi phenyl 4-yl |l ethyl|-L-1eu
ci nam dej%v%m&/lﬂél is atypical differential scanni nngi’ICéF By (DSO)
curve of 5anorphous NI - (1-cyanocycl opropyl)-4-fluoro-N2- ‘
{(18)-2,2,2-trifluoro-1 -[4"'-(nethyl sul fonyl)-

1, 11- bi phenyl- 4-}¥I ]U%Ehzy_l | - L-1 euci nami de. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON G is a typgal dHffezentigl seannipgcalarimegtey (RSE) proo plesstglnc esses
for tha'-prepasatiopipsl)-dctumpenids s}00f 2-siffueet UfAlmb@yRLEe) 1 1 biphaii | B

W th 1i—§ﬂhtﬂ§ic}ige RLopane car bonitrile, in the presence o?, a coupling
agent, - asé and a sorvent; wherein RL is Cl-6 al kyl or C16 hal oal kyl; R2

'S CL'6 al kyl oOrFIGURE Xk omiite) Hificautinbschusni SOB(BIHG (BISKY krve ¥ i 5 2
tergi a&rﬁo@ﬁi‘nﬂw]—(@c§e§fé@y’1§?@ﬂr¥pﬁﬂ—ﬁﬁoﬁ[]\@{(mt-?i,Z-Siﬁhﬁéro-qD[g'—(methylsulfonyl}

1,1-biphenyl-4-yijethyl}-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 formuia IIA or an acid of formula IIB

rRZ R :
kn/O'HX‘P
O N
H
> O
R R®
15 IITA

with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and 2 solvent:

1

wherein R1 is C1_g alkyl or C1-6 haloalkyl;
R2 is C1-¢ alkyl or C1.6 haloalkyl;
20 R31s SOm{C1-6 alkyl);
X 18 a tertiary amine, a secondary amine or a metal salt; and
m 18 an integer from zero to two.
In an embodiment of the invention, R’ is Cy4 haloalkyl. In a class of the
invention, R’ is (2-fluoro,2-methyl)propyl.
25 In an embodiment of the invention, R” is Cy haloalkyl. Tn a class of the
invention, R” is tnfluoromethyl.
In an embodiment of the invention, R is $O(C alkyl). In a class of the
invention, R® is SO,CH;.



mis an integer fromzero to two. I n an enbodi nent of the

invention, Ris Ch6 haloalkyl. In a class of the invention, Rl is
(2-fluoro, 2-nmethyl ) propyl. 25In an enbodi nent of the invention, R2 is Ch6
hal oal kyl ., In a class of the invention, R2 is trifluoronethyl.

In an enBSUTMEHCT6f the invention, R3 is S02(Cl -6 al RGTAA20808605 ass of
the invention, R3 is SO2CH3. WD 2008/119176PCT/ CA2008/ 000605

hi an enbodi nent of the invention X is a secondary amne. In a class of
the invention, X is DCHA In an enbodi nent of the invention, the conpound
of formula | is BergmbodipentafecayantionXdpysjconddry aoims- V2 elads(of Be- 2, 2

, 2-tri fovieifon: X44befiaet hyl sul fony1) -1, 1' - bi phenyl 4-ylj ethyl }

- L- 1 euci nam de. An a-am noacid or its corresponding salt is
activated, followed by treatment with an amne in the presence of a base.
Activation may beamehbainsenthy tfednvamtiomnhofonguad yi fohahibde, 10 ni xed
anhydride or by treatnent with a coupling agent, wmith or w thout an

addi tional activating agent, in the presence of uitabl e base and in a
suitabl e solvent. In an enbodi ment of the Orgention, the coupling agent is
a carbodiim de, phosphoniurn salt or uronidrn alt.yln Rl ass of the

i nvention, the coupling agent i an &rbody e of the invention,
the activating agent is HOBt, 5 sttcihm 2- hydr oxypyri di ne,
N- hydr oxypht hal i m de or CDL In >~0f the invention, the activating
agent is HOBt. In an enbodi nent t he invention, the base is N nethyl

nor phol i ne, TEA, N \\s

N

5 o 0
N'(1-cyanocyclopropyl}-4-fluoro-A>- {(15)-2,2,2-trifluoro-1-{4"-(methylsulfonyl)-1,1'-biphenyl-
4-yljethyl}-L-lencinamide.

An a-aminoacid or its corresponding salt is activated, foliowed 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.

Iz an embodiment of the invention, the base is N-methy! morpholine, TEA, N-
ethyldiisopropylamine, 2,6-lutidine, 2,4,6 collidine or 1-methylpiperidine. In a class of the
invention, the base 1s N-methyl morpholine.

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

In an embodiment of the invention is the process for the preparation of a
compound of siructural formmla:
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et hyl di t sopropyl am ne, 2,6-lutidine, 2,4,6 collidine or
1-nmet hyl pi peridine. In a class of the invention, the base is N nethyl
nor phol i ne. 20l n an enbodi nrent of the invention, the solvent is DW, DMAc,
NNF aCG%ﬂPﬁ&&hgﬁg THF or DMSO. In a class of the invention, the solvent
In an enbodi ment of the invention PSTCAZ¥PWEYss for
the preparatlon of a conpound of structural formula. 25 WO '
2008/119176PCT/A2008/C00605 conprising amdating a salt: .<.? 00 with
1- am noc ropane carbonitrile, in the presence of EDC, HOBt, N nethyl
nnrpho? g%&mﬁ%gm term"al kyl" as used herein shall mean a
substituting unlvalent group derived by conceptfual renmoval of one hydrogen
atom from a strai ght or branched-chai n~a aturat ed hydrocarbon
(i.e., -CH3, -CH2CH3, -CH2CH2CH3, CH(f' - CH2CH2CH2CH3, - CH2CH( C113) 2,
-C(CH3) 3, etc). As appreciated byt i 1Q.DGiHA he art, "hal o" or
"hal ogen" as used herein is 10 | | ude chloro, fluoro, brono
and i odo. The term "keto" 0SS onyl (0-{D). The term "al koxy" as used
herei n neans an al kyl port mhere al kyl is as defined above, connected
to the renmi nder of the ectil e via an oxygen atom Exanples of al koxy
I ncl ude net hoxy, etho§¥fc5g the |ike.

with 1-aminocyclopropane carbonitrile, in the presence of EDC, HOBt, N-methyl morpholine
and DMF.

5 The term “alkyl” as used berein shall mean a substituting univalent group derived
by conceptual removal of one hydrogen atom from a straight or branched-chain acychie saturated
hydrocarbon (i.e., -CHz, -CHyCHj3, -CHpCHyCH3, -CH(CHz)p, -CHyCHCH)CHj,
-CHCH(CHz)y, -C(CHz)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 (C=0).
The term “alkoxy” as used herein meaps an alky] portion, where alkyl is as defined above,
connected te 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, dichloroethyl, 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 atuminum, antumony,
calcium, copper, gold, iron, lead, lithium, magnesium, platinum, potasstum, sodium, silver,
strontium, tin, titanium, tungsten and zinc. Preferred metal salts include salts of lithiom, sodium,

25  potassium, 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
mclude: 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 (P,
ion) which are useful as coupling agents. Nonlimiting examples of phosphonium salts include:
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The term "hal oal Il cyl"™ neans an al kyl radical as defined above, unless

ot herwi se 15specified, that is substituted with one to five, preferably
one to three hal ogen. Representative exanples include, but are not limted
to trifl di chl oroethyl, and the like. The term"tertiary am ne"
i ncl udes?wg(&?tﬁlhgﬁh%t limted to, trimethylam ne, tri et/ 00605
tripropyl am ne, dinethyl ethanolam ne and his-iris. The term
"secondary am ne" includes, but is not limted to, dinmethyl amne, 20

di et hyl am ne,. net hyl et hanol am ne, .aziri dine, azetidine, rrolidine,

pi per ?’85??@?013}’1‘8 1#%%9”8%‘%&@??@ enipmydpgigie, PYREOR @rﬁmmtés—aj%@aﬁmd' i ncl udes,
but i sphoﬂphbﬂimﬂ};l@ﬂumplmaﬁhag) ahd Bglm{{m mjmkzaaagzio{mg&l_cal gl um cplpper, gol d,
iron, Leady: at.i n pot assi um sodium silver,
stront ?um%l%)}r?to %ﬂlﬁt hr?%%jﬁﬁ?dun S goﬁo%hr? ul%]tfﬁc Preferred netal salts include
salts of |ithiunfheiemn wapiupsaleciers st sahs cnuginegithmrosialnGbnMNoalis#ingum and
zins. FenfiesoTuesiie Gk e ABTENS.(19-MncbAssi ol FUPL kNG agents that are

often ysed to activate carbiox | i cids towar a CTormation.

Non! | i PR TR Booaaplasthach BEIT G Ptre: Hbmozotriazole-1-y1)-11.33-

1 e s T CrONOM s i kg, 0, 0
-e P . n 0 e rochl ori_de). e term

phosphoni um g]gﬁn@%%%@Htr%b%g%%t%dm&ﬁﬂ%ﬁ%%gt“@%‘g?gfy%}véﬁ’ﬁ“on ((P114+)

i on) wistemetylarapset teratiuprebegit)i ng agents. Nonlim ting exanpl es of

o o, Loty et o pheehar s GaT T8y b (o GRR2Cr PSRy TP el dimo
phosp h%ﬁt%h?@gﬁp Ed ?@B‘P&]ﬁﬁaﬁ%ﬂgﬁ SPyATRdE (sThpalyarridranaé-oly-gowder
yl Io ;(y) diffragtion m}mﬁmeﬁhbﬂ?d w‘iné"hﬁiﬁa H@&ﬂi@ﬂﬁﬁp&%@m& %o Eﬁ%ﬂéﬁsﬁ?i um ¢
R R e st
tetr an@'{am’qegﬁ‘qﬂ-ﬁeﬂ@ﬁhﬁ.@ Reaks alol3dp A 9pind 118)1, deptdF Thic pattern is further characterized
| et By ST o e
ctmy RETRTRRRER S5hios X a6l SN it vt e e dicvr s sonc o
azol e-gengralor poerdf 434V and 40 mA, and divergent beam (2 mm and 4 mm) and receiving beam
slits (0.5 mm and 0.2 rom). 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-
200 plane orientation effects. Peak positions are verified weekly using a standard corundum plate
(NIST SRM 1976).
In addition to the X-ray powder diffraction pattern described above, crystalline
N-(1 ~cyanocyclopropyl-4-fluoro-N- {{15)-2,2 2-trifluoro-1 - [4'-(methylsulfonyl}-1,1-biphenyl-
4-yljethyl}-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, 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 (NIST SRM 2220).
Amorphous N -(1-cyanocyclopropyl)-4-fluoro-N'- {(185)-2,2 2-trifluoro-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 cyching 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 sample 15 re-heated to 180°C at 10°C/min (n=1). A
glass transition temperature (T} of about 64°C (mid-point, 10°C/min} followed by an exothermic
35  transition at a peak temperature of 101°C, attributed to recrystallization of amorphous material, is
obtained for a predominantly amorphous sampie. 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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tetranmet hyl uronium tetrafl uoroborate). 10Crystalline

Aft-(1-cyanocycl opropyl)-4-fluoro-N2- {(15)-2,2,2-trifluoro-144"-

(methyl sul fonyl)-1,1 '-bi phenyl-4-yllethyli-L-Ieucinanm de is characterized
by an X- r@bz@&mﬁ% diffraction (XRPD) pattern, collected using copper Ka
radi ati on, corréesponding'to characteristic reflection §&ka2008008@57. 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
char act ?ri_z_ed 15by characteristic reflection peaks at 24.8, 11.7 and 11 9
degr ee?.mmﬁﬁmwzpé@»taé@ AQ°Glmen, e imaduisgeny EheI0$DisaglidddSd 2800, Si (Li)

Pel t i enempaiied a0hddfisw ai SELEE [Qodf: '&%éﬁé%ﬁue Bl EOaE G POVET of
45 kV %A, d di} 2 fm and PREEH Y ng b
slits ?8%369" ner%’cfmg.%? (ﬂiﬁ\&%@# gﬁg]e%iés se?nfromﬁg?4820 with a Q?epegimze

of 0.02 and a coluthe schepgsaind 2xseplentidow, MigiosARRLAt HRHRATI B Al G auar t Z
di sk Whh%tﬁ@?dﬂ@bvﬂ%rﬁ&nﬁlgguce potential in. 20 plane orientation effects.
Peak positi %%are verified vve_eklg usi ng a standard corundum plate (M ST
SRM 1976) . ¢ | n A6H-Pirevibyl gedtireidX- r ay powder diffraction pattern
descri bed abowe,: crystall ilj]@,cl\é,'h@{(fimﬁ%@nocyd opropyl | -4-fl uoro- N2-

{(19)-2, 2, 21{[‘45' uor o- 144’ -{ﬂ%‘ét yl sul fonyl) -1, 1t - bi pheny1-
4-yljethyl)-L-T®euci nam deM AR zed by nelting onset at 214C. The
DSC t her mal iF28: behavi Buprops deexwest i gat ed using a Sei ko robotic DSC

(RRE- 220) . .anal ysesy 6= e carried out in crinped alum nium pans
(2, 10, andgggChni n, @@n@%%ﬁ‘yﬁ?’i‘?%‘égﬁ). The DSC is calibrated for

t enper at ur eP8BRd heat Tetephwdtofimayal | i um (Goodf el | ow, 99.99% Pure), indium
(Goodf el | oWfER9. 999% BytB)lamaied tin (NEST SRM 2220). Anmor phous NI

- (1-cyanocy. ~opyl)4-fluoro-N2- {(1S)-2,2,2-trifluoro-1-14"- 30

(et hyl sul f@#@ “1,1' -bi phéﬁi}?tb'ﬁ{-s‘s}]f‘f"éi%yl )-L-1euci nani de can al so be
observed. TREPgl ass tI-Meslyi-2epyrioBttipenat ure for the anorphous formis

evgd uat ed .enper at y4he | i and is nmeasured at the m d-point. The
sanpl e ar eb(%%%t ed fro@nfg%%’%%ﬂg%‘@%ﬁ?femd nmin following by cooling at

10C/ nin to HAHE and t henOt{fierzsbemsotidzel-I-gh NEBIND'-terarh 8B @ uatnik@ C/ Ni N
(n=1) . heAafpharsghotpghatesi ti on tenperature (Tg) of about 64C (m d-point,

10C/ mn) f wed by e ermc 35transition at a peak tenperature of
101G, attriq%b%@'ed to rIgﬁwg‘?'ﬁ‘ldﬁ%@ﬁ@H‘D@f’m&ﬁﬂﬁﬂﬂhﬁwldﬁnﬁéx@hﬂmdés obt ai ned
for a preddidBlant |y aviblyphaysersamalkde The DSC t hermal behaviour is
i mpesti gat agyisi NG a e tigc DSC (RDC-220). DSC anal yses (n=-2) are
carried out in cri rrpe]\c%ﬁ{e 15’8)8@7)?&;@6176PCT/ CA2008/ 000605 al um ni um pans (2,
10, and 20Chnin, 80mimn nitrogen). The DSC is calibrated for tenperature
and heat 11 ow vkizogal dopium 008! L 300808 Bl e LA AT oo el | ow
99. 9993 Bl and L (ALST ST L) ot el b AT ARARC < hel ow
various reagem - synbol SEEASE e 3HVBINE 2 dhavetarvield il doowipogdingani ngs:
amino amide product without epimerization of the ¢-stereccenter.
25



DMVAc: N, AP- Di et hyl acet am de DCHA: Di cycl ohexyl am ne

MIBE: Met hyl -t - butyl et her i PAc:|sopropyl acetate 10DVF: NN - Di net hyl f or marn
de THF: Tetrahydrofuran 1 EA Triethyl am ne DMSO Di net hyl sul f oxi de

NMP: 1- Methy Jqdafyde’ ol i di none 15CDI: N N - Carbonyl diim dazol e

HATU: O- ( 7- Azabenzot ri azol - 1-y1) - N, N, N\W t et r anet hyl ur oAl R/ 000605

af | uor ophosphat e EDC: 1- Et hy1- 3-[ 3- di net hyl am nopr opyl ] car bodi i m de

hydr ochl ori de HOBt: N- Hydr oxybenzotri azol e 20NM VI : N- et hyl nor phonl i ne
Schenme 1 depicts the reaction of ;g stltuted a-amno acid or its salt
with an amne in the presence of |ng agent, an activator and a base
to yield the correspondi ng a- air_Pz no qm de product W t hout epinerization of

the a-stereocenter. 25 : NHJCI‘
O ’ %(OHX

coupling agent
activating agent
base

soivent

CN

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.

10 EXAMPLE 1

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

DCHA
15 Me0,s MeOZS

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 1t for 30 min. Addition of DCHA was continued over 20-30 min. The slurry
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WO 2008/ 119176PCT/ CA2008/ 000605 SCHEME 1 NC NH3*Cl- 0+1X. coupling agent
activating agent base sol vent The followi ng exanples further illustrate
details for the preparation of the 5 conpounds of the present invention.
Those skiwweghshidiiche art will readily understand that known variations of
the conditions and processes of the follow ng prepar attVEASMEORYE es can
be used to prepare these conpounds. All tenperatures are degrees Cel sius
unl ess ot herw se noted. 10EXAMPLE 1 4- FLUORO N

(L9 By RV 4 o T S8 R METH YL b BV
30 mlL, 10:1) and MTBE (2 x 30 mL). DCHA salt was obtained as a white solid, 24.4 g, 84%
yield. "H NMR (CD;0D) 6 8.07 (¢, 2H, J = 8.0), 7.94 (d, 2H, ./ = 8.0), 7.75 (d, 2H, 7= 8.0), 7.61
(d, 2H, J=8.0), 431 (m, 1H), 3.46 (bg, 1H,J=4),3.22 (m, 2H), 3.19 (s, 3H), 2.11 (bm, 5H),
> 1.91 (bm, SH), 1.75 (bm, 2H), 1.49 (d, 3H, J = 21.6), 1.48 (d, 3H, J = 21.6), 1.35 (m, 9H): “F
NMR (CD;0D) 8 - 72.9, - 129.4; mp 209-211°C, [a}p™ + 18.7 {c = 0.29, MeOH).

EXAMPLE 2

10 N~(1-CYANOCYCLOPROPYL)-4-FLUORO-N-{(15}-2,2,2-TRIFLUORO-1-[4'-
(METHYLSULFONYL)BIPHENYL-4-YL]ETHYL}-L-LEUCINAMIDE

F
Fe. NC_ NH,'Cr
X
H o —
HATU
EszIPF
DMAC
F
H
N KCN
O
MBOzs
15 Acid (1.9 g) was dissolved in DMAc (10 L) 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 sharry
was aged for Th at 20°C. The mixture was filtered and the filter cake was washed with a solution
20 of DMAc:water (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 comresponding 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%
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., "Cy H2 N Cy 15Me02SMe02S Bi phenyl acid (20.74 g) was dissolved in
2-propanol (186 nlL) / water (20.7 nmL). A solution of N, N-dicyclohexylam ne
(9.82 nmL) in 2-propanol (21 nmL) / water (2 nmL) was added (-10% of volune)
and the i s seeded with DCHA salt (10 np). A he see

f or med aﬁ?%uﬁg&fsbllth?ry was let stir at rt for 30 min. #W’OBQGO%G-IA was
continued over 20-30 mn. The slurry WD 2008/1 191 76PCT/CA2008/000605
was let stir at rt overnight and filtered. The filter cake was washed with

2-pro ang wat er. 0 1 nd._MIBE (2 30 nL) DCHA salt wa
oot ot nde myrtrte SAMICTRODIS £ 7 Bitgtrdh 805 i Rii Db (52887 (d
?H 8J6§5)C7)30@(mkd8 ORID4 (d218./6)8.0){ 478 (6 i1HR B, 55 8dd, 8H0) = 56,85 £y, 211,
311) . I;E %D 7% )‘Eiég(% %éfﬂl'd 1%7% Pbér{ 1%‘3}(&%&9%‘% gﬁ m, -
21.6), 2.4 (al 1}, 0 9-6mp 1) C NMI5 (CyO1.8:) *F 1B (WWROTGDROBY, 5136 FIR9, -
1295 4; 3@9} 2244, 168R11 B84 2 10

N-(1- cg/diprc)JCch_GDRoégL?)m4 FEJ%%%%%%QS@? O'gpﬁzg_“?’r |E§ﬁ%i§?§£' -

( METHYLSULEONY1) Bl PHENYL- 4- YLI ETHYL} -L-LEUCI NAM DE 15Acid (1.9 g) was
di ssolved in DNl Ac (10 inL) and cerxha@riiro30C. 1- Am nocycl opropane

carbonitrile hydrochloride (0.57 g) and HATU (1.85 g) were added. The
resulting slurrz was stirred for 15 ny1and D EA (2.12 nL) was added over

1.5 h. MREAY &LQE&@PéGéd@ FbUOBChN -\MtSefZ 2 IRFLHMOROAS2added vi a

dr oppi MGETHINSULBOBIVI TR LY TR or I'h at 20C. The

m Xture was flltered and the fllter cake was washed wth a solution 20 of
DVAc: water (9.4 nm, 11 2), (18.7 L), 2-propanol (9.3 nlL) The batch

was dried to yield 1.67 g, 79@6y|e of the corresg&gdlﬂﬁwéglde

o H2+N K
EDC, NMM
HOBt, DMF
MGOQS
MGOZSO/@A

A round-bottom flask was charged with biphenyl acid*DCHA salt (76.6 g, 99.2%
15 ee, diastereomeric ratio 342:1) and DMF (590 g). Solid aminocyclopropane carbonitrilesHCI
(15.2 g), HOBt-H,C (17.9 g), and EDC-HCI (29.1 g) were all charged forming a white shurry.
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 overmight. 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 2 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
in 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 (578, 92% yield, 99.4 wt%). A
25 round-bottom flask was charged with crude solid (57 g) and acetone/water solution (324 g,

9.



Am de (2.56 g), was dissolved in THE (30.7 nL) at 30C. Water (19 nL) was
added vi a dropping funnel. The batch was seeded and aged for I h at 20C
Addi tional water (40 9 nL) was added over 1.5 h and the batch was aged for
16 h. Thwomtxzhowas filtered and 25 washed w t h wat er pd-ibatiegmoeddte sol i ds
were dried to a constant weight to yield 2.50 g, 97% WO

2008/ 119176PCT/ CA2008/ 000605 yi el d of pure am de. 1H NVR (CD30D) 68.17

(bs, 1H), 8.05 (d, 2H, J=8.5), 7.96 (d, 2H, J=8.5), 7.80 (d, 2H, I-

g 8; 878/@3 Tt sl W‘lﬂh@n Qa),atcd‘ltoﬁg) o B} whidh poidt B baflf bas It sotutibin, éuloas

SO0 (o P 1 e by e o our B g Pty S & S R
( CD30D3.0 %1%, %hd ¢RalcEh30 B edthit 40X £y an AS6 p&or toRdr&deadithy wiBIte credAhzatibh 87,

N1 At T Rad et el SR TGt e Staed Bl s M Fedt 4

( M5ETHWHQL1HECNYLT§¥BIS@1HEME Wasmal wENidvetode/witer ] 5§ EICNAM) BEJ Aateo(i7d choThom
flask ﬁwe%ca&é\m%emmnm é@a%am&ﬁed:tﬁg&sﬁ mﬁ&tg@/f gopane

di astereoneric ratio 342: a noc
e b o P 8 P bspartigier NED WY 4SS 1 946 weld. HEONER (CDEID) 48 Tar e al |
char ge@s,f1onn8.09 (2 £8.55 | 196 i, 2The= Bah, cisods2i heng by ateaddt 2, 38- 48C and

rpec dni Gu Bhs T 57 e fn £ %@hé&é@%@h&%@i@hﬁ%ﬁjéﬁir < fnd

waltler YEB75- Z).5wad3 ¢hatgéd 228 batetm @k 1.07 ki, 0.¥henbdhc HONGWRI ned as a
sl urry, KoY Fggﬁz e d hesbgt

58- 62 C?r%(d)ﬂza F F%%?ﬁ’% 255 ?ogmsélgqgg(gﬁ; gva?ﬂ 2 37 87t ﬁ]%a}é@c éﬁ%ed over
3 hour&3-2ft° F!a]?e*o’%‘3 Her f}nl\ﬁeo}%e bat ch was then cool ed 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%yield, 99.4 wt%. A 25 round-bottomflask 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
whi ch point the batch was in solution, and aged for an hour. Water (46 Q)
was then charged over 30 mnutes. 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, 99.9wWw % 99. 8A% (enantionmer ND), was obtained in 94. 9%
yield. 111 NWR (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 NWR
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(CD30D) 8; 19F NWVR (CD30D) 8 -73.2, -136.8; IR (cm) 3331, 2244, 1687,
1304, 1152; np 223-224 C, [ct]i)2 + 23.3 (c = 0.53, MeOH). WHAT IS
CLAIMED IS: |.A process for preparing a conpound of formula I: 1A'l B
wi th 1-am nocycl opropane carbonitrile, in the presence of a coupling
agent, a base,a solvent and an activating agent selected fromthe group
consi sting of N hydroxy succinimde, 2- hydroxypyridine,

N- hydr oxypht hal i m de, CDI and HOBt; wherein R1 is C1_6 alkyl or Cl_6

hal oal ; S = | kyl or G _6 haloalkyl; R3 is SOnC _6 alkyl); Xis
a tert@é@%%@@é@ondary amne or a netal salt; and mis an integer
fromzero to two. 2. The process of Caim1l wherein the
coupling agent i§ a cgrpp(ggggm ardn &ﬁﬁﬁ&ﬂﬂ@ﬁfo‘i’ﬁhtalpr a uroniumsalt.

3. 'The process of Claim?2 V\hergl?ﬁ thggahbase is N-nmethyl norpholine, TEA,
N-et byl di i sopropyl am ne, 2,6-1utidine, 2,4,6 collidine or

1- met hyl pi peri di ne. 4. Th& professyof Caim3 wherein the

solvent is DVF, DMAc, NMP, acetoni ilg NT ON%@N
H
DRE:

R3
I
comprising amidating a salt of formula ITA or an acid of formula ITB
- i R2 ’ R1 : R? R1

OHX" OH
(J (o
H H
O N O
‘ R
A 1B '
with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base,a solvent and

RB

an activating agent selected from the group consisting of N-hydroxy succinimide, 2-
hydroxypyridine, N-hydroxyphthalimide, CDI and HOBt; o
wherein R1 is C1.¢ alkyl or C1-6 haloalkyt;

R2 is C1.g alkyl or C1-g haloalkyl;

R3 is SOm(C1-6 alkyl);

X is a tertiary amine, a secondary amine or a metal salt; and

m i 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-ethyldiisopropylamine, 2,6-lutidine, 2,4.6 collidine or 1-methylpiperidine.

4. The process of Claim 3 wherein the solvent is DMF, DMAc, NMP,
acetonitrile, THF or DMSO.
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5. The process of Claim1 wherein the coupling agent is EDC, the
activating agent is HOBt; the base is N-nethyl norpholine; and the sol vent
is DW. 6. The process of Claim1l1l wherein R is Cl..6

hal oal kyl ; R2 is C1,6 hal oal kyl and R3 is S02(Cl1, 6 al kyl). 7.
The process of Cdaim7 wherein RL is (2-fluoro, 2-nmethyl)propyl; R2 is
trifluoronmethyl and R3 is SOQ2CHS3.

5. The process of Claim 1 wherein the coupling agent is EDC; the activating
agent is HOBE; the base is N-methyl morpholine; and the solvent is DMF.

6.  The process of Claim 1 wherein R' is C;. haloalkyl; R? is C1_g haloalkyl
and R? is SO(C 1 alkyl). -

7. The process of Claim 7 wherein R' is (2-fluoro,2-methyl)propyl; R* is
trifluoromethyl and R? is SO,CHs.
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