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Am dation process for the preparation of cathepsmK
i nhi bi tors BACKGROUND OF THE | NVENTI ON Thi s invention
walemsnidies an am dation process whereby perf| upCT/0aLm®e/000605
am no acids can be activated and treated with an am ne
in the presence of a base to yield am des, w thout
| oss of optical purity. The resulting am des are
sel ective GalABPSIRs K hdRIbOE Sk &hundans be used in
the treatnment of osteoporosis and netastatic bone
di sease. SUMVARY OF THE | NVENTI ON By this invention
there are provided processes for the preparation of
#¥, formula | : | conprising
|l a HAor an acid of fornula HB
PA PB Whishnven@ion deucyibémr anpdaonc@o s whefebe peifluotihded amino
ac1ds sen V%EF& fugi t%oa%%f n‘g ?nte’dfl "i)he%)arﬁseepgen ?&a assg llg&yleltd amides,
w1thoﬁ1]]o€s Qﬂdpylbal ourigl. The rbﬂiiltu@ dayides 48 selsctS@.bath@p}m & inhibitors which
can bAN K theebifndhe bECHLALNosAH et Ay ARGBAE AL @M NE 0T 2
netal salt; and mis an I nteger

BAC

rom zero
BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a

Smeghﬁbﬁ@ﬁﬁfﬂﬁqu-Xnﬁ@N»dlffractlon pattern of
crystar] cyanocycl opropyl ) -
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comprising amidating a salt of formula IIA or an acid of formula IIB
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with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a solvent;

of structural formula I:

wherein R1 is C1.¢ alkyl or C1.¢ haloalkyl;

R2 is C1-6 alkyl or C1-¢ haloalkyl;

R3 is 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.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a characteristic X-ray diffraction pattern of crystalline N'-(1-
cyanocyclopropyl)-4-ﬂu0ro-N2- {(15)-2,2,2-trifluoro-1-[4'-(methylsulfonyl)-1,1'-biphenyl-4-
yljethyl}-L-leucinamide.
-1-



4-fluoro- 2- {(1 5)-2,2,2-trifluoro-
1-[4"-(methyl sul fonyl)-1,1" - bi phenyl -
wQ bdostiimalg - L- | euci nami de. FI GURE 2 is a typi cal PCT/CA2008/000605
differential scanning calorinmetry (DSC) curve of
crystalline
1- (I -cyanocycl opropyl )-4-fluoro-iV2-{(15)-2,2,2-triflu
or 0 | ) tbeﬁEQtlg‘X It)?&afl QiFrdntial icamlﬂhg Gﬁgbﬁnetry (DSC? curve of crystalline

(-G PERA PR &Ry (U3t ihypre e e il By ol -biphenyl-
_yl]eﬂgy}sLVérc(ﬂanﬁ&@nocycl opropyl ) -4-fl uoro-

triflu yl.sul f on -
T 1 by BEEE 34 e gt SRR e P B Eprurve of
5 amorpBGSCRI- mbﬂb@«éloﬂ—@ylWIfhﬂﬂo@@thj -Dj2s2-iriflRpd- u?m' -(nidtigdslfonyl)-
rrocesses for the preparation o
ll'blé’bm?@ !Leqy?} IFIEF&W[W “formula | : | conprising
am dating a salt of fornula HA or an acid of fornula

DETA LEDPﬁEg&WfIBFJI_%?@ %ﬁﬁgﬁﬁﬁ@gane carbonitrile, in

, a base and a

sol venBy thikemeentioR there @re provaled proagssegifor-tBe pedparatiky lof compounds
10 of st I‘iilsfg)% gral kyl or Ci-6 haloalkyl; R3 is SOm (Cl-6

al kyl'); 3% is a tertlary am ne,n a ﬁecondary am ne or a

nmetal salt; and mis an intedg

er f omrr.prototvvo
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comprising amidating a salt of formula IIA or an acid of formula IIB
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with 1-aminocyclopropane carbonitrile, in the presence of a coupling agent, a base and a solvent;

15

wherein R1 is C1.¢ alkyl or C].¢ haloalkyl;
R2 is C1.6 alkyl or C1-6 haloalkyl;
20  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.
In an embodiment of the invention, R'is Ci6 haloalkyl. In a class of the
invention, R’ is (2-fluoro,2-methyl)propyl.
25 In an embodiment of the invention, R? is C,.¢ haloalkyl. In a class of the
invention, R is trifluoromethyl.
In an embodiment of the invention, R® is SO,(C, alkyl). In a class of the
invention, R3is SO,CH;.
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invention, RL is (2-fluoro,2-nethyl)propyl. In an

enbodi nrent of the invention, R2 is G- haloalkyl. In a
w@b@ss1af6 t he i nvention, R is trifluoronethyl.PCTCaRN08/000605

enmbodi nent of the invention, Ris SQ2(C -6 alkyl). In

a class of the invention, R3 is SO2CH3. Li an

enbodi nent of the invention X is a secondary amne. In

a cl asg, of erhb§ditnBNESthOventionSK MCOIM&P?Q?E};@EWS RN of the

. of the _invention, the conmpound of fornu

inventjory, X 1 fpldAy cl opr opyl ) - 4- f | uor o-
2-{(15)-2,2,2-trifluoro-1-[4"-(methylsulfonyl)-Il,r-bip
henyl - 4-yl]ethyl}-L-]euci nam de. An a-am noaci d.or
te colt lphighen b FSedEn, B camborl VRRRTey i
treatnment with an amne in the presence df R base.
Activation nmay be achi eved by for H@on n acyl
hal i de, m xed anhydride or by trea ntf withh a _N
coupling agent, with or wthau addiN orfdd 4
activating agent, in the presencg of Ncadws,\nﬂ/tn;t%)ase
and in a suitable solvent. anl embbdi memt t he
i nvention, the coupli s a carbodiim de,
phosphonium salt or u msalt. In a class of the

i nvention, the co@)s;n agent is EDC. In an enbodi nment
of the invention, hgyactivating agent is HOBt,

JV- hydr.ox clnimde, 2- ro ridine, L
N1 e BRe R e ok SToh 2 o R o s B pigony)- 1.1 bipheny-
4-ylletiyphtlewoinaniide activating agent is HOBt. hi an

enbodi negnt of the invention, ..the

ase..j -ret hyl .
nor phol 1 h& MR ATALS ﬁ%‘faﬁppg%lBg 8?}515 gﬁ?\ﬁazf,:d], \floliroewelziyby treatment with
an anitneSinltit prdtiane 03 Uase. eclivatitinmeaybe dhietd by firpetionidfien acyl halide,

mixe&&nh@ldﬁh@érsbﬁ;eatnﬁ&t 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
succinimide, 2-hydroxypyridine, N-hydroxyphthalimide or CDI. In a class of the invention, the
activating agent is HOBL.

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

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 DMF.

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

F

CF
3 n //N
vt
(WY
SO

2\

O O
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i nvention, the base is JV-nethyl norpholine. hi an
enbodi nent of the invention, the solvent is DVF, DMAc,
wOoR@g/1gaes onitrile, THF, or DMSO. hi a class oPCT/82008/000605

i nvention, the solvent is DMF. In an enbodi nent of the

invention is the process for the preparation of a

conpound of structural fornula:conprising am dating a
compidhg amilatihg 4 s@fil nocycl opropane carbonitrile, in the

presence o% EDC, HOBt, iV-nethyl nor hELi ne and DWF.

The term "al kyl" as used herein shal an a

substituting unival ent group @4 vgd by conceptual

renoval of one hydrogen atomf om

branched- chai n acyclic ;

-CH3 , -CH2CH3 |

- CH2CH2CH2CH3

appreciated by th

1 )2, - ) etc) As
0 Of Skl|| in the art, "halo" or
"hal ogen" as grein is intended to |nclude

chl or o, fI uor Q4 \*ﬁjom} and iodo. The term "keto" neans

car bonyl (§ e term "al koxy" as used herei n neans
with laﬁmﬁiokydlomﬁpdnleQﬁr,boniﬂﬁ]kﬁinahéiyﬂesérﬁe af EDEY, HORL, AhnstRyl morpholine
and D nected to the remai nder of the nolecule via an

%gen atom Exanpl es of al koxy include nethoxy,

et hoxy Tae dermhtalldyi’kas us§hbertiarstrall hnbmalskt;sltftutmgamsvabant group derived

by cor‘?(! Mla TeROVERS o lgf g? 26(§j§’a S 0 bE 1{3:% PeRdin acyclic saturated
hydror %%%ﬁ}& H % éf g‘iﬁ&% §¢§6CH20H3,

-CHyEHeOHL S -C(@Hpgestc ut are not linmited to
trlfluororrethy di chl oroet hyl , and the like. The term
"tert i dypaisriated byitbose@éskillpnthe ast, fkaloT pmihalager’pas used herein is

intendetl it&BicRide @ARE fluoro, bromo and iodo. The term “keto” means carbonyl (C=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 “haloalkyl” means an alkyl radical as defined above, unless otherwise
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 1s not limited to, trimethylamine,
triethylamine, tripropylamine, dimethylethanolamine and bis-tris.

The term "secondary amine” includes, but is not limited to, dimethyl amine,
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,
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
include: DCC (N,N'-dicyclohexylcarbodiimide), DIC (N,N'-diisopropylcarbodiimide) and EDC
(1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride).

The term phosphonium salt refers to salts containing the phosphonium ion (PH;")

ion) which are useful as coupling agents. Nonlimiting examples of phosphonium salts include:

-4 -
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triethylam ne, tripropylam ne, dinethylethanol am ne
and bis-tris. The term "secondary am ne" includes, but
WO 2008019176 mi t ed to, di nethyl am ne, diethyl an PE/CA2008/000605
met hyl et hanol ami ne, aziridine, azetidine, pyrrolidine,
pi peridine, and dicycl ohexylamne (DCHA). The term
"metal salt" includes, but is not limted to, salts of

phospﬁ(%r?ﬁh%lﬂﬂe,Q&I‘dnwnﬁwh(%?féﬂhﬂmiocﬁ@é{ BrOP ehl%mddfrgrbyaoﬁaﬂm

hium magnesi u num _potassium sodi um

phospheniyhexafnpigphosphpte} e PYAQRH7uiabengofdazehland zi nc.
yloxy i/ iﬂﬁx@p{?@s&aﬁbniﬁ@' Heiaﬂli&b}b}ﬁ)@plﬁa@él)t_s of | : thi um

sodi u ot assi um esi um  calcium  al um.num a L

2 e R RSB P do s B GRS BEu gt ggr Nonlimiting
exampl@gilurtidudgens schidat HBTY (2f(1 HrBdisediaksledcyl)-VALE3-
tetram%ﬁ‘&ﬁxgﬁ))(lﬁlgrlng}eg%g&o%%@ﬁs rageésﬁmf @g@?w&denmﬁ&loﬁ-ﬁ —Iylil)gl,l,3,3-
tetrametilyNred inmyhek afhexyploaptizog)i TATU) O-(DIAZabenzotriazole-1-yl)-N,N,N',N'-

- di | [ C odi,i~f . v

etrarpy Dy 3 SR R P RSP s el a1
tetramiethyhwokibmrtetdguordbiogate)er m phosphoni um salt refers to

salts LN t ' ' +) ~in00: '

ani ch SRRt e SRR 0 A TS E. 2o Ruoro- 14
(methggelfgiyBs] , bibipheoshrhoHetm} sedaisinamedaid shasheserized hym X-ray powder
diffraé(tfé)g'o(%_l’tﬂl) I‘f)é&{t%ﬁ?(?dg]?élhg? %%HE eHh KO idGon, REREGnding to characteristic
refleciiororgskopfi 1rh&ldranddr/ dpirsagshal By Paftean pylarther characterized by
charadtéristit4aRRNER hEAkB 2023 6 YI70X¥d 191 BygrER| IThie paRAsPf@MbtdRaracterized

hexaf | uor ophosphat e The te roni um.sal fers to
by chagagterstie SrGHAR Hgaits ﬁézﬂ%ﬂi-b?ﬂ‘{ B asgsees ﬁl@i’@gﬂ@yaﬁm&re
measu@éd &Eﬁx&% SomegXB3S2000, 8i@.i) PEBTd-cooled solid state detector, CuKa source at a
gener‘%és_(&wqﬁ 5? gé Egrﬁlgﬁgﬂg%&! - i_elzrgén’t %éasrr_l (i re}ltng gnrgeﬁ %)uarn r}lec%%ing beam

slits (@.8 n{nf -aAZ 82| thiinlpeJran taniga idee fromy2-$6920 wlith3a &ep size of 0.02° and a count

time otf ?ge?cgﬁ%z l gsrﬁglﬁleﬁrsng?eg%(%g 8§ fri %B%?Ziiﬁag %v ’_spi-rliﬁ”l-ll}gj to reduce potential in-
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—ﬂu0r0-N2- {(15)-2,2,2-trifluoro-1-[4'-(methylsulfonyl)-1,1'-biphenyl-
4-yl]ethyl}-L-leucinamide is characterized by melting onset at 214°C. The DSC thermal
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 M '_(1-cyanocyclopropyl)-4-fluoro-N’- {(15)-2,2,2-trifluoro-1-[4'-
(methylsulfonyl)-1,1'-biphenyl-4-yl]ethyl } -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 sample is re-heated to 180°C at 10°C/min (n=1). A
glass transition temperature (Ty) of about 64°C (mid-point, 10°C/min) followed by an exothermic
transition 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 investigated
using a Seiko robotic DSC (RDC-220). DSC analyses (n=2) are carried out in crimped
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tetranmet hyl uroni um tetrafl uoroborate) and TBTU

(2-(l HBenzotriazole-I-yl)-I,1,3,3- tetranethyl uronium
wao edosafdioor oborate). Crystalline PCT/CA2008/000605

i V1- (I -cyanocycl opropyl)-4-fl uoro-

2-{(15)-2,2,2-trifl uoro-l -[4' -

(met hyl sul fonyl)-1,1"-bi phenyl -4-yl]ethyl}-L-Ieucinam

alumu((ﬁ%ﬂ’:;%{\g étrlteg&rngiriOzé By§@'gL?ﬁnB %Ytrc%%}wefh agéé gsg&th'bpa@ed for

tempessgheanp beddifley Vith enlinaciCeoi By, S PYGdroningsakCendfellow,
99. 99§f%PZue) Qxdlm?@kﬁsirémfig%)ees The pattern is further
characterized by characteristic reflection t .
23. 6, Ithgsehgmes gnd expmpleshelovrarigys reagent ﬁxm?@ Plpfgﬁlbbrewaﬁons
have t66 BIRGHSS né&fin characteristic reflection peaks at
2 11.7 and 1 legr.e XRPD patterns are
rré%iﬁ?ed usi ng ]}réi Iﬁ‘i‘%&‘&%?ﬁ@ﬁ Si (Li)
PeIGHA&T - cool ed sDhdydlobtatlemi@et ector, CuKa source at a
g t or power 45 kV and 40 mA, and di vergent beam
( ‘and 4 mm) %gly?'é%&y%tﬁed beamslits (0.5 nm and
OiPA¢mm) . Scdsoprepyacétsteset from 2-402 g with a step
of 0.02 .a Loynt 1t of 2 seconds. The sanple
Pﬁr@asur ed %Zw'g)na‘ﬁé]yﬁn EEW th spinning to reduce
p(’ﬂﬁntl al i ridtmhgdrofuremt atl on effects. Peak positions
verifi ed%%?ﬁ)l;i%x usi ng a standard corundum pl ate
SRM 19 addition to the X-ray powder
dD‘M$@ct| on patt@ﬂmetheb@lif@bé‘u above, crystalline
cyanocy Fpe% drafdoper o- 2-{ (I
S; 22tr|rf: uoro-1- AR 0thyIsquonyI)-I " - bi pheny
I CDI yl ] et hyV MCarbonyidy awg@éq s characteri zed by

rTﬁAmg onset at O2H4KzabtRRotRBlel-1 ey NaN NaehaiiRsthylufonium
i nvesti gated using a Sei ko roboti'c DSC ( RDC- 220). DSC

hexatlyqeappegphaten=2) are carried out in crinped al um ni um

p@m}c (2, 10,1 E&@l-@f{@ldﬂnethyﬁﬁﬁﬁdﬁifb 1Rbiboeiae hydiehlofde
21 Ilbrateﬂ_gfor t% rat/ie and heat flow with
g PBum (o drosybe ®Pure), indium

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.



(Goodfel l ow, 99.999% Pure), and tin (NI ST SRM 2220).
Anor phous 1-(1-cyanocycl opropyl)-4-fluoro-iV
wQ@24o8Awn7e, 2, 2-trifluoro-1-[4"- PCT/CA2008/000605
(met hyl sul fonyl)-1,1"-bi phenyl -4-yl]ethyl}-L-1eucinam
de can al so be observed. The glass transition
tenperature for the anorphous formis eval uated by
tenperature cycling and igg@agur ed at the m d-point.
The sanple are heated from-3Q0C to 75C at 10C mn
following by cooling g8 1Q¢€/ mn to - lﬁlg hen the
sanple is re-heated t 1890C at 100 15)C A gl ass
HEbut 6448 (i d- poi nt,
exotfherm c trafnsttion at a

an

peak tenpe 10 10C, qattributed t

recryst al fi on"of anorphous materi S‘P“p %agﬂrﬁ' ned
for a preg nantly anorphous sanpl e. er mal
behaviRMur

S investigated using a Sei cﬁ;{botl c DsC
(RDC-220). DSC anal yses (n=2) are carried out in
crinpedal um ni um pans (2, 10, and 20C/ m n, 80nL/ m n
nitrogen). The DSC is calibgpated for tenperature and
heat flow with gallium (GooJf el Iyow, }99. 99% Pure),
i ndi um ( Goodf el | ow, 99.999%Rur. CN (NI ST SRM
2220). Li the schenes d] exa beKw, vari ous
reagent synbol s and abbrevi ati ons he fol |l ow ng
meani ngs: DMAc: V' -D net hyl acetam de DCHA:
Di cycl ohexyl am MTBE: Met hyl - -butyl et her i PAc:

DMF: L iV -Dnethyl formam de THF:

| sopropyl adetat®e
Tet r ahydr of ur an

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-TRIFLUORO-1-[4-(METHYLSULFONYL)BIPHENYL-4-
YLJETHYL}-L-LEUCINE DICYCLOHEXYLAMINE SALT

MeO,S MeO,S

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

15

slurry was let stir at rt for 30 min. Addition of DCHA was continued over 20-30 min. The slurry

-7-
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TEA: Triethylam ne DVSO. Di net hyl sul f oxi de NWP:
1- Met hyl -2-pyrrolidinone CDI: N
w0 YosTaibony! di i m dazol e HATU. O (7- Azabenzot r PEGGA2008/000605
1-yl)-N, N, NTSf' -tetramet hyl uroni um hexaf | uor ophosphat e
EDC: 1-Ethyl -3-[3-di nmet hyl am nopropyl ] car bodi i m de
hydrochl ori de HOBt: i V-Hydroxybenzotriazol e NV
was IJYflfrﬁtrhWerﬂEﬁmﬁ HlieRQ. FHRENR: éal&%s%a%h&d‘ﬁlth 055bh B Pvater (2 x

a substituted amn
30 ml. {0 gng MBS (2 3P %ﬁeﬁgltg@éﬁgtm%ﬁ eV EeaRd A & 84%
yield. AHINISIR (CDYIDI5K. 0N, QBI; ¥ esp@Nion gd 2H,arv 810),dMisdd, 2H, J = 8.0), 7.61

(@, 2012051 4,0k SOLTRL! 781 O Ofad B orn 3 105 3124 com SH,
1.91 (b, 6H), rla’tSe(bdeiZHi) s49m 3Hpd=(lefat .48 (@BIhH T =t 2Heb), 1.35 (m, 9H); '°F
NMRAPIRAED 83, o, L LgRE GiERled (ENABD+ T PRE- Dl MEBH)N

of the conditi ons and processes of the follow ng
preparative procedures cg gd to prepare these
conpounds. Al terrperatures are egrees Cel sius unless
ot herwi se noted. EXAMPLE 1 4- FLUORG i V-{(1

M- éwg«gcﬁcf?%g@ﬁ@%%?é%@@%*ﬁ% N?fgﬂﬁgbse’.@h“e‘ny|

(MET; MY LBIREEEN YL S ¥R Y R -2-bEUEENOMIPE1 86 nL) /
wat er (20 7 mL). A solution of

NH3+CI'

HATU
Et,N/Pr
MeO,S DMAc

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 slurry
was aged for 1h at 20°C. The mixture was filtered and the filter cake was washed with a solution
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 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
washed with water (15 mL). The solids were dried to a constant weight to yield 2.50 g, 97%
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IV, V-di cycl ohexyl am ne (9.82 nL) in 2-propanol (21 nl)

/ water (2 nL) was added (-10% of volune) and the
waedoatiam was seeded with DCHA salt (10 ng). APCIEEX3008/000605

seed bed forned and the slurry was let stir at rt for

30 mn. Addition of DCHA was continued over 20-30 mn.

The slurrywas let stir at rt overnight and filtered.

yield Jﬂg;éé !ﬁ;}}}d% ﬁmm%eéjlmg 11%{@0‘3%@;%1 J= %&27’9&(% 2H,J=
8.5), b8 &, AHGY 8- (B wat(d 2§13U|-d8 0p4.4% (., 1814% 1 éidé= THH RER. 8.5, 8.0),
3. 18(§%@k4@b1§ 1§54 fzfd)z( QH% 1846, 3H, 942(105) 2k (@ 38, §=02.0), 1.36 (m,

M), 145 mslmsoewn e P s 2l ot diyie eBland 5T 365
(cm” 1)2331_:)1 122(4hm 683t 3041 1942; y2Hbh4 o4, 4&%2? bmg. 0.33,M9e0H).
6), 1.48 (d, 3H, J = 21.6), 1.35 (m 9H);:

19F NI\/R(CDSO)) d - 72.9, - 129.4; np 209-21 1C, [a]D

20 + 18.7 (c = 0.29, MeOHXANBXAMBLE 2 - (|

- CYANOCYCLOPROPYL) - 4- FLUORO- N2- {(1

S)-2,2,2-TRI FLUORO 1-[4' - (I\/ETHYLSULFO NYL) Bl PHE
N—(l mmwpemmpu)ugmm - (ALS)e, 2, 2mgpom1 [4'-

Wﬁg@gﬁr bon| E?ﬁ?YﬁgidﬁEUFﬁg“ (0. 57 9)

and HATU (1.85 g) were added. The resulting slurry was
stirred for 15 min and DI EAL(2.12 nl) was added over
1.5 h. The reaction was d for 1 h. V\&tequ hNHa cHL)
was added via dropgdifg funnel over .70 nin anvdgihe

t Z@Q)ﬁ +,{]’hgym xture

T C siwashed Wih a

\gagéﬁnt) Qﬁewtat?llﬁlv\gl dri egla%fsgﬂ%l d

1.67 ¢ " yield of the correspondi ng am de. Am de
,{1%3 ) as dissolved in THF (30.7 nL) at 30C. Water
L) was

F
CFj ¥
CN
N
(VT X

A round-bottom flask was charged with biphenyl acid*DCHA salt (76.6 g, 99.2%
ee, diastereomeric ratio 342:1) and DMF (590 g). Solid aminocyclopropane carbonitrilesHCI
(15.2 g), HOBt*H,O (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
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
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 (57g, 92% yield, 99.4 wt%). A
round-bottom flask was charged with crude solid (57 g) and acetone/water solution (324 g,

filtered and
sol uti on of

pd
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added vi a dropping funnel. The batch was seeded and

aged for Ih at 200C. Additional water (40.9 nL) was
wa@edwediaver 1.5 h and the batch was aged for 1BCTICAT108/000605

batch was filtered and washed with water (15 nmL). The

solids were dried to a constant weight to yield 2.50

g, 97%ield of pure amde. 1H NVR (CD30OD) d 8.17 (bs,

88/ 12i7 b%}b % % hﬁg heatdd © g 4%"@) at vyhagﬁa&gr thé lE)'&'tcl"] w‘as %1 @lutlon and aged

for amhiqyr (ét@g)dvasn}ppn @ageg ayer 3;) IgmugesmThe@a@ Wa§ thwgéed 1.7g,
3.0 w’t%)8 Qnd ﬁ%at’ch‘lvas 8g&12at(4mc £an hbufPridito p%ﬂ-eed]ing wath-tRd erystallization.

WaterdZ@ﬁL gX Yﬁis caqq;ged PYer Aﬁ,ﬁ/% %9@%%}1(\@3 tl%ggppe R‘%ﬁt‘{ %%erd 5 h, aged for 4
h and filt3red, Thd 38id;wdrBwashed WitBatone At (13658 45/553 @dd whieb 2176 g). The

e G e RS A s ity 5725,

99.9w8)o; 99.8A% iﬂ&ﬁi@h’@R&D - {v4$ ebtained in 94.9% yield. "H NMR (CD;OD) & 8.17

®s 1&5?5@@%{%%5&5’%2@5&5@ & DA bery Dot ity = 80,

4.43 (2Rl H)(37% Gdd, 119 290e8.5, 8Dy St (e 2 84r(bm| BHR220210m, 2H), 1.46 (d,

a ) [ 1N I 0 .13

3, Jca'bﬂbﬁé’”f 4y P 2, SR ERRPAIT04 (m. L1, "G RMR

(CD3@D)§ M(@BB@DMH&B%@@@ ﬂBI(¢mn)g3@1mm44elé8hﬂB§)4 1152; mp

8 to 38-42C and aged for 5

223- %gu?g[%]%hgv% éh %2 thgﬁl cool ed to 20- 250C and hel d
overni ght. HPLC anal ysis showed 99. 4% conversi on. The
batch was heated to 38-42C and water (375 g) was
charged to batch over 2 hours. The batch remained as a
slurry throughout the water addition. The batch was
then heated to 58-620C and aged for 1 hour. Foll ow ng
age, water (375 g) was charged over 3 hours, at a rate
of 2.1 g/mn. The batch was then cooled to 15-25C and
aged overnight. The batch was filtered and washed with
39% DMF

-10 -
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15

20

25

in water (2 x 300 g) and 2-propanol ( 180 g). The
solids were dried in the filter at 40-600C for 24
whowsd191The desired crude product was i sol at edPEECA2008/000605

white solid (579, 92%vyield, 99.4 wt% . A round-bottom

flask was charged with crude solid (57 g) and

acetone/water solution (324 g,88/12). The slurry was
wHAThS ehadiEd 1§-0 400C, 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,13. 0 wptcesafed pkdparingh ebm dagdeknaila #OC for an

hour prior to proceeding with the crystallization.

Water (255 g) was charged over, 4. 5, h. The batch was

then cooled to 230C over 1.5

, a éd gpr 4 h and
filtered. The solids werg washed At hNaceione/ wat er (
158 g, 45/55) and vvater g)N Thy fiD€er cake was

um

dried with nitroge vac The desired

product (57.2 g % 99. 8A%(enanti6rrer ND), was
obt ai ned in 94. 9} ¢l d. 1H NMR (CD3OD) d 8.17 (bs,
IH), 8.05 (d, ggA, ™ 8.5), 7.96 (d, 2H J = 8.5),

7.80 (d, 2H, J = 8.0), 7.64 (d, 2H, J = 8.0), 4.43 (m
IH), 3.55 (ddd, IH, J = 5.0, 8.5, 8.0), 3.18 (s, 3H),
compgsiBg atiiating kipalt @f 0N EIMIILbH)an dLidef fodmuldB J = 21.5),

1.43 (d, 3H, k= 2210), 1.36 (m 2H), 1.07 (m IR, R
0.94 (m . fL3C VR (CD3OD) d; 19F NMVR ((CD3CD) |d

-73.2, - 136 B; JHX331, 2244, 1687, 1152;
mp 223- C [BIDHo + 23.3 (c = 0.53, MOH) |WHAR I'S

1. A proGess for preparing

CLA

fp . | conprising am dating
Aor_an acid of formula | 1B PA PB iy
1- am nocycl opropane carbonitril e,Rin the presence of a

coupling aggmt, a base and a sol vent; B

of formul a

R3

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

wherein R1 is C1.¢ alkyl or C1-¢ haloalkyl;

R2 is C1-¢ alkyl or C1-¢ haloalkyl;

R3 is 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.

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.

5. The process of Claim 1 which also comprises an activating agent.

-11 -



wherein Ris G - alkyl or C-6 haloalkyl; R2 is Cl-6

al kyl or G -6 haloalkyl; R3is SOn(C -6 alkyl); Xis
w@2a08n19126 y ani ne, a secondary am ne or a net aPCEHaA2(G08/000605

and mis an integer fromzero to two. 2. The process

of Claiml wherein the coupling agent is a

carbodii m de, a phosphoniumsalt or a uroniumsalt. 3.
The prgcess ' ' ! |

B TﬁéERI’gcél\élespgal%iﬂlef fhirelfe Q&?V%tlh% a%z}r{lt fl}‘?(’ Ig}éﬁroxy

nmor pholine, ' T I i sopropyl am ne tidf ne,

. nor A,
succnlzmx;fee%aﬂqomsﬁvéh% MhydsrpphthalisidedCRE or HOBthe process
of daim3 wherein the solvent is DVF, DMAC,

NIVP
acetonitril THF or O._5, The process of C aj o
whi ch al so %B‘ﬁﬁ’ichsé@ Al Wb%ﬁe}%ga .gégenfﬁseﬁbg]? fhe activating
5  agent ¥ I9OBEShObasChiaVmahyhisrphslidehgndbt kvlatntigDdgent i s
i V- hydr oxy succi ni mde, 2-hydroxypyridine,
i V-hydroxyphthalimde, CDI or HOBt. 7. The process of
Cl ai m 8. whefThé procks of Gllgin hyhagarR' is € 5DGloatkyk R” is C. haloalkyl

actd In ent is HOBt; the base is N nethyl
ananbSrép%g{:l‘?] ?ﬁgnd the solvent is DVMF. 8. The process of
Caim1l wherein Ris G -6 haloalkyl; Ris C -6

o oy s i o e oo

trifludremethylommdetin$O-@Hd R3 is SO2CHS.
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