WO 2011/ 014494PCT/ US2010/ 043356 ENANTI O AND STEREO- SPECI FI C SYNTHESES OF
p- AM NO- awohlyRR@XY4AM DES 5 Cross- Reference to Rel ated pppfjss@bjo@idss This
application is based on, and clains the priority of U S. Provisional

Appl i cation Nos. 61/229 613; 61/229,636; 61/229,648; 61/229652; and

61/ 229, 618, 10each of which was filed on July 29, 2009, and each of which
application is incorporated by reference as if fully set forth herein.
Field of the Invent process for the
preparation of the %ﬁ‘gwﬁ ﬁ%ﬁ% @#'éaﬁg Ett?ei':es’rjl1 shown to have
activity as an HCV prote &r 5 P nvention rel ates al so
to & process for the reparatl on of i nternedi ate conpounds useful in

pr epar i giossrinaier B 3 X erred to herein also as

(1R, 55)-N-[1(S)- [2 (cycl opr opyI am no) - 1, 2- di oxoet hyl | penty11- 342(S) -

[[[[14[ 1, 1- dhistdpglieatigm subd Seahgn | aret dyirr]lszghel piienty @htd. 8oP cavisiondll | ami noj - 3

20d| met ApRlcatipa sy 81/28 93 16 Hd{43A 638; 6@1&%?%96?0?yzggé]r’%e%%g%g)mcsar boxam
| dey, Bagkew 8piflich was filed! &?@myfzeﬁ@bognaﬁﬂ BN oPwWhldrcappiRatibn i hi s section

or any section of this application is not an adm ssion that such

publ i cainicorparatest byrefaranceast ihBillyrses éorth heradmt i on. 25The conpound of

Formula | is generically and specifically disclosed in Published U.S.

Pat ent . 0(%7 0042968, published February 22, 2007 (the '968 publication),
i ncor po%ﬂgﬁiﬂﬁma erence. Processes suitable for making the
compound of Eﬂéraﬂéé’edt IW&%%%T&\%&YO HPv664R6Gr tHe plepar@fsh sk cation. In

particul ar, the 8 publication discusses 30 preparing a sul fone carbanmate
corrhi)undombounénéﬁprreula hehicb hesUreeroshaven tauhave aglivity as an HCV protease

2011/ 014494PCT/1)S2010/ 043356,. 837 s b tituent
(par agr ggg]p@ﬁ?%tdaﬁe%ib?jl&}ctgg%#o ?P%ﬁ%ﬁé fl?é%%’tg 'jeﬁg E]) rr(%f descri bes
t he pron@&wﬁ@na@“@rﬁpmuﬁfmb@egamm tHeecordp8undibf Foahukn, mfedade@ t he

i nternmedi ate 5al cohol in ste m xture of diastereoners

as
hydr oxyhegginalso ath{ 1R 58hiNs{ 1(g) 2- (cyclopropylamlno) 1,2- dloxoethyl]pentyl] [2(8)
[[I[1-1[1,1-dimethylethyl)sulfonyllmethyl]cyclohexyllamino]carbonyllamino]-3,3-

20 dimethyl—1-oxobutyl]—6 6-dimethyl-3-azabicyclo[3.1.0]hexane-2(S)-carboxamide.

302

Background
Identification of any publication in this section or any section of this application

is not an admission that such publication is prior art to the present invention.

25 The compound of Formula | is generically and specifically disclosed in
Published U.S. Patent No.2007/0042968, published February 22, 2007 (the '968
publication), incorporated herein by reference.

Processes suitable for making the compound of Formula | are generally
described in the ‘968 publication. In particular, the '968 publication discusses

30  preparing a sulfone carbamate compound, for example, the compound of Formula
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The process disclosed in the ‘968 publication produces the intermediate

alcohol in step S7 as a mixture of diastereomers at the hydroxyl group; while this

chiral center is lost in the final step of the disclosed process, the alcohol intermediate

as a mixture of isomers cannot be crystallized and required a volumetrically

inefficient precipitative isolation that did not remove any impurities. A process that

provides a single isomer of the alcohol intermediate that can be readily crystallized
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t he di astereoner of conmpound Il1l, Le., conpound H-1: O HH2 NN ---c7 Nto
obt ai n t N¥ORBHYM&4ndi ng di ast er eoner of compound I V- 1: P§T/q§2‘N04OV3§6

In another alternative, Process 1 can enploy salts of the conmpound of
Formula Il or Formula I11-1 other than the HCl salt. I n ot her

aspect yfifid Fa%ér@ﬁem ' R%ro@é%@&ﬁgfmim re8§&itERMidaeastid®tondiepas iwogald he
conmpounds Formul a and For nu 1l are disclosed as follows: 10Process
2: alsotb@beoetgak or preparing a conpound of Fornula V (the ester of

Formula 11, which is converted to the acid of Fornula Il by nethods known
in the art) N oV
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Processes for making NH OCH3 | or a salt thereof, an intermediate in
the process of the present invention, are disclosed in the ‘968 publication and in U.S.

5 7,309,717, incorporated herein by reference.

Summary of the Invention

In one aspect, the present invention is a process (Process 1) for preparing the

compound of Formula |

802

10
comprising:
1) coupling a bicyclo intermediate of Formula Il with an amine intermediate of
Formula 11l in the presence of coupling reagents to obtain the intermediate alcohol of
Formula IV:

v
N AN
oo, g U\O“I
e
15 T vV : and

2) oxidizing the intermediate of Formula IV .
3



wherein Rl is alkyl, aryl, alkenyl, alkynyl or benzyl, conprising : 151)
coupling the acid of For rrul a Vl with the secondary am ne of Forrmula VII,
wher ei n~ RYOj28114444§4f i ned above, in a water sol uble sol v@ﬁf”qsﬁmt”ﬁ@%? esence

of coupling agents: 2) adding water to the reaction m xture of
step 1 to obtain V as a crystalline hydrate 3) adding the hydrate of
step 2 to a'Alt%Fr%Weg/ Wb&@é& chR&6H189 thd8iaesteenfer @f compoundatieire., and 54)
addi ng a non-aqueous antisolvent to crystallize anhydrous V. Process 3: A
pr ocessofrgpoupddpdri ng t he |nterned|ate conpound of Formula Il Q4 H HCl NO
I'I'l comprising: 101) condensing va dehyde and malonic acid to obtain
conpound |11 B: Val er a IdehydeNh o |c |dIIIB 2) treating I1IB wth
2-net hyl propene and an acid to &t IIIC 00 H/\ 1l11BIIIC

3) reacting ester 111C with (S) przyI a- met hyl benzyl am ne, 1ithium

15am de, followed by (1S)-(+)- (10 ca orsulfonyl) oxaziridine, to obtain
t he p-ani no- -1

to obtain the corresponding diastereomer of compound IV-1:

(A

N _
%HYHEJXO )/ 0
° /T\ V-1

In another alternative, Process 1 can employ salts of the compound of
Formula Il or Formula Ill-1 other than the HCI salt.
In other aspects of the invention, processes and intermediates for preparing
the compounds of Formula Il and Formula 1il are disclosed as follows:
10 Process 2:
A process for preparing a compound of Formula V (the ester of Formula Il

which is converted to the acid of Formula Il by methods known in the art)

N

X mOR’
N

S
PN v

wherein R is alkyl, aryl, alkenyl, alkynyl or benzyl, comprising :
15 1) coupling the acid of Formula VI with the secondary amine of Formula VI,
wherein R' is as defined above, in a water soluble solvent in the presence of

coupling agents:

M
802 >,
Ej Y + [;;HOR1 V
Vi H o WVl



a- hydroxy ester 111D alternatively, I1IDis prepared by treating 111D 1
(the deoxy conpound) with a lithiumam de, followed by treatnment with by
(1S) - (+) -Wogouaripter sul f onyl) -oxaziridine: WD 2011/ 014R9ZRSWIUB2HBIO/ 043356
11D 111D-1 4) converting the ester IIIDto the free acid by treating with
an acid, then coupling the free acid with cycl opropylamne in the presence
of a dehydr 3k ingiRAGH ke dioh PRixfITE 4F sfebl Fto obfid v arc@;?gwmﬁs the
benzyl prot 2%{":&%5 grofl?pgtst&'ygé)o taion a%ﬁﬁ% ”@fﬁl:, and trea%él ng the free am ne
wi t h HBlydtadepbt ain the salt: Alternatively, using the
appropriate . reagents, .a procedyre.simlar to Process 10can be used to
prepare the %8 &%@‘e&y%trerﬁ?l © ?ﬁgfna PSR e?ﬂg‘ﬁm% ® ree anine,

|11 F- LiconceMratidiFoflwater; and | N another alternative, in step 5, an acid other

than HCI can be used to prepare a salt of IIIF or IIIF-1
5 4) adding a non-aqueous antisolvent to crystallize anhydrous V.
Process 3:

A process for preparing the intermediate compound of Formula 11l

OH
N ~ N
Hﬁcré/\‘o( \ﬁ

comprising:
10 1) condensing valeraldehyde and malonic acid to obtain compound I1B:
/\/\H/H M \/V\/ﬁ\
X
5 + HO OH OH
Valeraldehyde Malonic Acid HIB .

>

2) treating llIB with 2-methylpropene and an acid to obtain ester IlIC:

\/\/\/E + )k - M/ﬁ\ ~t+Bu
AN OH O

B nc

3) reacting ester IlIC with (S)-N-(-)-benzyl-a-methylbenzylamine, lithium
15 amide, followed by (1S)-(+)-(10-camphorsulfonyl)-oxaziridine, to obtain the f-amino-

o~hydroxy ester llID:

N ' t-Bu
e Li o)
“Li

alternatively, IlID is prepared by treating 11ID-1 (the deoxy compound) with a lithium

amide, followed by treatment with by (1S)-(+)-(10-camphorsulfonyl)-oxaziridine:



15Process 4: A process for preparing a conpound of Fornula IIIF

conprising opening the ring in the |lactam 1110 to obtain amno acid I11H,
coupl i ng WOI2bllva1e4v4cycl opr opyl am ne, and deprotecting: PCTIUSR@G0/0@RR6 R3H N .
7TOH IIIH 5 wherein R2 is H alkyl, aryl, alkenyl, alkynyl, benzyl,

-Si(R4)3, -C(0)R5, -C(0)OR1, -C(0)SR1, -C(O)N(R5)2, -C(S)R5, -C(S)OR1,
-C(S) SRIE~-C(S)N(R5) 2, -C(NR5)R5, -C(NR5)0R1, -C(NR5)SR1, -C(NR5)N(R5)2,
- SOR1, O2R1, -SO3R1, or -PO(OR1)2; R3 is H, alkyl, aryl, alkenyl,

al kynylsxfBenzyl, -C(0)R5 or -C(0)OR1 10R1 is independently selected from

t he group c nsistlgg of al kyl, aryl, alkenyl, alkynyl and benzyl; R4
IS | ndepé€nh ySeleBt ed #%e#»theugboup consi sting of alkyl, aryl and

al koxy; . O R5 is independently selected fromthe group

consi st al kyl, aryl, 15al kenyl, al kynyl and benzyl. Process 5:

A proces epar i 2 conpound of Forrmula II1F conprising reducing the
enanmine I11-1 by asymretric hydrogenation, converting II1J to the

car boxyl i ¢ 461 doA0L kg he SRUPINT%o b 1rSY SRPSPHLAG it e 4ISR Bishet | no:

NR6R7 | |
couphng the free acid with cyclopropylamine in the presence of a dehydrating agent

to obtain the amide llIE:

Q. Q. Y.,
N\/\ﬂ/o\ Mer. Né OH V\”/
AV ! Ve

5) removing the benzyl protecting groups to obtain amine IlIF, and treatmg

the free amine with HCI to obtain the salt:

Q HCI OH
OH

(SW\VMWW g v

Ve Lw U

Alternatively, using the appropriate reagents, a procedure similar to Process 3
10 can be used to prepare the compound of Formula lllI-1 and its corresponding free
amine, llIF-1;

~__©O
HIF-1.

In another alternative, in step 5, an acid other than HCI can be used to
prepare a salt of llIF or llIF-1

15 Process 4:



NR6R7 o OHIIF 11IH1oR2 wherein R2 is H, alkyl, aryl, alkenyl,

al kynyl , benzyl, -Si(R4)3, -C(0)R5, -C(0)OR1, C(0)SR1, -C(0)NR5)2,

-C(S) RS, WOBIGRI494- C(S) SR1, -C(S)N(R5)2, -C(NR5)R5, - CPRRA)SORV/043356
-C(NR5) SR1, -C(NR5)N(R5)2, -SOR1l, -S02R1, -SO03R1l, or -PO(OR1)2;

R6 and R7 are independently selected fromthe group consisting of H, alkyl,

St Y TS o O ol S 2

- C( NR5YiBRInN theCladREN NI BIp ybtaiB@RAiN0-£802 RIH, ccBQERG ,lIidvith SaGfbptarine s
- C(0) R55Qrfg3@ﬁaﬁ§t'gc(o) N(R5)2, -CN, -C(0)SR5, -CH2OH, -CH=CH2 or CCH, 10R1

is ind& @l ected fromthe group consisting of alkyl, aryl,

al kenyl , al kynyl benzyl ; R4 is independently sel ected fromthe
group qﬁn§|stb of aIkyI arfg and al koxy; and R5 is

i ndepender sel ecteg @ftip consLinng,@F H, al kyl, aryl
15a|keny|6£zzkynyl and benzy£ ocess 6: process for preparing a
conmpoundo6f

converting |11 Ul the carboxyljyg acid I11H2, coupling with
cycl opropyl am ne, and deprotecting: OH

5 wherein
R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R%);, -C(O)R®, -C(O)OR,
-C(O)SR’, -C(O)N(R®),, -C(S)R?®, -C(S)OR’, -C(S)SR", -C(S)N(R®),, -C(NR®)R?,
-C(NR*OR’, -C(NR®)SR', -C(NR®)N(R®),, -SOR', -SO;R", -SO3R", or -PO(OR")y;
R%is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R® or —C(O)OR’
10 R' is independently selected from the group consisting of alkyl, aryl, alkenyl,

Formul a IIIij@rls ng hydroxylation of 111K, to obtain ML,

alkynyl and benzyl;
R*is independently selected from the group consisting of alkyl, aryl and
alkoxy; and
R®is independently selected from the group consisting of H, alkyl, aryl,
15 alkenyl, alkynyl and benzyl.

Process 5:
A process for preparing a compound of Formula llIF comprising reducing the
enamine lll-I by asymmetric hydrogenation, converting lilJ to the carboxylic acid

20 llIH-1, coupling with cyclopropylamine, and deprotecting:

NRER7 _N_RGR7
- R? Iy ore
67
L;J_R R" 6
—> |lF
OH
2
NH-1 ~ OR

wherein



-1,-- IlIF 20----111H 2 wherein R6 and R7 are independently

sel ected fromthe group consisting of H, alkyl, aryl, alkenyl, alkynyl,
benzyl, -VOOQpRM1449€( 0) ORL, -C(0)SR1, -C(0)N(R5)2, -C(S)RET/US2010/043366) OR1,
-C(S)SRL, -C(S)N(R5)2, -C(NR5)R5, -C(NR5)0R1, -C(NR5)SR1, 25-C(NR5)N(R5)2,
-SOR1, -S02R1, -SO3R1, and -PO(OR1)2; 8 WO 2011/ 014494PCT/ US2010/ 043356 Y

Igfolnggon-s:\lgal ng?g_' %rkyT %j?l a"“"“&’f al% e{n'%? Fﬁ{gﬂ?ﬂt lcy( enz O;F{rzgm the
RS is Fﬁ@mde@@W@@Dz&e@éﬁb F EAYOR gr ) SEINCENGS ol GeNPé'i)Ht%n aryl,
compourMRIBH i A0 S R OREE ) e SRR g SR S 3o BB 19 @
obtain the @Ay RChFE ﬁ\%lfébléﬁaéﬂﬁy éélé&ied“ﬁ%ﬁ'tﬂé geodd bd}hé@n 6@Hnaﬁ<§410
converting 1110 to the car I'c_aci d H 3, “coupl W
cyct opeogyalkanyleaikumy. botapr QIR mGOIOR" C(0)SR! -CION(RY, -C(S)R®,
-C(S)OR', -C(S)SR', -C(S)N(R®),, -C(NR®R®, -C(NR’)OR', -C(NR’)SR",
-C(NR®)N(R%),, -SOR", -SO,R", -SO3R’, and ~-PO(OR"),;
X is ~C(O)R®, -CO2R®, -C(O)N(R?)2, -CN, -C(0)SR?®, -CH,0OH, -CH=CH, or
-C=CH,;
10 R' is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl,
R* is independently selected from the group consisting of alkyl, aryl and
alkoxy; and
R’ is independently selected from the group consisting of H, alkyl, aryl,
15 alkenyl, alkynyl and benzyl.
Process 6:
A process for preparing a compound of Formula lIF comprising hydroxylation
of IlIK, to obtain IlIL, converting IlIL to the carboxylic acid I1IH-2, coupling with

cyclopropylamine, and deprotecting:

Ho
T

RER'N - Y

R6R7N Y
\5/\[]/ —— - I —
/r HK /( L

OH
ROR’'N_ _A_ _OH
\é/\c[)( — IIF
20 /( HH-2

wherein
R® and R’ are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR', -C(O)SR', -C(O)N(R®),, -C(S)R?,
-C(S)OR', -C(S)SR', -C(S)N(R®), -C(NR®)R?, -C(NR®)OR', -C(NR®)SR',
25 -C(NR®N(R’),, -SOR', -SO,R’, -SO3R", and -PO(OR");;
8



NH2 0 \/,'-\AAOH oR2I I | H 3 wherein R2 is H, alkyl, aryl, alkenyl, alkynyl,
benzyl, -Si(R4)3, -C(0)R5, -C(0)OR1, -C(0)SR1, -C(O)N(R5)2, -C(S)Rs5,
- C(S) OR1,woQ(B8y@Re4 - C(S) N(R5) 2, -C(NR5)R5, 15-C(NR5) ORPCTASENRDIBRL,
-C(NR5) N(R5) 2, -SOR1, -SO02R1, -SO03R1l, or -PO(OR1)2; Y is -0OR5, -N(R5)2 or

- SR5; R1 is independently selected fromthe group consisting of
al kyl, aryl y al keny| pyabkynylke@nd benzyl R4 is independently
sel ected fr(\)(nagt @gr%ﬁ )5§ﬂsib§i ng of al kyl, aryl and 20al koxy; and

R5 i s i ndep&ideirtdependbstly sdlettenhiromehgmgpowp consistng nfjakkfl, Hryladlkghyl, ar yl
al kenyl = al Ik%zn#/hﬁan ~benzyl. Process 8: A process for preparing a
conpouAlY8Y P2Yl1 298 conpri sing reduci ng the 25a-keto conmpound of
formul a 1 I'l R3i@iri@hBehihe séleefitirom! the gré @5 ¥EhSiLMeY SLLLakg! car boxylic
acid Il H2, coupling wth cyclopropyl am n@? and g%’or ot ,eg{k?ﬁ;a?ﬁ VO
2013/ oakeoyp@aikyogbandbenddse OH R6R7N ). 1111IH 2 1.111F O Il IL wherein
R6 and ar e7,i ndependent |y sel ected fromthe group consisting of H alkyl,
aryl, gﬁ%ﬁyﬁl— al kynyl, benzyl, -C(0)R5, -C(0)OR1l, -C(0)SR1l, -C(0)NR5)?2,
-C(S) RS, 5- A(151beBds for@r éi'ﬁ-? a-conPNNEDF orn{dI AN BEmprisiiyeidBhg the
- C(NR5) SR1, -Fg( NR? N( R% gb - SOR1, -S02R1, -SO03R1, and -%%Rl) 2; g

nitro group of lIM to obtain the amino acid derivative I1IN, resolving 1IN to obtain

11O, converting 11O to the carboxylic acid llIH-3, coupling with cyclopropylamine, and

10  deprotecting:

2
OR? OR NH, O
Y Y =
e Y e Y
NO, O NH, O OR2
1M 1IN o
NH, O
— z || |F
OH
OR?  ||IH-3

wherein
R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R%s, -C(O)R®, -C(O)OR",
-C(O)SR’, -C(O)N(R®), -C(S)R®, -C(S)OR", -C(S)SR", -C(S)N(R®),, -C(NR%)R?,
15 -C(NR®)OR', -C(NR®)SR’, -C(NR*)N(R®),, -SOR', -SO,R", -SO;R", or -PO(OR"),:
Y is —OR®, -N(R®), or —-SR?;
R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl,
R*is independently selected from the group consisting of alkyl, aryl and
20  alkoxy; and
R® is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.
Process 8:
A process for preparing a compound of Formula IlIF comprising reducing the
25  o-keto compound of formula IP to obtain the alcohol IlIL, converting llll to the

carboxylic acid I1IH-2, coupling with cyclopropylamine, and deprotecting:

9



Yis -OR5, -N(R5)2 or -SRS; Rl is independently selected fromthe
group consisting of alkyl, aryl, alkenyl, alkynyl and benzyl; and 10R5 is
i ndependewOl2g11gahedt ed from the group consisting of H, &CHgUS2018/0¥3356

al kenyl, al kynyl and benzyl. Process 9: A process for preparing a
conmpound of Forrmula II1F conprising converting I11Qto the amne I11J

t hrough a di spl acenent reaction th inverts the 15stereochem stry,
converting 1119 to the carbogé%lic acid Il'lH1, coupling with

cycl oprRERYN qpi Yand depr of f“i\gg’:\n/Y\ .......... AP AR A
R 2. == NReR7ZoR2| | | JORZ Wer elliii-2 WF R2 is H,

al kyl, aryly al Kenyl, al kynyl, enzyP, -Si(R4)3, -C(0)R5, -C(0)OR1,
20-C(0)§5R£|/- (fp N(R5) 2, - C(S) k5, -C(C?)ORl, -C(S)SRL, -C(S)N(R5) 2,

-C(NR5) R57” C(NR5)0R1, -C(NR5)SR1, - NIFQS)N(RS)Z, -SOR1, -SO2R1, -SO3R1, or
- PO(OR{)rreiR6 and R7 are independently selected fromthe group consisting
of H, alkyl, aryl,_alkenyl, alkynyl, benzyl, -C(0)R5, -C(0)OR1l, -C(0)SR1,

- C( 0) N( R5) 2 R®-ag{dIRRare independexis) Setectedd(®) $Re grougy SyNKIsH)Pof HCAKRS) R5,

PO oRBI, 2eY SR Ere Y BTN GIPNERE) 210G N s
) ] N
 SETECEOBALSISR', CIS(RS, TINFREIOMFSRECONRRLNe aroup
sel ect e@('ngN(Rh)e, FOBp -S6R 'st$ d?bfandlﬁ'%/@(OBr)y] and al koxy; 5R5 is
i ndependent leiss~%I$$,t-Rl?R5)r2%m~§??; group consisting of H alkyl, aryl,
R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl; and
10 R’ is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.
Process 9:
A process for preparing a compound of Formula lIIF comprising converting
[11Q to the amine lI1J through a displacement reaction that inverts the
15 stereochemistry, converting IIlJ to the carboxylic acid llIH-1, coupling with

cyclopropylamine, and deprotecting:

4 NROR7
\/\/er —_— MX — [lIH-1— |lIF
maQ OR? HiJ OR?

wherein
R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R%s, -C(O)R®, -C(O)OR,
20 -C(O)SR', -C(O)N(R®),, -C(S)R®, -C(S)OR", -C(S)SR, -C(S)N(R®),, -C(NR®)R®,
-C(NR®)OR', -C(NR®)SR', -C(NR®)N(R®),, -SOR', -SO;R", -SO;3R", or ~PO(OR"),;
R® and R are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR", -C(O)SR", -C(O)N(R®),, -C(S)R?,
-C(S)OR', -C(S)SR', -C(S)N(R®), -C(NR®*R?®, -C(NR®OR', -C(NR%)SR,
25 -C(NR®N(R’),, -SOR' -SO,R', -SO;3R", and -PO(OR"),;
X is =C(O)R®, -CO2R®, -C(O)N(R®),, -CN, -C(O)SR?®, -CH,0H, -CH=CH, or

-CECH;
10



al kenyl, al kynyl and benzyl; and Zis a leaving group such as, but

not limted to hal ogen, Ow or OTs. Process 10: A process for

pr epari ngva 2ompewad of Fornula |11 F conprising treati ngCarust@epedssele 111 R
with a nitrogen source to open the ring to obtain II1S, converting IIIS to
the carboxylic acid I'l1H 4, and coupling wi th cyclopropylamn ne:

|11 H AN(R8) 20 js W gl n’&lentl selected rgﬁ Hh% RBALRARG ¥f 8 daikeR the
group consi sting of }2 , ary 15al en@l al Eyéuy ,%e’n C?PO) R5 and

- C( 0) ORIkynyl and bxnzysl C(O) R5 -002R5, C(O) N( i?5)2 -CN, -C(0) SR5 - CH2CH,
-CH=CH2 or -(EECH, Rl is [hdependently sel cte m t.he roup

consi st ng &1 aMdreerepty Saiaeli, PORERR Ao IP £aBSsERa 51 alihdry

i ndepe Iy sel ected from the group consisting of H, al kyI aryI

al kenyl , H_%nyl and benzyl. Process 11: A process for preparing a
conpound of smﬂ%panldlentlm&iﬁcm figmtthearpup cansiating iofiHnalkyl.laTyii t h an

oxygen ﬁ%l'l] I%Y?Pﬁéagtegg '(rjl to obtain I11U converting Il11Uto 25the

car boxyl e ad) pl'i'ng with cycl opropyl am ne, and deprotecting:
Z is a leaving group such as, but not limited to halogen, OMs or OTs.

Process 10:
A process for preparing a compound of Formula IlIF comprising treating an
10 epoxide llIR with a nitrogen source to open the ring to obtain 1lIS, converting IS to
the carboxylic acid llIH-4, and coupling with cyclopropylamine:

9.///,‘ 9 H

z X - « —

MR NS  N(RE),

o]
T

OH
— lliF

lIH-4  N(R®: ©
wherein
R®is independently selected from the group consisting of H, alkyl, aryl,
15 alkenyl, alkynyl, benzyl, -C(O)R® and -C(O)OR";
X is ~C(O)R?®, -CO3R?®, -C(O)N(R®),, -CN, -C(O)SR?®, -CH,OH, -CH=CH, or
-C=CH;
R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl; and
20 R®is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.
Process 11:
A process for preparing a compound of Formula IlIF comprising treating an
aziridine HIT with an oxygen source to open the ring to obtain 1IlU, converting 1IIU to
25  the carboxylic acid llIH-5, coupling with cyclopropylamine, and deprotecting:

11



R2 7 I11ITITITUNH Re OR2 OH [1IH5 wherein R2 is H alkyl, aryl,
| kenyl , al kynyl, benzyl, -Si(R4)3, -C(0)R6, -C(0)OR1l, -C(0)SR1,
C(0) N( RoW0,2011Q1SPRG, - C(S)O0R1L, -C(S)SRL, -C(S)N(R6)2, PCTNRE)1IRO43356
-C(NR5)OR1, -C(NR5) SR1, -C(NR5)N(R5)2, -SOR1, -SO2R1, -SO03R1, or

PO(OR1) 2; R6 H al kyl, aryl, alkenyl, alkynyl, benzyl, -C(0)R6,
-C(0)OR1, -C(0)SR1, C(O)N(R6)2 -C(S)Rg, _,-C(S)O0R1L, -C(S)SR1, -C(S)NR6)2,
- C(NR6) R6, C(WjORl C(NR6)SR1, - C(NB6) N(R6) 2, -SOR1, -S02R1, -SO3R1, or
- PO( ORI 2N R6,~0 , -GEO-N(R6)2, -CN, -C(0) SR,
-CH2OH, -CH=CH2 or 10- Cz--- Rl i% independently selected fromthe
group consi gy ng of al kyl, aryl AUkeRyks al kynyl and benzyl ; R4 is
i ndependent |y sel eghed from t he group consisting of alkyl, aryI and al koxy;
and 15R5 is indepeEfdentIy sel ect ed fromthe group consisting of H alkyl,
aryl, al L, | -@mnhd bengzyl Al ternatively, using the
appropriate reag nts,|| procedures g‘l:m | ar to Processes 4 to 11 can be used
to preparg.pe compound of Fornula Il F-1. Process 12: 20A process for
preparing a urea of Fornula VI HO VI conprising displacing the |eaving
group ofhekdia conmpound of Formula VIA with an

RZis H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R*s, -C(O)R®, -C(O)OR,
-C(O)SR’, -C(O)N(R®), -C(S)R®, -C(S)OR’, -C(S)SR", -C(S)N(R®),, -C(NR%)R?,
5 -C(NR®OR', -C(NR®SR' -C(NR®N(R®),, -SOR', -SO;R', -SO;3R", or -PO(OR"),:
R® H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR', -C(O)SR,
-C(O)N(R®), -C(S)R®, -C(S)OR", -C(S)SR’, -C(S)N(R®), -C(NR®R®, -C(NR®)OR’,
-C(NR®)SR', -C(NR*)N(R%),, -SOR", -SO;R", -SO3R", or -PO(OR");;
X is —=C(O)R®, -CO3R®, -C(O)N(R®),, -CN, -C(O)SR?, -CH,0H, -CH=CH, or
10 -C=CH;

R'is independently selected from the group consisting of alkyl, aryl, alkenyl,

1 m 1 m O

alkynyl and benzyl;

R* is independently selected from the group consisting of alkyl, aryl and
alkoxy; and

15 R’ is independently selected from the group consisting of H, alkyl, aryl,

alkenyl, alkynyl and benzyl.

Alternatively, using the appropriate reagents, procedures similar to Processes
4 to 11 can be used to prepare the compound of Formula llIF-1.
Process 12:

20 A process for preparing a urea of Formula VI
HO

N pmgo
oéébxo ///v
Vi

comprising displacing the leaving group of the compound of Formula VIA with an
anionic sulfur nucleophile to obtain VIB, converting VIB to the primary amine VIBb

12



ani oni ¢ sul fur nucleophile to obtain VIB, converting VIB to the primary
amne VIBb (wherein both R6 and R7 are H), and reacting VIBb with

tert-| eucwoeoimitgdve presence of phosgene or a phosgene equivsadienyi3sé VI AVI B
wherein 5P is a leaving group; V NH2 01 --004+ H2N,() O VIBb"T\

R6 and R7 are independently selected fromthe group consisting of H, alkyl,

" ) ZHERAooR| I B ROEBAM), aiededy ik MiiorIeidils fidhe aidednbl R5.) 2,
- O( NR5 pSRhpsgel(e\B5 lhBSyene e§ORAlentSO2R1, - SO3RL, and - PO(ORL)2; 10RL is

I ndependently selected fromthe group consisting of alkyl, aryl, alkenyl,
al kynyl and benzyl ; R5 | s&uéependent ly selected fromthe group

consi st}; ONRPR7 aI K | NR&Rkenyl ,éﬁ 2 and—benzyl . \fProcess 13: 15A

process reparl ngoa/l of Forsnf npri si ngQ@bipeni ng the ring of
HZN\AO

VIB viBb N

VIA
wherein

5 P is a leaving group;

R® and R’ are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR’, -C(0)SR’, -C(O)N(R®),, -C(S)R?®,
-C(S)OR’, -C(S)SR', -C(S)N(R®),, -C(NR®R®, -C(NR®)OR', -C(NR%)SR,
-C(NR®)N(R%),, -SOR', -SO,R’, -SO3R", and ~PO(OR"),;

10 R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl; and

R®is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.

Process 13:

15 A process for preparing a urea of Formula VI comprising opening the ring of
the aziridine of Formula VIC with a metalated sulfur nucleophile to obtain VIB,
converting VIB to the primary amine VIBb, and reacting VIBb with tert-leucine in the

presence of phosgene or a phosgene equivalent:
9 —SZ NR6R7

NR NHy ——
/3 O¢I OH vi
0O HZN\_/§O
A

VIC VIB ViBb
20  wherein

R® R’ and R’ are independently selected from the group consisting of H,
alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR', -C(O)SR", -C(O)N(R?),,
-C(S)R®, -C(S)OR', -C(S)SR’, -C(S)N(R®),, -C(NR®)R®, -C(NR®)OR, -C(NR®SR",
-C(NR®)N(R®), -SOR’, -SO,R", -SO3R", and —PO(OR").:

25 R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl;, and
13



the aziridine of Formula VICwith a netal ated sul fur nucl eophile to obtain
VIB, converting VIBto the primary am ne VIBb, and reacting VIBb with
tert-| eucwoeoimigdve presence of phosgene or a phosgene equivsad10MOB3I3SH/- - -

6i RO oil ORsSN 6R7 OhisNl 2 FI2N, - 0 OHVI VICVIBVIBb/ 1\ 20 wherein

R6, R7 and R9 are i ndependently selected fromthe group consisting of H,

al kyl, aryl g - e <
S0(0) N(RsY 21 end@@%)g %iﬁftébefg tgeRf?é %cféﬁ\'f@s“? gpﬁlg'(( NS

- NRS)atNEnyl adB(MNRsambgnzﬁ( NR5) N( R5) 2 -SOR1, -SO02R1, -S03R1, and
- PO(O i E?: i s independently sel ect ed fromthe group consisting of

al kyI kenyl, al kynyl and benzyl; and R5 i s independently
sel ect ed frmﬁob@sgf&tmeﬁgﬁﬁg stuiras oPFobnupd Wytompfidihg p@lri@evwd%a@dwwl and
benzyl . Process : A process for preparing a urea of Formula VI

condr i ﬁﬁgarmm@ntrﬁfrtbe acauet EQrmsa dAPr(diaderpationpf ana@cytazider torhtain a VI D
(vi,2 T A Esdyanafl ool VIE, A8 LecBl enwiR dadsidnat e of Formila VIE

and reacti tert
OH

AV, %o

Oéﬁ COZ /ﬁ
© - VI

VID VIE

Procedures similar to Processes 12, 13 and 14 can be used to prepare the
thio and sulfinyl analogs, VI-1 and VI-2:

HO
HO
o
A[ H HN\;/\*O M H_HN .,
S N&O ///v O//S &o N
10 Vi-1 VI-2

Process 15:

A process for preparing a compound of Formula VIB comprising condensing
cyclohexanone with a sulfonyl compound to obtain the unsaturated compound of
Formula VIF, then reducing VIF:

R10
o 2\//8\\

o o
—> VIB

15 VIF
wherein
R'is H, -Si(R*3, -C(O)R?, -C(O)OR®, -C(O)N(R®),,
R* is independently selected from the group consisting of alkyl, aryl and
alkoxy; and
20 R® is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.
14




VI DVI E Procedures simlar to Processes 12, 13 and 14 can be used to
prepare the thio and sul finyl analogs, VI-1 and VI-2: Process 15:
process WO 2prigpatditng a conmpound of Forrnula VI B conpri siPaf/usendanssang

cycl ohexanone with a sul fonyl

of Formula VIF, then reducing VIF: 15VIE wherein wo is H, ) C(0)

0) OR5, n
(KO OF, - RSN miar o prdfbstld SAREILERLY VRIS LI ik
from t beaipgsuyIBdreicsVIBg: of H, aI kyl, aryl, alkenyl, alkynyl and ben

A procedure sinilar to Process can be used to prepare the thio and
sul finyl ana s, Vi B—E%?_,,and V X B 1 VIB-2

10

15

20

fehlliEde)
VIB-1 VIB-2
wherein R® and R are as defined above.
Process 16:
A process for preparing a compound of Formula VID comprising
1) treating a cyclohexane derivative of Formula VIG with a trimethylsilyl

compound, followed by alkylation with fert-butyl chloromethyl sulfide to obtain the
compound of Formula VIJ:

CO;Me _0 O\Me t«Bu\S CO,Me
\Or
VIG VIH VIiJ

2) hydrolyzing the ester VIJ to the acid VIK:
t- Bu

CO,H
ViJ e Eﬁ
VIK and

3) oxidizing the thioether to the sulfone:

+-Bu
\ CO5H

S
> VID
VIK

Alternatively, another ester of cyclohexane carboxylic acid, cyclohexane carbonitrile
or another carbonyl derivative of cyclohexane can be used in place of the compound
VIG, e.g., the carboxylic acid methyl ester can be replaced by ~C(O)R®, ~C(O)OR?®,
-CN, -C(O)N(R®), or —C(O)SR®, wherein R® is independently H, alkyl, aryl, alkenyl,
alkynyl or benzyl.

Process 17:

15

A

conpound to obtain the unsaturated conpound

R5,
roup
ted

zyl .



wher ei

preparing a conpound of Formula VID conprising 1) treating a cycl ohexane
derivati weoab1iFassmul a VIG with a trinethylsilyl
al kylation with tert-butyl chloronmethyl sulfide to obtain the conmpound of

For nul

carbonitrile ©

pl ace thioether dirpoabtaindhg esdegsulfareViafbiowdd by Agdlyss bfthecsster tacan be
replaced by -C(O)R5, -(0)0R5, -CN, -C(O)N(R5)2 or -C(0)SR5, wherein R5 is
i ndepeﬁg@ﬂglﬂﬂﬁcﬁ,@gﬁcﬂygaryl , al kenyl, al kynyl or benzyl. 20Process 17:

2011/ 014494PCT/ US201.9(,043356

For nul
ester-

acid VID. t-Bu \CO2Me & V 0-'11VID o VI
acid nmethyl ester of I J

5

10

15

20

n R6 and R7 are as defined above. 5Process 16: A process for

conpoun@CTiuské10messsoy

a viJ: 10VIGVIHVIJ, 2) hydrolyzing the ester VIJ to the acid VIK
15Al ternati we f L eachd g c exane
e T A TR e

Xane" can

be replaced by -C(0)R5,

Alternatively the carboxylic acid methyl ester of VIJ can be replaced by —~C(O)R?,
~C(O)OR?, -CN, -C(O)N(R®), or —C(0)SR®, wherein R® is independently H, alkyl,
aryl, alkenyl, alkynyl or benzyl.

Process 18:

A process for preparing an isocyanate of formula VIE comprising

1) reacting cyclohexanone with an amine to form an imine VIM, then alkylating

VIM with a lithiated sulfone of formula VIN to obtain amino-sulfone VIBa (a
compound of formula VIB wherein one of the groups attached to N is H):

.RS

N AF  tBus NHR®
R®NH, t-Bu~ S~—Li o”g
— VIN

VIM ViBa

wherein

R%is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR", -C(O)SR",
-C(O)N(R®), -C(S)R®, -C(S)OR", -C(S)SR", -C(S)N(R®),, -C(NR®)R?®, -C(NR®)OR,
-C(NR®)SR’, -C(NR*)N(R®),, -SOR', -SO,R", -SO;R", or —-PO(OR"),;

R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl; and

R® is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl;

and

2) deprotecting the amine VIBa and converting the free amine to the

isocyanate:

16

e used in

A process for preparing a conpound of

a VID conpri si ng.oxi di gPeide t he thioether VIJ to obtain the
sylf one ML, f@%ﬁ%y hydrolwsi s O?I he ester to obtain the free

WO

Alternatively the carboxylic



-C(0)0R5, -CN, -C(O)N(R5)2 or -C(0)SR5, wherein R5 is independently H,

al kyl, aryl, al kenyl, alkynyl or benzyl. Process 18: A process for

pr epari ngvarroiigaespanat e of forrmula VIE conprising 101) PERAIS2019/043356

cycl ohexanone with an amne to forman imne VIM then alkylating VIMw th
a lithiated sulfone of formula VIN to obtain am no-sul fone VI Ba (a compound

of formul a VIBWrein one of the oups attachedto le H) : VI WI Ba

wher ei BYSR6\ L al kyl , tauy al kymny -C(0) R5,

-C(0) OR19" 5 @ Rl, -C(Q) N(BS S)RE,_»C( S))@ SpSRl -C(S)N(R5) 2,

-C(NR5) RS, - R5) OR1, - (( NR5 - C(NR5) N( R5) 20 02R1, -SO3R1, or
e group consi sting of

-PQ(OR1) 2, IS | ndepende ly selected fro
al kyl, aryl, al k\é%lﬂ al kynyl and benzyl; and 20R5 i s i ndependently

sel ect pdhdds@md:-he group consisting of H alkyl, aryl, alkenyl, alkynyl and
benzyl 7 and — %mdeprot ecting the amne Vi Ba and converti ng the free
am ne to thé proceyaritrEepanng acirea of kagnwary iusropgiog 3@s6ng amamBledfocess

19: Formula VIBb (a compound of Formula VIB wherein both R groups are H) with
5  phenylchloroformate in the presence of a base to obtain carbamate VIO, and

reacting VIO with terf-leucine in the presence of a base:

tBu\ NH; bBu\ NH___o.

VIBb vio

Process 20:

A process for preparing the amine of Formula VIBb comprising condensing
10  cyclohexanone with tert-butyl sulfinamide in the presence of a dehydrating agent to
obtain the imine of Formula VIP, treating VIP with VIN to obtain the sulfone-

sulfinamide VIQ, and converting VIQ to the free amine:

I H
N/S\t-BU O\\//O t-BU: N\Sft'BU
/S\ ! t-Bu~ S~Li o R 0
VIP ViQ
Process 21:
15 A process for preparing the compound of Formula VIN comprising oxidizing

tert-butylthiomethyl ether with hydrogen peroxide and sodium tungstate to obtain
VIR, and treating VIR with n-butyl lithium:

H-,0O 0. 0
S MY \// VIN
Me t-Bu Nawo, t'Bu/S\Me
VIR

In another aspect, the invention relates to a process (Process 22) for

20  preparing the compound of Formula |

17



A process for preparing a urea of Formula VI conprising treating an am ne
of Fornmula VIBb (a conmpound of Fornula VIB wherein both R groups are H)
wi t h S5phewgl2etiasefiormate in the presence of a base to @brdiSnoiomarisasrat e
VIO and reacting VIOw th tert-leucine in the presence of a base:

t-Bu., NH2t-Bu.NH O , O, Ph 0-11-11 00 VIBb Process 20: A process for
preparl ng the am f Formula VIBb conprising condensi ng 10cycl ohexanone
with tert-butyl ~Q@f a dehydrating agent to
obtalnthelmne of F VIP with VINto obtain the
QHo t frp?eamne 9 ,s N

i C d of ForrruIaVIN
ether wffth h rogen peroxi de and
sodiumtungstate to obtain VIR dand tredating MR ®ith n-butyl Iithium
H202 Naw4 00 NI -s. t-BuMe v\\ |

comprising:
1) coupling the acid of Formula VI with the secondary amine of Formula VII-1
(a compound of Formula VIl wherein R" is methyl) in a water soluble solvent in the

5  presence of coupling agents to obtain the ester of Formula Va:

M
N (—HOCH
XSOz H H;\ S >L Ho oH ) 3

Oz
N N 6]

O -

N z
T~ vy H 0 VI T~ va

2) converting the ester of Formula Va to the acid of Formula Il

3

Y Y
(Hocm (HOH
Y o Y Co

O/T\ Va O/?\ I

3) coupling the acid of Formula Il with an amine intermediate of Formula 11l in

2

10  the presence of coupling reagents to obtain the intermediate alcohol of Formula IV:

18




VI N Met - Bu VIR I n anot her aspect, the invention relates to
a process (Process 22) for 20 preparing the conmpound of Formula | WO

2011/ 014490RCT/WEA310/ 043356 conpri si ng: 1) complriusgoivioes3saei d of
Formula VI with the secondary am ne of Fornula VII-1 (a conpound of Formula
VI1 wherein Rl is nmethyl) in a water soluble solvent in the 5presence of
coupling agents to obtai ny he ester of Fornula Va: 2) converting the
ester of Forrmula Va to the“amd of Formula Il: W .,---

(H OH
302 H \A ~

H
H,N N—<7 —_—
ﬁcw

/[\u

¥'e)
I
T O

(0]
T~ W . and

4) oxidizing the intermediate of Formula IV .

In another aspect, the invention relates to a process (Process 23) for

5 preparing the compound of Formula |
Soz

1) reacting a protected amine of Formula VIIA with a cyclopropylamine of

comprising:

Formula Il to obtain a compound of Formula VIII

oH Y, -
HaN N
ﬁIC'Y\[( ~I . (;HOH U\( \/\[f
\*\ " PG o0 VvIA PG o
10 v

wherein PG is a nitrogen protecting group;
2) removing the protecting group from VIII and coupling the resultant free
amine of Formula VIIIA with an acid of Formula VI to obtain the alcohol of

Formula IV:

19




NOCH3 02 H HO2 HH N NN Va 3) coupling the acid of Fornula I
wth an amine internediate of Fornula Il in 10the presence of coupling
reagent s wo 20tif@|i4v4t he i nternedi ate al cohol of Formul a PUT/USRE0/043356
2011/ 014494PCT/ US2010/ 043356 OH HH SO2H HO - 0 O IV 4) oxidizing the

I nternmediate of Formula IV. ; and I n anot her aspect, the
|nvent| reI ates to a process\)( Process 23) for 5preparing the conpound of
For mul a cqmprl si ng: =, Ho OH j 0

- : O2 H H
(}\( \/\[(Nﬂ — %quﬂﬂ . Ng/wij\OH

PG 0 o 9 ;
Vil y VIIIA ™ v

H 9H H
— M, H%“{ﬁg”ﬂ
EjN\g/NEAO ; and
0 v |

3) oxidizing the alcohol of Formula IV.
In another aspect, the invention relates to a process (Process 24) for

preparing a compound of Formula VI

o A
Ej \n/ : OH

5
comprising:

1) reacting an imine of Formula VIP with the sulfone of Formula VIN to obtain
the sulfone-sulfinamide of Formula VIQ, then converting VIQ to the primary amine
VIBb:

0O
i H B
NS tBu O\\/}) t-Bu~ N-g /tBu t-Bu NH,
l t_Bu/SvLi /ﬁ O O/g
VIN
10 VIP VIiQ VIBb ;

2) reacting VIBb with phenylchloroformate in the presence of a base to obtain
the carbamate of Formula VIO

t"BU\ NH2 t‘BU\ NH O\
Oc(ﬁ)/ij O//ﬁ i \[( Ph
6] 6]
VIO

3) reacting VIO with tert-leucine.

20



1) reacting a protected amne of Formula VITA with a cycl opropyl am ne of

Formula IIl to obtain a conmpound of Formula VIII OH HH OH PG OVI | APG 10VI | |
wher ei n R&0i2811201mi98r ogen prot ecti ng group; 2) r emoviusgo1ioe33se6
protecting group fromVIII and coupling the resultant free am ne of Fornul a

VIITTAwith an acid of Fornmula VI to obtain the al cohol of Fornmula IV: WD

2011701449411 1RRPL8p 043 frEinventiort tethtel t&FpridcERO (Plokksd 25) for  and

preparing the compound of Formula IV

“\«
Ei

/\
™ W,

comprising:
5 1) coupling the acid of Formula IX wherein R’ is as defined above with an

amine of Formula Il to obtain the compound of Formula X

XI:

10 /[\ X dh X

3) reacting the amine of Formula Xl with the isocyanate of Formula VIE

; and

. W“ﬂ RVe v

HZN\/\OO/I/ ) /Tﬁj

In another aspect, the invention relates to the following novel intermediates:

VIE

21



3) oxidizing the al cohol of Formula IV. I n anot her aspect, the

I nvention relates to a process (Process 24) for preparing a conpound of

For mul a WoSeR/d#990OH 5VI conpri si ng: 1) reacti ngram/usemd4i3fe For mul a
VIP with the sulfone of Formula VIN to obtain the sul fone-sul finam de of
Formula VIQ then converting VIQto the primary amne VIBb: 9 -S, Nt-Bu 00
t-Bu-S VINt-Bu, O/, t-Bu S\\ 0 t-Bu. O

N

SO, H

() p
N HCI  QH HCl  OH |
H 0 : H

Ej VA R RN
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™ (I Ny, Ny,

O __©O
(IF) or a salt thereof; (INF-1) or a salt thereof;

T (IV-1);

M
>L mo R!
N

/I\ (V), wherein R’ is alkyl, aryl, alkenyl, alkynyl or benzyl, or

a hydrated or anhydrous polymorph thereof;

N

S0,

0
H t-Bu< NH;
EjNEKNE)\OH O//?)Ej
TS (VIBb):
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and (VIQ).

Detailed Description

In one embodiment, the present invention relates to a process for preparing a
compound of Formula | as described in Process 1.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula V as described in Process 2. A preferred compound of
Formula V is one wherein R is methyl or benzyl, more preferably methyl (i.e.,
compound Va)

In one embodiment, the present invention relates to a process for preparing a
compound of Formula Il as described in Process 3.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VI as described in Process 14.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VID as described in Process 16.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VI as described in Process 19.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VIBb as described in Process 20.

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VIN as described in Process 21.

In one embodiment, the present invention relates to preparing a compound of
Formula HlIF using Process 4, Process 5, Process 6, Process 7, Process 8, Process

9, Process 10 or Process 11.

23




VIBb VIP VI Q 2) reacting VIBb with phenyl chloroformate in
the presence of a base to obtain the carbamate of Fornula VIO
WO 2011/014494 PCT/US2010/043356

In one embodiment, the present invention relates to a process for preparing a
compound of Formula VI using Process 12 or Process 13.
In one embodiment, the present invention relates to a process for preparing a
compound of Formula VIB as described in Process 15.
5 In one embodiment, the present invention relates to a process for preparing a
compound of Formula VID as described in Process 17.
In one embodiment, the present invention relates to a process for preparing a

compound of Formula VIBa as described in Process 18.

10 In another embodiment, the present invention relates Process 1 wherein the
compound of Formula Il is prepared by the conversion of compound of Formula Va
(i.e., the methyl ester of compound V) to the corresponding acid; the compound of
Formula Va is prepared by Process 2 from the compound of Formula VI and the
compound of Formula VII-1 (i.e., the compound of VIl wherein R' is methyl), the
15 compound of Formula VI is prepared by Process 14 from the compound of Formula
VID; the compound of Formula VID is prepared by Process 16; and the compound
of Formula lll is prepared by Process 3, that is, a process for preparing a compound
of Formula | comprising :
1) preparing the compound of Formula VID by Process 16;
20 2) treating VID according to Process 14 to obtain the compound of the
Formula VI;
3) coupling the compound of Formula VI with the amine of Formula VII-1 as
described in Process 2 to obtain the compound of Formula Va;
4) preparing the amine of Formula Il according to Process 3;
25 9) converting the methyl ester of Formula Va to the free acid of Formula I1;
6) coupling the acid of Formula Il with the amine of Formula Il to obtain the

alcohol of Formula IV and oxidizing the alcohol according to Process 1.
In another embodiment, the present invention relates to a process for

30  preparing a compound of Formula | comprising:

1) preparing the compound of Formula Il by Process 3;
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VIBb 3) reacting VIOw th tert-|eucine. I n anot her aspect, the

i nvention relates to a process (Process 25) for preparing the conpound of
Formul a 1WO 2011000981 si ng: 51) coupling the acid of For meCa/usXomioeizsé n R1L i s
as defined above with an amne of Formula Il to obtain the conpound of
Formula X OHHCl QHHHN ;N O I X\I11

2) reacting the compound of Formula Il with the protected amine of Formula
VIIA to obtain the compound of Formula VIII;
3) preparing methyl ester Va by Process 2 and converting it to the free acid i,
4) removing the protecting group of VIII to obtain VIIIA and coupling VIIIA
5 with acid Il to obtain alcohol IV;

5) oxidizing the alcohol.

In another embodiment, the invention relates to the preparation of the
compound of Formula VI comprising:

10 1) preparing sulfone VIN according to Process 21;

2) preparing imine VIP and reacting it with sulfone VIN to obtain the sulfone-
sulfinamide of Formula VIQ, then converting VIQ to the free amine VIBb according to
Process 20;

3) reacting VIBb with phenylchloroformate in the presence of a base to obtain

15 the carbamate of Formula VIO, and reacting VIO with tert-leucine according to

Process 19.

In Process 1 for the preparation of the compound of Formula |, the coupling of

the intermediate acid of Formula Il and the amine of Formula il is accomplished

20  using standard peptide coupling methods known in the art, for example the use of 1-
ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDCi) and 1-hydroxybenzotriazole
(HOBY) in the presence of a base such as N,N-diisopropylethylamine (DIPEA). The
use of the single diastereomer of the amine Ill results in the single diastereomer of
the compound of Formula 1V, which is crystallized from ethyl acetate/water in high

25 purity. The process disclosed in the ‘968 publication formed a mixture of
diastereomers in step 7; the mixture could not be crystallized and required a
volumetrically inefficient precipitative isolation that did not remove any impurities.
The presently claimed process allows for more volumetrically efficient isolation, a
reduction in solvent use, an increase in reactor capacity, and the capability of

30  removing impurities efficiently at this step.
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2) deprotecting the amne of Formula X to obtain the conmpound of Formula
OH N OO Xl 10; and 3) reacting the amne of Formula XI with the isocyanate
of For mulwOVDH/01449% anot her aspect, the invention rel at @sTius2410843366 | owi ng
novel internediates: WD 2011/014494PCT/US2010/ 043356 HHH2 (IITF) or
a salt thereof; (IIlIF-1) or a salt thereof; OH HH

The single diastereomer of the amine Il can be replaced in the process by the
diastereomer 111-1. Furthermore, while the HCI salt is preferred for compound 1l or
I1I-1, any suitable acid addition salt can be used.
The free acid of Formula Il is prepared from the ester of Formula V by
5 methods well known in the art, for example by treatment with NaOH. Preferred
esters of Formula V are esters wherein R' is alkyl or benzyl; more preferably, R'is
methyl.
In step 2 of Process 1, the alcohol of Formula IV is oxidized to the ketone of
Formula | by one of a number of possible oxidation methods, including:
10 iy TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy, free radical) based oxidations,
where TEMPO is:
A stoichiometric reagent, where TEMPO is disproportionated to its fully
oxidized form;
A stoichiometric or catalytic reagent where TEMPO is used with an
15 additional oxidant. Additional oxidants include bleach (sodium
hypochlorite); permanganate (any salt); manganese dioxide; oxone, a
peracid, such as meta-perchlorobenzoic acid; a peroxide, such as
hydrogen peroxide or an alkyl-hydrogen peroxide, such as tert-butyl
hydrogen peroxide; oxygen, either neat or as a component of a mixture of
20 gas (e.g. air); rare-earth metals in the +4 oxidation state, such as ceric
salts; iron salts in the +3 oxidation state; palladium salts in the +2 oxidation
state, either alone or as a cooxidant with an additional stoichiometric
oxidant; halogens in the oxidation state of 0 to +7; N-iodo, N-bromo or N-
chloro succinimide type compounds; a quinone, such as benzoquinone;
25 electrochemically
ii) An electrochemical oxidation;
i) A sulfoxide or selenoxide based oxidation, such as a Swern or Moffatt type
oxidation;
iv) A hypervalent halide oxidation, such as Dess-Martin periodinate or IBX
30 (iodoxybenzoic acid), either stoichiometrically or catalytically with an

stoichiometric co-oxidant;
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HHO '7 O N , 00 - (1V); (I1V-1); (V), wherein Ris alkyl, aryl,

al kenyl , al kynyl or benzyl, or a hydrated or anhydrous pol ynorph thereof;
02HHt - Bu.Wbl20N/Q449%I Bb); 5Detail ed Description PCIrUSeme/0e3svedi ment ,
the present invention relates to a process for preparing a conpound of
Formula | as described in Process 1. In one enbodi ment, the present

| vent i ony gl @ R5id P BIPRRSSRCH, SBEK LA FOTPUBLCAl cBOLTUbE. B as

descri bed |n Process 2. A pref erreép{:onpound 'OFornula’ Vis 'one

Rl is netRg) oroMnbemlzgn stoicbaengirieé iy abcatalyticaly with aestpichampelnicdtova) _

I n one enboglnent the present invention relates to a process for preparing
a corrpoun?.lX gn tI':orrml alll as described in Process 3. In one

errbodl Menyj) Arh@p@éﬁﬁ@@ﬁtybé\/cﬁmat% %'e?éﬂ%ét@nc#n&h@ﬁ@ﬁ&x@@rﬁt iPeRAbhEY a 15
ngound of Fornul a as described in Process 14 I n one

nmbddi rren@nd ﬁrﬁ@tﬁiv@séhﬁh pAVEARbN relates to a process for preparing a
corrpound Eﬁ eempﬂxe\ﬂ%%e%soﬂg t%ﬂ %?Igrl e?t% @ﬁcﬁzi%a&groegsegqsgr In one

enbodi nen esen |nven ion preparing a

conpound \nﬁ) Emsmdr@ bAsersoxigstsridedy.i DMP@cess 19. 20l n one enbodi nent, the
pr esent |nvent| nrelates to a process for preparing.a corrpound of Forrrul a

VIBb as deséyPl r?‘i’\oﬁd@%%@e}b‘)d employs pleagh @ sdhBkidaand HeMpiQ gant

I f | | N as
Idg\slgpf l't)l% 5t%ly§trt ggg%%ogl@@ﬁeéﬁgrﬂ{ulé’r\?ﬂ%'l&g SIS A s SIS Ratdr

10 wet methyl acetate was found to be one example of a suitable solvent for the

oxidation.
In Process 2 for the preparation of the compound of Formula V, the free acid

V1 is coupled to the amine VII, wherein R is as defined above, preferably alkyl, more
preferably methyl, using standard peptide coupling methods known in the art, for

15 example the use of EDCi and HOBt and a base such as N-methylmorpholine (NMM)
in a water soluble solvent such as acetonitrile; other coupling reagents such as o-
benzotriazol-1-yl-N,N,N’,N’,-tetramethyluronium hexaflourophosphate (HATU), bis(2-
oxo-3-oxazolidinyl)phosphinic chloride (BOP-CI) and carbony! diimidazole (CDI) can
also be used. In place of the usual agueous workup upon completion of the coupling

20  reaction, the present process comprises adding water directly to the resultant
reaction solution, resulting in crystallization of compound V as the hydrate. Filtration
of the crystallized solids leads to recovery of the hydrated V while the side products
largely stay in the filtrate. The wet cake of the hydrate is then charged to a solvent
such as ethyl acetate or toluene, and the solution is distilled to azeotropically remove

25  most of the water. Once the water is reduced to a low level, a non-aqueous anti-
solvent such as heptanes is added to crystallize the anhydrous form of compound V.

Process 2 is advantageous because preferred compound Va (R’ is methyl)

exists as two polymorphs, a hydrated form and an anhydrous form. Because the
hydrated form does not have a definite amount of water, it is difficult to obtain an

30 accurate measure of purity through a wt/wt assay, however the process that forms
the hydrated polymorph (step 2 of Process 2) provides improved control of

impurities. Conversely, the anhydrous form can be accurately weighed, but the
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I n one enbodi nent, the present invention relates to preparing a conpound of
25Formula I'l1F using Process 4, Process 5, Process 6, Process 7, Process 8,
Process 9WORnowa$#410 or Process 11. I n one enbedirmsealy/ondsee pr esent
invention relates to a process for preparing a conpound of Formula VI using
Process 12 or Process 13. I n one enbodi ment, the present invention

rel at e@rc}c%s%&f @%ﬁﬁ% il 8bePhEPRIMEE iﬁfgﬂlﬁ%@%defﬂ&ieﬁﬂ MpGeeds® pkedescr i bed

i n Process ne enbodi nent, present 1 nvention relates to a

pr ocesadVantage ep the dgsiceccpropenties off bdtb methadymibilesmpeswng hieel overalr ocess 17.
I n one_gnbodi t, the present invention.relates to a process, for preparing
a conpBURIPGY i Rarionsl 4 AgeEr e oheiminates e fae ForaTtBlEor ner

enbodi gRIoud WBsRESBPdallyHseBEREY With HIFSI/IROBR &9§idé bUpar@iuplihge conpound of
Formula Ills prepared by the conversion of conpound of Fornula Va (i.e.,

t heS netaagtiosst er of conpound V) to the corresponding acid; the conpound of

compound of PRSI S0er RS P8 ETESa AR S nS BT e b LB Redniie e hy 1) -
the 15sgle npfeeglmeaffomepﬂe@akétidrﬁofuh@mrrqdnhw Frrsrarsa 1.4 Stepmof Peocssspound
of Formula VID; the conpound of Fornmula VID is prepared by Process 16; and

t he cofseUIRIises qoBdeNsiAgIvaleraldehyds anddnplpnis aeiddr agsolyqdisuch asa process

for pr -' n .Sl 0g: k: b
compourirtre B SRl R Bl her ikl Bkt BRI sigh Py RELBH o3
Prpresgndér pressicaivith Pheetyifropene ahdtdheadiacatdipst\duch as H,S@) teobiin ng t he
conpound of Fornmula VI with the am ne of Fornmula VII-1 as described in

Pr ocesthezester BIsi.ail he eisterdBps tiercted Wity (01N (\rhenzyl-o-meathyhengslanget heI

' f F | [ 1] di 3;,.255 [ th
coter Bretedpilrtioppardtinsingel 25 5 Eariin2 soivent sich GTHEL BT o ne
aci d ob 0 fAH RtdrinaMidl éﬁb@at@m(gﬁﬁg{-)—ggﬁwl Ardthyben2Rbaifk Isherakg kol ?L

Forrmul a I'V and oxidizing the al'co according to Process 1.
anot hesite b oeactagt (S)tbdenzyl-phenyi ethglainmina andl rahesyltlithianphefoes thef or 30

For mal 204 Hion g TRy b dugregcton miture SYBLL. 1B et SBipotiexas dior il a | |1
Vi1 R e o T G b R S oD O EATAS R T T
the freecyaieoxy éster IIID. A similar procedure is described in Beevers et al, Bioorg. Med.
Chem. Lett., 2002, 12, 641-643, however Beevers et al use a temperature of -78°C,
compared to the more manageable -65 to -55°C temperature used in the present
20  process. In step 4, the ester llID is treated with an acid such as trifluoroacetic acid to
obtain the free acid, which is coupled (without isolation) with cyclopropylamine in the
presence of a dehydrating agent such as EDCi/HOBt to obtain the amide IlIE. In
step 5, the benzyl protecting groups on IlIE are removed, for example by a hydrogen
source in the presence of a metal catalyst, such as hydrogen gas and palladium on
25  carbon, to obtain the free amine IlIF. Treatment of llIF with HCI provides the salt lil.
Alternatively, in step 3, the reaction of lIlIC with the lithium amide can be
quenched with water or another proton source, the enolate can be re-formed to
obtain 11ID-1, which can then be treated with the oxaziridine to obtain IlID.
Other N-protected lithium amides can be used in step 3 provided that the
30 chiral center at the N is set.
A procedure analogous to Process 3, using the appropriate reagent in step 3,
can be used to prepare the compound of Formula IlIF-1 and its HCI salt, 11l-1.
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4) renoving the protecting group of VIII to obtain VIII A and coupling VIII1A
5with acid Il to obtain al cohol 1V, 5) oxidizing the al cohol.

| n anot hewoentiadi4vent , the invention relates to the preparatSzan/oaf3isé he
conpound of Forrmula VI conprising: 101) preparing sulfone VIN according to

Process 21, 2) preparing imne VIP and reacting it with sulfone VIN
to obtain the: mb%g | ' | it LG to the
free am ne gﬁ@q{ggcor ilﬂn@%mgﬁgcag{ésaﬁ %ﬂg}f ﬁ:né@@dﬁnb@%’é}té&é@%’ﬁgu%%{é&% th

phenyl fonlHElah ctemb of iProtdss Pie pepare other dadtseoftllbF @bddllR-115t he car banat e of

F la VIO, and ting VIOw th tert-|euei ording t 19. |
process 1 fBIOGES biokdar RESRHAHN PRERBAB AT SPMeBRRuEEN NG tE TG i g of

the i n2t4MRANIBHUE oBthif tRE aRNREALRY I'IIHd%deié?ﬁplérBW@e&fndé:rQWH @n htld, i s

acconpl i shed 20using standard peptide coupling nmethods known in the art,
f or5 exprgier@biyhd Clis Eowpling obtlHy witB-qyslogiromstlayirerisraguooplished dn Bodanmérde

EDCi ) . - b tL I in th f.a b h
N - ol PO ST CRoP AR Fistemny. SR opbaleBt APt arudh &b s or
t he amhfind hhd h9ardxiypgidupsNahen A endRAHre Mo rBis Barricdeowst Beéd@iesFor mul a
IV, which is crystallrized m et hyl acetate/water in high 25purity. The

fr
pr ocesknews ¢ theeart, Rreh@ed%’ggmiafatalm angdrerdyh preferiedRoPreNRSsa e eoner s
in Ste?lknaﬁcrgeﬁr} ture could not be crystallized and required a
vol umet 17 ¢l y'inmefficient precipitative isolation that did not renove any
I mpuri ti es. Piduesprefeihé predaaatied opconpsanalilivsmipoisespeduciog theet ri cal |y
efficient isolation, a reduction in_solvent use, an increase jn reactor
capaci e§amiedlicHy asyametig Yydreasortionin ablaimPlyrand eanvaring{lbhio heat thi s
st ep. T ' ecdi 2 ' TNAE d in
the. pr SABO g A SCELBRELRRITE it TSR RhG i Aot TReTEar ' '
pr ef er mathnEosintitambo timat ddskcribed lin PrdcesarB; step 4 abhd sabsehwaidideporiestidnt can be
used. The free acid of Formula 11]s epgred fromt ester .of Fornmula V by
ot hoenGeTINGrRNYroER TRy RS (whn BERBRBAY SLARHIS Carish RACRY
Pref er pRi¢c88FY _ndiin iPhadR Prafefe8R2GDUPE TS ialk nd%eﬂﬂ‘i%'pr@ferhﬁﬂ??" i
nore preferably, RL is neth In step 2 of Process 1, the al cohol of

For nul and ‘R7i$0m_9($ arezalfyt and é;hMI one of Formula | by one of a number of
(2.2, 6, o- L eF 1oy BT 10 PlnarBfion) hGgmepPhd WESEb Rarien hvdesatanr s
to obtain IlIL, for example by treatment with LIHMDS and oxaziridine, and conversion
of IlIL to the carboxylic acid IlIH-2. Coupling of IlIH-2 with cyclopropylamine is
20 accomplished in a manner similar to that described in Process 3, step 4, and
subsequent deprotection of the amino group (when R®and R are not H) is carried
out by procedures known in the art. Preferred R® and R’ groups are alkyl and
benzyl.
Process 7 for the preparation of compound IlIF comprises reducing the nitro
25  group of llIM to obtain amino acid IIIN, resolving IlIN by procedures known in the art
to obtain IIlO, and converting 1110 to the carboxylic acid IlIH-3. Coupling of IlIH-3
with cyclopropylamine is accomplished in a manner similar to that described in
Process 3, step 4, and subsequent deprotection of the hydroxyl group (when R? is
not H) is carried out by procedures known in the art. Preferred R? groups are alkyl
30 and benzyl.
Process 8 for the preparation of compound IlIF comprises reducing the o-keto

compound P to obtain llIL, which is then treated in a manner similar to that
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where TEMPO is: A stoichionetric reagent, where TEMPO i s di sproportionated
toits fully oxidized form A stoichionetric or catalytic reagent where
TEMPO i s weeadimitgdy4an 15addi ti onal oxi dant. Additional @xirdsnes/ou3ssé ude

bl each (sodi um hypochlorite); permanganate (any salt); manganese di oxi de;
oxone, a peracid, such as meta-perchlorobenzoic acid; a peroxide, such as
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type oxfepad.i RA s pmé@blwla alkyl @’rtb@mg:lrr c oxidant is a ketone 5and a
catal yst, such as Al vii) An enzyne based oxidation, such as al cohol

OR) 3
dehydr ogenaEéﬁce@ﬁlﬂ)f(ODit preeﬁ?éam%cqmpaaw Hrﬁscr@pgsefbm@jmg an A
pref er t I TEMPO as t he
cat al 5%% g W'ﬂgﬁﬁg)&g?grll—'or rru‘%ysy@ f@ﬁﬁlag%ﬁdlf trg?gmrLﬁ%qrr‘gny sol vent s:
wat er d@n\rmslonmfwu tactled abboxghc faordridHEb b?@uphreg ekahﬂﬂ%ewuﬁ a suitable

sol vent for the oxidation I n Process, 2 e tion

compouRFIGRoRUBRING FacesiBplshed inl fagner st gp et BschbeE R,

Whey el greBBla 'a"hoes%tﬁ%fqbaﬁfjdé’&%&troﬂrcﬁ‘ftﬁé%Nrﬁo%h&ﬂydr@%y] grar;fsf e R? BREhy |

usi ng standard peptide coupling nmethods known in the art, or 15 exarrpl e

t he usB @re Eotj-i)amuarneﬁto@w momgeslk@hwasnrthﬂ@mﬁnﬁrmafﬂrahw gy in a

wat er kvent .such onitrile; other coupling reagents such as
Mg RV RlsERE ARy (g

obenzo hyl ur oni um hexaf | our ophosphat e

(HATU) , bl S PPoce@$8s 320RE 08 ipf e tRE e8P MM by ethbptHed@isplBCBrdnt ofad car bonyl
diim dazole (CDI) can al so be used. In place of the usual ueous wor kup
rﬁfg

upon cle@ying groNPde. o heoropapndny 2Bnesinifbis, farrxammrisele ¢r o dBsoeasspr i ses
adgl N9 ¥AE el BIGiAd ¥t AR LRRIAERHS (BRYcess 13) with a sulfur nucleophile of the

formula (CHs)3C-S'M*, wherein M is H or a metal such as Na, Li or K, followed by
oxidation to obtain VIB. The compound of Formula VIB is then converted to the
primary amine VIBb (i.e., R® and R are both H) by methods known in the art. The
amine intermediate VIBb is then coupled with fert-leucine in the presence of a

25 reagent such as phosgene or a phosgene equivalent to obtain VI. R®and R are
preferably independently H, alkyl or benzyl.

In Process 14, the urea VI is prepared by subjecting compound VID to a
Curtius-type rearrangement, for example by treating with a reagent such as
diphenylphosphoryl azide (DPPA) to obtain the isocyanate VIE. The isocyanate

30 does not need to be isolated before reacting with S-terf-leucine to obtain the

compound VI.
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reaction solution, resulting in crystallization of conpound V as the
hydrate. Filtration of the crystallized solids |eads to recovery of the
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a, - unsehlgrifieethidsitane tombtaip the ydaethylsivbgnolatg, Vi o Atebiatyely oferi0 under
pressu i I : i : obtain
Phe esraety plloodie BB T cRficsale Bk G Bthcfcbols

(S) - N- teiheativek -of-cyelohgkdes zzh dei used iprséémA ab iplacat oft\di eT be veactiomnge of - 65

to -55C apd i .sol t h TH btain the int di at | at e.
(3 - e rolibin spofainge s grticinsohient Srtadiaad fandy ik Bup Vi °
( S5 beggyd ndr RN be tdbraRalskoR ¥britnbieith tidpHiBeRRIET Phb holsk iddi Li on

Cto the reaction mxture. (1S)-(+)-(10-canphorsulfonyl)-oxaziridine
i s t healkyladediwit teridudylsihdaremsdhyltsutfide uiing povcaduses ksowadr inali)(se® obt ai n

Boover BSWT ] &Y Eidib, L Cre dadt . € 20835 € b BT  omever eeevers
et al gseraukemerpature of -78C, conpared to the nore manageable -65 to

-55C tenperature used in the Er?esent_ 20process. In step 4, the ester |I1ID
is treated W stEPZOBRIasesadR, the ester isdardsakyaed o the free gcishidKnfarhe free

acid, i i WM j sl.ati: i | onr ami,ne in the
p?iedsjen(%\%%rgp léa%gﬁ%}l@*%ﬁi\%y ég’%%% éé’@@ha%al's'@nlgw\%%ﬁ %chrb(?gal?ﬁ’pke am de 111E.
| n st epydrolyisieeutdsrzBiongtent @citéwig agidicgonditiohs | dr By enzyeneveeiafedr exanpl e by
a hydrogen source in the presence of a nmetal catalyst, such as hydrogen gas
and pafVEAGH. ok PASBHEEIREINEY BBV SRtIAB: HEdARr o isteR S, HETRRer of 1 11 7
with HEbriBhfiviRSs RRiAR fo thelacidisulfortd V118 kxSl bptr8hiflertwiie reaction
of I11Cwth the [ithiumamde can be quenched w ter or another proton
sour cepotalssiuempeabgrumoshfates honel) rmhahtdrbperoxybékdic asld, on dirmethyhen be
treated with the oxaziridine to obtain IlI1D. Gther N-protected |ithium
amYesdioxifane (W¥ERP)-n step 3 provided that the 30chiral center at the Nis
set. o] i t j r eagent
h step 3, Pte (og S anBibobss TSR ot Sphz d SBRY RIS T
HCl sathat is] e thioeter pOdbinGE SABHACTTOUIBRGLIOOS 3BED the ester iskhiydplyaschind s
known {'n t(‘?&& art, another acid addition salt can be substituted for HC in
step 5thgea ocess 3 to prepare other salts of IIIF and 111F-1. Process 4
for the preppiceissors fof i pRYAMaIdH bfis66yBdNtS SE @BATPIRBsrBScig'g of |actam

II1Gto obtain the amino acid 111H, for exanpl e by treatmenf W th an acid,
30 commercially available cyclohexanone with an amine R’NH; (wherein R is as define

dabove) to obtain the imine VIM, then alkylating VIM with (CH3)3C-SO,-CHz-Li (VIN)
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Spreferably HCl. Coupling of IllH w th cycl opropylamne is acconplished in
a manner simlar to that described in Process 3, step 4, and subsequent
depr ot ectworzotfoi4se am no and hydroxyl groups (when R2 &na/UlR301a0¢3380t H) i s
carried out by procedures known in the art. Preferred R2 groups are al kyl
and benzyl; preferred R3 groups are alkyl and benzyl. 10Process 5 for the

o eP2r @ A PSPPSR OGRS o DRSS IR, AN BRTLR. S o P
car boxgésirechisbdyandtet 1. Coupl [ ng of II'H1 with cycl opropylamne is

li shed i I to t d i bed jn P 3,. st 4,
and_subsequEMCAsa I DIPEtS BiFRETatar LI A A RGN COgIERS HGRER 30, ko
and R7,& J?e BfforfAlld VIB@Mth %eﬂ?kh@fof%?ﬁ%ﬁ@ﬁﬂﬂ#@epﬁegé'@d@of & bkBe sach as

Preferre groups are al and benzyl; preferred R6 and R7 groups are
al Kyl alﬁE/éénpptam the carbannateééi@ evHigh lamefqrabtyartatfiedrbmryetaﬂiﬁ@und I11F

conpri I 0X | K to obtain | r eat ment
Wi {rﬁ }%&ﬁ/ﬁs%fﬂ %ﬁ% |t|?1?%‘eu§m? '@&ﬁ@é’r'@?%’hc (I?Tf’ﬂ)%e ngtﬁrﬁge‘Cg%b%xyl ic acid
|1 T H 2etigonkithiigtafidind. | the réwltanwshgbnﬁewlaérpr@feraﬂolﬁgaﬁmyl shed in a
manner simlar to that described in Process 3, step 4, and subsequent

depr ot eystadizapnt he ani no group (when R6 and R7 are not H) is carried out
b d d kyl d
penoyl - pr o LS RutoP e Brsiiaaydl e B P p et Bl L ua g

t hey ni tyslolZdgnone wﬂh lérl‘ b/htst@lhirwrmdérm tiee prasenkkldia defsalratimpagéntN by
procedures known art to obt al n 1110, and convert| n& 1110 to the
I

car boxw%aaa(@ﬁtlm tpro@ta'cdmme NP ofl heliminesisiheR tiapde dwith ¢ fitsdsCnS Qzs
accorrpgll_%h_q% Qnﬁ‘feﬂ e %a’@tl?ﬁrt%b%yrh%e Qﬁlﬁﬁ{é Q@lﬂnél‘ﬁldoer 6u§d \ﬁ ep

and subs quen eprote tion o droxyl group s not
carri edl@us hyyropzededth EIE| kmobtain the HEI aalt, th@nefeatedadntﬁk gasmpscraae aI kyI

30and hpe . . rocess 8 for the preparation of conpound IIIF
corrprigég)qg%“iar‘fbvﬁb a-keto conmpound IIIP to obtain ML, which is then
tregpted in PrdBeRRer for fhd areaa@aﬁ&%fv#@ésmphgés led'Pilﬁ@?él%—bﬁt)ﬂtﬁld?ﬁét%W L11F.

Preferred R6 and R7 groups are al kyl and benzyl Process 9 for the
pr epar atheowntbfh)wng;@m pdrqxndeFan@rspdimwngstateratm@nmﬂmbu@@elqw about bt ai n

le by, a.M b d
o A i Pl ReEBingne BT Ot phbRr sbEEES i iy datialieh ¢ Mo
Pr ocesgnd ekt tbhsh i8NGt B, GORNSWh tddted WA/ i-B6§ RBRIH G at he i ng

of epoxide I'l R with a nitrogen source such as ampnia orf an azide to

obt ai ntelrm;béiatlaeebfcabnuéﬁ%ﬁon of H S to the carboxylic acid IlI1H 4. Coupling
of Ill1H4 ro e acconpl i.shed in mlar to that
detri bed | S SRl of s irdpsed i fie BPR b Mahond

Pr OceS§uﬁhﬂnJr%dt|H%@bsaegrahharboﬂiorpem%@&d.ﬁd#oﬁomde%%s tneabidng 20
aziridine an oxygen source such as an al koxide to obtain 111U,

and cohm se\tmabad\rantagesb 'tfhe peedusof Sc aaainstable lospcOodpls lngladﬁd iN1H5

wth c e 15yace Li,s L& mnner s t described
' pr otis 958 PRLeE. B R IBabHER O B PR RO Bl Fleddlriniena
hydr oxylesghPPRSces8IPN FRe titthdionasfend Athidlbdistilfeaé Hnetthe WubBY¥ gk MGeshE es
known in the art. R2 is preferably alkyl or benzyl, and R6 is preferably
alXy| addibemnyProcess 21 are carried out at about 0°C, while in the process in the ‘968

publication, the similar reaction (S2) is carried out at -78°C. In Process 19, the

reagent used for the urea formation is phenylchloroformate, rather than phosgene as

used in S4 in the process of the ‘968 publication. In the process disclosed in the

‘968 publication, the isolated intermediates are purified by column chromatography,

30  while purification in Processes 19-21 is accomplished by crystallization.
Process 22 for the preparation of the compound of Formula | preferably

comprises preparing intermediate V by the process described in Process 2, followed
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Processes 12 and 13 prepare the urea VI by either the displacenent of a
| eaving group (e, g,. conpounds VIA wherein Pis, for exanple, Ms or Ts)
(Process wORa)1/mu498he openi ng of an aziridine ring (Pro®eTaSIBP/ows3sHh a
sul fur nucl eophile of the formula (CH3)3C-S- M+, wherein Mis H or a netal
such as Na, Li or K followed by oxidation to obtain VIB. The conpound of

F I h S r I d R7
re boch GG Vg R FEMYFECERV® tha ekl acTE by ¥Hoffod ibwr irfthe J76 B0, <
then cexphde by tieatreent Wihiai bese sudhhas Na€dtrtben @bualnr@t‘r&n@rﬁdﬂl witle Anas

phosgene .or qgui val ent obt ai,n VI . nd R7 are preferably

i ndepeﬁ&%’ﬂf"l'@ BB 05%%’[‘9 he pesung alodndfad ﬁjﬂSCFSfbt?ge‘Q 9%eS3 fle urea VI is
prepared by rryEbRC23 et tREHREdHALIYH Bf tie é‘or@ﬂb&hé‘%fﬁéﬁﬁufaeléﬁsfe%nge”ent for
exanple by treating with a reagent such as di phenyl phosphoryl azi de (DPPA)

t o dbt itarmediatesoyyilantethose. deskebed vt soness 230 dHoesombinaseibem i de i sol at ed

pr oces STERSH Sl A io4ft Lo BH Ry Pl & Shlut Yih ST e Rt parayP
condensublg aSYQJLm'y”leam@QQE(B@GPoﬁc@ﬂblob@ﬁwloﬁy)(IDIZPds edadtée V\fnmréwlammo
( CH3) 3C- S02- CH2- R1 (CH3).3C-SO- CH2-R1 or (CH3)3G S-CH2-R1 to obtain the

cor r espladohgf Eﬁ'lnf"l"ﬁ))\' teebtain g comapeyd of hpranda V1R ghichgs é@efljef i ned above.

The 5 d
e, 1 SEBIStbORd RASACRf RRRT A Fblplie IBRIERIRE Gifdhol BPESRRRL e,
nuto eop¥ii Frdaesamdshcﬁsﬁ F(riRG)( INGis, théw lokinlivesdl foyolstamatheawoph@durehof Formulalln

Process 1 é reparation of the internedi ate aci d/sul fone conpound
VI D, sf@ efce ‘?f‘é)fqr dO@CPPRati ng conmercial |y avail abl e cycl ohexane

carboxylic @¢hbss é’d"ﬁérhb{é ?%S%‘rﬁ i6Ybfihe %rhe?si bf PBEMARSG! &H’ﬁ;?n?e% thigt i um

di i sopropyl am de, en wt or ot rinmet ane to obtain
trinmet l‘ﬁ;acilolnydf tee drhiteeofFormulaMIB witkt ﬁheaq}fpnetdié-'rormrlaak/ﬁ\l abcclyitrig)tl:exane

carbox lic ac clo exane and t her deri vati ves of
cycl oh r%%ees céaﬁtoo‘é G‘ Cg'rB?’ ?(H C%‘ f?‘ﬁg[)r"é’ tion sol ution
copy ai ph@gyng’ihlkir@raﬂnu@%@otewleweme ﬁ@@@d’fﬂfédﬁﬂ%@@@%ﬂ‘gr FrbRablhuy P/ H
15does not need to be isolated before continuing with the procedure The

enol at & Prepared aadescibeachin Bioceps 29| andithe suiens/VINig pieparedpag procedur es
known Bg%ﬂfeoal'ht!?r%i%g? ?ZI ght et al, Bioorg. Med. Chem Lett., 1996, 6,

2053-2 obtai ester/sulfone VIJ. In step 2 of Process 16, the

ester is hyﬂ’lr@cteﬁé% foo th@@rég&?@h@ﬁ:bﬂthevdzd‘inpé@nm gPFenadRl ¥ doymprigat ment wi th
a base such as Li O or C50H, b drol ysis under Bronsted or

Lewi s GeYRANG @srﬁm pt)ﬁgrmwa Wk@ﬁwyrmh@artiwé th?@mn?gf Sormufsr Bk er r ed
e g SRR K R B AR Pl T ah e o V¥
pot assusuimgpmowymmmisl tbadt&ammnerafr)memommmnm@frmmbﬁale d hacardineasf
di met h¥om213I%| )?IXIS rrgggceé DNE%OPhe isocyanate VIE to obtain the compound of Formula IV.
In the specification, the following abbreviations are used in addition to those
identified above: Me=methyl, Et=ethyl, Bu=butyl, Ms=mesyl=methanesulfonyl,

25  Ts=tosyl=toluenesulfonyl, Ph=phenyl; THF=tetrahydrofuran; LDA=lithium diisopropyl
amide; TMSCl=chlorotrimethyl silane; MTBE=methyl tert-butyl ether; RT=room
temperature; TFA=trifluoroacetic acid; 2-MeTHF=2-methyl tetrahydrofuran.

As used herein, the following terms are as defined below unless otherwise
indicated:

30 Alkyl means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain. Preferred

alkyl groups contain about 1 to about 12 carbon atoms in the chain. More preferred
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Process 17 is simlar to Process 16, except that steps 2 and 3 are
reversed, that is, the thioether portion is oxidized to the sulfone, then

t he est erwD=0twydepyzed to the acid. Process 18 for thePprasasiaouzsse of

i socycante VIE conprises reacting 30 commercially avail abl e cycl ohexanone
wi th an am ne R6NH2 (wherein R6 is as define dabove) to obtain the imne
VIM t i ft . fiés Ir rﬂﬁ?e‘?ji a. The
am ne ?g@égtﬁsgiﬂngﬁnkéoﬂ}%um tgraﬁ)gl??é%gﬁl%aand b:dotr?\%\eér%% that e Jgg%(bgd

i socyatiEtene or morePloyessekyl gréwrs suh as ot ethw! of ptapy!, wreattathédtoral a VI
conpri ses trlga]ti n&an amne of formula VIBb with phenylchloroformate in the
presen Rega yb%? 'such as 5DI PEA to obtain the carbamate VIO, which is
preferably M!kbﬁ%lle%ébhscrhééhéﬂd dt nt%-bryhéhéosanm%cr@m@&bwhtghoup
tert-leucine in the presence of a base such as 1,1, 3, 3-

t et ¥ anePRtAIRjDa [t Rask ongarbvgaten dahie dand avd gampiising elbll2 puabpiied by

. ) . ¢ . ) . |
condendriaroad et BEERSoIE HleraeL PR L BE R R 2 A P ecence of
a dehydariomgtoageintths wphiraandirh&f préférabfidisiut 2 i disolll6Rcarbbe atéfBeni s then
treated with (CH3)3C S02- CH2-Li in a Mannich type reaction to obtain the
sul f ont&ENANnAAWRS Alsybumgans @bovt Hte abpyhp spibaiyatgmsindbe ahginobt ai n t he

HCl  sal i : i ; 2 Process
1 et 180 5 SpUGH: 81 3y nBaRomdaageRAHes Al Sy 275

et her wdidehgiiheogk proeenyki rdbutemy!, Sedietiylbutr2rengl, @-péntanyleoptengt ane bel ow
about ao C to ,obt ?i n é/l F; Kk elpi nq tﬂe t enper at ure bel ow about 30 C avoi ds
vol at i I5FFH AnRreigse erpé!f@ YRS P omet hyl ether. VIR is then reacted

W t h n-but ybkakish RIRRICTydn : st eps
S1-S5 of the L?o%egg@az‘itss%l %sed I’ircn yfyﬁ%&ggg%gﬁﬁ igé}éttaﬁgﬁ@gg?aggﬂhgri zed in

t he backihoduearbpoittiplerband and whinhevay ibeatiaight rrivesshed and cethpaisthd?1 have
sever al vant ages, , Jhe product .of, Si, an.unstabl e conpound,, is isol.ated in
She oRBBiy2Rs BRSE | BRpHds D thSohe il IR BR A RIBE Ui e 268Ut

i nter nedb abeut M2 icAfbdi 8RN inRfhe®a; 2hd Mbee pasfeRbivab&lt 2 fieabdithd at ed

sul fone and the subsequent imne 25addition in Process 21 are carried out

at aboGarben, ateris ie the chaw. Branehes mgappdhatgrs pumore lawssralkyligsowpsri | ar

tho. ur Sact 36 e P i SF e B netite & PEER 3o o S8R WL eq o
S4 in tieangraboes 2 tofabidue 6' @EBomatdms af iherchdim wihich prayarsstraightbosed in the

' 968 publication, the isolated internedi ates are purified by colum
chr omg@g}éﬁﬁy!‘logdwm% exampiesak $Wiablealsyplreurs inelyde ethyayk ereminyhed by

Cry@tatlﬂtgw;%d ﬁwﬁﬁgugﬁgpﬁ or the preparation of the conpound of Fornula

| prefera conpri ses pr ring internmediate V by the process described in
Process 2, YAuyl"oweans by acomatic morgodybkic oetwticyeld 6ng¥ystent bemfrisimgaci d | |

b t hod i h t, f | e by t t t, Wit h
N PHe & BiPouiol4 FEbRbitomS. ailEraRY 2he A F0GHd Ciares g entne |
resul t 59 gl iPEEN baopliBRSHy Q%btit&legfvﬂﬂﬁéﬁe br n%r@c'ﬂ,ﬁé,s?&efrﬁéult)ﬁﬁugﬁ paration

of the conpound of Formula | uses 5internediates simlar to those described
i n Prowbish may bedheseants aedifferent and arelasdefisad herefar Noa-limitinggen- pr ot ect ed

amne Qf , in. I roup, s t - butyl car bonyl (BOC)
o?sgfar%(()abrgﬁge%}gg%y\'{%b)@ﬁ&hg@%bsé'lg&%é\wﬁ?ﬁwﬁ{%aﬂ#ﬁghg‘?cohol of Formula Il to
obtain a comhewothpafunderofFoamMld NliF avd AIF-it Sahferm GaRs Qlteeh afk ard wigast ed
wth an acid of Fornmula VI _to obtain the al cohol of Formul a

the scope of this invention. The term "salt(s)", as employed herein, denotes acidic

salts formed with inorganic and/or organic acids. Pharmaceutically acceptable (i.e.,

non-toxic, physiologically acceptable) salts are preferred, although other salts are

30  also useful. Salts of the compounds of the Formula IlIF and IlIF-1 may be formed by

known reactions, for example by reacting a compound of Formula IlIF or 11IF-1 with
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101 V. The al cohol of Fornmula IV is then oxidized to obtain the conmpound of
Formula | as described for Process 1. Process 24 for the preparation
of the cowpaandiefs4Formul a VI conprises the reaction of PChaS2enofne3366
Formula VIP with the sulfone of Fornmula VIN according to Process 20 to
obtain the amne VIBb, followed by reaction of VIBb with
LoPhemanCdingURf oF 4 Ssuchhad ' o] £uln OGRS B il
Preferably, VIP is preupar edagg Be\)gg*ﬁg?@"ﬁﬁ gﬁ%ﬁ'léés (fu% J& (frﬁeeﬁ]s\&ﬁlfzgne VI N
i s prefbe édlt pseclpitates loedh an dgueoces sneliumPr ocess 25 for the preparation of

t he conpound- of Forrrul lV.co i ses coupling the acid of Fornula I X (known
inthe art)%ﬁe{W'?We agj aﬁglt@p%ﬁsrqulggﬁapetatg@ FRAtes PRNEO@Rept i de

coupl i menEehEQsNateY] RN S Horaes! B@t]yFaeféé'lélﬁ‘QttesaHé@Ehéréféé ng known

met hods to obtain the am ne compound For'mu e am ne of Formula Xl
i s ?easpEPhArswianates, Jomprates ehydrechlorides diydrorentidemcwatioiotiides; nul a |V, I n

t he queé: tIa e%aHa? tS%C@ oI I OWF?\@? abbrewtﬁ?‘eon & re tg?erﬂtrét%sag%lglteosn to

t hose | |f|e

Ms= msstplhe hateseptd fcs?rfatés sHhidpiateds ¥lLicti ﬁété%”%#’ét ey ‘?cf!%/la
THF=t et raﬁpdr of u?ar? LDA=I i t h?Sm dii sol%l’o yl amtE de; Hareﬁ@spm gt F‘;Sr‘ret hyl

si | anelol RIES (adsq ki asdesdatesikand cbbﬁi‘riIIS%n‘b@dlh@mlb', acids which

heref ng EQF*?@??&%%%%? SRR g R R R S PTG
i Nt cafrod basxmplmrmaeaummompomhas iate kjstuesad, b@ﬂemmgge \WFE (f)\snt&g%/gﬁf/ Che
car

straight o| g ngh and c rising about 1 to _about
chai n. % 28 %52‘@ O@PBENEP OaRVaraUtasd Salts. Peorsstes Sefeefianaid dsens in
Lne, S RV, B8 BR SO BREBL R R oo

cont ai n about to 6 carbon atons In ans t hat
one or (1bi7e 866het-181 Ry Gaplduptersatiinas. aEPhytmacdticls (098G IPRD1-2a17€

br anchad s B ehdle s A eeiaeco B sins @@%ﬁ%@?ﬁﬁ%)gﬁgﬁ%&f Siras e
cardhonyos; ke oY ©rfedBasR (FOsIP R SiudAdRMKtraidro V%’QH@% b QR atons

in the chain. Preferred al kenyl groups have about 2 to a car bon
at ons M?”'t\H@b%'Fﬁil ﬁhe%ﬁ]disﬁ{ﬂsequ&@lfeelnabmoratledw[eremtby ptfernence tbenelb@n atons in
the chain. "Lower al kenyl"™ means about 2 to about 6 carbon atons in the
chain which may be straight or branched. Non-limting exanples of suitable

al kenyl groups 10i ncl ude epfeparhtioncFombpoumd¥ieny!l, 3-nethyl but -2-enyl,
n- pent enyl, octenyl and decenyl. A preferred al kenyl group is allyl.

OMe 2)LDA MeO._OSiMe,
b) TMSCI, -10°C >< >Ls CoMe
THF s ¢ /ij

viG cat. ZnBr,
VIH

20 LDA was made by slowly charging n-butyl lithium (2.5 M, 159 kg) to
diisopropyl amine (60 kg) dissolved in THF (252 kg), keeping the temperature at
about -20 °C, followed by agitation at this temperature for about 30 min. To this
solution was charged cyclohexane carboxylic acid, methyl ester (70 kg), keeping the
temperature below -10 °C. The mixture was agitated at this temperature for about 2

25 h. Tothe resulting enolate was charged TMSC! (64.4 kg). The mixture was agitated
at -10 to -20 °C for about 30 min, and then heated to about 25 °C and held at this

temperature to allow for conversion to the silylenol ether Compound VIH. The

VIiJ

reaction mixture was solvent exchanged to n-heptane under vacuum, keeping the

temperature below 50 °C, resulting in the precipitation of solids. The solids were
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"Al kynyl " nmeans an aliphatic hydrocarbon group containing at |east one
carbon-carbon triple bond and which may be strai ght or branched and

conpri si yoabouti4@4t o about 15 carbon atons in the chai RCTRiSedienu3ds al kynyl
groups have about 152 to about 12 carbon atonms in the chain; and nore
preferably about 2 to about 4 carbon atons in the chain. Branched neans

t hat ; .et hyl. |
at t achanered SAf SuesheRtwl hilerta o itE s, B tomoified hindhe B R8be ahou
6 car boraetiammixtore. h€he haheptahé eixtury ob €odtgAinghVIH wakrcneBRfatedashddrm ti ng

exanpl es of sui | e al. | groups include ethynyl, propynyl, 202-butynyl
and 3- H@PHVP}J%?‘?/EB‘I"‘.M W'm/@("? 'y| " means an aronatic monocyclic or

mul (1 0yCl i C In GBI RIREAS LB, O, [ ROMINd 8n6E A0 AR

preferably about 6 to about 10 carbon at evary

opt Pondl1#yp kgjbshhe tenaekratura of tiee pincraturey vais regljssted ¢onabobs20 PGeNtsthewhi ch
may be _t he Saue, or di fferentl, rcg‘%d a({ﬁﬁas defined herein. Non-limting
o5examf &sSBITY WA SPiultanegpsly haree sRItizhehPmpaund it #d 2- The
compouThtorefefiyisulanyl-blfiedilohd el cuan k{;PF{eW:‘ BRbEE My CEnake BliPodd NI N
t he sc%oe of this invention.” The term"salt(s)", enpl oyed herein,’
denot e$, 28982058 keering thailtepparature hgiow 5564/ Afteocaaplete additisn, the

Phar maceut. i cal e (i, ., -t x4 ¢, physi.ol ogically acceptabl e
eart o ARG A o BERER IRl 1o it o B B ugh Bk e badhediner ¢ e
copounts edolédiéo Foroulse. | Alsonidnl dfl ditufe B8Yed®s HEI TR tR¥n I&'ﬂﬁm'éq]ea(:t i ons,
f or ex%rrpleb reacting a conpound of Formula IIIF or Il1IF-1 th WO

2011/ 0X828WECTHe teppemtorsbseavasn Qapditd @, falowed byenseparatioreqfitheal ent

queouSuBq AndoiGafieil s @BGrd odbilind tf e BYBR. Mo Gaaitueber ™"
ascor batasswasieew with eguebas NalGOkL hadavser. The Wraiiesayddava eSlvelut yr at es,
citrates, ca (P rat es, ? anphor sul fonates, fumarates, hydrochl ori des,
hydr ob%m%{&? Mﬁﬁlm _gaéggcva@t%ﬁfé'?}'olﬂak@%még thenemeei@duner keiaweb, °C,
napht hahgnepeht anasigdon @El?r#a‘?x%’l f&’?ﬁhﬁéﬁﬁroc@?&ﬁg Egt(?oﬁnp&ﬂrrgd;\/ﬂeak\%ﬁ\’/e

sal i cyl at es, succi nat es, ates, tartarates, I ocyana
t ol uen&éald fod feregoyrd Vbl Rk B8vhkaémbles yiedt es7.90). t he |i ke. Additionally,

acids which are generally gonsidered suitable the formati on of
phar maceuti cal |y usef ul saf?fe?afﬁgPPcﬂﬁdg%p@%\ﬁ%ﬂ%ceuti cal compounds are
di scussed, for exanple| by P. Stahl et al, mlle G (eds.) Handbook of
Phar maceutical Salts. aper tCegve Sel ecti o nd Us%io 2002) Zurich:

Wl ey-VCH S. Berge et a, rnal Bf a%??r c@u@ ?Sci ences (1977) 66(1)
1-19: P. Gould, InternatiogallJ. of "Piarhmceuti 1986) 33 201- 217:

Anderson et al, The Practice of Medpgigal Chems (1996), Academ c Press,
New 15 York; and in The Or¥dge Book (If'ood & Drug VAdmi ni strati on,

P by TP s RSSOl SR IT T M ACREBEHT S

20 solution), water (270 kg), NaOH (70 kg), and methanol (603 kg). The mixture was
heated to ~70 °C and agitated at this temperature for about 16 h. Upon conversion
to the sodium salt of Compound VIK, the reaction mixture was concentrated under
vacuum, keeping the temperature below 55 °C, and then cooled to about 25 °C.
Water and MTBE were then charged, agitiated, and the layers were separated

25  (product in the aqueous layer). The product-containing aqueous layer was further
washed with MTBE.

CHCl, was charged to the aqueous layer and the temperature was adjusted

to ~10 °C. The resultant mixture was acidified to a pH of about 1.5 with HCI,
agitated, settled, and separated (the compound was in the organic layer). The

30 aqueous layer was extracted with CH,Cl,, and the combined organic layers were
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VIJ VIH 20LDA was made by slowly charging n-butyl lithium (2.5 M 159 kg)
to diisopropyl amne (60 kg) dissolved in THE (252 kg), keeping the

t enper at Wwe 2at1/alpdut -20 C, followed by agitation at thiPSTiUSeQen&I386 € f or
about 30 min. To this solution was charged cycl ohexane carboxylic acid,
met hyl ester (70 kg), keeping the tenperature below -10 C. The m'xture was

agitat i e was
char geg%f%gésk% g}ﬁz%h?ﬁ#{ﬁrfﬁ@%ii&gés agﬂ% g-gg?fg n‘fnd’\?gyt oC y'& @ about
30 m nCamplomritemmeeﬁm kgqnadiaugieR5= G8akg)he8 @dlctlaitsd: tm ansrmoune al | ow
for coraég SMB;% hg e silylenol ether Conpound VIH. The reaction m xture
was sol ﬁg d to n-heptane under vacuum Kkeeping the tenperature
bel ow 50 C, resulting int i
2011/ 014494PCT/ US2010/ 0433@%%’??3%@
wash was conbi ne@&

ds. The solids were WO
rhd;ﬂ?hb th n-heptane, and the

t h trmmrhgm%em@@z@kgs@l 1Xt ure. The n-heptane

m xture of Conpolnd VI Hwas concent[Gabes under u MHliluted with
CH2C 2. In a separate act or was—echarged—€H2C 20(5 ) and anhydr ous
ZnBr2 5(14.5 kg). The tenperature M¢OH.HBOzi nc sl urr s adjusted to about
20 C. To the zinc sI wiky was sinmul ta?fé6usly charged the sol ution of

Compound VI H and 2- chl or rrethlsulf 2- et hyl - ne (63.1 kg, ref:
Bi oorg. Med. Oﬁéﬁﬂcﬂ el@s Cﬁ \88"62&@%2/%@BQXOW@?&BE@%M@W&%@@We bel ow

45 C. ng@zwaoé&w% %ﬂg'sbl&i'an ih e nr@'%?] Ui N aﬂ'rﬁ.%ﬁgwda%t%&%gg{n o2 h at

35 to af ter the reactio was coo 15C. A
sol ut i ghof 24jhlaltaetea¢pmatwe kCabuoats 1% AGnduariveg waith tiree@aorgpbined WéKper at ur e

between 0.and 15 C, ovved paration of .the aqueous and organic

| ayers (@ézsqdrtgos%fBHﬁ pPH”%%@m%el%?Sﬂeﬁ? Oxgrie“ovanArenehgbwithias washed
Wi a LEXES e I nged to
rremangﬁgg?ﬁsv%uum Ui st |%§§ﬁomn&“§egg%ﬁgé@ﬁb%er%gﬁé %rrges\éggfaotgﬁ?fggc 15and
kept asqae@uﬂ layeowasrbamem{mted wrthfﬁjﬁmigrarmmeemnbugeucpr@@mmound VI K.
Active Ylt% ] of Co und VIJ = 8 7 M Iar yield = 57.9% . Preparation
of ConfRURY"RE R'9gN! rggvegiwi% SdWIHWR®Fo a fresh reactor was charged

Conpound VI hé98s &
NaOH (70 Ko) T and ot nanan Coa o) or e e U e, T2

agl t at e@MEouNE; WD, eibentanameas @?arabduandmehresuﬂmg slomy evasi agitated fdre SOdI um
w213, OB AP oY o b B B BLASILT Ruta SRRk YA, S
and MTBie wer eakehwas elasheddvitragitdptaras, TRE et Raks WY @ dnoR eseiRas A S
followed by the addition of n-heptane. The resultant solution was then concentrated
under vacuum, keeping the temperature below 35 °C, to allow for product
precipitation. The resultant solution was cooled to about 0 °C and agitated at this
20  temperature for about 1 h. The solution was filtered, the wet cake was washed with
n-heptane, and dried under vacuum at about 45 °C to yield 68.7 kg Compound VID
(molar yield = 65.7%). MS Calculated: 262.37; MS Found (ES-, M-H): 261.09
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25(product in the aqueous |l ayer). The product-containing aqueous |ayer was
further washed wi th MIBE CH2CA 2 was charged to the aqueous | ayer
and t he twoperiatiwoe was adjusted to -10 C. The resul t anPCRIUSRU0B43886
acidified to a pH of about 1.5 with HCl, agitated, settled, and separated
(the conpound was in the organic layer). The 30 aqueous | ayer was extracted

with CH2d 2, and the conbi d organi c .l ers I WO
2011/ 014494PCT/ US2010/ 04333%98?6%&" of (%yre)o_eawv‘gs\f;ﬁ ution for further

processing to npound VID. Active yield of npound[ VI K = 92. 71 kg (nol ar
yield = 98.5 k) . Mpdgal GGPaFeM: 319(13; ound (ESY M H): 2p9.11
Preparation ofy-€oapeund VI'Pyene | -2 N3 IKHSOS:KHS QIS S{ Oxone) b.
WOK H20 25C 5VI B Tosa meact or wa ar ged -wat er ~( g), | Oxone(r)
(92.7 kg), and Compound VIK (92.7|kg act+ve as a sol utionn CH2O 2). The

reaction mxtureVvidas agitated for about 24 h at a tenpergfure of about 15
C, during which tinme Compound VIK oxidized to sul fone Conpound VID. The
excess Oxone(r) was que'ﬁ?@hﬁézo\?ﬁ'th 1 gueous Na25205, the reaction m xture

was settled and the | ayer srsepar at ed; Jhe HgysOJHayer was back-extracted
5 C i

with CH2A 2, and the conbji fed pr oduce™ ni ng organic |ayers were washed
with water. The sol uti® 9 tfen cqpcentrated under

vacuum To precipit at e E@npeeond2% D, n- hept ane was charged, and the

resul ting slTora eagker wgs chakgedi Gempdahd MIDA68M kg)atolaene (pkt kg)imadof about

30 C i mxture was filtered nd t he t cake ed with
- hept XY (GRESY, he gt o8 MRRup v o sehete B e ttkef Uil TR RE TR ¢ on
of #1- hephaifiens T eerheve! Watet (gt KFOD. 08%) ! ThR reapteidrpedtudess vacuum
keepi ng t he tenger ature below 35 C, to allow for product precipitation. The

resul t AU (@ 8QrCuddPRAAY 34 ka) wasocharged avea 7dyianst e maturaivaso
b S aBbeMchals AUt MINSS el PP VESE NP,
kg Conpoidedthd RaCtioh anixiuire wéstdiled 89 abddt (CR § dCairetiguetichedAuithS Found
S/FS_ ' %Egéusz ﬁ%H%903.VPh§ 961811,{ Ig%\??n%ﬁﬁguggza%%tg/teod%?)s?é?t%dpé r?c? ?hrealtaiyg Ps vc\)/]; reCorrpound
10  separated. The aqueous layer was extracted with toluene, and the combined
isocyante Compound VIE organic layers were washed with water.
In a separate vessel was charged L-tert- Leucine (L-Tle, 30.8 kg), water (270
kg), and EtsN (60 kg). While keeping the temperature at about 5 °C, the toluene
solution of Compound VIE was transferred to the solution of L-Tle. The reaction
15 mixture was stirred at 0 to 5 °C for about 5 h, at which time the mixture was heated
to 15 to 20 °C and agitated at this temperature for 2 h to allow for conversion to urea
Compound VI.
The reaction was quenched by the addition of aqueous NaOH, keeping the
temperature between 0 and 25 °C. The reaction mixture was separated, and the
20  organic layer was extracted with water. The combined Compound VI-containing
aqueous layers were washed with toluene, and acidified to pH 2 by the addition of
HCI, at which time the product precipitated from solution. The reaction mixture was
filtered, washed with water and dried under vacuum at 65 to 70 ° C to yield 79.7 kg
crude Compound VI (molar yield 52.7%). MS Calculated: 390.54; MS Found (ES-,
25  M-H): 389.20.
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VI E H2ZNCO2H L-Tl e Et 3N, tol uene, H20 To a reactor was charged
Compound wbRo{1ag444kg) , toluene (531 kg), and Et3N (31 kgi/usié@oifsstion
m xture was at nospherically refluxed under Dean-Stark 5 conditions to
remove water (target KF <0.05% . The reaction tenperature was adjusted to
80 C, DPPA (73.4 kg) was charged over 7 h, and the m xture was agitated for
an addition f sk (dbbuvg@°Che
azi de, the fggﬁﬁ%gﬂér#lj ure snggg %l?gﬁg ?E?I%C?ggg C an(\g quencheg W th
aqueousfoNewed®y ciutingés R T.afypinakiesoeenyds 945 twithean inweasein BWAtytFRM| ayer s
were 10 sep ﬁ‘g Jhe aqueous |ayer was extracted with toluene, and the
combi nedPY M @9 npound VI E organic |ayers were washed with water.
In a separate vessel was chpy ahthfﬂCo#@dUﬂiEVéL Tle, 30.8 kg), water
(270 kg), and Et3N (60 kg%w( | e keeping the tenperature at about 5 C, the
t ol uene sol ution of Conpougd VIE was transferred to\t/he solution of L-Tle.
The rea onlmgture E—E\ gred at 0 to 5 C for ut 5 h, at which time
H ONIBEQ

t he mx e &aped w0 C and agitat ed Sulemperature for 2
h to all of Q/‘ nver si on Ho ure,;mCorrpo d V. H he feaction was
gquenched b adﬁ]\tl on_eLaqueeus»NaO-l,/s oterrper ature between 0
and 25 C. The reaction mgotUrEsWASH separ%t e vgrganic layer was
extracted withM water. The carimed Conp ound -cont al n| ng aqueous | ayers
were washed Wotdreiactaravas cmgedcﬁmmpoemd Mo (PH6 kabyCempozadiVil-di4842 kgl , at

whi ch h f I

T o B TR Bl P P g B ERE  B e hes
79.7 k BOQY) a.tb MS
Found ?E@ W@M\Cﬁ ?gg\%gbﬂﬁé?&%g%e‘gﬁﬁgﬁ %/%@Eﬁd&tg&g%ﬁlhe&% t ggrrpound

]y| | : s f gr xtz)aée fpuabcbtutetjhbgrn@ them i 3fytd 40 CEzahwhichrtine waterpaschagad to
bur 1€y FdiaiasGontssPe a0 B F iR Telye 2 shds T 2o BB BPefs "

EDC , HBhpeiMe 18P¥Bo8\d FHIMpound Va was filtered and washed with water. XRD

data for the hydrated polymorph of Va is as follows:

i i . Relative
le/-f\fg;telon d spacing Intensity
(Degrees Strqng,

2 Theta, 0.2) | (Angstroms) | Medium.
Four most distinctive peaks
7.3 12.1 W
8.6 10.3 S
12.9 6.9 W
223 4.0 W
Second four most distinctive peaks
18.6 48 W
27.4 3.3 w
285 3.1 W
29.3 3.0 w
Third four most distinctive peaks
11.6 7.6 M
14.6 6.1 W
16.3 5.8 w
17.1 52 W
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To a reactor was charged Conpound VI (87.6 kg), Conmpound VII-1 (48.2 kg),

HOBt (6 CN (615 kg). The reaction m xture wa bout 5
C, and N (Zggl%%ﬁand EDC (53.4 kg) were charged. The%g@&%%@ﬁﬁ)ﬁ%g@ heat ed

to 20 to 25 C for about 1 h, and then to 35 to 40 C, at which tine water
was charged to 10 crystallize Conmpound Va. The reaction m xture was cool ed

to 5 C and m%c&m@:@:@%%g?gk%%sfcﬂ?rﬁ@@% adrdin (eAEBPHNE WA J8solféd tered

and washed or t ydrated pol ynorph of Va is as
f ol | owsin eyl facatate ah 28rig13@ MeFhesslioniveasawasbe@ with apagiuerus AGst r ons)

T i B3R g N, SN B o B B RERED. Sk
under vacuum, keeping the temperature between 35 to 50 °C. Additional ethyl
5 acetate was charged, and the solution was heated to 65 to 70 °C. While keeping the
temperature at 65 to 70 °C, n-heptane was charged, followed by cooling the resultant
solution to 0 to 5 °C. Compound Va was filtered and washed with an ethyl acetate/
n-heptane mix.
The wet cake was dried under vacuum between 55 to 60 °C to yield 96.6 kg
10  crystalline Compound Va (molar yield 79.2%). MS Calculated: 541.32; MS Found
(ES+, M+H): 542.35.
XRD data for the anhydrous polymorph of Va is as follows:

Diffraction d spacing Relati\_/e
Angle Intensity
Strong,
> 'Igr?eetgfe:?).Z) (Angstroms) Mvevdiugw,
eak
Four most distinctive peaks
6.0 14.7 W
10.0 8.8 S
10.5 8.5 M
17.8 5.0 S
Second four most distinctive peaks
13.3 6.6 W
16.2 5.5 M
21.7 4.1 W
22.8 3.9 W
Third four most distinctive peaks
9.4 9.4 S
12.5 7.1 w
17.0 5.2 M
19.7 4.5 w

15
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18.6 4.8 27.4 3.3 28.5 3.1 W29.3 3.0 WThird four nost distinctive peaks
11.6 7. 6W$%}31/061M]94W15.3 5.8 W17.1 5.2

PCT/US2010/043356
Preparation of Compound lliB
pyridine \/\/\/U\
nB

Pyridine (92 L) was charged to the reactor and was cooled to 5 °C. To the
cooled pyridine was slowly charged malonic acid (48.5 kg) and valeraldehyde (59 L),
5  keeping the temperature below 25 °C. The reaction was stirred between 25 to 35 °C
for at least 60 h. After this time, H,SO,4 was charged to acidify, keeping the
temperature below 30 °C. The reaction mixture was then extracted into MTBE. The
organic layer was washed with water. In a separate reactor was charged water and
NaOH. The MTBE solution was charged to the NaOH solution, keeping the
10 temperature below 25 °C, and the desired material was extracted into the basic
layer. The basic layer was separated and the organic layer was discarded. MTBE
was charged, the mixture was agitated, settled, and separated, and the organic layer
was discarded. To the resultant solution (aqueous layer) was charged water and
H,SO4 to acidify, keeping the temperature between 10 to 15 °C. To the acidified
15 mixture was charged MTBE, keeping the temperature below 25 °C. The resultant
solution was agitated, settled, and separated, and the aqueous layer was discarded.
The product-containing organic layer was washed with water and was concentrated
under vacuum, keeping the temperature below 70 °C, to yield 45.4 kg Compound }iB
(molar yield = 76.2%) as an oil. Compound Reference: Concellon, J. M.; Concellon,
20 C.,J. Org. Chem., 2006, 71, 1728-1731
Preparation of Compound llIC

\/\/\j\ HsC~ “CH \/\/\/ﬁ\ ~t-Bu
A OH 3 3 0

cat. H,SO, nic

ns
To a pressure vessel was charged Compound B (9.1 kg), heptane (9 L), and

H,SO4 (0.5 kg). The pressure vessel was sealed and isobutylene (13.7 kg) was
25 charged, keeping the temperature between 19 to 25 °C. The reaction mixture was

agitated at this temperature for about 18 h. The pressure was released, and a

solution of K;CO3; was charged to the reaction mixture, which was agitated and

settled, and the bottom aqueous layer was then separated. The resultant organic
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W WO 2011/ 014494PCT/ US2010/ 043356 The Conpound Va wet cake was
charged to a fresh vessel and was dissolved in ethyl acetate at 25 to 30 C.
The sol utWV8Rdd44%shed with an aqueous HCl sol ution, a&GEAIPI0IRPESSE
solution, and brine. The solution was then concentrated under vacuum
keeping the tenperature between 35 to 50 C. Additional ethyl 5 acetate was

h L ut,i : 7 il ep he
Femper SURRTLYAR e W SRR IR et PR BRISEERL 8 Brg e
resul t ayieldsid. Sikg@orhpolnd 011G (oldraigle 8B 8% )vesa feliéwiofld and washed with an
et hyl acetate/ n-heptane mXx. The wet cake was dried under vacuum

bet ween 55 to 60 C to yi el dropawtion ehEompeund MDconpound Vva (ol ar i el d
79.29% . M Cal cul ated: 541.32; MS Found (ES+,_ M+HK: 542. fS. XRD data for

t he anhydrous pol ynor ph_of, Vda s asgfollows: Dif tio ngl e (Degrees 2

Theta, 0.2) d spacing gs ns)) ative Inte 'éy StroNg,?“l\{)Edi um Weak

Four most di-stincivve peaks 6.0 14.w8 WEQ B g, 0 Me BT e
-60°C

e e e
) !
~ . [
Li 60°C I )

5 To a reactor capable of mainfaining a temper:ature of -60 °C was charged (S)-

benzyl-1-phenyl ethylamine (18 kg) and THF (75 L). The reaction mixture was
cooled to —60 °C. To the mixture was charged n-hexy! lithium (42 L of 2.3 M in
heptane) while maintaining a temperature of -65 to -55 °C, followed by a 30 min
agitation within this temperature range. To the in situ-formed lithium amide was

10  charged Compound IlIC over 1 h, keeping the temperature between -65 to -55 °C .
The reaction mixture was agitated at this temperature for 30 min to allow for
conversion to the enolate intermediate. To the resultant reaction mixture was
charged (+)-camphorsulfonyl oxaziridine (24 kg) as a solid, over a period of 2 h,
keeping the temperature between -65 to -55 °C . The mixture was agitated at this

15  temperature for 4 h.

The resultant reaction mixture was quenched by the addition of acetic acid (8
kg), keeping the temperature between -60 to -40 °C. The mixture was warmed to 20
to 25 °C, then charged into a separate reactor containing heptane. The resultant
mixture was concentrated under vacuum, keeping the temperature below 35 °C.

20  Heptane and water were charged to the reaction mixture, and the precipitated solids
were removed by filtration (the desired compound is in the supernatant). The cake
was washed with heptane and this wash was combined with the supernatant. The
heptane/water solution was agitated, settled, and separated to remove the aqueous
layer. An aqueous solution of H,SO,4 was charged, and the mixture was agitated,

25  settled, and separated. The heptane layer was washed with a solution of K,COs.

The heptane layer was concentrated under reduced pressure, keeping the
temperature below 45 °C, and the resulting oil was diluted in toluene, yielding 27.1
kg (active) of Compound llID (molar yield = 81.0%). MS Calculated: 411.28; MS
Found (ES+, M+H): 412.22.
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8.8

10

15

20

25

S 10.5 8.5 M17.8 5.0 S Second four nost distinctive peaks 13.3 6.
16.2 5.5 21.7 4.1 W22.8 3.9

) ) WThird four nost distinctive peaks 9.4
WO 2011/014494 PCT/US2010/043356

A similar procedure for this step was reported in: Beevers, R, et al, Bioorg. Med.
Chem. Lett. 2002, 12, 641-643.

Preparation of Compound lIIE
r 7

©\, oH Q OH @} H y
Mer N\é/\n/O\t'Bu TFA Mer- N\:‘/:\[rQH D—nn,  Me NY\WNW
é T e é % e N é %

PhMe
EDCi, HOBt
DIPEA

i} HE
Toluene (324 L) and a toluene solution of Compound [IID (54.2 kg active) was

charged to the reactor. TFA (86.8 kg) was charged over about 1.5 h, keeping the
temperature below 50 °C. The reaction mixture was agitated for 24 h at 50 °C. The
reaction mixture was cooled to 15 °C and water was charged. NaOH was slowly
charged, keeping the temperature below 20 °C, to adjust the batch to a pH between
5.0 and 6.0. The reaction mixture was agitated, settled, and separated; the
aqueous layer was discarded. The organic layer was concentrated under vacuum,
keeping the temperature below 40 °C, and the resulting acid intermediate (an oil),
was dissolved in 2-MeTHF.
In a separate reactor, 2-MeTHF (250 L), HOBt (35.2 kg), and EDCi-HCI (38.0

kg) were charged and the mixture was adjusted to a temperature between 0 to 10
°C. DIPEA (27.2 kg) was charged, keeping the mixture within this temperature
range. The mixture was agitated for 5 min, followed by the addition of cyclopropyl
amine (11.4 kg), keeping the temperature between 0 to 10 °C

To this solution was charged the 2-MeTHF/ acid intermediate solution, keeping
the resultant solution between 0 to 10 °C. The resultant mixture was heated to 25 to
35 °C, and was agitated at this temperature for about 4 h. The reaction mixture was
cooled to about 20 °C, and was washed with aqueous citric acid, aqueous K,COs,
and water. The solvent was exchanged to n-heptane, and the desired compound
was crystallized from a mix of n-heptane and toluene by cooling to 0°C. The
crystalline product was filtered, washed with n-heptane, and dried to yield 37.1 kg
Compound IlIE (molar yield = 70.7%). MS Calculated: 394.26; MS Found (ES+,
M+H): 395.22.
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S12.57.1 W17.0 5.2 19.7 4.5 W 15 WD 2011/014494PCT/ US2010/ 043356
Preparation of Conpound I11B o o +HO .-OH pyridine I11B Pyridine (92
L) was chaioged/tiasosthe reactor and was cooled to 5 C. ToPChaSec@ologisspyri di ne
was slowy charged nmalonic acid (48.5 kg) and val eral dehyde (59 L), 5

keepi ng the tenperature below 25 C. The raggtolllon washstl rée? b:g;/vgiepyZS to
35 Cfor at least 60 h. Aft char ge o] ,

keepi ng e tenperature be|§6$‘%?35@°h1‘?rf9°?%‘£&‘1"§3ﬁ% xture was then extracted
[ The organi c | ayer was washed with water. In @ separate reagtor
jes and NaCH, The MIBE sol uttmothoachharced toQtHhe NaO-l
solutlon §8

kelepi tthe 10t enper at ure bel ow,R t heg Here al
was extMee ¢ N bas:r(p9 ) Py e’?COHI'he basm%@i m(e d| t he
organi c | ajyer ~vvasod| ar ded Heas ghar ged, Phe m xt ure sOagi t at gd,
settl ed, separ ated, and tgqﬂgrgam c layer |was discarded. |To the |
resul tan | ution (aqueous | ayer) was charge ter and H2SO4 to acidify,
keeping the tenperature between 10 to 15 CmTo the acidified, m xt ure was
charged MIBE, IReeping the tenperature below 25 C. The resul tant sol ution

was agitated, settled, and separated, and the aqueous |ayer was discarded.

h wat d
concentrat ed & S%taiés%i&%ﬁqgﬂx'e{éac LB el 5 1S vt o

égngelkIg:o(ﬁaams}‘%mpmEI g)nce ara ‘éb@bﬁbte v@@s@éﬁ @U‘é%étes?%mgg@l%‘%er enee:

suspended in methanol (5 kg) The Pd/C suspension was transferred to the solution

containing Compound IlIE. The resultant mixture was pressurized to 80 psi with
hydrogen, and agitated at 60 °C for 7 h. The reaction mixture was then purged with
nitrogen, and the Pd/C catalyst was filtered off. The resultant solution was

10 concentrated under vacuum and adjusted to about 20 °C. MTBE was charged, and
the resultant solution was brought to reflux. Concentrated HCI (3 L) was charged
and the product was crystallized by cooling the reaction mixture to about 3 °C. The
desired compound was filtered, washed with MTBE, and dried under vacuum,
keeping the temperature below 40 °C to yield 5.5 kg Compound Il (molar yield =

15 83.0%). MS Calculated (free base): 200.15; MS Found (ES+, M+H): 201.12.

Preparation of Compound Il

v \Y
>L OMe >L
80, [h 1. 2-MeTHF, aq. NaOH SO N
H H 0 : . a. H H
NTN\/&O 2. quench: ag. H3PO4 NTN\;/&O ©
0 o /T\

Compound Va (119.3 kg) was dissolved in 2-MeTHF (720 kg) and water (180
20 Kkg). To this solution was charged 50% NaOH (21.4 kg) while maintaining a
temperature between 20 and 30 °C. The reaction mixture was then agitated for about
7 h at a temperature between 50 and 60°C. The reaction mixture was cooled to a

temperature between 20 and 30°C.
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Preparation of Conmpound I11C X-12 OHH3C CH30t-Bu 1118cat. H2SUI11C To a
pressure vessel was charged Conmpound I11B (9.1 kg), heptane (9 L), and
H2SO4 (0.WOokg)1/0174ve pressure vessel was seal ed and i sobeCyIusa@00i85¢@ kQg)
was 25 charged, keeping the tenperature between 19 to 25 C. The reaction
m xture was agitated at this tenperature for about 18 h. The pressure was

| d, i f tpo.t . 1 Xt ure,
Wi o ves acERAer e Mbdbninitdie (0 ABALRE S Datif vl PrBbthols
separ ataettl, ridiataisiagld @riperagasibetwdéh 20 Ghd033494PRE &SRR HAMBRS asol ut i on

was washed '{9h water and distilled under vacuum (tenp below 45 C) to yield
13.5 k98 hd Oimincsetisdder P énig. angdhesbpttars aguesiusdayeriwas peparated i on of

Compou I ; I ! W]l erature of -60
C was c%ﬁ'grrtgsg? ey, ir"“%éﬁ%ﬁ@@'ﬁL%’?‘?@P“a%tVﬁ@%‘*ﬁé“ﬁ%k@?”‘ﬁﬁ%‘?% (75 L). The
r eatt i conaéntration pstroosphedic distil&lios. To the mi xture was charged n-hexyl
lithium (42 of 2.3 NLqu qetane Wniqlgﬁ maj ntai ning a tenperature of -65
to -55 C, fdNeKREEeRya ‘Q%)o 10N wEESAVeN exchanged ia SHeehbRy senfintiqusnge. To
the i natnbypherid@atilidtion Sl oGO . h,
keepi ng thepterrper alltdt}ﬁo@l_’ gggﬁ%ﬁq%g&%%g@ﬁ%&?@hg@r eac?ﬁ/glﬁélir'nrg‘expﬁﬁm\kas

agi t at d@sdiltered swashgsbwith (iGN aBddries undeavaawnh @it ademperatuos to t he

enol at e i i atE.o~T0 t.h | tant reaction m xture ch ed

(- cabsh LB ol S5 i el S5 CRippo R85 Y Goprtyiell ap st i or 2 1.
keepi ngdltiatednBA7a80r MDPHURENESOOMHM): 528 G9. The mixture was agitated at
this 15tenperature for 4 h. _The resultant reaction m xture was
quenched by the addition ofPreparatiomef @qreprynd INeepi ng the tenperature
between -60 to -40 C. The mxture was warnmed to 20 to 25.C, then charged
into a separate ){eact or containing heptane. The resultant=m xtur,g was

concenty/at ed un@éxé@puumcs keep| ng the tenperature bel ow(3 208 Hept ane
and watersomgr e, char ed+tcb'z"t4:\é\kgr tj_oﬂigdi%me,”’gnd the phe p\'E/tﬁfe sol i ds
wer e renoyel ANolYration {the désirE® - €t ound i Txft_eOsupTatant).
The cake (wajowashed with he&\?ne and thi's wash wasl_coftbi fféd wi t h~t he

super natant. The heptane/water solution was agitated, ,settled, and

separated to 'frenove the aqueo'l'Js_ | ayer. An aqueous sol ution of H2SO4 was
charged, andohibuiidil {2 €145, @8inbBURE NI (9.9 kg), HOB (3.2 kg) and EDCi (11.2

kg) were charged to the vessel, followed by CH3CN (63 kg), ethyl acetate (20 kg)

15 and water (1.5 kg). The reaction mixture was agitated and the heterogeneous
mixture was cooled to -5 to +5 °C. DIPEA (11.2 kg) was charged to the reaction
mixture, maintaining a temperature between -5 to +5 °C and the mixture was
agitated at a temperature of -5 to +5 °C for 1 h. The resultant reaction mixture was
warmed to 20 to 30 °C and agitated for 2 to 3 h.

20 The resultant product was extracted with aqueous HCI, aqueous K,CO;, and
water.

The desired product was crystallized from ethyl acetate by cooling from reflux

(78 °C) to about 0 °C. The crystalline product was filtered and dried at 30 °C under
vacuum to yield 23.1 kg Compound IV (molar yield = 81.3%). MS Calculated:

25 709.44; MS Found (ES+, M+H): 710.47.
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25settl ed, and separated. The heptane | ayer was washed with a sol ution of
K2CG8. The heptane | ayer was concentrated under reduced pressure,

keepi ng twe 20ampeat ure bel ow 45 C, and the resulting olPCTAE201diokissed i n
tol uene, yielding 27.1 kg (active) of Conmpound I11D (nmolar yield = 81.0%.
M5 Cal cul ated: 411.28; M Found (ES+ M-H) © 412.22. WO

2011/ 014494PCT/ USZOlO/ 04335 a rocedure, for this step was reported
in: Beevers, R , Bi oorE %@g'] “cé. ORIRGURT b oo 12, 641-643.

Preparati on of Co ound Ll E 11D I1E 5Tol uene (324 L) and a toluene

sol ution of Corrp@%n ,’3342 k was charged t/o \t hel r @acfor.
(86.8 kgd wasg c&narhge over A%Eggimc%aepl ngthth e;,rpera ur elbva 50 C
The rea@’tﬁ\iﬁ é)gl tat erWPfﬁ'}“eO%W%*Ffat &0 :lﬁh %mi xture

was cool €d olS@a@nd water was chaegedaeNaOH wds[ shaw yemhar ge keepi ng
the tenperattre bglow 20 C, to adP¥¥t*¥he batch t pH bet ween 105.0 and
6.0. The reaction mxture was agitated, settled, and separ at ed; the aqueous
| ayer was di scarded. The organic | ayer was concentrated under vacuum

keepi ng the Qoermmiw é2Dél kg, TEMEO b dtg), Na®As 5 ikaY raeihyl aocstaterdd ate (an

I n, 2- se react or THF 50 L
HICB% (%M?Egsﬂsgﬁg ‘EB@F (Z’g[ %QA 60% %@3 (221% )CW%'?eg‘é?Praﬁ to the éﬁ%@ﬁ%é was
adj ust FHetreadticrenpanRt Was shﬂbw 20 80 °0oGlloW BE/aus(s%Yut%nk&)thé’%%hGé‘ar ged,
keeping the mixture within this tenperature range. The m xture was ‘agitated

for 5 ANH wasolhepweeglasto he %ﬁjoﬁ?tN@@%BOWthfbrllolm@Iarmmlemm wakg), keeping

the te L ut.i on he 2- MeTHF/
aci d 1 Araeeedpdng FeAliER Bt e, Beeriosht erdBr Bk ol bl oM veen o to
10 C. Tompiets @ddition ofiNaQCE tM@$edikﬁQin€tﬁl>&tﬂe35a§ agithted atamde-ovisy 291 tated at
th| S terrper%ure for about 4 h. The reaction m xture was cooled to about 20

C hnd was §H@6C%WW35&H§69§9%WWQ§“$RQ With agiefirred ispdoen asadrbeée/er . The
sol venﬁ aag?gggggﬁgntfb” Q%a?%atwdél?e desired corrpound was
i ze h

crysta roma mx o ane an ol uene by cooling to 0OC. The 25
cryst al | i neThe seacttonvasctiie Wes sd vemﬁek@thngeﬁhomd&&maaﬂﬁdewubﬂm ed to yield

37.1 k LI1E rle VS Cal cul ated: 394.26; M5
Found %%f%ﬁm?-&m@@r@.t&%e f'glj/ rqﬁcﬁ’PQB?bW@? GBEEizedbr 8 at i on of
Compougdditibh of water, and dried under vacuum, keeping the temperature below 40 °C to
15 yield 18.6 kg Compound | (molar yield = 82.7%). MS Calculated: 707.43: MS Found
(ES+, M+H): 708.44,

Preparation of Compound VIR

_S. _H0, O\\//O
Me t+-Bu Nawo, t-BU/S\Me
VIR

NaWO, (2.2 kg, 0.013 eq.) was added to water (45 L), followed by t-butyl

20 methyl sulfide (54.8 kg, 1 eq.). H20. (115 kg, 2.2 eq.) was added with stirring, under
Nz, with the reaction temperature being maintained below 30 °C. After completion of
the reaction (monitored by HPLC), NaCl (50 kg) was added, then MTBE (214 L) and
the reaction was maintained at 22 + 3 °C for 15 min. The organic layer was
separated and the aqueous layer was re-extracted with MTBE (110 L). The

25  combined organic layers were distilled toreduce volume, and the distillate was
cooled slowly to 10-15 °C to crystallize the desired product. The resultant mixture

was cooled to 7 + 3 °C and heptane (110 L) was added; after 1 h, the mixture was
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1) Pd/C, AcOH MeOH, H2 2) HC HJO OHHH2NN7- \ O To a pressure
reactor was charged acetic acid (1.1 kg), nethanol (55 kg), and 5Conpound
11 E (10.Wokg)1/01k494a separate vessel, Pd/ C (50% water weCT/US2&0lgd350asS
suspended in methanol (5 kg). The Pd/C suspension was transferred to the
sol ution containing Conpound 111E. The resultant m xture was pressurized to

was” ¢ nlolsH LA ARBF adeihe Rl Plas Tpartecfly deqiaglions peshedamser - The
resul t afth Fhtdhe P XBS L}Qng%@%trﬁ &8l URMlehrofReH YR @&Sh%b@&bhl%{d%ﬁ g, about

20 C. MIBE was charged, "and the resultant sol ution was broug to reflux.
Concentyfedd e M$HQalqBatep: Wa6; dMAFgpeddand? (MeHyr oduct vvag crystal ljl zed by
cooling the reaction m xture to about C. The ired conpound was
filtered, washed with MIB ,r%ﬁﬂfagpi"e%f ﬂmﬂo‘%ﬂzg keepi ng the tenperature

below 40 C to yield 5.5 kg Conpgund Il (rmolar yield = 1583.0%. M5
Cal cul ated (free base)g 200.15; ‘S'I\/IS Foung (§S+, M+H) : 201.“12./t_ [ epar ation of

h TN R \/ t'BU\
Conpound 1 | ova Y N tBu N L % S
H2N t-Bu t-Bu L o) 0]
—_— VIN

VIP ViQ

Tert-butyl sulfonamide (24.5 kg, 1.1 eq.) was added to a stirred solution of
cyclohexanone (18 kg, 1 eq.) in dry THF (98 L), followed by the addition of TiOEt,
(63 kg, 1.5 eq.), and the reaction was stirred at 60 + 3 °C for 4 h. The reaction
mixture was concentrated by vacuum distillation, maintaining the temperature at 55 +

10 3 °C. Heptane (54 L) was added to the mixture, and the mixture was concentrated
by vacuum distillation, maintaining the temperature at 55 + 3 °C. The heptane
charge/distillation was repeated. The resultant mixture containing VIP was cooled,
MTBE (36 L) was added and the mixture was maintained at 5 + 3 °C until used in a
later step.

15 In a separate reactor, compound VIR (37.4 kg, 1.5 eq.) was added with
stirring to MTBE (54 L) and the mixture was cooled to 0 + 3 °C. While maintaining a
temperature of 2 + 3 °C, butyl lithium (23% in hexane, 76.1 kg, 1.5 eq.) was added
over 3 h, and the temperature was maintained for 30 min. Over about 1 h, the
solution of VIP in MTBE from the first step was added, keeping the temperature of

20 the mixture at 2 + 3 °C. After 1 h 30 min, MTBE (216 L) was added, keeping the
temperature below 25 °C, then water was added (27 kg). The temperature was
adjusted to 25 + 3 °C and the mixture was maintained at that temperature for 30 min,
after which the titanium salts were removed by centrifugation. The mixture
containing VIQ was washed with MTBE (4 X 36 L) and the filtrate was used

25 immediately in the preparation of VIBb. MS Calculated: 337; MS Found: 338 (M+H).
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Il Compound Va (119.3 kg) was dissolved in 2-MeTHF (720 kg) and water (180
20kg). To this solution was charged 50% NaCOH (21.4 kg) while maintaining a
t enrper at Wwe 2bavore®n 20 and 30 C. The reaction m xture waeETtUuseoroagissat ed f or
about 7 h at a tenperature between 50 and 60C. The reaction m xture was
cooled to a tenperature between 20 and 30C. WO

2011/ 014494PCT/ US2010/ 043356 . T pH of t reaction m xture was
adjusted to 1.5-3.0 with |rPB?Eatfﬁfb§’g2:(9r'PE°HEf’3,ﬁBﬁai ntai ning a tenperature
bet ween 20 and 30C. The resultgnt m xture was agitated for 10 mn, settled
for 30 min, and the botswm é@#ré'BI”ayer wasgsepar gvegd and renmoved. The top
organi c | ayer was vvashecb/«ﬁi T\IE;r, foll oweq)//ﬁy geoncentration by

at nospheric distillation. © e concent rat@d ution was sol vent
exchanged to CH3CN by continuous at nospheric dis ation, and crystallized
by cooling to 0 C. The crystgkbi ne product wasvightered, washed wi th CH3CN,
and dried under vacuum at a tenperature between 45 and 55C to yield 97.9 kg
Conpound | | Qampeund/VED ¢h #MTEE (460 ky/Bf $0IGEbaWat efardeti’to3d reddboFgnad ( ES+,

CompouttiTi Stind, SERER. 7 koot 782%) Wy askiderile meintaings) ePeRSTaGRd <o | he
vesgel pefdil bwed \RiardrE ¢ ¢ %é%’actl%cféﬂé{ lthnégﬁﬁhlgéieeléi@@t&g?o (}%é}gq}é\’faﬁé \(/v;sS

kg). The reaction m xturée was agi a rogeneous m

cool edréaction tempebatlre WaSkAaintdined kg 22was °chiar gedan®tHegrogedsd bfomeni xt ur e,
mai ntai ning a tenperature between -5 to +5 C and the m xture was agitated
at a t &fRPawREMenitored by HPLE £ dhe jayers wase separatad anddhetdaneons fayere was

oxt r acted 38438 £51 2PN RS ARl ey uegor EBRIOTRL KBhe ea
pr odUCWh\nésn@immiablthé@é#nFé%@éwéz ageiat ?hléyeg&wni enddrafi idsux (78 O

to about 0 C. The crystalline product was filtered and dried at 30 C under

vatQumadjpsigceiodd®3.31° G gnddhp onirtlire Wephal that taneperaturd foB89% milvs Thal cul at ed:
25709. géﬂec%ss nglld lgn %%-Féxtml\/@t_gd w?tflw(}\/l%éE (2 X 93 L) and the organic layer

containing VIBb was used in the preparation of VIO. MS Calculated: 233; MS

Found: 233.

Preparation of Compound VIO

t+Bu- NH, t-Bu- NH_ 0.
e SRl
o} o}

15 VIBb VIO
To a stirred solution of Compound VIBb in MTBE (26.1 kg of VIBb, approx.
205 kg solution) was added DIPEA (15.1 kg, 1.05 eq.) and the temperature was

adjusted to 2 + 3 °C. While maintaining that temperature, phenyl chloroformate (18.3
kg, 1.05 eq.) was added and the reaction was held at that temperature for 1 h.

20 In a separate reactor, water (107 L) was cooled to 2 + 3 °C, and the MTBE
solution was added, with stirring, while maintaining the temperature; the reactor
containing the MTBE solution was rinsed with MTBE (52 L), the was rinse added to
the water mixture, and kept at that temperature for 1 h. The resultant solid was
isolated by centrifugation. The solid was washed with cold MTBE (2 X 52 L) and

25 dried at 40 °C. MS Calculated: 353; MS Found: 354 (M+H).
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WO 2011/ 014494PCT/ US2010/ 043356 Preparati on of Conpound | | V Conpound |V
(22.5 kg), TEMPO (5 kg), NaOAc (45 kg), nethyl acetate (68 5L), MIBE (158
L), waterw(Q281i449nd acetic acid (22.5 L) were charged POTiUSe00A3SEOr . The
reaction m xture was stirred at 20 - 30 Cto allow for dissolution of the
solids, and was then cooled to 5 - 15 C. NaOC solution (1.4 nol ar

equi vaI ents) was charg to t tion m pi ng the tenperature
at about 10 C. After c nﬁﬂp@fﬁ aa(ﬂefa‘rc%'h‘i’&m@%‘éé’ t\)li@?reacti on m xture was
agitated at 10 C for 2 h. 10The reacti on was quenched by hing with a

buf fered sodi um ascomat e/ HCI q,db@%zj sol ution, fol|owsd a water wash.
The reactiont'% l s excg ﬁ'@edtB@\ Q Ndef ettuum keepi ng
t he terrperatur g the desin ed prodo@t as, ctlystallized by the
addi ti on of vvate ried under cuum keecb t he t erature bel ow 40
Cto 15yield 18. kg Comt@und I Iar yield 8277% . M5 Cal c\l at ed:

707 43: MS Eound 708. 44, Prepar.ati.on of npound VIR o 0 sH202
0743, NS P (e o e RROBLRE P STPRUE) VB Sesl
wat er Gfded o sfifbd WHoPINSIAMdlHE mixture was heated to 70 + 3 °C. Over about
5 30 min, tetramethyl guanidine (12.5 kg, 1.1 eq.) was added while maintaining the

temperature at 70 + 3 °C. After 1 h, the mixture was cooled to 60 + 3 °C. Water
(237 L) was added and the mixture was cooled to 22 + 3 °C. Maintaining the
temperature, the pH was adjusted to < 1.5 with HCI (13 L). Once crystallization

began, the mixture was cooled to 2 + 3 °C and maintained at that temperature for 1
10 h. The solids were isolated by centrifugation, washed with water (2 X 35 L) and
dried at 50 °C. A 94% yield of compound VI was achieved.

49



20met hyl sulfide (54.8 kg, 1 eq.). H202 (115 kg, 2.2 eqg.) was added with
stirring, under N2, with the reaction tenperature being maintained bel ow 30
C. After wonplatitesn of the reaction (nonitored by HPLC) pCRaSRo105@3kg) was
added, then MIBE (214 L) and the reaction was nmaintained at 22 3 C for 15
m n. The or gani c |l ayer was separated and the aqueous | ayer was re-extracted
W th 5]3110 L). The 25conbi ned organic |ayers were distilled toreduce
vol une, 3 '"he distillate was cool ed slowy to 10-15 Cto crystallize the
desired product. The resultant m xture was cooled to 7 3C and heptane (110
L) was added; after 1 h, the m xture was WD 2011/ 014494PCT/ US2010/ 043356
cool ed lto 6 Pracess rtpseparing theheorspound akEotredadtied by centrifugati on,
washed twice with heptane (2 X 33 L) d dried at 30 C. The product VIR was

obtained in 85%yield. M5 Cal cuI}? ed: : 3§ Found: 137 (MrH). Preparation
of Conpound VI Q VI PVI Q ft= sul fonam de (24.5 kg, 1.1 eq.)
was added to a stirred sol ution &té clg)hexanone (18 kg, 1 eq.) in dry THF
(98 L), followed by the addition of t 63 kg, 1.5 eq.), and the

4
reaction was stirred at 60 3 C for 4 h. THY reaction mxture was
concent r at edmpyisivgeuum di stillation, maintaining the tenperature at 55 10
3 C Heptane (54 L) was added to the m xture, and the m xture was
concent r at ed@b§ORAENSING RIgraldehydenand maloniaiagichg abiaineampeoundiiBat 55 3

C. The heptane charge/distillati s repeated. The resultant m xture
containing VIP V\es\pa'elrued, MIBE (J36 was added and the mjzture was
maintained at 5 3 Cuntil wsedoin aker_step e reactor,
conmpound VIR (37.4 kg, 01.5 eq.) was added W th stlrrlng to (54 L) and

the mxture wasVéb@I'@dycteo 0 3 Mzlongfdice nmi nt ai ni ng a ltenperature of 2 3
C, butyl I|t %3 in hexane, 76.1 kg, 1.5 g was added over 3 h, and
the tenper af ‘f’ﬂ“& HBBtW&RVOBQ”@rﬁﬁd anvasid 4@ ebtain egtertlhe: sol ution of

VIPin MIBE fromthe first step s added, keeping the te rature of 20
the m xture at 2 3 C NMter h” 30 min, MIBE (ZM keepi ng
the tenperatu dH th ter was added Hperature

was adjusted to 25 3 C and the m xture was nmintai nedjgt that tenperature
for 30 mn, after V\Elch t he titani um salts were renoved by centrifugation.

The m xt ur e(©aBhai @gtyI“Q\o@,ﬁ e d eI eflltrate
was used 25|((?me di gltige el n the r tal@or%g}I W%@%%ﬁ%gﬁé& aﬂe;d# 337;
Found: 338 ( Maide, followed by (18) (+) (10 -camphorsulfonyl)-oxaziridine, to obtain the

B—amino-oc—hydroxy ester IlID:

éYO\

(d) converting the ester IlIID to the free acid by treating with an acid, then

O\

IIID

coupling the free acid with cyclopropylamine in the presence of a
dehydrating agent to obtain the amide IlIE:
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WO 2011/ 014494PCT/ US2010/ 043356 Preparati on of Conpound VI Bb VI QVI Bb
Compound VIQ in MIBE (460 kg of solution) was charged to a reactor and with
stirring,wbioi1/1$01 kg, 2.73 eq.) was added while mai nt @CHIUSQO1DI0€3356
tenperature 5 below 25 C. Water (112 L) was added and the pH was adj usted
to 0.5 to 0.6. The reaction tenperature was mai ntai ned aEI_hZZI 3 Cfor 1 h
and the ro ress of. t eaction s noni tored by HPLC. e layers were
separ at eg a 8) E%O\é{a@lgb%ée%x)@rm%\é@”%ﬂ%%@q a'ﬁ'l-?m'”el'ﬂFb?”ﬁ(HEﬁaﬁggNaO-l
(30% aqueous  stHeUdd Bnimed With- HE Ntokebtaithb &alfRi Ntai ning the tenperature at
22 3 C. The reaction tenperature was 10 agj usted to 30 3 C and the

m xture kept hat tenperature for 15 mn. The aqueous sol ution was
extracted w E (2 X93 L) and theam)rganl C IayéfClcor\Etl-mﬁl ng VI Bb was
used in the pr ep rat(W)nHof VIO MBN Q ed: 233, 233

Preparati on é nqadtnﬂd\%f) t - Bu. _ ts 0 H QP 0

L.,

2. A process for preparing a compound of Formula IlIF selected from the

following processes (a) to (h):
(a) a process comprising opening the ring in the lactam 1IIG to obtain amino
acid IlIH, coupling llIH with cyclopropylamine, and deprotecting:

2
R20, /- R

G, R3HN ~ OH
—— : —_— F
NR3 0

IHH

.

wherein

R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R*)s, -C(O)R®, -C(O)OR",
-C(O)SR’, -C(O)N(R®), -C(S)R®, -C(S)OR", -C(S)SR", -C(S)N(R?),, -C(NR%)R®,
-C(NR®)OR', -C(NR®*)SR", -C(NR®)N(R®)2, -SOR", -SO,R’, -SO3R", or ~PO(OR"),:

R®is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R® or ~C(O)OR!

R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl;

R*is independently selected from the group consisting of alkyl, aryl and
alkoxy; and

R®is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl;

(b) a process comprising reducing the enamine Ili-| by asymmetric

hydrogenation, converting IllJ to the carboxylic acid ll1H-1, coupling with

cyclopropylamine, and deprotecting:
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VI Bb To a stirred solution of Conmpound VIBb in MIBE (26.1 kg of VIBDb,
approx. 205 kg solution) was added DI PEA (15.1 kg, 1.05 eqg.) and the

t enper at Wwe 2oa1adtusted to 2 3 C. Wil e mai ntaini ng t ratr/usenmpouzssar e,
phenyl chloroformate (18.3 kg, 1.05 eq.) was added and the reaction was
held at that tenperature for 1 h. 20ln a separate reactor, water (107 L)
was cooled to 2 3 C, and the MIBE sol ution was added, with stirring, while
mai nt ai ni ng the Ncpéﬁrf)erat ure; the reactNefRtontai ning the MIBE sol uti on was

rinsed WE/ZXL)’ the was rinsé add)?d to the water m xture, and kept

at that nperat for Iﬁ.\ﬁhe/r\e&dﬂ\sl? solid was isolated by

centrifugat The_solid was vvalsz@gd w thh cold MIBE (2 X 52 L) and 25 dried
nd: 5%

at 40 C I\/Bmégl cul@ed: 353; MB : (MtH) .  Preparation of Conpound
VI (via VIO Compound VIO (34.6 kg, 1 eqg.) and L-tert-1eucine
012.8 kg, 1 eq.) @EW@dded to stirred isopropanol and the m xture was
heated tq 70 . .3 C_ Ov aboul_)53ﬂ|fri n, tetramethyl guanidine (12.5 kg, 1.1
eq.) was added i 'y malgH ai ni ng {he tenmperature at 70 3 C. After 1 h, the
m xture was cool ed ,60 3 C. Water (237 L) was added and the m xture was
cool ed to 22llIH31C, Intaining the tenperature, the pH was adjusted to
1.5 with HJ (13 L). Once crystallization began, the m xture was cooled to
2 3 Cwhedeimai ntai ned at that tenperature for 1 10h. The solids were

i sol ated by gentrifugation, washed with water. X 35 L) and dried at 50 C.
A 056 1 el i RarS bty Blkeay fdinubenzyl, SSitkhs, <COIRY, L(O)OR"

-C(O)SR', -C(O)N(R®), -C(S)R?, -C(S)OR", -C(S)SR", -C(S)N(R?),, -C(NR®)R®,
-C(NR°)OR’, -C(NR*)SR", -C(NR®N(R®),, -SOR", -SO,R", -SO3R", or =PO(OR")s;

R® and R’ are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR’, -C(O)SR’, -C(O)N(R®),, -C(S)R?,
-C(S)OR’, -C(S)SR', -C(S)N(R®),, -C(NR*R®, -C(NR%)OR", -C(NR®)SR',
-C(NR®)N(R®), -SOR', -SO,R", -SOsR", and —PO(OR"),:

X is —=C(O)R®, -CO,R®, -C(O)N(R®),, -CN, -C(0)SR?®, -CH,0OH, -CH=CH, or
-C=CH;

R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl;

R*is independently selected from the group consisting of alkyl, aryl and
alkoxy; and

R%is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzy!;

(c) a process comprising hydroxylation of IlIK, to obtain IIIL, converting llIL to
the carboxylic acid llIH-2, coupling with cyclopropylamine, and deprotecting:
OH

RERN Y RERN - Y
Yy — : —
/r 1K /( L
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WO 2011/ 014494PCT/ US2010/ 043356 We claim 1. A process for preparing the
conpound of Forrmula Il OH H H2N,,."-Thr- N---cl HC z NO\ |1l conprising:
(a) condewmeizng/uadser al dehyde and mal onic acid to obtai nPCorgseua433sé B:

(b) treating I11B with 2-nethyl propene and an acid to obtain ester I1IC
(c) reacting ester Il ICwth (S)-N H benzyl -a-nethyl benzyl am ne, lithium
amde, follo by (1 S)-(+)-(1 O canphorsul fonyl)-oxaziridine, to obtain

t he p-am no-a=hydroxy ester I11D: coupling the free acid with

cycl opR?)‘ﬁw\q.whmﬁ/Pr‘ﬁ the presence of a dehydrating agent to obtain the am de
_.._7._ -

111E:
5 NF
J/ llH-2

wherein

R® and R’ are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R%, -C(O)OR', -C(O)SR', -C(O)N(R®)2, -C(S)R”,
-C(S)OR', -C(S)SR", -C(S)N(R®),, -C(NR®)R®, -C(NR?)OR', -C(NR®)SR',
-C(NR®)N(R®),, -SOR', -SO,R", -SO;R', and ~PO(OR")2;

Y is ~OR?®, -N(R®), or -SR?;

R' is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl, and

R® is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl;

(d) a process comprising reducing the nitro group of IlIM to obtain the amino
acid derivative IlIN, resolving llIN to obtain I1lO, converting IO to the carboxylic acid

I1IH-3, coupling with cyclopropylamine, and deprotecting:

OR? OR? NH, O
Y /\/\Kl\[(Y b3
RSV <. e Y
N02 (o) NH2 (@] ORZ
NH, O
—_— z —  |lIF
OH
OR?  |||H-3

wherein

R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R%)3, -C(O)R®, -C(O)OR’,
-C(0)SR', -C(O)N(R?®),, -C(S)R5, -C(S)OR", -C(S)SR', -C(S)N(R®)2, -C(NR°)R®,
-C(NR®OR', -C(NR®SR', -C(NR®)N(R®),, -SOR", -SO;R’, -SO3R", or ~PO(OR"),;

Y is —=OR?®, -N(R®), or —SR>;

R' is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl;
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WO 2011/ 014494PCT/ US2010/ 043356 (e) renoving the benzyl protecting groups
to obtain amne IIIF, and treating the free amne with HCl to obtain the

salt: 2.woppooas®4f or preparing a conpound of Fornmul a PCTRSs@hmei3se from
the follow ng processes (a) to (h): (a) a process conprising opening
the ring in the lactaml!llI1Gto obtain amno acid IIIH coupling IllHwth

cycl opropyl am.ne,, and ,depr ot .ecti ) R3HN . 7,. ./ [?2IIILE = .."."-0
T T bhery: KM€ aeBeRgERtY Spi8Eladitom 1t aroty Rangisting SRolkyk andans, i

- Si (R4xfkoxyCaBYR5, - C(0)OR1, -C(0)SRL, -C(0)N(R5)2, -C(S)R5, -C(S)ORL,
-C(S)SRL, -C(S)N(R5)2, -C(NR5)R5, -C(NR5)OR1, -C(NR5)SRL, -C(NR5)N(RS5)2,
-SOR1, -S02RI s indeprndently selgcrIfyam the greupHcorsialing otHy alkyhlakgny| |

al kyny r -C(0)OR1 Rl is independently sel ected
from th%‘egﬁgé#y‘ééﬂrnés}i(“g%)gﬁz of alkyl, aryl, alkenyl, alkynyl and benzyl ;

R4 is independently selected fromthe group consisting of alkyl, aryl and
al koxy; and R5 is independently selected fromthe ?roup consi sting of

H, OIaI kyl , af8)l , adreesss QO@PWHQIT'GMN%QT&%W?O compoupy of fpmadladdPdonpri si ng
i . ] ] - i i , | 1Jd

the- calBeCaRBhal colvertnd BN TS Bk BERGE crB g e 111 1O

depr ot egdlop@pylaviiin@0add AéAAAdRRY: US2010/ 043356 N R6R7 111-1COR2

o :

H
RER7N Y RER'N Y
R o
J/ NP /J/ L

wherein

R® and R’ are independently selected from the group consisting of H, alkyl,
aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR’, -C(O)SR’, -C(O)N(R®),, -C(S)R?,
-C(S)OR’, -C(S)SR', -C(S)N(R®), -C(NR*R?, -C(NR®)OR’, -C(NR®)SR",
-C(NR®N(R®),, -SOR', -SO,R’, -SOsR", and -PO(OR"),;

Y is —OR®, -N(R®), or -SR?;

R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl; and

R® is independently selected from the group consisting of H, alkyl, aryl,

alkenyl, alkynyl and benzyi;

(f) aprocess comprising converting 11IQ to the amine IllJ through a
displacement reaction that inverts the stereochemistry, converting I1lJ to the

carboxylic acid IlIH-1, coupling with cyclopropylamine, and deprotecting:

Z NRER?

\/\)\(x —_— \/\/’YX — IH-1—"> |lIF

nQ OR? HJ OR2

wherein
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NR6R7 = O IIIH10R2 wherein R2 is H alkyl, aryl, alkenyl, alkynyl,
benzyl, -Si(R4)3, -C(0)R5, -C(0)0OR1L, C(0)SR1l, -C(O)N(R5)2, -C(S)R5,
- C(S) ORL,woC)BylBR®4 - C(S)N(R5) 2, -C(NR5)R5, C(NR5)0R1, PCT(USRH)DBRBS6
- C(NR5) N(R5) 2, -SOR1, -SO2R1, -SO3R1, or -PO(OR1)2; R6 and R7 are

I ndependently selected fromthe group consisting of H alkyl, aryl,

| k |, al .., b ., -C(0)R5, - OR1, .- )S -C(Q) N(R5) 2,
"o S ks o) e, AR el YA S s O e GIER -
R S OB G
hGINEQ) 2R, 6 IR3E, FORY, 'StSOgRAOforatRQ(OR Yy ,
Ellklefly:-t%gigeek;%;?tﬂcg :m gf'@(NRom(ﬂéb ' Fﬁd&%ﬁzt;ltgi g??recnt;(%(g fzra)?n t he
group consi sti ngdgT arPky(?, eé’_rdfln_t%ﬁﬁ g:lt(%ggg{gm tgﬁoproupc B5UNg of A &lethdent 1 y
sel ect eatyf, atkanyh elkyngl) el LSLOYRY, @(@'}ORLKEKQ)QRW-C(@WW, -Cebirey!  and
benzyl ; 1(¢) .a. process conpri si n% tgyd.roxF}/; ation of 4 I K to obt ain
1L, cOAREPRI, §(§p$l§ & (PHUR 3 beYRNE 2t (NRDOR 2:C(MF)SRng with
Cycl OPr-ORMREN(RE),, 28BRIREOIRCLEBAR FhdCPBONFORINY 02:- O THTKITTL
X is =C(O)R?®, -CO,;R®, -C(O)N(R®),, -CN, -C(O)SR?, -CH,OH, -CH=CH or
-C=CH;
R'is independently selected from the group consisting of alkyl, aryl, alkenyl,
alkynyl and benzyl;

R*is independently selected from the group consisting of alkyl, aryl and
alkoxy;

R® is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl; and

Z is a leaving group;

(9) a process comprising treating an epoxide I1IR with a nitrogen source to
open the ring to obtain IS, converting 11IS to the carboxylic acid IlIH-4, and coupling
with cyclopropylamine:

e
o

X
HIR HIS  N(R®),

OH
> lIF

lIH-4  N(R®): ©
wherein
R®is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl, benzyl, -C(O)R® and -C(O)OR";

Xis =C(O)R®, -COzR® -C(O)N(R®),, -CN, -C(O)SR®, -CH,OH, -CH=CH, or
-C=CH;
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_ OHO0 111H 2 wherein R6 and R7 are independently selected fromthe
group consisting of H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(0)R5,

- C(0) ORL,woCpDylBRM4 - C(O)N(R5) 2, -C(S)R5, -C(S)OR1l, -C( BremRB201004BN( R5) 2,
-C(NR5) R5, -C(NR5)0R1, -C(NR5)SR1l, -C(NR5)N(R5)2, -SORl, -SO02R1, -SO03R1,
and -PO(OR1)2; Y is -0R5, -N(R5)2 or -SR5; R1 is independently

sel ected fr t he onsj.s of,, al k .. al kenyl | kynyl, and
benzyl - andrt & oeERiBnfip BEIcEcorRing @t effsind bhaRY: a0l SREYST I ng o
H, al kglkyn ad b@hi«ﬁnhhd al kynyl and benzyl; (d) a process conprising
reducing the.nitro group of I1IMto obtain the am no acid derivative IIIN,
resol ving | R°N inslepsndentiy selecteddinonarthe ggoun consistinghef Haplsykyarylc aci d
[11H3 I 0 pylamne and deprotecting: NH2 0 _ \/\

* | YOH o%ﬂypa"%%mngfy’ i is H alkyl, aryl, alkenyl, alkynyl,
benzyl, -Si(R4)3, -C(0)R5, C(O)ORl -C(0)SR1, -C(0) N(R5)2 -C(S) R5,

~C(S) OR, S)SRL, -(( R5) NR5) R5, NR5).0RL, - C(NR5) SR1,
- C(NR5) N( R56(2 a fpaess. %3595&8' 9§@@C$1’9 aé‘raZ'Wi(‘géiﬁ withyan @xygRISSOURERE) 2 or
- SRS open the Rﬂ% S o}gﬂﬂg Pﬁ@ygﬁmaeﬁt J?gghﬁﬂcfﬂi\ef 6£Bb§<ﬁﬁzl:§%<§’ Unk @@Ehﬁ%ﬁg‘gf@f

al kyl, aryl, enyl, enz i s indepe
sel ect exdclbpmpytaﬂeingr ang depratestinglg of aI kyl, aryl and al koxy; and

6 OR?
R/ =

%\\Z

x —> .

T MU  NHR®
RZ

OH
/\/Y\[( —— HIE

IH-5 NHR® O

e

wherein

R?is H, alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R%s, -C(O)R®, -C(O)OR",
-C(O)SR’, -C(O)N(R®), -C(S)R®, -C(S)OR’, -C(S)SR", -C(S)N(R®),, -C(NR%)R?,
-C(NR®OR', -C(NR®)SR’, -C(NR*)N(R®),, -SOR", -SO;R", -SO;R", or =PO(OR"),:

R® H, alkyl, aryl, alkenyl, alkynyl, benzyl, -C(O)R®, -C(O)OR’, -C(O)SR',
-C(O)N(R®),, -C(S)R®, -C(S)OR", -C(S)SR", -C(S)N(R®), -C(NR®*R®, -C(NR®)OR,
-C(NR®SR’, -C(NR®*)N(R®),, -SOR", -SO,R", -SO3R", or -PO(OR"),;

X is =C(O)R?, -CO3R?®, -C(O)N(R®),, -CN, -C(O)SR®, -CH,0OH, -CH=CH, or
-C=CH;

R'is independently selected from the group consisting of alkyl, aryl, alkkeny!
alkynyl and benzyl;

1

R*is independently selected from the group consisting of alkyl, aryl and
alkoxy; and

R®is independently selected from the group consisting of H, alkyl, aryl,
alkenyl, alkynyl and benzyl.

3. A compound selected from the group consisting of the compound of the
structure:
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R5 is independently selected fromthe group consisting of H, alkyl, aryl,

al kenyl , al kynyl and benzyl ; (e) a process conprising reducing the
a- ket o cowpaondief4formula 111 P to obtain the al cohol MpCT/useomwmuisseng 1111
to the carboxylic acid Il1H 2, coupling with cycl opropyl am ne, and
deprotecting: OHIIIH2II1IF V\,herei n R6 and R7 are independently

sel ected fromthe group consis g of H, alkyl, aryl, alkenyl, alkynyl,
benzyl, -C(0)R5, -C(0)OR1, -(( - C(0) N( R5)2, -C(S)R5, -C(S)O0R1,

- SOR1, -S02R1, -SO3R1, - ; OR5, -N(R5)2 or -SR5;

is independently selected ffomthej group nsi sting of alkyl, aryl,

al kenyl , al kynyl and benzylz and R5 is independently selected from

t he group consisting of H, kyl, Qiryl, al kenyl, al kynyl and benzyl ;

(f) a process conprising COMI I1Qto the amne 111J through a

di spl acenent reaction that inverts Yhe ster e%gtéeggltstth%yeofconverél ng I11J to

the carboxylic acid 111H 1, coupling with cycl opropylam ne, an
deprotecting: NR6R7 111H 1I1IF 111 QoR2I | 1 JR2 wherein

2011/ 014494PCT/ US201Q/ Q43356 al kenyl, al kynyl,
benzy|’} 14%&?@@“@8639 IM_ e the é?@jgﬁfahl@@@ﬁ' 'é@)z - C(S)Rs,
-C(S)OR1, -C(S)SR1, -C(S) N( R5)2, -C(NR5)R5, -C(NR5)0R1, -C(NR5)SRI,

-C(NR5) N(R5) 2, -SOR1, -SO02R1, -SO03Rl, or -PO(OR1)2; R6 and R7 are

i ndepeddend Ipjocrsisdor ptedariong a heeagefduprmudasfisti ng of H, al kyl, aryl,

al kenyl , al kynyl benzyl,z&-ZO) R5, -C(0)OR1, -C(0)SR1, -C(0)NR5)2,

_C(S)SRL, -C(S)N(R5)2, -C(NR5)RS5, -C(H\IRS)O -C(NR5) SR1, - C(NR5) N(R5) 2,
H yﬂi R1

-C(S)R5, -C(S)ORL, -C(S) -C(S)N(R5) 2, - C(NR5)R5, - C(NR5) ORI,
-C(NR5) SRL, - C( NR5) N( R5) ., -SO02R1, -SO0&RL, and - PO(ORL)2; X is
-C(0)R5, -0RR5, -C(0)N(R5)2, - HC(O)SIRB POH, - CH=CH2 or - Ca- CH;

R1 is independently sel ected f\Q ar nsi sting of alkyl, aryl,
al kenyl, al kynyl and benzyl; [ ﬁhﬁfgndent Iy Gl ected fromthe group
~ R5 is independently sel ected

consi sting of alkyl, aryl and
yy/ra\kenyl al kynyl and benzyl;

fromthe group consisting of
comprising performing a Curtius rearrangement of the acid of Formula VID to

and Z is a | eaving group;

obtain an isocyanate of Formula VIE, and reacting VIE with tert-leucine:

N \\( HoN \/OQ;

. C Vi

VID VIE

6. A process for preparing a compound of Formula VID

V4

/S COzH
o~
Ob

VID

comprising
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(g) a process conprising treating an epoxide IIIRwth a nitrogen source to

open the ring to obtain I1lS, converting Il1S to the carboxylic acid
11 H 4, awo20oupkiong with cycl opropyl amine: OH _ x ||| RPOHUSRIBH4INERE) 2 O
---41" 111F wherein R8 is independently selected fromthe group

consisting of H alkyl, aryl, alkenyl, alkynyl, benzyl, -C(0)R5 and

SRR, pealiph® SRS SRR sEEE IS kR o, e

consi sting of cahpdundafoliowed &f}eaukwatlahWﬂyterﬁbﬂiybﬁﬂébdmemlydsulﬂde toR5 is
i ndependent|ly selected fromthe roup consisting of H alkyl, aryl,
al kenyl , al kymalaﬁhegeﬁmundaﬁ ormula Vik) g process conprising treating an

aziridine Il T with an oxygen source to open tihg, ring to obtain I11U,

convertmglllUt@(DfMecar IIH-51couI|n W th

cycl opropyl am ne, Jand depr t| n 0 X Hlﬁr% OR2 Il F 111H 5NHR6
VIG

9

(b) hydrolyzing the ester VIJ to the acid VIK:
t- Bu

CO,H
W o— ‘é
VIK, 2ng

(c) oxidizing the thioether to the sulfone:

t-Bu\S COH
> VID
VIK

7. A process according to Claim 6 wherein the cyclohexanone derivative of
Formula VIG treated in "Step a" is replaced by a compound of the formula
Ra

wherein R? is: ~C(O)R?; -C(O)OR?®; -CN; -C(O)N(R®); or -C(O)SR® wherein R’
is independently: H; alkyl; aryl; alkenyl; alkynyl; or benzyl.

8. A process for preparing the compound of Formula |
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wher ein R2 is H alkyl, aryl, alkenyl, alkynyl, benzyl, -Si(R4)3,
-C(0)R5, -C(0)ORL, -C(O)SR1, -C(O)N(R5)2, -C(S)R5, -C(S)OR1L, -C(S)SR1,

- C(S) N( Roy0,20111MR5%) R5, C(NR5) OR1, - C(NR5) SR1, - C(NR5) RCRA)S2010083Rd,
-S02R1, -SO3R1, or -PO(OR1)2; R6 H, alkyl, aryl, alkenyl, alkynyl, benzyl,
-C(0)R5, -C(O)OR1, -C(O)SR1, C(O)N(R5)2, -C(S)R5, -C(S)OR1l, -C(S)SR1,
-C(S)N(R5) 2, -C(NR5)R5, -C(NR5)OR1, C(NR5)SR1, -C(NR5)N(R5)2, -SORiL,

- SO2R1, -SOSR;{ Eor - PO(OR1) 2; is 2C(0)R6, -0C2R5, -C(0)N(RS)2, -CN,

-C(0) SR5, - ' SOLHREH2 gy SRl is independently selected from
t he group consisting o al kyl, arﬁl kepyl , Gal kynyl and benzyl ; R4
m t he grouppconsij/sting of alkyl, aryl and

al koxy; and 5 iydependent |y %€l eck t\ngroup consi sting of
H, alkyl, aryl, a |, al and~penzyl:. 3. /A co und sel ected from

t he group consisting of the conmpound~of thesstrQcture: H2N or a salt
thereof. 4. The conpound of claim3 wherei ﬁ\‘ﬂ‘e-\salt is the hydrochl oride.

5. A process for preparing a urea of Formula VI conpfiarmgagder f ormi ng a
Curtius rearrangenent of. the acid of Fornula VID to obtain an isocyanate of
Formul a VI'E® R{R §%3%'PPH§'”9| Ewth tert-leucine: OH '\0:----sH2ZN, A, O

(a) coupling a bicyclo intermediate of Formula 1l with an amine intermediate of
Formula Il in the presence of coupling reagents to obtain the intermediate

alcohol of Formula IV:

N

[LHH QHH

N N

XSOZH B O\é/\([)(‘ﬁ
N NA

SIrel

/I\ v ; and

(b) oxidizing the intermediate of Formula IV .

9. The process of claim 8 wherein the compounds of Formula Il and Il are
coupled using 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide and 1-
hydroxybenzotriazole in the presence of N.N-diisopropylethylamine.

10. The process of claim 8 wherein the compound of Formula IV is oxidized with

sodium hypochlorite in the presence of a catalytic or stoichiometric amount of

2,2,6,6,-tetramethyl-1-piperidinyloxy, free radical.
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,SCO2H/ OilON1:\ O\\ *CVvI VIDVIEO 6. A process for preparing a conpound
of Fornmula VID\\s CO2H 0*8 O VID conprising (a) treating a cycl ohexane
derivati weoab1iFassamul a VIG with a trinethylsilyl conpoun@CTfuskélomesssey

al kylation with tert-butyl chloronmethyl sulfide to obtain the conmpound of
Forrmul a VI J: VIGVIHVIJ (b) hydrolyzing the ester VIJ to the acid VIK

t-Bul 1’?. VA‘]p[r)bcess for preparing the compound of Formula |

802

comprising:
(a) coupling the acid of Formula VI with the secondary amine of Formula VII-1
in a water soluble solvent the presence of coupling agents to obtain the

compound of Formula Va:

XSOQ H H Q \:Z’
NYN\)\ + OMe

O V-1

5
<
Iz

\

>

[;HOMe
SOZ o)
Ej YNA
Va

?

(b) converting the methyl ester of Formula Va to the acid of Formula Ii:
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(c) oxidizing the thioether to the sulfone: 7. A process according to
Cl aim 6 wherein the cycl ohexanone derivative of Formula VIGtreated in
"Step a" wewaplia®ed by a conpound of the fornula Ra wreraisnoiRa433se
-C(0O)R5; -C(0)0OR5; -CN, -C(O)N(R5)2; or -C(0)SR5, wherein R5 is

i ndependently: H alkyl; aryl; alkenyl; alkynyl; or benzyl. 8. A process

for preparing the conpoun f Formula | the process conprising: (a)
coupling a bicyclo internet ate of Formula 11 with an ami ne internediate of
Formula Il in the presenc Qf coupling reagents to obtain the internedi ate
al cohol of Forpula IV: (b)\ oxOWezing the internmedi ate of Formula IV. The
process of cl m 8 wherel n N e gonmpounds of Formula 11 and Il are coupled
usi ng 1-ethyl - matp napr opyl) - car bodi i m de and 1-

hydr oxybenzotrl a 0 esence of N. N-diisopr opy{/et hyl am ne. 10. The
process of clai e| n t h& conpou Formula 1V 5 oxidized with

sodi um hypochl o e/ int resence of a ca ytic or gtqichionmetric anount
of 2,2,6,6,-tetranethyl-1-'pi peridi nyl oxy ree radicall, OH
2011/ 014494PCT/ US2010/ 043356 11. A pr oce&fé)é Ry epar| Ayt h& conpound of

Formula | conpri sing: Va N 0]
SLEa

(c) coupling the acid of Formula Il with an amine intermediate of Formula Il in
the presence of coupling reagents to obtain the intermediate alcohol of
Formula IV:

N =

(d) oxidizing the intermediate of Formula IV .
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(a) coupling the acid of Formula VI with the secondary am ne of Formula
VII-1in a water soluble sol vent the presence of coupli Eggﬂ%gnts to obtain

t he compo¥AFOBYOIER ul a Va: 'V, Va ; (b) converting PRP#338St er of
Formula Va to the acid of Formula Il: 11 (c) coupling the acid of Fornmula
Il wth an amne internediate of Formula Il in the presence of coupling

reagents, t b # I

OH2N1\ 1@- - G\"h% @bgﬁ BPCI&Rﬁg ﬂﬁ%\ﬁ% Pt c%)cm d%dg oXi %ll\}n(gantdﬁz‘/_eh ?re er medi at e
of For mul a cbMpledlising heethym(e&el:métwlambfnﬂop&dr)ecre&badmmmecmmcbunds of
Formula VI and VII are coupl ed usin

1- et hyl - 3- Mdﬂ?%?ﬁwtﬂﬁ?ﬂ'@dﬂdlb?PfemdﬁlN'ﬁ%@ylmpﬁo"ﬂﬁl@r%ﬁ?}%@ﬁﬂ%t ri azol e

in the presence of N-nethyl norpholine in acetonitrile.
13. The process of claim 11 wherein the compounds of Formula Il and Il are
coupled using 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide and 1-
hydroxybenzotriazole in the presence of N.N-diisopropylethylamine.
14. The process of claim 11 wherein the compound of Formula IV is oxidized with
sodium hypochlorite in the presence of a catalytic or stoichiometric amount of

2,2,6,6,-tetramethyl-1-piperidinyloxy, free radical.

15. A compound which is:

/¥\ or

16. A process for preparing a compound of Formula V
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13. The process of claim 11l wherein the conpounds of Fornmula Il and Il are
coupl ed using 1-ethyl-3-(3-dinethylam nopropyl)-carbodiinde and 1-
hydroxybe‘ﬁ?&ﬁ’rlimdﬁ‘t?f‘e in the presence of N N-diisopropyl EFWWSA%OW@%G_M. The
process of claim 11l wherein the conmpound of Fornmula IV is oxidized with
sodi um hypochlorite in the presence of a catalytic or stoichionetric anount
of 2,2,6,6,-tetranethyl-1-piperidinyloxy, \free radical. 15. A conpound

which is: V, 16. A process for preparing a conpound of Fornmula V WD
2011/ 014494PCT/ US2010/ 043356 wherein Rl i s—ag\kyl, aryl, al kenyl, al kynyl or
benzyl, the process conprising : (a) coupling th@Racid of Formula VI wth
t he secondary am ne of Formu VI, wherei s as defined above, in a

wat er sol ubl e solvent in the pr¥dende ofHcolpling agents: SC2 HH V VIVII
(b) adding water to the reaction i N ep ato obtain V as a
hydrat:e o Step "b" to an organic

crystalline hydrate; (c) adding o
0 ; aryj (d) addi ng a non-agueous

sol vent, reducing the concentr
antisolvent to crystallize anhydrous V. 17. The process of claim 16 wherein

Rl is methyl. 18. ,The process , of claim 16 wherein the conmpounds. of Fornula
VI and VI |%Qﬁée'6ﬁ}dﬁé&8’ﬁs%fﬁg aik-eé"tyﬁﬁ?'ﬁyé‘y% qr B‘F'ﬁ@ﬁh\?‘?a‘?@ﬁ%ﬁn@%@?ﬁg'@r'bodi i mi de
and 1- hydr o bepgRig M dd bNFERAUIBNESERE thedbedbridRinp iR phPbimela Wi,
acetonitrile.” 19. The process of claim 16 wherein the organic solvent in
"Step b" is ethwheseiotRitie asrdafinedeatwve2m a watepseeblesalyert|inthe 16 wher ei n

the antisol vent p}ensengteed? C(cj)upflr?g ng}lt%nes

Xsoz
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O T + N — V
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Vi Vii ;
(b) adding water to the reaction mixture of step a to obtain V as a crystalline
hydrate;
(c) adding the hydrate of Step "b" to an organic solvent, reducing the
concentration of water; and
(d) adding a non-aqueous antisolvent to crystallize anhydrous V.

17. The process of claim 16 wherein R' is methy!.
18. The process of claim 16 wherein the compounds of Formula VI and VIl are

coupled using 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide and 1-

hydroxybenzotriazole in the presence of N-methylmorpholine in acetonitrile.

19. The process of claim 16 wherein the organic solvent in "Step b" is ethyl acetate

or toluene.

20. The process of claim 16 wherein the antisolvent in "Step d" is heptanes.
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WO 2011/ 014494PCT/ US2010/ 043356 21. A conpound of the formul a:
Rl is al k\¥ al kenyl , al kynyl or benzyl, or a hydrated or
pol ynor ph PCT/

21. A compound of the formula:

wherein R’ is alkyl, aryl, alkenyl, alkynyl or benzyl, or a hydrated or

anhydrous polymorph thereof.
22. The compound of Claim 21 wherein R is methyl.

23. A compound of the formula:

Xsoz y 0
N
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