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the subject of phar rraceutl cal research and

comgnsehg fwsntonipmuhdyy as its goal the intervention in the
processes of | eukocyte extravasation to sites of
injury and | eukocyte novenent to distinct targets. For

exa cepted that prior to the
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CeBlikr AAh&IdMNIole@UKOCKLAWIs") BRE "Leukointegrins”, including LFA-1, MAC-
I and p150,95 (referred to in WHO nomenclature as CD18/CD11a, CD18/CD11b, and
CD18/CD11c, respectively) have correspondingly been the subject of pharmaceutical
research and development having as its goal the intervention in the processes of
leukocyte extravasation to sites of injury and leukocyte movement to distinct targets. For
example, it is presently accepted that prior to the leukocyte extravasation, which is a
mandatory component of the inflammatory response, activation of integrins
constitutively expressed on leukocytes occurs and is followed by a tight ligand/receptor
interaction between integrins (e.g., LFA-1) and one or several distinct intercellular
adhesion molecules (ICAMs) designated ICAM-1, ICAM-2 or ICAM-3 which are
expressed on blood vessel endothelial cell surfaces and on other leukocytes. The

interaction of the ICAMs with the Leukointegrins is a vital step in the normal functioning
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It has been demonstrated that the antagonism of the interaction between the ICAMs and
the Leukointegrins can be realized by agents directed against either component.
Specifically, blocking of the CAMs, such as for example ICAM-1, or the Leukointegrins,
such as for example LFA-1, by antibodies directed against either or both of these
molecules effectively inhibits inflammatory responses. In vitro models of inflammation

and immune response inhibited by antibodies to ICAMs or Leukointegrins include
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It follows that small molecules having the similar ability as large protein molecules to
directly and selectively antagonize the binding of the ICAMs to the Leukointegrins would

make preferable therapeutic agents.
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DETAILED DESCRIPTION OF THE INVENTION

All terms as used herein in this specification, unless otherwise stated, shall be understood
in their ordinary meaning as known in the art. For example, “C;_.alkyl”is a saturated
aliphatic hydrocarbon monovalent radical containing 1-4 carbons such as methyl, ethyl,
n-propyl, 1-methylethyl (isopropyl), n-butyl or #-butyl. All alkyl groups shall be
understood as being branched or unbranched, where structurally possible and unless

otherwise specified. Other more specific definitions are as follows:
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tetrazolyl, pyrazolyl, pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl,
pyranyl, quinoxalinyl, indolyl, benzimidazolyl, benzoxazolyl, benzothiazolyl,
benzothienyl, quinolinyl, quinazolinyl, naphthyridinyl, indazolyl, triazolyl, pyrazolo[3,4-
b]pyrimidinyl, purinyl, pyrrolo[2,3-b]pyridinyl, pyrazolo[3,4-b]pyridinyl, tubercidinyl,
oxazo[4,5-b]pyridinyl and imidazo[4,5-b]pyridinyl. Any nitrogen heteroatom in the
heteroaryl ring can be an oxidized nitrogen atom, e.g., forming a quaternized nitrogen

atom.
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combination of configurations. Some of the compounds of formula (I) can exist in more

than one tautomeric form. The invention includes methods using all such tautomers.

In further detail, the compounds of the invention and their salts include asymmetric
carbon atoms and may therefore exist as single stereoisomers, racemates, and as mixtures
of enantiomers and diastereomers. Typically, such compounds will be prepared as a

racemic mixture. If desired, however, such compounds can be prepared or isolated as
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Soc., 2000. Furthermore, there are equally well-known methods for the quantitation of
enantiomeric excess or purity, for example, GC, HPLC, CE, or NMR, and assignment of
absolute configuration and conformation, for example, CD ORD, X-ray crystallography,

or NMR.

The compounds of the invention are meant to embrace compounds of Formula (I) as
herein described, as well as the pharmaceutically acceptable salts thereof. The term
“salt” means an ionic form of the parent compound or the product of the reaction between

the parent compound with a suitable acid or base to make the acid salt or base salt of the



Soc., 2000. Furthernore, there are equally well-known
nmet hods for the quantitation of enantioneric excess
w@eooplori4sy, for exanple, GC, HPLC, CE, or NVR PENUS2008/084149
assi gnnment of absol ute configuration and
DagheiNor RB1OHMPClor exanpl e, CD ORD, X-ray
crystal | ography, or NVMR The conpounds of the
pafeRV&@hijodRd. a8 ts 8k &ltcohPobitdRiol @R FORRAHRSioR tarF ey ftRsized
(1) as herein described, as well as the
frqnhénﬁ mamemqnmluh@s \almclemrmzbh e bgat bsadihemeaty biTbenverranal

sal t ormof th arent co und or
Ch?rwéalﬁp%fg?ef@t eiafie t f‘e%aitf ?@mrﬂ@m@@ﬁe@%@g {atebase or acid

SR o i g 0

for{il¢ 1452007/ D BAbAR acldaghbate iNa.suldihlOdAeenPeTvapidt €edmbinations of
compound. Salts of the conpounds of the present
soiveitent i on can be synthesized fromthe parent
conmpounds whi ch contain a basic or acidic noiety by
conventional chem cal nethods. Cenerally, the salts
Th@trmPY, ﬁ%ﬁ{a@gﬁmﬂl}; Q&%thﬁlg 1Pl €8 seSE cQ)rmp%ﬁh(g of R&4RBhtion
conpound w th stolchionetric anounts or wth an excess
which ik heitlde slersedpesdlsbund aeditah ghdgheng auitabledfor eed@bortac itk the
or base in a suitable solvent or various conbinations
tisgfes okyinans @ad lopres aigalh W@mr m@mm@m irjitaties.epblergiy i@sponse,

L means t..of a the invention
an fiediker STgewaR VAo eRaPBRed ok s ey aghasr oi-
sol%Hlet@m ergl‘B[e WRPeffddi GO tfelr iMehdbdiil€ Thd SSHER RS
humans and | 6wer animals w t hout undue toxicity,
phamtacéwichldyaccapthisle grid ad@spossie and pinmbdeatitdllyencceptable base
commensurate with a reasonabl e benefit/risk ratio
adgjipR palts| sl @Mperne; of thespipsept i@ vetiogiaspeesil bl koth &ﬁ@base and
sal‘?ﬁf ec e tlfcort tQseelo Ientaﬁgdred otits tTh% L ﬁe I G, (I)ude ists of
AP HRITRGCE AT oL dispr BOTE RO s Piohe By
sulﬁﬁb‘fé JHRS BletfbGR 1h}’e ?CSM’tB':iﬁﬁe%t Pagephaagdidil, 0078 8b 1 p. 149,

t he conpounds of the present invention are useful in
whadt ik hérebeinbaperagmichy refekdncé oribg entiretypr act i ce, t he use of
the salt formanounts to use of the base form Lists
of suitable salts are found in, e.g., S M Birge et

Exﬁ}nple% Z])f SIF t!a@le q&:ld?fdr gr%)!ug Z% alt@ ?ncth% hl){&ro%l%bnc Vf’lilgrififéot%fld.rﬁic,

I'ncorpor a rence _
caﬁ&ﬁlﬂmuﬁﬁrl@fm@l@' }Se@@l&lc‘aﬁhﬂ@ﬁ‘lcf aleR, 9}?@{)h : ?E'k(_t)lﬁ:, laat,ude
hydrochl oric, hydrobromc, car boni c, sulfuric, ' '
salmyhc |su<;c1merto}mlem poylfdnieraatacic, sralieictric. phmhthmﬂfomc, formic,
I
bel(i}zmcC (r)nallonic na}ﬁltha?eneQ sulfonic and benzenesulfonic acids. Other acids, such
as oxalic acid, while not themselves pharmaceutically acceptable, may be employed in
the preparation of salts useful as intermediates in obtaining the compounds of this
invention and their pharmaceutically acceptable acid addition salts. Salts derived from
appropriate bases include alkali metal (e.g., sodium), alkaline earth metal (e.g.,

magnesium), ammonium and N-(C - alkyl)," salts.

In an embodiment, there are provided compounds of formula I



salicylic, succinic, toluene-p-sulfonic, tartaric,

acetic, citric, nethanesulfonic, formc, benzoic,
worahooor@ss napht hal ene- 2- sul foni ¢ and benzenesubPdDNRZN08/084149

acids. O her acids, such as oxalic acid, while not
DackeiMie 09844pRedmaceut i cal |y acceptable, may be

enpl oyed in the preparation of salts useful as

i ntermedi ates in obtaining Rhe conpounds of this

i nvention and their phagpac ut iFfaI |y acceptabl e acid

addition salts. Salts dert om appropriate bases

i nclude al kali netal (e.gqg. dium, alkaline earth

netal (e.g., rmagnesiun), niumand N-(Cl-4

al kyl )4+ salts. In an enbodnne q there are provided

conmpounds of fornula I 2009/ 070485

PCT/ US2008/ 084149 Dock 109-0446 PCT R6 ClI R7 N

O NN HN20 O0,~~- R R5 1 wherein: RLis

sel ected from -CN, Oq_lf het er oaryl ,

optionally substituted W tJt hakggen , or Cl1_3al kyl

optionally substitu _ﬁh hal ogenRand phenyl ,

optionally substituted Wth halogen; R2 is selected

from (A H (B) Gi-3agkkyl optionally substituted

with one or two groups selected from a)

C3. 6¢cycl oal kyl I

wherein:

R is selected from -CN, -OCF;, halogen, heteroaryl, optionally substituted with halogen
or Cj.salkyl optionally substituted with halogen and phenyl, optionally substituted with

halogen;

R* is selected from:
(A) H,
(B)  Cj.salkyl optionally substituted with one or two groups selected from:

a) Cscycloalkyl,

b)  -OR’,

) -NR’RY,
d  -SOR’,

e)  -SO.R’,

fy  -C(O)NH,,

2) heteroaryl optionally susbtituted with Cj.alkyl,
h) heterocyclyl,

1) phenyl,

J) -CO,R’,

k) -OPO(OH),, and



b) -OR9, ¢) -NRORlo d) -SOR9, e) -SO02R9, f)

-C(ONH2, g) heteroaryl optionally susbtituted with
w@Roo2abdegs , h) heterocyclyl, i) phenyl, |) -EBOPRBS2008)84149

(P&‘ 2, and 9 WD 2009/ 070485 PCT/ US2008/ 084149

44@BCH446 PCT 1) -Os@2(OH); (O

G3. 6cycl oal kyl, (D) heteroaryl, and (E) phenyl,

opt |1)onal LOS@MOHI)-I tuted with hal ogen, -OR9, -CN or

-CF3; R3 is Hor G _3alkyl; or R2 and R3, together
(Cii t B35tyelostkiybon they are bonded to, form a saturated

Eyd%ocarb ring of 3 to 7 carbon atons and wherein
(D 85/86% ®lom i n said hydrocarbon ring may be

PRI bap PGSl 0 pep B, O N (57 G _sa by

substituted with one or two groups sel ect ed from a)
,;-CF3, b) -C(OORY, c) -C(ONRIRIO d) -C(S)NRORLIO e)
R’ iNEORCo 3alkyl; oM R9) C( 0) R10

R* and R’, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 7 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -S-, -S(0)-, -SO»-, -NC(O)R’- or -NR’-;

R" is selected from:
(A)  Cj.salkyl substituted with one or two groups selected from:

a) -CF;,

b)  -C(O)OR’,

¢ -C(ONR’R",

d)  -C(SNRR',

e)  -NRR",

H  -NR)COR",

g)  -C(O)NH(CH,),O(CH,),0OH,

hy  -OR’,

1) phenyl optionally substituted with halogen, -NR’R'®, -OR’, Cs.seycloalkyl
or Cysalkyl, wherein said C, salkyl is optionally substituted with -F, -
NR’R'"’ or -OR’,

j) heteroaryl optionally substituted with halogen, -NR’R'’, -OR’, C3.
scycloalkyl or Cy.salkyl, wherein said Cy.salkyl is optionally substituted
with -F, -NR’R'® or -OR’,

k) -SO.NR’R™,

) -SO,R’, and

m)  -SO,Het, wherein Het is selected from heterocyclyl and heteroaryl;

(B)  Csecycloalkyl substituted with one or two groups selected from:

10



g) -C(ONH(CH2)2Q(CH2)20H, h) -OR9, i) phenyl
optionally substituted with hal ogen, -NROR10, - OR9,
w@3soyeBval kyl or C _sal kyl, wherein said CiPCHUK3008/084149
is optionally substituted with -F, - NROR1O or -OR9,
chketH\EI-QP@éﬂ@iécfﬁpti onal |y substituted with hal ogen,
-NROR10, -OR9, C3_ scycloal kyl or Cl1_5al kyl, wherein
sai @) G _s@ldypR’j s optionally substituted wth -F,
-NR9R10 or -OR9, k) -SO02NROR1O 1) -SO02R9, and m
- SObHet , -WKBNBIR "Het is sel ected from heterocyclyl and
het eroaryl, ; 10C3_6cycl oal kyl substituted with one
or fho gré@ﬁ}gﬁ lected from 10 WO 2009/ 070485
PCT/;1US20Q§,084149 Docket No. 09-0446 PCT a) -C(O OR9,
b) -g(O) R1I0 c) -C(S)NROR1O d) -OR9, e) phenyl
opt epnal byengLbistionhlly edstivutel Wit tagren, -NRRRRLOR®, OR%ycloalkyl
C3_scycloal kyl  or G _sal kyl, wherein said Cl-5alkyl
i s opt i onall-splkyliyderain saad Cnsallky! 150ptioGRY, substiymeRwathoF, -CFs,

- OR9, het | ti Il bstituted with:
o LY o oraLyY subs 1t e
- O rPal Ky Bptidhhiy SbsateidibiR10( CO) NRIRLO,

1)  -NR°RY,

2)  -NHC(O)R’,
3)  -NHSOR’,
4y -OR’,

5 -CralkyINR’R",

6)  -CralkyINR™(CONRRY,
7y -CraalkyINR'Y(CO)R’,

8)  -CroalkylOR’,

9)  -Cp.,alkyINHSOR’,

100 -CO.R’,
11)  -COCH3,
12)  halogen,
13)  -SO.R’,

14)  -Csscycloalkyl,

15)  -cyano and

16)  Cjsalkyl, wherein said C;_salkyl is optionally substituted with
halogen, -CFs, NR°R' or -OR’:

(C)  heteroaryl optionally substituted with one to two groups selected from:

a) -R’ optionally substituted with halogen or -OH,
b)  -CF,

¢ -OR’,

d  -NRR"

e) halogen,

11



7) -Cl_2al kyl NRIO(CO R9, 8) -C _2al kyl OR9, 9)

-Cl _2al kyl NHSO2R9, 10) -CO2R9, 11) -COCH3, 12)
whadoogenss 13) - S02R9, 14) -C3_scycloal kyl, 1BQT/US30081084149

and 16) Cl 5al kyl, wherein said Cl-5al kyl is
DQ§}§¢tll\e‘.¥h9910§W@BG§t ituted with hal ogen, -CF3, -NRORLO or

-OR9; (O heteroaryl optionally substituted with one

to fyo groepsRréRected from a) -R9 optionally

substituted with hal ogen or -OH, b) -CF3, <c¢) -OR9,

d) £NRORICO)NH(GHb)@HEN, 11 WO 2009/ 070485

PCT/ USZOO / 084 Aﬁz) 1Pocket No. 09-0446 PCT f)

C(@ NR9 @aﬁéjﬂ\’ 8(@) NH( CH2) 20H, h) -Cl _3alkyl1NROR10;

(D) -C_sal kyl heterocyclyl wherein the heterocycle is

optionally substituted with - C(O CH3, oxo, or

(DyCL- @Qa&)yﬂﬂﬂ%roo?a | wh&elnahé Réerbé R islopGdnaBalsitstituted with -
- (CH2) 20H and d{)ZO(}B or R4 and R5 constitute a

sat G(@iddb, hy@lmc@m »WNIHi dge of 3 to 6 carbon atons
which together wwth the N they are bonded to, forma
heterocyclic ring, and wherein: a) one or two carbon

3 h oY HiEH "l , 04, 0r
R g-g &W%gétdlrf{ozl?lgg ch ?atllﬁﬂ,Rg(quz)ZGH ah@ R, $OTR OO

R* and R’ constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:
a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®

and

b) one carbon atom in said heterocyclic ring is optionally replaced by -O-, -S-, -S(O)-, -
SO;- or -NC(O)CH;5-;

R®is H or halogen;

R’is halogen or -CFj;

R%is selected from Ci.alkyl, halogen, -OH, -CH,OH, -C(O)Rg, -SO,R’, -
C(0)CH,CO:R’, -NR’R™, -C(O)NRR'®, -CN, -C(0)OR’, -N(R*)C(O)R'?, heterocyclyl
and heteroaryl, wherein said heterocyclyl and heteroaryl are optionally substituted with
Cisalkyl, -OH or -CF3;

R’isH or Cisalkyl or C;.4cycloalkyl, which C;_salkyl is optionally substituted with -OH;

RYis-Hor -CHj;; or

12



and b) one carbon atomin said heterocyclic ring is
optionally replaced by -0-, -S-, -S0)-, - SQ2- or
WO bioy@sB-; R6 is H or hal ogen; R7 is hal o0gePCDUS2008/084149
-CF3; R8 is selected from Cl_3al kyl, hal ogen, -OH,
DoclgrNg-09-084@PES, - S02R9, - C( O) CH2CORRI, - NRIRLO,
-C(0) NROR10O, -CN, -C(0)OR9, -N(R9)C(0)R10,
R°hal | Constite a safchtaelyRIrQaroh brides €3 @ S@ibn atoms which
het erocycl yl and heteroaryl are optionally substituted
togeitteh wittiltlzkaN Ikydly, are (@kded to, €FBY a lmerbeycm: ong.Gthebzih kyd casbon
C3. 4c) oalk , .which Cl1 5al tlo al.ly
atagy, By i Fing gy be b pazb Y Mo DG N 081 yherein

PR A1 S ERIOR I Bl A B e
Sf, -KHt ONE H:alop NCAD)OMB-;Whi ch  together with the N they

are bonded to, forma heterocyclic ring, wherein one
carbon atom i n said heterocyclic ring my be

i onal | S ti ith -OH or wherein one
or E%LWC%W %‘g‘?‘ F?@Eté?fs yclic ring may be
optionally replaced by -0-, -S-, -SO, - SQ2-, -NH,
-NCH3-, or -NC(O CH3-; or a pharmaceutically
In agtkfpteaiboinsat dre cb@paoids of the dnatutel wherbiadi nent are

conpounds of the for mJI a I wherein: Rl is selected
from-CN, -OCF3, - -d, -Br and phenyl,

RIS RS 65 S SR BBl
whfefe‘?r%ald gl'@nlyﬁqnél@)o Gdnafld 'slf%'tm%&\szﬁ'i@ |y substituted

t Wo g oups se ected from a) -OR9, b)
-S(O) R9, c) -SO02R9,

R’ is selected from:

(A) H,
(B)  Cj.alkyl optionally substituted with one or two groups selected from:
a)  -OR’,
b -SOR’,
¢ -SO.R’,
d) -C(O)NH,,
e) -COR’

f) ~ -OPO(OH),,

g)  -050,(0hH),

h) triazolyl,

i) imidazolyl optionally substituted with C;.;alkyl, and
i) NR°R:

R*isHor -CHs;; or

13



d -CONH2, e) -CO2R9, f) -OPQ(CH)2, g) -OSQ2(CH),
h) triazolyl, i) imdazolyl optionally substituted
wowdaob/od4sRal kyl, and j) -NRORLO; R3 is H or -BEMBUSING/084149
13 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
DagBet¥m §919¢46 RETand R3, together with the carbon they
are bonded to, forma saturated hydrocarbon ring of 3
R*tafd & a8gdaen wathan® cabsh e ibbn@iao Fafrk @ Ratata@i Hydroeaiben
hydrocarbon ring my be optlonally repl aced by -0-,
ring 90349 6 cmommms and whiiRg-qneR4rbos atel mchieldhyfiraganbog A)lg may

G sa ut £ or yo groups sel ected
be P lygspla @) &gzod\@é@?ﬁ "0 NRORLO  d)

“C(S)NH2, e) -NR9R|0 f) -N(R9)C(O)R10 9)
- C(0) NH( CH2) 20( CH2) 20H, h) -OR9, i) phenyl, and j)
R*hetetceadm: optionally substituted with -OH, (B)

C3_scycl oal kyl substituted with one group sel ected
(A} r of- sallgyl sulgtiteReith bie orgvo)grRPRIgected from:

a) -CF;,

b)  -C(O)OR’,

) -C(ONR’RY,
d)  -C(S)NH,

e)  -NRR,

H  -NR)COR",
g) -C(O)NH(CH,).O(CH,),OH,
h  -OR’
i) phenyl, and
1) heteroaryl, optionally substituted with -OH;
(B)  Csscycloalkyl substituted with one group selected from:
a)  -C(O)OR’,
b)  -C(ONR°R!,
¢)  -C(SNR’R' and

d) heteroaryl optionally substituted with:

1)  -NR°RY

2)  -NHC(O)R’,
3)  -NHSO,R’,
4 -OR’,

50  -CraalkyINR’R',

6)  -CialkyINR'Y(CONR’R",
7y -CraalkyINR'YCOR’,

8)  -CraalkylOR’,

9)  -Cj,alkyINHSO,R’,

100 -CO.R’,

14



c) -C(S)NROR10, and d) heteroaryl optionally
substituted with: 1) -NROR 2) -NHC(O R9, 3)
WO biHS02R”R8; 4) -OR9, 5) -Gi-2al kyl NROR10, 6) PCT/US2008/084149
-Cl_2al kyl NRLO(CO NRORi 0, 7) -Cl _2al kyl NR1O( CO) R9,
Degket-Nor 094K PORo,  9) - _2al kyl NHSORR9, 10) - CO2R9,
14 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09- 0446 POT 119oc@QCH3, 12) hal ogen, 13) -SO2R9, 14)
-Cl_2al kyl optionally substituted with hal ogen, 15)
-cyano ahg) 161;a19g33 5cycl oal kyl ; (C) heteroaryl
opt i onal I t)ut ed wwth one to two groups sel ected
from %Zii onal |y substituted wi th hal ogen or

-CH, b) 0) s ) -NRORlo
o) -l 3ai5‘kylkﬁé’é§*f,9l offdna By R AAEER A Bigoeer”
- C_Sal kylihet ercgaycdndl wherein the heterocycle is
optlonally substituted with -
16)  -Cs.scycloalkyl;
(C)  heteroaryl optionally substituted with one to two groups selected from:
a) -R’ optionally substituted with halogen or -OH,
b)  -C(ONR°RY,
c) -C(O)NH(CH,),0OH,
d  -NRR",
e)  -CrsalkyINR’R', and
f) halogen;

(D)  -Cysalkylheterocyclyl wherein the heterocycle is optionally substituted with -
C(O)CH3, oxo, or -C;3C(S)NH,;

R’ is selected from H, and C;_salkyl; or

R* and R’ constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:

a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®,
and

b) one carbon atom in said heterocyclic ring may be optionally replaced by -NC(O)CHs-;

RCis H, -For -Cl;

R’ is -Cl;

15



C(O CH3, oxo, or -C1L 3C(S)NH2; R5 is selected fromH,

and C _3alkyl; or R4 and R5 constitute a saturated
why@wooasbon bridge of 3 to 5 carbon atons whi BOT/US2008/084149

together with the N they are bonded to, forma
Dagketdiwa ) diitePEilng, and wherein: a) one or two carbon

atons in said heterocyclic ring are nono or

R®G Seldeeddiffdh QOHWLE, hoESrCHgm SDz@H? Ne(mgp -e{®NR’R'%sai d
het erocyclic ring e opt i | aced by
CONG O @HB--CN, Re(Q) @ﬁ -N(g )6(0)-1@:{I ,hetl@ﬁ)cycslyl-z@ld heteBoayyh wherein

09/ 070485 PCT/ US2008/ 08414 09- 0446 PCT
e AT B i o T rees)
-N(CH3) 2, -C(O NROR10 - C(O CH2C2Et, -CN, -C(O) OR9,
-N(R9) C(O) R10, heterocyclyl and heteroaryl, wherein
R’saHdChatigt @Ia(ngchﬂéaHaﬁt whiRRI(, yalky bséptioutl ?dsdbfisﬂithte@lmth -OH;
al kyl or -OH; is H G _bal kyl or C3 _4cycl oal kyl
angvhi ch C1_5al kyI is optionally substituted with - OH;
and R10 is Hor -CH3; or RO and Rl10 constitute a
saturated hydrocarbon bridge of 3 to 6 carbon atons
R'MUEH p9st her with the N they are bonded to, forma
het er ocycf Ic ring, wherein one carbon atomin said
het erocyclic ring may be optionally nonosubstituted
JMth -OH or wherein one carbon atomin said

R’lad & ‘sopeithie arsmatmydwa@@p.b@dg@ oh3 todptashanchtesys which

oggUEE AN P AEDIC Torh EREPORES Tbfmesieape gvin
at&@m%m%r &%%@ﬁné Qfagﬁé @%ﬁon‘ﬁﬁ%ﬁ%@sub%ﬂeé il @H &vherein

from-CN phenyl, pyrim dinyl
onacatborr itamch ydid hexeroeidlic rivgy riaypeespyionallyngplaeeddpt-OondQHs- or -

substltuted with -F, R2 is selected from (A H,
NC(O)CH3

or a pharmaceutically acceptable salt thereof.

In a further embodiment are compounds of the formula I wherein:

R' is selected from -CN, -OCFs, -CFs, -Cl, -Br, phenyl, pyrimidinyl and triazolyl wherein
said phenyl ring is optionally substituted with -F;

R’ is selected from:

(A) H,
(B)  Ciaalkyl optionally substituted with one or two groups selected from:
a) -OH,
b) -OCHs,
¢ -S(O)R’,
d  -SOR’,
e) -C(O)NH,,

16



(B) G _2alkyl optionally substituted with one or two
groups selected from a) -OH b) -OCH3, c¢) -S(OR9,
WwWa@l200980289, e) -C(O NH2, 16 WD 2009/ 070485  PCT/US2008/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT f) -CO2R9,
Dagket Nop@p- &f@PCTh) - 0s02(0H), h) triazolyl, i)
i m dazolyl optionally substituted with C1_2al kyl, and
i) NR 9RIQ,FB is Hor -CH3; or R2 and R3, together
with the carbon they are bonded to, forma saturated
hydgbcar HOPO(Qling of 3 to 6 carbon atons and wherein
one_ car bo t in said hydrocarbon ring my be
opt hnal T@S(Sééﬁzl’ced by -0-, -S2-, -NC(O R9- or -NRO-;
R4 %? selgcted from (A) Cl_3alkyl substituted with
one or two groups selected from a) -CF3, b)
- C( ©) OR9imid&olyl GpdMdtz substihutedSih Biizalkyl €nd- NHC( O) CH3, ,
f) -OR9, 1%%9 phenyl, and h) heteroaryl optionally
subgt it uthld Ruit h - OH,

R’ is H or -CHs; or

R* and R’, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -SO,-, -NC(O)R’- or -NR’-;

R*is selected from:

(A)  Cjaalkyl substituted with one or two groups selected from:

a) -CF;,

b)  -C(O)OR’,

¢)  -C(O)NH,,

d)  -C(S)NH,,

e)  -NHC(O)CH,,
fy  -OR’,

2) phenyl, and
h) heteroaryl optionally substituted with -OH,
(B)  Csscycloalkyl substituted with one group selected from:
a) -CO,CHs,
b) -CONH,,
c) -CSNH,, and
d) heteroaryl optionally substituted with:

1)  -NR°RY,
2) -NHC(O)R’,
3) “NHSO,R’,

17



(B) C3_5cycl oal kyl substituted with one group sel ected

from a) -CO2CH3, b) -CONH2, c¢) -CSNH2, and d)
whedenoEsy|l optionally substituted with: 1) -NROBSmOL)S4149

- N}—|C]\igg) R9, 3) -NHSO2R9, 17 WD 2009/ 070485
Doplot/Nes9B084@B4T49 Docket No. 09-0446 PCT 4) -OR9, 5)

- Cl1- 2al kyINROR10, 6) -Cl-2al kylNR1O(CO) NROR10O, 7)

- C1- 2al ky} NRIQeO) R9, 8) - Cl-2al kyl OR9, 9)

- Cl- 2al KyINHSO2R9, 1Q) -CO2R9, 11) -COCH3, 12)

hal ogen, 5) 13) -CiSORANR'RA) - C1- 2al kyl optional Iy

substituted with en, 10- Cyano and 16)
- C3_scyc%)oal K3 1:Za‘g%§\ﬁﬁéﬁg’)]gér%l »optionally substituted

with ones{o tye 0 gcted from a) -RO
optionall7 su\@f‘lgltkglted @\ﬂ)ﬁ -F or -OH, b) -C(O NROR10

c) -C(O BH( CH2),28lky1IORT) - NROR1o
9)  -CralkyINHSO.R’,

100 -CO.R’,
11)  -COCHs,
12)  halogen,
13)  -SOR’,

14)  -Cj.,alkyl optionally substituted with halogen,
15)  -cyano and
16)  -Csscycloalkyl;
(C)  heteroaryl optionally substituted with one to two groups selected from:
a) -R’ optionally substituted with —F or -OH,
b)  -C(ONRR",
c) -C(O)NH(CH>),0H,
d  -NRR"
e)  -CpaalkyINR’R', and
f) halogen;
(D) -Cosalkylheterocyclyl wherein the heterocycle is optionally substituted with -
C(O)CHs; or oxo;

R’ is selected from H, and -CH3;; or

R* and R® constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:

a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®
and

b) one carbon atom in said heterocyclic ring is optionally replaced by -NC(O)CHs-;
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e) -Cl-3al kylINROR10, and f) hal ogen; (D)
- CO 3al kyl het erocycl yl wherein the heterocycle is
we@piwonai y substituted with - C(O CH3 or 0x0; PEREUSEI08/084149
selected fromH and -CH3; or R4 and R 5 constitute a
Dosketd¥a 084§ BEdcar bon bridge of 3 to 5 carbon atons
which together with the N they are bonded to, forma
6h§HeF@@ml|c ring, and wherein: a) one or two carbon
atons in said heterocyclic ring are nono or
di substituted with R8 and b) one carbon atomin said
7h rocycllc ring is optionally replaced by
R'1 O) CHg- 18 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT R6 is H -F or -d; Rris -d;
R8 is selected from-CH3, -F, -OH -CH20H, -SO2CH3,
R31N(e@d@tZrom @ID), NH2OH, (CI(IQ)III\I( -SH30'H;, -N@H;);, ACO)NRS, -
- N R9}%1me&CH3 heterocycl and heteroaryl, wherein
C(OaN& Nal(0)OR’, IR Q)Cbls,sh@t@mqytﬂwt aull hetarparyl, wherein

sa5eig eGP e TS BFF onal 1 y
substituted with -OH, and R10 is Hor -CH3; or RO and
R10 constitute a saturated hydrocarbon bridge of 3 to
6 carbon atonms which together wwth the N they are
sponded to, forma heterocyclic ring, wherein one
R’ daHbonalket onki- 4@Y‘§941Hy1h€hléﬁ€cy@kﬂés @ptwgaﬂmg}lb@t@uted with -OH;
S?ptl onal Iy nonosubstituted with -OH or wherein one
arbon atomin said heterocyclic ring may be
optionally replaced by -0- or -NCH3-; or a

har maceutically acceptable salt thereof. In yet

R! md{hleCHgnblodl ment are conpounds of the fornula I
wherein: Rl is selected from-CN, -OCF3, -CF3, -d,
phenyl, pyrimdinyl and triazolyl; R2 is selected

9fa¥1((1) R constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom 1in said heterocyclic ring may be optionally monosubstituted with -OH or wherein

one carbon atom in said heterocyclic ring may be optionally replaced by -O- or -NCH3-;
or a pharmaceutically acceptable salt thereof.

In yet another embodiment are compounds of the formula I wherein:

R!is selected from -CN, -OCF;, -CF3, -Cl, phenyl, pyrimidinyl and triazolyl;

R’ is selected from:

(A)  Ciaalkyl optionally substituted with one or two groups selected from:

a) -OH,

b)  -OCHs,

¢ -S(O)R’,
d)  -SO.R’,

e)  -C(O)NH,,
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(A) Cl_2al kyl optionally substituted with one or two

groups selected from a) -OH b) -OCH3, c¢) -S(OR9,
WwWa@l200980280, e) -C(O NH2, 19 WD 2009/070485  PCT/US2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT f) -CO2R9,
Dogket Nop@p- O @PCTh) - 0s02(0H), i) triazolyl, j)

i m dazolyl optionally substituted wth Cl-2al kyl, and

k) fNRORIGH),HB is H, or R2 and R3, together with the

carbon they are bonded to, forma saturated

hydgbcar HOPO(Qling of 3 to 6 carbon atonms and wherein

one_ car bo t in said hydrocarbon ring my be

opt hnal T@S(Sééﬁzl’ced by -0-, -S02- or -NC(OR9-; R4 is

sel ectedy {1 (A) C2-3alkyl substituted with

pyri‘di nyf, thrrazolyl, or pyrrolopyridinyl, and (B)

C3- peycl ﬁﬁildkz)dlyl-‘”ogbﬁﬂdll@lshl%ﬂitm&d Witk 0, gkxdumdsel ect ed

from a) -C%%N , b) pyridinyl optionally substituted

with) 1NR R 2) -NHC(O R9, 3) -NHSO2R9, 4) -O0OR9,

5) -Cl-2alkyl1NROR10,

3.
R’ is H; or

R* and R’, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -SO,- or -NC(O)R’-;

R" is selected from:
(A)  Cj.alkyl substituted with pyridinyl, thiazolyl, or pyrrolopyridinyl, and
(B)  Csscycloalkyl substituted with one group selected from:

a)  -C(O)NH,
b) pyridinyl optionally substituted with:
1)  -NR°RY,
2)  -NHC(O)R’,
3)  -NHSOR’,
4 -OR’,

5 -Cp,alkyINR’R",

6)  -CpralkyINR'Y(CONRR",
7 -CraalkyINR'YCOR’,

8)  -CraalkylOR’,

9)  -C,alkyINHSO,R’,

100 -CO.R’,
11) -COCH3,
12)  halogen,
13)  -SO.R’,
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6) -Cl-2al kyl NRLO( CO) NROR10, 7) -Cl-2al kyl NR10( CO R9,

8) -d-2alkyl OR9, 9) -Cl-2alkylNHSO2R9, 10) - CO2R9,
wa190o/0d@eH3, 12) hal ogen, 13) -S02R9, 20 WD PCT/US2008/084149

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
Dotkgt Nag09- D4k PCTopt i onal |y substituted with hal ogen,

and 15) -cyano; c) oxadi azolyl optionally substituted

with, -NRPRLO.C Qhlk 84l gﬁbﬂﬂuﬂe@ witibtlooaR lahy
substituted wi tlh @ngxﬁ SA i m dazol y? optionally

substitul®d wicymdR9 or - e) triazolyl optionally

Subél | { uEHPY Eowna@ %é%ﬁ%dy' gy%ﬁﬁﬂé@rﬁ e '
2y o
oyr PRl AR SURE Tl ol with - NeoRIO| )

pyr ti;alopymnﬂhzbm tiokall ypybsaizitaywitD R bor@Fy y substi tut ed
with ClL 2al k ) pyridazi nyl'wfgtlonal l'y substituted

wit k) G Qalllk ILNR@R& subytltn@p} vkl di nyl, n)
o Bl RBARR) LGRS Bes Hofufe oven o)
or di SUbgfii LWk BtidMally suﬂé’l"@lted with R’

h) thiadiazolyl,

i) pyrimidinyl optionally substituted with -NR’R",

1) pyridopyrimidinyl,

k) pyrazinyl optionally substituted with C;_alkyl,

1) pyridazinyl optionally substituted with C.;alkyINR’R"®

m)  naphthyridinyl,

n) quinazolinyl optionally substituted with halogen,

0) pyrrolopyridin-6-yl,

p) quinolinyl,

q) triazinyl mono- or disubstituted with -NHa,
r) oxazolopyridinyl,
S) benzooxazolyl,

t) tetrazolyl, and

u) isoxazolyl;

5.
R’ is H; or

R* and R’ constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein one carbon

atom in said heterocyclic ring is mono or disubstituted with R®;

R®is H or -F;
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r) oxazol opyridinyl, s) benzooxazolyl, t) tetrazolyl,
and u) isoxazolyl; R5 is H or R4 and R5 constitute
wa2@anuust ed hydrocarbon bridge of 3 to 5 car bpOT/ESTINE 084149
which together with the N they are bonded to, forma
Dmb‘tté\T%@?@aﬂ@PQTng, and wherein one carbon atomin
said heterocyclic ring is nono or disubstituted with
R8; R6 is Hor -F, 21 WO 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT R7 is -C; R8 is selected from
R™iFCl: OH, - CH2OH, -NHC(O CH3, -C(O NH2, -CN, -CO2Et,
-CO2H, 3- hydroxy-1H pyrazol -5-yl,
5- ox0-4, 5-di hydro- 1, 2, 4- oxadi azol - 3-yl,

8§s o) o ;ﬁn@' IYERHO-cH (ﬁ{“N’H@(@g{;o {:(IS 3iot B CPpEL -COM. 3-

tetrazol iherein sai’d tetr
hy&ﬂcbhﬂﬂt-}lbl} r&4b| \_M}Il h5-oXel4 Aalifdro-1 B3 d))ﬁldi‘d.zolcgl-yﬂaldkwél dihydro-
C3. 4c oal kyl and R10 is H or -CHS; R9 and R10
1, b thadiazgl-8- yéalyhtletrmﬂ}édww@nn@@ldrtumzolb} 1Sd>ggowﬂly3ub&atlﬁed with
C %kgon atoms which together with the N they are
18 ed to, forma heterocyclic ring, wherein one
carbon atomin said heterocyclic ring is optionally
nonosubstituted with -OH or wherein one carbon atom
RiinHs@]_dlfyebeC peydbilkylahdg nay be optional Iy repl aced
by -0-; or a pharmaceutically acceptable salt thereof.
In yet a further enbodi ment are compounds of the
16%r£gul wherein: Rl is selected from-CN and - OCF3,
O S4Bt i din-5-yl or triazolyl: R2 is selected
from (A) Cl_2alkyl optionally substituted with one or
Wo groups selected from a) -OH,
and R constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which

together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom in said heterocyclic ring is optionally monosubstituted with -OH or wherein one

carbon atom in said heterocyclic ring may be optionally replaced by -O-;
or a pharmaceutically acceptable salt thereof.

In yet a further embodiment are compounds of the formula I wherein:
R!is selected from -CN and -OCF;, -CF3, pyrimidin-5-yl or triazolyl;

R’ is selected from:

(A)  Cj.alkyl optionally substituted with one or two groups selected from:

a) -OH,

b)  -OCHs,

¢)  -SO.R’,

d)  -C(O)NH,,
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b) -OCH3, <¢) -SQ2R9, d) -C(O NH2, 22 WO 2009/070485

PCT/ US2008/ 084149 Docket No. 09-0446 PCT e) -CO2R9,
w@ae@9/ofuss OPO(OH) 2, g) -0S02(OH), and h) het epOBUSF1008/084149

selected fromtriazol-2-yl or imdazol-4-yl which
Dacketd¥ez 8P-0449PCTi s optional |y substituted with

Cl-2alkyl; R3is H or R2 and R3, together with the

car ppn t hey,r swgbonded to, forma saturated

hydrocarbon ring of 3 to 6 carbon atons and wherein

onefcar bedP@tWhni n sai d hydrocarbon ring is

opti onal | e ced by -0-, -S02-, or - ORO9-; R4 is
sel 8Lt ed'é%ﬁ&’(%ﬂgczé kyl substituted yl\\llicgh) |

r N-g¢x . . . M-
oY onp oo abouryPed e nd) ELOBLERY Y SHRREL L SRichh RSy
opt ii%rgilohaﬂyssubgtthtwm Mhdlkyl; 1) -NROR10 2) - NHC(O) R9,
3) -OR9, 4) -G -2alkylNROR1D, 5)

- C1- 2al ky1INR1O(CO) NROR 0, 6) - Cl- 2al ky1NRLO( CO) RO,
37) - C1-2al kyl OR9, " 8) -CD2R9, " 9) - COCHB,

R* and R, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring is

optionally replaced by -O-, -SO,-, or -NC(O)R’-;

R" is selected from:
(A)  Coalkyl substituted with pyridin-2-yl, and
(B)  Cyclopropyl substituted with one group selected from:

a) -C(O)NH,,

b) pyridin-2-yl optionally substituted with:
D -NRR",
2)  -NHC(OR’,
3)  -OR’,

4)  -CralkyINR’R",
5 -CioalkyINR'(CONRR,
6)  -CialkyINR'™(CO)R’,
7)  -CiaalkylOR’,
8)  -COR’
9)  -COCH;,
10)  halogen,
11)  -C;,alkyINHSO,R’,
12) -SO.R’,
13)  -Cjsalkyl;
¢)  1,24-oxadiazolyl substituted with R®, <CHF,, C,_,alkylOH or -NR’R?,
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10) hal ogen, 11) -Cl-2alky1NHSO2R9, 12) -S02R9, 13)
-C _2alkyl; c) 1,2, 4-oxadiazolyl substituted with R9,

WO ab/A704€4 - 2al kyl OH or -NRORLO 23 WD 2009/ 070B@BUS2008/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT d)

Dacketd¥ez 8P¥H4@BEiTonal | y substituted with RO or -CF3, e)
1,2,4-triazol-3-yl, optionally substituted with RO, f)

oxagpl yl 1rﬁ1ﬂhidl>ﬂ®bhwna$llf}QﬁEétﬁMécﬁQuMViRﬁ br ROFQr - CONH2, @)
t hi azol -2 optional [y substituted with R9, h)

t hi axol - 42;4 tmmlrbﬁabpt;onsmsostbsmmteémm Rh -cH3, i)
;ug@frl : Ebg%lo&ﬂ)p]tlo sul}s&g@(/i w1t lgé nly C&Gﬁl onall'y

2 . -2-yl
oot Fonal 1B PPl S YR ™0
pyr h§lazi o).yl B)tiohapitibytifueidryidr )UHg, 0)

qui nazol i n-2-yl optionally substituted wi th hal ogen,
p) 1H pydddh th@azlw(zolo} karl din-6-yl, q) quinolin-2-yl, r)

oxa ol opyridin 0 zol - 2-yl; R5is

J_Z>) R4 }Qﬁald#?ﬁ %tb%@ﬁ}’ t“fhsg uée%s‘%]ﬁh%gﬁéd hydr ocar bon
br| e o 3%!}9“;1%% Atpms which together with the

gy a?yrﬁkog ide ?or&n a heterocyclic ring, and

vvherl)en n pnaziad-Paptiowdigriubdinged @ith€l ediodyclic ring is
nmono or disubstituted wwth R8; R6 is Hor F

m) pyridazin-3-yl,

n) naphthyridin-2-yl,

0) quinazolin-2-yl optionally substituted with halogen,

p) 1H-pyrrolo[2,3-B]pyridin-6-yl,

q) quinolin-2-yl,

r) oxazolopyridin-2-yl, and

S) benzooxazol-2-yl;
R’ is H; or
R* and R® constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein one carbon
atom in said heterocyclic ring is mono or disubstituted with R%;
R®isH or F;
Ris Cl;
R® is selected from -F, -OH, -NHC(O)CH3, -C{O)NH,, -CN, -CO,H, 5-ox0-4,5-dihydro-

1,2,4-oxadiazol-3-yl, and tetrazolyl, wherein tetrazolyl is optionally substituted with C;.
salkyl;
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R7 is A; R8 is selected from-F, -OH -NHC(O) CH3,
-C(ONH2, -CN, -CO2H, 5-o0xo0-4,5-dihydro-

wda d7@sadi azol -3-yl, and tetrazolyl, wherei NnPCT/US2008/084149
tetrazolyl is opti onal ly substituted with G 4al kyl ;

Dogket\ND. 98094@PCA85 PCT/ US2008/ 084149 Docket No.
09-0446 PCT RO is H, Cl.4alkyl or C3.4cycloal kyl and
R10 is Hor -CH3; or RO and R1O constitute a saturated
hydrocar bon bridge of 3 to 6 carbon atons which

Rnsaﬁeﬁih@iky\lt\pltﬁzztcyréoa\lkylmegi are bonded to, forma
heterocyclic ring, wherein one carbon atomin said
heterocyclic ring is optionally nonosubstituted with
R i 8 - C@e{) in one carbon atomin said heterocyclic
ring may be optionally replaced by -0-; or a
phar maceutical ly acceptable salt ther eof In an even

furthoer enbodi ment are conpounds of the fornula I
R’whé Re] qpnstitie ajsatugastclesdeerarbon bridgnbfahie 6 @arg atems which

togblfel FHBITEN it PondBa R e it Bic ok ardn opd epbon
atd'iﬁ in sg(d: e@rocy@ﬁgﬁhg 1s®ptlo&@'ﬂ§%ngs@sufugaqr q;DC;)H %P@Rer@i??eone

, together wt
cabat bt@m ﬂnhayi }areeodgolﬁtdle@g inay bé optivnall gieplaogt IDpy0-; or

cycl ohexyl ring wherein one carbon atomin said
cyclohexyl ring is replaced with -NC(O RS- or - SO2-;
tutfed wi th one group sel ect ed

ora pgq.}:fnac ilca?ler é)c%é{[;tabslg sbaSIt thereo
In an even further embodiment are compounds of the formula I wherein:
R is selected from -CN and -OCF; or pyrimidin-5-yl;

R’ is selected from:

(A)  Cjalkyl optionally substituted with one group selected from:

a) -OH,
b) -CO,H,
c) -CONH,,

d)  -OPO(OH), and
e)  -0SO,(OH);

R’is H; or
R* and R, together with the carbon they are bonded to, form a cyclopropyl or cyclohexyl
ring wherein one carbon atom in said cyclohexyl ring is replaced with -NC(O)R’- or -

SO;-;

R* is cyclopropyl substituted with one group selected from:
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WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446
PCT (A) pyridin-2-yl optionally substituted with: a)
WO NHGOOUBRY, b) - CH2NH2, b) -CH2ZNHC(O R9, ) PCT/US2008/084149
- CH2NHSO02R9, d) -CO2H, e) -NROR10O, or f) -OR9; (B)
DasketiNmPP9440 PCT  (C) pyrinmidin-2-yl, (D)
napht hyri din-2-yl, (E) quinazolin-2-yl optionally

b t F
TR HIEAMONEIIED

2 |a))pr opNHCéﬁﬁzol -4-yl, (H

opr op i m dazol -4-yl, or (1) thiazol-2-yl; R5
E) éﬂél‘hﬁ) F; R7isCl RO is H -CH3 or
cyc Pr oyl (?(‘63 Ps H or -CH3; or a pharmaceutically
acce tabl e alﬂ ereof . 26 WO 2009/ 070485
PCTk}JSZOCI&CI;(1}«&4{51(42{1{9 Docket No. 09-0446 PCT In another
enbodi ment there is provided the compounds in the
t abde betdwtand the pharmaceutical ly acceptable salts

thegpol: NRIR, or

fy  -OR’;
(B)  pyridazin-3-yl,
(C)  pyrimidin-2-yl,
(D)  naphthyridin-2-yl,
(E)  quinazolin-2-yl optionally substituted with chlorine,
(F)  1H-pyrrolo[2,3-B]pyridin-6-yl,
(G)  2-isopropyl-oxazol-4-yl,
(H)  I-isopropyl-1H-imidazol-4-yl, or
I thiazol-2-yl;

Ris H;

R®is H or F;

Ris Cl;

R’ is H, -CH; or cyclopropyl;
R%isHor —CHs;

or a pharmaceutically acceptable salt thereof.
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Li G O 11 N-~ NO NNz~ HNOOY X L2 NR2 Cpd #
NR2 X L, L2 --r N 1 0111111r- NHCN NHN_ NH 2 H
w@bboomrddes 3 N, H CN 27 WD 2009/ 070485 PCT/US2008/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT 4 H H OCF3

Dagkeg Np- 0994400PETO0 H OCF3

In another embodiment there is provided the compounds in the table below and the

pharmaceutically acceptable salts thereof:

&

L,
N
o)

=

N

HN
O X
Y

Cpd # NR, X L, L,
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rNj, VN, N \NH T6HCN SCFF --r N 7 (/NH

OCF3 I NHN N N8 HOCN N,vIN,N NH9 HHCN N
WwWOR000/048N 10 O H OCF3 N H ~ 28 WD 2009/ 07048BCT/US2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT N 11 QH
Dagiggt No. 60446 PCT

.
N
4 Q’ H . H OCF3
N NV
s,
0
—
o
5 L | L H OCF3
=N <
N. .NH
N

-
NG | L
7 O N /k H| OCF3
" NH h
=N
oy
N
8 /% H CN
=N <
N, . NH
N
-
3
9 A N H CN
/ "
)§ g
\O O

-
N
10 (_Z 5 T H| OCFs
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N 12 OHCN NHI\I --r N 13 01,111'r O HCN %

NH2 N 14 O HCN N'" H N15 0 HOCF3 rN'" N N N
WO20609/0H4€CF3 16 0 Jv N HNL7 ° HCN F 29 WO PCT/US2008/084149

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
Dagket 1. PO-OF@PCT

o | O L H | ocr
“oH ‘
12 f Z o | T H| CN
N e
i
-
N
o | Oy | i o
AN
NH, *
| i o
N R
i ‘
-
Q
15 L H| OCF3
=N <
oy N
P O G J i | oo
N N
i
17 OO H| N
F \&
F ~
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NN NNE19 HOCF3 N2,NHH 20 4 OCF3 N .,)v F --r

N 21 O HCN NH2 N 22 "~ HOCN N N N N 23 L-1I
wWoL2@aB48N NH 24 H CN OH 30 WD 2009/ 070485 PCT/US2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT --1--- NH
Docket N@ @Q4464PCN OH NH ---

18 "’a,/ \\/% H OCF3
=N g

N
19 (—L \ /% H| OCF3
_N ‘\
Ny . NH
N
- |
N
20 . )V H| ock
F \
F
-
N I

22 W | L H CN
/=N <

Ny, N
N
23 (_7 L H | OCF3
’o\\ 4
\N
—
NH o
24 7 . )\ H CN
g OH
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26 HCN NSO O NH27 N OHCN NH2 NH 28 p HCN
O NH29 HCN NO --1-- NH 30 N HOCF3 NH31 N H
w@h0098104880 2009/ 070485 PCT/ US2008/ 084149 Docke¢tT/NS2008/084149
09-0446 PCT --1--- NH 32 HCNNH 33 N, HCN 11, )

Dackat Na. ORgd44@RCH- H CN

—
NH | ...
25 N ‘\)Y H CN
g OH
—
NH | -
26 /b H CN
~ . =0
' §
N 0
—
NH
27 v H CN
|
——
NH .
28 v )\L o |[H| N
| S~
N |\O
e
NH
29 v /R H CN
g ON
S
NH
30 N T H OCF3
« | < k7
—
NH
31 7 i H CN
x | ’
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ONH 35 HCN Ns NH 36 HCN N S Nj NH 37 NCOH CN
N 32 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
w@20042@85PCT NH 38 NI O HCN N C NH 39 N PCOOER0M84149

NH 40 N1 .~ HCN ~N--1-- NH 41 HCN NJ NH
Docket No. 09-0446 PCT

32 " )\ H CN
N~ | .
_n
-
NH
33 N? | . H CN
X ()//
-
NH

34 N L H CN
~ < k7

—O

3 | L 7T H CN
N“ s N\
\—/ .

36 > | T H| CN
=/ R k7

-
%:NH
37 \7 g H CN
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42 HCN NH NH 43 NHOCF3 ~ 1 NHZ 33 WO 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT NH 44 No H

w@bboome445 H CN N N H 2 NH 46 N H CN N~ NHPCHUSI08/b84149
NH 48 HCN S NH 49 HOCF3 N- NH N 34 WO

OCF3 ~N',
Dozhg i@ Po4d46 PCT/ US2008/ 084149
oy
%:NH
38 N0 /% H| oCN
=N
(‘N
W,
o
NH
39 NG | /% H OCF3
« ‘
/N\
]
NH
40 N/| \/% H CN
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nmol ), Cl2 (5nL) and thiophenol (0{7 nmi, 6.8 nmol)
wer e ined and diluted with TFA (b nL). After 24
the [cedcti on Was cdncentr,at ed vacuo. The
I|r2'%63| (JlueK s partiltio bet&/e 8N2017 and water. The
| ayers separated and the CH2Cl12| | ayer was
extracteskiwi th water. The |conpi ned aqueous | ayers
were|concgntyated in vacuo. Reverse ppase HPLC
purification yielded 482 ng of (R)-3-
pyrToiidin-3-yi -4/ 1,2, 4-0oXxadl azol -5-pne as a tan oil
(-50% pure) that |was used wi thout fufrther
purific
Ny |
w7 | )V F| oN
NH
O:;,q_;\
-
NH
g /%
438 x . F CN
NH
O:IS
o
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97 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09- 0446 PCT 2-(1H Tetrazol -5-yl)-ethylam ne form ate:
wdaooBenaygs chl orof ormate NaOH NH NHZ 2) NaN3, BCBNS108/084149

2 N3) Pd/C, HNI

Jo

N H NN HO Am nopropionitrile

Dockerd¥a08-0d60 BCd, 53.4 mol) was di ssolved in water and

basified to

pH 10 with solid NaOH A solution of

benzyl chl oroformate (8. 0O, 58.4 nmol) in Et20 (15
m) \as kﬁ;hHadded with vilgorpus stirfing. The pH was
cont il nua adjugted to pH 10 by add|{tion of 2M NaCH
@%@er 2 n &he react i-e mast Iugﬁd wth Et20 and the
ayers re separate The aguedUs | ayer was
extract | ith Et20. The conbj ned organic |ayers were
washed wi Ph waterl and brine, dried over MgSO4,
filtered and congentrated in | vacuo. JThe resulting
soli¢d was dissolvyed in hot| EtRO and filtered to yield
1 g ¢ et hyl ) -carbam c aci d| benzyl ester as
a whi ot her 3.35 g| of (2-cyano-
et hyl ici d benzyl ester was| obtai ned by
“ébet i il | i zagAhon bf| th&Nnot her  |i quor from
Et 20, f (2-tyano- et hyl)-cafbam c acid
benzy .6 g, 12.7 /Mmool ), sodi um azide (2.48
g, 38 mmdl) and f/riethyl am ne|l hydroch|oride (2.62 g,
19—mvet—HhA—h 96—r)—was—stH++red—at 100 C under
Ar. After Zﬁh, the reactign was cooled to room
t enpeér at H Addiftional sodium azide (1.24 g, 19 mol)
and triethyl am ne hydrgochljoride (1.3/g, 9.5 mvol) was
agded toy reagtion nixtuge| aggheghe| sol uti on was
heat ¢d t 0 Cjlunder< X .| After 18 h} the reaction
was g¢i NIt @d with|water (100 nL). 1M HClL was added
dr opw s ntil the pH was |[slightly acidic (-. pH 4).
The solution was |extracted wth Et OAc (3x100 ni). The
conbined organic |l ayers were washed W th water (3x100
m.) and brihe (100 nl), dr|i ed over Mgs™4, filtered and
concentrgﬁfw*in vacuo to yield a
442 N” IN " )\ F CN
-
NH
443 NN . )V F | OCF3
e
NH -
445 P, «)\ H CN
N NH,
X
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brown oil. Flash chromatography on silica gel
MeOH in CH2C12) yielded 1.1 g of crude

WQ@2qodlkFd4e3 r azol - 5-yl ) -ethyl ] -carbam ¢ aci d benegl/UsBDE084149
(--70% pure). Crude

(0- 15%

DOZkf(ti‘MO 1440 BCT5-yl ) - et hyl ] -carbani ¢ acid benzyl ester
(1.0g, 4.04mol) was dissolved in MeOH (35nL). The
flask was purged|(with Ar and then 10% Pd/ C (100 ngy)

98 2Q09/07048% PCT7|US2008/ 084149 Docket No.
09- 044 was added” Yhel flask was purged with H2
Goal | o After |6 h, the [rgactieg was purged wth Ar
and th t er ogeneous soDuti onh was fi|tered through
di at pmaceous earth. They”"Rd/ G was washed wi th MOH.
The filtrate was|concentrated| in vacup to yield 470 ny
of yeH-oew-selitd—TFhe—sol-d-was—pur{ fied via reverse
phas HPL.G, - yi el di
(1H et KAl - 5-yl e as a colorless
sol i difi
?ﬁ% - ol i di n- azol -5-one: S
oyle) N NT J N NaHCO3, MeCH
Nr-NH, BF 3 Et \\ QHCIinDioxaneH
NNTN-S—O0S+R—3-Cyanorpyrrotidi ne-| - carboxylic
acid|tentybutyl ester (2.04 g, 10.4 mmol),
hydr px NMine hydrochlaride (D.79g, 11.4nmmol) and
B (I0.97g, 11.6nmml) were
N OH
- i
NH
449 NZ O. _OH F CN
. | //\\O
-
NH
450 NT | F CN
s
oo
NH
451 N7 | F CN
X
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added to MeOH (24 nL) and the solution was heated to
reflux. After 4 h, the reaction was cooled to room
wo eomerasure and filtered through a fritted fuPeEUS20081684149
solution was concentrated in vacuo. The residue was
DasketiNg. 88-08¢6 PeVer se phase HPLC to afford (R)-3-
(N- hydr oxycar bam m doyl ) - pyrrol i di ne-1-carboxylic acid

Géxﬁfdlslwméthtﬁﬁds(l 28 g, 5.58 mmol, 54% as a yellow
f oam

(R) - 3- (N-Hydr oxycar bami m doyl ) - pyrrolidi ne-1-carboxyli

Thg c@ﬁl:[%]gu&{éig otf tﬁ@ﬁ%%ntﬁ?ﬁhﬁﬁ e%‘% Pl%ﬁal‘g(g 6)y _2}]663 ﬁle[ﬂgﬁé geséﬁﬁlff(& below. In

cadkesfahe g&a@bysaow Nthe Bdap¢ RS —RY arnd dsfmerdra%dvé £ gaﬁbrﬂi frmula
The reaction was diluted with water (50 nL) an

I Lmi@ts;% aoted dothrvise Et QpiemyB oreadtion c@ﬁdltltrma ab rac e i) amdycvary
ayers were dried b nd, concentrated in_vacu
deH?’i‘élqgeQ‘il & Rise iﬂ&%e yspd. THHHE% eleéﬁoﬂPBﬁ@Eﬂ? ogplvents,

it L prdss TR D B RRYAG e B 3 s Bs B pme of
ord?haky W@ 0 38(he 8l 4 SpecC k@tedNPes 48 -PdhddedPiaTthwi SyRthatit @xamples
(50 nmL) and extracted with EtOAc (50 nL x 3). The

sectionbTpeieallys geastien pesgsess mayebe manitegd iyt hinvipsey clramatography

(Tf@{] n]agﬂéﬁﬁﬁ oﬁa%egg%gphf};?%ﬁl%él%%g %%BE{M?%@V\@%(J/ ¢ purlfle% by
ch%?)ﬁ% Aﬁl?i&g)sﬁl%g & VRckRhnBaka WPoi4 rerse phase HPLC. HPLC

putificaidh azohods-ugéd apywhe ﬁrﬁkhrﬁ)el()[)%: acdoatyilé th watedcontaining 0.1%
tertibut& ester@io 42 1.55 mol, 66% as a white
forgue peid oy Q) 93Tk A akased oge af thy &llewing colupns:
t hi adi azol -3-yl)-pyrrolidine-I|-carboxylic acid
tert-butyl ester (420 ng, 1.55 mmol) was dissolved in

net Ia;i er&@ﬁqfﬁ%bgygllg'%d\/i@b 50X Aol 70 nL, 2.80

en a e solution was stirred
overng&Iit The reaction was_concentrated in vacuo.
f‘d%

Theby &EBigge 9B ¢1%a 1N 3MdvR Py cel@ie HPLC to
afford (R) - 3-

pyr E:)DWaCBm@EBWIS 8bM 19258 hirhicaldimazol - 5- one (220 ny,
1.28 nmol, 83% as a white solid.

Nt SR AR S AR Yeon N

e) Waters Atlantis T3 OBD 5 uM 30x100 mm column

f) Phenomenex Gemini Axia C18 5 uM 30x100 mm column

Starting materials and reagents are either commercially available or may be prepared by

one skilled in the art using methods described in the chemical literature.

Compounds of formula I may be prepared from intermediate II as illustrated in Scheme 1.
The synthesis of intermediate 11 is reported by the following U.S. Patents: 6,492,408,
6,414,161, 6,844,360, 6,852,748 and also US Application Publications 2006/0025447 and
2007/0173517. The desired R' on formula II compounds may be obtained by selection
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NN'" NNNN NH HAmNMxture of

(R)-3-cyano-pyrrolidine-I-carboxylic acid tert-butyl
w@3a0e/070(485 0 g, 5.10 mmol), sodium azi de (0. 99PQr/UsBNB084149

nmol ) and triethylam ne hydrochloride (1.05 g, 7.64
DaglgsINo. OB-OMMPPCA0 ml) was stirred at 140 C for 6 h

under Ar. The reaction was cooled to roomtenperature
of &lethppiobHatery s%itﬁut&‘@ie@%rﬁﬁ@ d¥boribed M Wl et WU 80Pk 6ht No.

dropwi se until the pH of the solution was slightly
6,492i408 end Epprsax alpHl .8) 0.4k ES1sol uti on was t hen extract ed

with Et CAc (3x100 nL). The conbi ned organic |ayers

were washed with brine (50 nL), dried over MySO4,

[ ' : f. i

Trp B RbrROMoGARE P Bk MAEE L R bR Scheme |

(R -3-(2Htetrazol -5-yl)-pyrrolidine-|-carboxylic acid

tent-butyl ester (620 ng, 2.59 mmol, 51% as a yellow
Schme I 100 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09- 0446 PCT R

(R E%63-(2I—|-Tetrazol -5-yl)-pyrrolidine-I-carboxylig agid

1% utyl ester 5600 A, 2. Bl  molg NH s di ssolfvad in
met hanol (Zgg'gﬁqcl%ﬁa 4M HCr:-l\ﬁ/di oxane (11713 nl, 4.
‘S'EQ, vagded dr oifi se. The"sgl ution wasN._o
d overntght—Fhe r_e{y $on vvas—een%entratgﬁ
} UYL a%&

The ¥esi due was foi Y&J8r se ph

d (#px Bezpyr rol i di n- 3- -2Htetrazol en

7 P3% as a wwiTe solid. The foll ow Ag
tetlrazol es were synthesi zed!usi ng proceduresyahal ogous
to that described above; RZR
(S)-5-Pyrrolidin-3-yl %2t gtrazol e,
5-(3-Methyl-pyrrolidir?3-yl)-2Htetraz
Tetrazol - 5-yl) - pi pegi.gj ne,
(S)-3-(2H Tetrazol - 5epbyciopi¥per i di n
(R -3-(2H Tetrazol -5-yl)- pbperidihe

2- Met hyl - 5- (R) - pyrrol i dig- 3- yk- 2H t et"P8%bl e
trifluoroacetic acid salt] Jo yQ / 1) Mel HO TFA HO

le, 3-(2H
H
RiNge

VI

As illustrated above, 11 s transformed into IIT under Grignard conditions and trapping
with CO, or Pd catalyzed carboxylation. Carboxylic acid III provides I by either amide
formation with a suitably functionalized intermediate V or a three step procedure which
forms intermediate IV prior to final amide forming reaction. Intermediates (V, VI and
VII) are either commercially available, readily prepared from commercially available
starting materials by methods known in the art or disclosed herein. The initial product of
formula I may be further modified by methods known in the art to provide additional
compounds of the invention. Several examples are provided in the Synthetic Examples

section,
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2) TFAF 1ITT'" F NI- NN NNNN H

(R)-3-(2H Tetrazol -5-yl)-pyrrolidine-|-carboxylic acid
W(I)e(mwomsmg/l ester (500 ng, 2.1 nmmol) was di ssPCTE20081084149

acet one K2C03 (579 ng, 4.2 nmmol) and Mel
DacketNp. OH*L44@P@ rmol) wer e added sequentially. After 8

h the crude reaction was filtered and the filtrate
Syhafetic Prafiplésat ed. The residue was purified via reverse

phase HPLC and vyielded 145 ng of

(R -3-(1-nethyl-1Htetrazol -5-yl)-pyrrolidine-|-carbox

[ G as] tyl t whi t lid | ut ed
Sybiteds PE LG BtiR e 7 (R~ 3. (2 mat hyl - oH tet razol -5

yl) - pyrrolidine 1-carboxylic acid tert-butyl ester as

(R?% 3‘“{1 IWQIWS;%EH‘J‘[Z%H 8L ol - 5-y1)-pyrrolidine-I-carbox

ylic acid tert-butyl ester was dissolved in CH2C12
(3.5 nm) and diluted with TFA (3.5 nlL). After 18 h,
the reaction 101 WO 2009/ 070 PCT/ US2008/ 084149
Docket No. 0940446 PCT was g£opcentrated in vacuo and
yi el ded 2600 of 2-nethyl - @F(R) pyrrol idin yI
tetrazole trjflu S—Jj b—t—as—a&—ay L],
2-tert-Butyk- (F% py li di-r 3- y 249 &tF-az ol [ iy
trifluoroace oH HOO_>_Q> yo-~ N HHO]Y U
TFA F F CNolx? .prMm HN o

To a solution of (R)-pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester (1 g, 4.65 mmol)
in THF (5 mL) was added CDI (0.9 g, 5.58 mmol). The reaction mixture was stirred at
room temperature for 12 h to yield a crude solution of (R)-3-(imidazole-1-carbonyl)-

pyrrolidine-1-carboxylic acid rert-butyl ester.

A solution of the malonate (0.92 g, 6.97 mmol) in THF (5 mL) was cooled to 0 °C under
N». Isopropylmagnesium chloride (6.97 mL, 2.0 M) was added and the reaction was
stirred for 30 min at 0 °C, 30 min at room temperature and 30 min at 40 °C. The solution
was then cooled to 0 °C and the crude solution of (R)-3-(imidazole-1-carbonyl)-
pyrrolidine-1-carboxylic acid fert-butyl ester was added via cannula. A thick precipitate
formed. The reaction was warmed to room temperature and stirred under N for 12 h.
The reaction mixture was cooled to 0 °C and ice-cold 1.0 M H5PO. (20 mL) was added to
the mixture. After 5 min, the reaction was extracted with EtOAc (3 x 20 mL). The
combined organic extracts were washed with sat, NaHCO3 (15 mL) and brine (15 mL),
dried over MgSO, and concentrated to afford crude (R)-3-(2-ethoxycarbonyl-acetyl)-
pyrrolidine-1-carboxylic acid fert-butyl ester (0.91 g, crude 69%). The material was

used without further purification.

To a solution of (R)-3-(2-ethoxycarbonyl-acetyl)-pyrrolidine-1-carboxylic acid rerz-butyl
ester (150 mg, 0.53 mmol) in ethanol (3 mL) was added hydrazine (18 pL, 0.58 mmol).
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(R -3-(2H Tetrazol -5-yl)-pyrrolidine-I-carboxylic acid

tert-butyl ester (840ny, 3.51 mmol) was dissolved in
wW@kReH204620 L) and TFA (4 nlL) was added dr opwGEUSINE084149

reaction was stirred overnight at 25 C. The sol ution

Dogkes NoR@&446 BEEd i n vacuo to give the crude product.
It was determ ned that the m xture contai ned

Thé1daRfibm Ristte wars Gfred RY6SR kdnthebatdre¥or £5h! Thé a1 @dne wand
(R -5-pyrrolidin-3-yl-2Htetrazole (3:1) as

evaporft¢inneanetriddchass dus whs puriffidaismigxtasit ehromsgtogsiphly on silica

gewi @Mﬁf@w Flyfay iﬂf& @h%/ 1Y hcppa b ovEer s vhrmylidips-1-
R R T T

2-tert-butoxycarbonyl am no- 2-net hyl - propi onic acid

vl P2 T b PSPl
LRSI 7 G QPR b Ty TG OT By 4

M)1 9 hé rearibn miktsreastdadradtbruB @, Solvehi Wik reiv@sedsit iréduee gressure
roomtenperature for 16 h. The product was then

to ffiford erusig (Rhﬁmyghh@m 3B&dc2}ﬂrevramlrﬁ1@1| as anehigrspled! The matend was

945 of the title conpounds as a white
“S‘%‘g‘fv’ia‘b"u(gﬁ’t@erz%ﬁga 8-+ 1] +. 102 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT The

foll ow ng conBound was prepared using simlar
(Rpp depetidined yhdHdweazel-botiwapprgpared using a procedure analogous to that

r.oamoyl - cycl opropyl )-carbam c acid tert-butyl
deécé?é? abF17 201.2 [M + 1]+

2- Am no- 2- et hyl - propi onam de trifl uoroacetic acid

salt; O OOOHO~G ZN- x FYOYNNH + FOHHX
(18,3R)-3@ mpinp-gyclopentanecarbeylic iaeid maethyl ester:

(1- car banoyl - 1-met hyl -et hyl )-carbam c acid tert-butyl

ester (945 ng, 4.67 mmol) in dichloronethane (20 nli)

was added triflugroacetic d&cid (1q50 Mue 64

S
; cI” el
HO» .,OH\NH2 \O)X ,,,,, O‘.\\NH2
MeOH

To a solution of (1S5,3R)-3-aminocyclopentanecarboxylic acid (1.0 g, 7.4 mmol) in dry
MeOH (10 mL) under N, at 0 °C was added thionyl chloride (2.7 mL, 36.8 mmol)
dropwise. The reaction mixture was slowly warmed to room temperature and stirred
overnight. The reaction was concentrated in vacuo. The resultant residue was washed
with anhydrous diethyl ether (3x30 mL) and dried under high vacuum to afford 1.87 g of
(1S,3R)-3-amino-cyclopentanecarboxylic acid methyl ester as the HCI salt that was used

without further purification.

(R)-3-Pyrrolidin-3-yl-4H-1,2,4-0xadiazol-5-one:
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mol ). The reaction m xture was stirred at room
tenperature for 4 h. The reaction mxture was then
W(ammmmssat ed in vacuo to afford 882 ng of therPCT/UR®OS/084149
onpound as a white solid, isolated as the TFA salt,
Dq¢kqt1‘i<0992)4ﬁva@T1] +. The fol | ow ng conpound was
prepared using simlar procedures as described above:
1- Ami no- cycl opr gpanecar bﬁ‘}@‘HzIH@ acigd amde, mz 101.1

[M+ 1]+ (R)-2-Afi oth pi onaihd de hydrochl ori de:
T oYo HCl NH2 H- ZH2N NS To a
suspension of th ((R) 1- &I ocar barrqy - et hyI ) - carbam c
acid tert-butyl es(\\er éﬁ enetid s in 10 nL

of CH2A z was added HO in dloxane ( M 3 67 nm., 14.7
mol ). The reaction m xture becane clear wwthin a few
m nutes, followed by the formation of a white
(RpBéZyiapxb patrdididdi&-caboxydie acelaetribatyl astxt (U108 g rehol)r ed
room 103 WD 2009/ 070485 PCT/ US2008/ 084149 Docket
hm@xylemr@ztwérqﬁ@?ﬂfi@ @&érr%& ar enigp) agd Nafik @s(h&hmg; 3. &P@@Pl)

we%\%c{bfg %mmﬁg%{ ﬁ% 5 tn%g 28 gh soiuﬁf%{l ﬁ{%& hg\ﬁ%{] tor} Wy tl&]ftgtll'%lo the

| opr opr onam roc or| e "Was

reRRbRivAEEbREt Al ih GKMoMTIhE s ivehs Phitti®bne eyl @9 FIOARTand
hi gh vacuum 393 ng (95% . This material was used

bringe.t Tloilnydre weteeseparated and the iooganic layeXivas dided o®mNayO.Cfilt&ed
. O . . 1) 6 ] 34 9- 6 . . . o g
anfism%&tg}g%ﬁ gé’?awgeg FBigE E%f—@%aﬂr@xwwmdoyb-pyrrohdme-
1&%&819@&% @E@{Vloest%r Rog ge(ﬁov”a%tﬁ@ ©0-YO0 NiNH
pyridine,

Crude (R)-3-(N-hydroxycarbamimidoyl)-pyrrolidine- 1-carboxylic acid zerr-butyl ester
(887 mg, 3.86 mmol) and CDI (94 mg, 5.8 mmol) were dissolved in dioxane (30 mL) and
heated to reflux. After 1 h, the reaction was concentrated in vacuo. The crude reaction
mixture was dissolved in CH,Cl, and the pH was adjusted to 3 by adding 1M HCI to the
solution. The layers were separated and the aqueous layer was extracted with CH,Cl,.
The combined organic layers were washed with water and brine, dried over MgSOs,
filtered and concentrated in vacuo to yield 872 mg of crude (R)-3-(5-ox0-4,5-dihydro-
1,2,4-oxadiazol-3-yl)-pyrrolidine-1-carboxylic acid terr-butyl ester.

Crude (R)-3-(5-0x0-4,5-dihydro-1,2,4-0xadiazol-3-yl)-pyrrolidine- 1-carboxylic acid tert-
butyl ester (872 mg, 3.41 mmol), CH,Cl, (SmL) and thiophenol (0.7 mL, 6.8 mmol) were
combined and diluted with TFA (5 mL), After 24 h, the reaction was concentrated in
vacuo. The residue was partitioned between CH»Cl, and water. The layers were
separated and the CH,Cl, layer was extracted with water. The combined aqueous layers
were concentrated in vacuo. Reverse phase HPLC purification yielded 482 mg of (R)-3-
pyrrolidin-3-yl-4H-1,2.4-oxadiazol-5-one as a tan oil (~50% pure) that was used without

further purification.
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HOO HZN O O 0 Lawesson's Y HCl NH2 HC A THE NH
CH2CGl2 NS H,N S To a m xture of
wda 2a00/0t0481t oxycar bonyl am no- cycl opr opanecar boxpeT/TS208/084149
(2.00 %, 9.94 mmol), Boc anhydride (2.82 g, 12.9
DaghgsINo. 084 PU bi carbonate (0.982 g, 12.4 mmol) in
30 nL of acetonitrile at roomtenperature was added

2-(A-Teir aRl-E0 1 A eRyRiminbfo?fiated! ) . The cloudy, colorless
reaction nmixture was stirred at room tenperature for

16 h and then concentrated under reduced pressure.
The residue was partitiengeoketmeen 100 nL of et hyl
acetate and 30 m, of 1 N@ﬁHCl.HCIThe or ganheg, phase was
washed with 30 L of &at'erared. Na sq/ ution and

brine, dried gyer NaZSQd/ PlteredN;N d cdncentrated
in vacuo to \jive 1.807G"(50% of NN HO

(1- car banmoyl - cycl opropyl )-carbanmic acid tert-butyl
ester as a white solid. To a suspension of

Arhikordp AN RGBS I neASIP dt Gis@d ih Yater BM Msified to
ester (1.00 g, 4.99 mmol) in 6 nL of THE was added
pHLEesls solldsNa(¢d.g Arsolugion 01 benzyRhiseofommpity (8.0phle, 53plamenol) in Et,O
ction m xture was stirred

ellow cloudy re room
(15 B Baathgp éd‘ilf‘érw HSoRnS ttHEne. g rH wa%%ﬂﬂmbﬁiwa@@ﬁte@do pH

..eth t 5, i .
Lo aBAig 8 B AERIAE ABE Y B e i et RO B pyen
wedh\pRiated® The ﬁgtgéggﬂ\é §r R 2Rsted QK EVO. 208062680#8 Brganic

PCT/ US2008/ 08 cket No. 09-0446 PCT filtered, .
layarsdvare masred vathedatenand deine.. dritd @ verMgeOwdstersd andl cedbeityated in

oL SR SBLY, oS e
B SRR SPUSLARI S L PRI et 6

ethyD-dafiaafi @adi@ bensyt &y map bbEied b§ afpRanvCcragaltzdtidn tof Meétrirdther
_ester %4 ng, 3.99 nmmol) in 15 nL of CH2Cl2 was
liquetdfeain .in dioxane (4 M 5.00 nL, 20.0

A mixture of (2-cyano-ethyl)-carbamic acid benzyl ester (2.6 g, 12.7 mmol), sodium
azide (2.48 g, 38 mmol) and triethylamine hydrochloride (2.62 g, 19 mmol) in NMP (96
mL) was stirred at 100 °C under Ar. After 24h, the reaction was cooled to room
temperature. Additional sodium azide (1.24 g, 19 mmol) and triethylamine hydrochloride
(1.3 g,9.5 mmol) was added to the reaction mixture and the solution was heated to 100
°C under Ar. After 18 h, the reaction was diluted with water (100 mL). 1M HCI was
added dropwise until the pH was slightly acidic (~ pH 4). The solution was extracted
with EtOAc (3x100 mL). The combined organic layers were washed with water (3x100
mL) and brine (100 mL), dried over MgSO., filtered and concentrated in vacuo to yield a
brown oil. Flash chromatography on silica gel (0-15% MeOH in CH,Cl,) yielded 1.1 g
of crude 2-(1H-tetrazol-5-yl)-ethyl]-carbamic acid benzyl ester (~70% pure).

Crude 2-(1H-tetrazol-5-yl)-ethyl]-carbamic acid benzyl ester (1.0g, 4.04mmol) was
dissolved in MeOH (35mL). The flask was purged with Ar and then 10% Pd/C (100 mg)
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nmol ). The reaction m xture becane clear wwthin a few

m nutes, followed by the formation of a white
w@e@giopi4sat e. The cl oudy reaction m xture was BCT/USEMS/084149

at room tenperature for 5 h and then diluted with 40
DagketdYo. B9 Pd4@RETf i | t ered, washing with Et20.

1- Am no- cycl opr opanecar bot hi oi ¢ acid am de
wal Yidde@C Nihe FlaglewWaysuredat Wit Bd (afloé). Mfer 6 Whihk @eadBbi Was purged

after drying under high vacuum 597 ng (98% . This
withedeanidghe heagrogenedus splution was filteted érropglr diftomacdoomearth. The

pof A a0 T SHCLORT RS | Ol i o
a #ﬁb&ts!%. amerg%g@wag/ hﬁ%@é&%ﬁ# R RE BRsAerpy N 1didg Tidmd BE-
O an 1Cce CO solutiron o

(1 B-EREbIoXyh Rty chhiRe fetntas Boxydlodesasil evhauil sdRdifid® @pdiiktanding.
1.97 mol) in THE (3 nL) were added triethylam ne
(1.25 nL, 8.68 mmol ) and dropwi se added TFAA (0.61

Th, ﬁl‘@ﬁ!) Lo phxture was allowed to
R rPr??{(glﬂllrloo 14{16@2;?%@%?%&2’1%9}%% rred overnight. The
vol atil es were concentrated in vacuo and the liquid

resi due was added dropwi se to a vigorouslygstirred,
I ce coldg 7 phosphat e bufé solutign L5 ).
After 15 'ﬁkof further stirrﬁ&ﬁhe ye Ij)\/vf“@ solid
was filtefad and t4imdtPed foj 1 h to Yield '250 ny
(95% of '6=met hoxyspymeai ne- 2- ¢akhoni tr ik e@sr

yel l owi sh $olid, nzl135.4[Mrl]#, To a sol ution of

6- net hoxy- pyri di ne-2-carbonitriPé (1.50 g, 11.2 mol)
in THE (75 nL) at roomtenperature was added

Ti (G Pr)4 (7.21%r;¢24.6 mol ). Et%gr (14.9 ., 44.7
nmol ) was added df opw se..caRgd.the ¢l ¢ar brown sol ution
becane het er ogenepus. The—}eoi\;f—m 2009/—970485

PCT/ US2008/ 084149 7-ocket K™ 09- 0446\8%3' reaction

m xture was stirré&g~for 1 h at roomtenperature. The
reaction was diluted with water (10 nL), extracted
wth EtOQAc (3 x 25 nL) and dried with MgSO4. After

hltration,. . .the sol vent s _removed bn vacuo. T
e e G L AT AR
hy@®QyaBidedd Mochforide (0.79g, 11.4mmol) and NaHCO5 (0.97g, 11.6mmol) were
1- (%- met hoxy- pyri di n-2-yl)-cycl opropyl am ne, rn/z
addssigo 31§OH €24 mL) and the solution was heated to reflux. After 4 h, the reaction
was cooled to room temperature and filtered through a fritted funnel. The solution was
concentrated in vacuo. The residue was purified by reverse phase HPLC to afford (R)-3-

(N-hydroxycarbamimidoyl)-pyrrolidine-1-carboxylic acid rert-butyl ester (1.28 g, 5.58

mmol, 54%) as a yellow foam.

(R)-3-(N-Hydroxycarbamimidoyl)-pyrrolidine- 1-carboxylic acid tert-butyl ester (0.54 g,
2.36 mmol) and di-imidazol-1-yl-methanethione (0.70 g, 3.53 mmol) were dissolved in
THF (15 mL) and stirred for 30 min. The reaction was diluted with water (50 mL) and
extracted with EtOAc (50 mL x 3). The combined organic layers were dried by MgSO,
and concentrated in vacuo. The residue was dissolved in THF (20 mL) and BF;*Et,O

(0.89ml, 7.06mmol) was added dropwise. After | h of stirring, the reaction was diluted
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1] +. The foll owi ng conpound was prepared using simlar
procedures as descri bed above:

wda2qedonEshoxy- pyri di n-2-yl ) -cycl opropyl am ne (BSEAIS2008/a84149
165.4 [M+ 1]+

Dogket . 9 DHi@BCAz ol - 2- yl - cycl opr opyl ani ne hydr obr oni de:
OO0 Lawesson's N O U reagent OCArOH H + HZN Y Et

w1f1<1 \llatQNSO M‘E) nf@eiiictedd VAtBEDAT B0 milx 3¢ TR oHbinet o{@ini'd@hyers

ro NNNO-\ ON~ NNH - HCl HISI
weraﬂrlezi @KIFMgSEB and @n¢g¥@itedNin va@¢uo\ Hhe crude HBiteriadl Nas purlflad by
A S~ To a sqluti

flaih Sharvaap EH YR SUEA b D EXOBEHIFHITE) tusite (R)-iSyoro-4.5-

dl@{’%[l%'ﬂgladl& %dé,?gd}i‘g@ éaﬁrﬂg/ﬁg a&fi%é}'t 6@%&5‘5@: 42 g 155

mibIX66% Pasviesshidd dotided t o stlr for 10 min then
hydr azi necarboxylic acid tert- butyl ester (2.81 g,

21.3 mmol ) was added. The reaction vvas allowed to stir

(R)’a‘ﬁ I(E ?ﬁg‘ 45 9@8!0@%@&13&’%{2& asﬁ ﬁ{%g %&ﬁox?@é acid fert-butyl

esta (420 Hire 1 56 mha1e oha i fodaddin W&t}ﬁnwe(ﬁl ad.)MNIHGdh uroatneai(o 70
NaHCO3, 2N HO, brine and dried with MgSO4. The
mlpi2d0um@molaets fthqntaéd@b The salutegit wast stiaredl averaigh, Thengaction was

coBib B ST 50 8E LS B3R 2S00 H B

pyrrolidin-3-yl-4H-[1,2,4]thiadiazol-5-one (220 mg, 1.28 mmol, 83%) as a white solid.

(R)-5-Pyrrolidin-3-yl-2H-tetrazole:

N N
Q NMP : MeOH
N ~N,N H
H

OYO OYO% §
NaN,, NEt,*HClI HCl in Dioxane ¢
-
N

A mixture of (R)-3-cyano-pyrrolidine-1-carboxylic acid zerr-butyl ester (1.0 g, 5.10
mmol), sodium azide (0.99 g, 15.3 mmol) and triethylamine hydrochloride (1.05 g, 7.64
mmol) in NMP (40 mL) was stirred at 140 °C for 6 h under Ar. The reaction was cooled
to room temperature and diluted with water (50 mL). IM HCI was added dropwise until
the pH of the solution was slightly acidic (approx pH 4). The solution was then extracted
with EtOAc (3x100 mL). The combined organic layers were washed with brine (50 mL),
dried over MgSOy, filtered and concentrated to yield 3 g of tan oil. Reverse phase HPLC
purification afforded (R)-3-(2H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid rert-butyl
ester (620 mg, 2.59 mmol, 51%) as a yellow oil.
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PCT car bonyl am no-cycl opropyl ) - hydrazi necar boxyl i c
wa@eood/otess - butyl ester (6.2 g, 17.7 mmol) as BCTOB1088/084149
solid, mz 250.6 [ M 101]+. To a solution of
DagketMo. 080446 B&Ycar bonyl ami no- cycl opr opyl ) - hydr azi necar
boxylic acid tent-butyl ester (2.0 g, 5.72 mmol) in
RI-9(MERtraZA-574)- idustdpdarbavaiR oM r&rrbafdeNér (66m312.91
( %.§2 nmol ) éﬁ%)Pﬁg@reaction m xture hea?gd as 90 C for
mmdl) was Thwlyedae netranold 20 ndo ot dHElan dzaane @ nigenlat 92 ennaglg was

di | yt W th OH The .m xture was extracted with
thepyagiled (frspwwi-oﬁl\'m “%ﬂﬁ‘d”%sﬁgﬂégg?&ﬁf%]a‘- ikft' FeACHY igsyogneentrated
i e ; I . 1
P 0t el S byt 3 AR, ALl G B G g TGt

yl-RHttedrizotk (030 Sigl 1 S8 n@6dl, 635hy Qrmiagrapdy (12- 100% Et OAc
in hexanes) to give N -(I-benzyl oxyt hi ocabonyl -
am no-cycl opropyl ) - hydrazi necarboxylic acid tert-butyl

ThF ?}%l?ﬁiﬁgteﬁa&leszwérg sms?zeélﬁsiﬁ‘g p%é&u?essdﬂhliogous% fhap dcBbed

abdNe: ( 1- benzyl oxyt hi ocar bonyl am no- cycl opropyl ) - hydrazi n
ecarboxylic acid tent-butyl ester (0.25 g, 0.684
mol ) was di ssolved in 4N HC in dioxane (4 nL) and

1 t i
e T R A L R R LU TR
Tetrhl 5eg Mpibemdn® (SE3 ML H-Tegad 5 @)L pieeridiye, (R )-8 M iTerazol{5eyl)-
_precipitate was washed with Et20 to give
pigetidiigdr azi no- cycl opropyl ) -t hi ocarbami ¢ acid 0-benzyl
ester hydrochloride (0.15 g, 0.48 mmol) as a white
solid, mz 266.5 [ MtH| +. To a suspensi on of
) Y &l RZinRer, _QRA »b i hef3s i - benzyl
sl S R S A R v el
phosphorochloridic acid diethyl ester (0.14 ni, 0.99
mrol ) and Et3N (0.14 nL, 0.99 mmol ). The reacti on was

stirred at roofxy% eraf'tire for 2 h ghd then diluted
with MeOH The agude regefi‘on mixturng ? t hen

purified direct\ly by reverse phase. HPLCFto give
(1-1,3,4-thiadia2-h-z-yl-cycloprommm- carbam c acid
benzyl ester (O.Qﬁ}g, 0. 87 nmol) a#’a clear oil, mz
276. 3 [ MtH] +. N

(1-1, 3, 4- Thi adi azol - 2-yl -cycl opropyl ) - carbam ¢ acid
benzyl ester (0.2 g, 0.73 mmol) was dissolved in 48%

REFIHEERE TRlo b BB Pis T b1 s tQe 1
mrhél§ Wadldidgstweatig decdde 2T H.)r RIBOD{ITY i 2 XMmoYyand M1 (0.14
mL, 2.19 mmol) were added sequentially. After 8 h the crude reaction was filtered and
the filtrate was concentrated. The residue was purified via reverse phase HPLC and
yielded 145 mg of (R)-3-(1-methyl-1H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid zert-
butyl ester as a white solid (eluted first) and 243 mg of (R)-3-(2-methyl-2H-tetrazol-5-

yD)-pyrrolidine-1-carboxylic acid tert-butyl ester as a pale yellow oil.

(R)-3-(2-methyl-2H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester was
dissolved in CH,Cl, (3.5 mL) and diluted with TFA (3.5 mL). After 18 h, the reaction
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PCT concentrated under reduced pressure to give
wda2m987048% hi adi azol - 2-yl -cycl opropyl am ne hydpobusongles4149
(0.12 % 0.54 nmol) as an orange gum nfz 142.4
DC[CWI-DEO* 9-0kdé-H6d oxy- nor phol i ne- 4- car boxami dine: ,OH N,
NHONH2 NJ rNJ~I"NH2 0 J A mi xture of hydroxylarn'ne
wa(séo&emmte&ﬁlmm dndaiéldezaThal bnemnfkt R frbluﬁn(% 100;-
g, 44.6 mol) vvasdasgeat ed atlgSO C f}g}?-lsg4mr}1)9 >
tetvwoleitmiguareaceoomid eatpsradaueik, the reaction m xture was
diluted with MeCH and Et 20, then allowed to stand at
room tenperature for 2 days. The resultant
2-t@ftfm1tpl-5 R ppyaslidiall-gic2iedetByzold Irifidrbaetit acidisyi: 9. 02 ¢
of the desired product as a white solid.
3, NDi hydroxy-butyramdine: N\ HNOH+ 10l INHON
OHHK+ 0 ~0 K+ HCO H2N CH To a slur@y of
3- hydroxybut rr%/ﬂ | e (1 00 g, rr%and K2Co8
(3.25 g, 23.5 in thdﬁbl s added
hydr oxyl am n drochl oride, (1 63 7., 23. 5 mml). The
reacti on m xt & was stlngcﬂ;d at rﬁll‘,yx for 20 h and
then cool ed to ream tenperature filtered, washing
wth 40 nL of BLQN. The flltrates/cgle concentrated to
an oily white sglid that was treated with 30 niL of
Et OH. The precipitate was filtered, washing wth 30
mL of ethanol, and the filtrates were concentrated to

I i iy T r
REAEl by finel P EyrpGEMERE PP NSl 08 Beme 23]
mrhéll vas idsolvedas MMAIWR0 M3 andriFFAf(4 1% was added dropwise. The
MeOH di chl oronet hane. The filtrates were concentrat ed

reacon yiaygireed3@enpight att 2’ (pTbd s utierswas qmt@tlyeﬂllmwoap Ito give
108,90 2009/ 070485 bCT) L2008 084149, Docket oy o
pyrrolidin-3-yl-2H-tetrazole and (R)-5-pyrrolidin-3-yl-2H-tetrazole (3:1) as

trifluoroacetic acid salts. The mixture was used without further purification.

(1-Carbamoyl-1-methyl-ethyl)-carbamic acid tert-butyl ester:

o 9 0 N o K
P e R R e R e
0]

To a cooled (-10 °C) solution of 2-tert-butoxycarbonylamino-2-methyl-propionic acid
(1.00 g, 4.92 mmol) and triethylamine (686 WL, 4.92 mmol) in tetrahydrofuran (20 mL)
was added ethyl chloroformate (470 pL, 4.92 mmol). The reaction mixture was stirred
for 1 h. The ammonium hydroxide (1.20 mL, 19.7 mmol) was added and the solution
was stirred at room temperature for 16 h. The product was then filtered through a

Buchner funnel and dried in vacuo to afford 945 mg of the title compounds as a white

solid, m/z 203.3 [M + 1]*,
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The foll ow ng conmpounds were prepared using simlar
procedures as descri bed above:
\V@zmmEMhyﬂroxy pr opi onam di ne, PCT/US2008/084149
Hydr oxy- propi onam di ne, 3,3, 3-Trifluoro-N hydroxy-
Dagkesiico A FET
N- Hydr oxy- di net hyl am ne- 1- car boxam di ne,
ThE Fol(dWiftly ErRydimd Gak ?ﬂ:@hﬂw Aok mfiME bRRERR! ak eatBaditove:
acid tent but yl (1- Cyano-cycl opropyl )- carbam c
acid tert butyl ester was prepared from

-tert- ca bonyl am nqg- cycl opropa | j.c
(1 R mRy By P ek o A f%f—ﬁ%ﬁ%&t&%@%%@ﬁﬁ@ B p
Sharpless, K B. Og. Lett. 2002, 4, 2525).
1-(3-Methyl -1, 2, 4] oxadi azol - 5-yl ) - cyclopropylantne
2- mmmmet yleropiopamideifluoroacetingciighltHO  ~ZN~O-
+'J-NHj HO~NNHZ HOI ~d Hz NO\NO To a
sol uti on of N boc-am no-cycl opropanecar boxylic acid
(1.01 g, 5.00 mol) in 2 nL of DV was added ¢
carbonyldllntdazgle (0.812 g, 5.01 mmmol ). Thi swo
reacti on mj 2§§_mas Stimrsed at roomtenpe atureFFor
6 h. N Hy &tani'di el (6374 g, 5.05 I was
added. This reaction ntxture was stirred at room
tenperature for 2 h then heated at 100 C for 16 h.
After cooling to roomtenperature, the reaction
m xture was diluted wth water. The resultant
e Il t
Topdrs%ﬁitlBgtggglo%ét‘@ﬁnl b I&}g 1ar§§th%getfi’yl) Engﬁrﬂ_&é abi‘&%%ﬁtgt‘gszé’ﬁ%s mg,
4.q71minak) e tioklorclnehahe 2CaAla wal adsey i flvwyedcoto apd/{ 10-0 mL, 64
carbam c acid tent-butyl ester as 1.05 of white
mrg@‘h) i Ehe tiepcztmgmxtum waqsitu;red[agropgt REpprgfure for 4 h. The reaction

di ' id .
it T BERl e(déa’vaa%‘iﬁ ARl THETU Bl Dugay pnie
sol'f@lso'ld?e(ﬂas‘théjTPA%ﬂ? AAIBMML Pl 4.0 ol ) . After

standi ng at room tenpera ure for 1 h, the solvent was

renmoved by a stream of nltrogen The t|tIe conpound

i sol at ed d_w.thou rth

TR iRl S B hEPL g b iAEH i e b By

procedures as descrlbed above

( 3- Mor phol i n-4-yl - 4]oxad|azoI-S-Yh)-cycIopropyI

1- %lﬁmecmtp@fqpém%moaﬂw afebarméﬁ 20090 b dMss1]

PCT/ US2008/ 084149

(R)-2-Amino-thiopropionamide hydrochloride:

OYO
HCI NH, H-CI
NH . tI
I CH,CI, N Ng
H.N S 2

To a suspension of the ((R)-1-thiocarbamoyl-ethyl)-carbamic acid tert-butyl ester’ (600
mg, 2.94 mmol) in 10 mL of CH,Cl, was added HCl in dioxane (4 M, 3.67 mL, 14.7
mmol). The reaction mixture became clear within a few minutes, followed by the

formation of a white precipitate. The cloudy reaction mixture was stirred at room
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1- (3-Cycl obutyl -[1, 2, 4] oxadi azol - 5-yl ) -cycl opropyl am n
we20vgarashl oride; 1 -(3-tert-Butyl-[ 1,2,4] PCT/US2008/084149

oxadi azol G& cycl opropyl am ne hydrochl ori de;
DOEk‘{tINQDiOPW%@é thyl-[1, 2, 4] oxadi azol - 5-yl ) - cycl opr opyl

am ne hydrochl ori de,

tentpel Au)6t PRaMPHen Hilutdd 41023 M2E0EHE Ml Fittexe! WwRRRRWiAE,O.
ne hydrochl ori de;

(RE2{/nipo-thinpropiooymldopydppyhlprids avelsaiact @zciticy white prlidpéter
o e USSR 5 S ol e

pm(s,@% 1tohon of N boc-am no-cycl opropanecar boxylic acid
ng, 2.49 mmol) in 2 nL of DW at 0 C was added

! xiarhoswitelid. m. da@ed. €heAOR0T66, 3480306801 ) . The reaction
m xture was stirred at roomtenperature for 30 mn,
and 3, N-di hydroxy butyram dine (480 ng, 4.06 mml)

add d as a s |on i The pal e
1 f@ﬁlmoowc aap ey rbarnciCautict Badracbltrids’ nas ot 1 r ec
roomtenperature for 30 mn and then h ated at 100
Cfor 15 h. After oling to roomtenper re, t he

reacti on m xtur eO d| I gg e %’bt h 15 wat er and
extracted V\Athﬁ g organi cs
were washed 2x15 rrtpyrme anater an nL of brine,
dri ed over ofiltered, and co br ated. The

crude was purified by flash chromatography on silica

gel (0-8% MOH CH2C12) to ford 242 ng (34% of

{1-[3-(2-hydroxy-propyl)ol,2, 4- oxadi azol -

yl]-cycl opr opyliadesseer bani ¢ Taci d t €6t - but yh-Estle as a

pal e yellow oil .;yd0 a s |on%

{1- [ 3- (2- hydr oxy- pr opy}, )~ 2, 4- oxadi az®lV B yi - cycl opr

opyl }-carbamic acid tent-butyl ester (242 ng, 0.854

nmmol) in 5 nL of dichloronethane was added HCl1 in

di oxane (1.07 m., 4 M 4.27 mmol) at roomtenperature.
ToA mhxitre of)tmr-blhtbayoartfonylammo @afctopropansasber gliic ztciid]@t(lé)sg 9.94

The cl oudy reaction m X was stirred at rog
mm@l}rd%gc&\p@ycgldp(g; 34 gol2.9 mmol) ammonium bicarbonate (0. 982 g, 12.4 mmol)

in 30 mL of acetonitrile at room temperature was added pyridine (0.482 mL, 5.96 mmol).
The cloudy, colorless reaction mixture was stirred at room temperature for 16 h and then
concentrated under reduced pressure. The residue was partitioned between 100 mL of
ethyl acetate and 30 mL of 1 M HCl. The organic phase was washed with 30 mL of
saturated. NaHCOs solution and brine, dried over Na,SO,, filtered, and concentrated in
vacuo to give 1.80 g (90%) of (1-carbamoyl-cyclopropyl)-carbamic acid fert-butyl ester

as a white solid.,

To a suspension of (1-carbamoyl-cyclopropyl)-carbamic acid zerr-butyl ester (1.00 g,
4.99 mmol) in 6 mL of THF was added Lawesson's reagent (1.01 g, 2.50 mmol). The

pale yellow cloudy reaction mixture was stirred at room temperature for 6 h and then
partitioned between 40 mL of ethyl acetate and 15 mL of 0.5 M NaOH solution, The

organic phase was washed with 15 mL each of water and brine, dried over Na,SOu,
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PCT 17 h and then concentrated in vacuo. The residue
woamdresdl ved in 10% McOHLCH2CLl2 and concent PEL/@82008/084149
(2x) to afford 217 mg of product as an orange oil. The
DaclsttiNniOR§46@Rodunds were prepared using simlar
procedures as descri bed above:
filfefed( drdAThEDtaKE P PIAPY The drude daop@ftiedz9!ftagh M{rbmdﬂo phly on
| -am ne hydrochl oride, 2-[5-(1- Am no- cycl opr opyl
silita 2elaelotinglivit 30-68%yIE(D Actenaires] tolgjtré mHS0Es of (1-
Tr| f
thlafa&wéoyv %f&&ﬁ&ﬁ%{@%}lwe% g1ty &Wl BT IVt selid.
hydr ochl orlde 1-(3-Ethyl -1, 2,
oxadi azol - 5-yl ) -cycl opropyl am ne hydr ochl ori de,

Tor];a- sgl@pdnﬁll@@ bﬁg)‘dhm]; arbafho Px@diopzaplyt) Tayajmic £3E @R QPR35
ydrochl ori

mg 308 DNBO]MII 151m2 of (dkebtti vezsaidd@l HIC) ingljenanp (ol b ftinte 20.0

hl or
mr&&? 5T r&ﬁ%ﬁﬁﬂ&lf@zb%a@ﬁ srayhing. fw)mleeisi Eptapdiafihe
foi’ﬁaq{)ﬁ’ Sfﬁl Qhid ec%ltate The cloud /1o ctlon ture was stirred at room
5-Cycl oprop 4- oxadi cyc opr opyl am ne
terhiyedidtoettbio hded then diluted with 40 mL of EtoO and filtered, Washlng with Et,0.
6- (1- Am no-cycl opropyl ) -pyri di n- 3-yl am ne: NH2
1- Agminopg yglgpragamgearboppioigpgpid dee‘ﬂ@dgpcbé[ng@ WEH ol@}funed as an off-

Wi O TG REGREE e DS e DineteBiro B Pl oo

Wi&lgugfuﬁgalﬁuﬁﬁggt{\g& (3.0Min Et20, 10.7 nm, 32.2 mmol)
was then added dropwi se. The reaction m xture was

stirred for 23 h, then diluted with water (100 ni)

and IN HC1(5 nL). and stirred for 5 min. The m xture
1- Methﬂ)ﬁ)"ﬂ)&“@ﬂ’ &'ﬁYB -QYR@PFORYI3BING: was concentrated in

vacuo to afford 6-(1-am no-cycl opropyl) -

pyri din-3-ylamne as brown oil (10 g) which was used

wi t hout Purther purification. fhe follow ng conpou

\é\@are repared UStng pré S shiltvh baropcide t hoge
esdr i Ded "dhovieylamine e bromige. ([,
6- ( i no- c¥idl opr opyl ) ~pFr i dinL 35 - di et hyl ne,

1-(1-Methyl - 1H-i mi dazol -4- yl)-cycl opropyl am ne,

1-(2- Methyl - thiazol -4-yl)-cycl opropyl amne, niz 155.5

[ MH1] +, 1- Oxazol -4-yl-cycl opropylamne, mz 125.5
To[atidd eeld dolgtinTaf i@mahomer&byarbdxﬁm;ﬂcyﬂ amidd 300 mg, 1.97

mmol) in THF (3 mL) were added triethylamine (1.25 mL, 8.68 mmol) and dropwise
added TFAA (0.61 mL, 4.34 mmol). The reaction mixture was allowed to warm to room
temperature and stirred overnight. The volatiles were concentrated in vacuo and the
liquid residue was added dropwise to a vigorously stirred, ice cold, pH 7 phosphate buffer
solution (5 mL). After 15 min of further stirring the yellowish solid was filtered and air
dried for 1 h to yield 250 mg (95%) of 6-methoxy-pyridine-2-carbonitrile as yellowish
solid, m/z 135.4 [M + 1]*,

To a solution of 6-methoxy-pyridine-2-carbonitrile (1.50 g, 11.2 mmol) in THF (75 mL)
at room temperature was added Ti(OiPr)4(7.21 mL, 24.6 mmol). EtMgBr (14.9 mL, 44.7

mmol) was added dropwise. and the clear brown solution became heterogeneous. The
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PCT cycl opropyl am ne,
wa 204/0r@8d- pyri di n- 2- yI) cycl opropyl am ne, PCT/US2008/084149
1- (5-1o0do-pyridin-2-yl)- cycl opropyl am ne
fkﬁkﬂdﬂbﬂﬁﬁﬂﬂéPﬁg 2-carbonitrile: OH N O0=S=0 N N + +
OONO++1 N Na'" NH2 HO,H To a solution of TsOHH20
rea{ca&Y méturk-war stBéd for M hoat koo tekip3fabhirk. TR réackiof vas Hiled with
added 5- am no-pyridine-2-carbonitrile (60 g, 504
waterdl ) mLThatradedivith Eg()éuéfpeﬁis mdn anddricsowitle ¥ 856, BAfteT filtation,

thelsog\%ﬂr%%r%{nﬁveﬁgz o diskle i B el A IPLC t
o O L VR MRy (.16
Ihrown/ bl ack m xture was stirred 10 mn and was then

warmed to roomtenperature and stirred for 4 h. The
reacti on was diluted with water and NaHCO3 sol ution

r.at ed 0 was. achi eved.

Tt Rl kot v Biocied 26 St RSO iy e eshp e
until the solution changed froma dark red to |light
orange in color, and the solution was stirred for 30

1-(# MethdheppdinRiyonc withrepylanie (3808 hmkt 168e [+ 1¢fi ssol ve
the solids. The |l ayers were separated and the aqueous
| ayer vvas extracted with EtOAc. The conbi ned organics

h d. 2 db
R TR R Rp S AR A T V2 o The

resi due was taken up in CH2C12 and the orange
suspensi on was stirred at roomterrperature to break up

the I ar icleg, The mxture was{fi % arfeeor
@%fwew nt it od g ait &
11“2 2009/ 5 BT/ 08/ 084149 " Docket

No 09 0446 PCT pyrldl ne-2-carbonitrile (73% as an
orange oil. The product was isolated as a 94:6¢pni xture
with the corres(pondl ng carboxylic acid from h%/dro ysi's

of the fr |ﬂ$l|@1NHCIQ/C|Or diar boxyl i ¢ aci d
[@fﬁﬁl\m Fe3E 6propy ) p‘algﬁgg}aﬁm UG

JL 48% HBr N
g\ HBr . HN™

St

To a solution of 1-benzoylamino-cyclopropanecarboxylic acid (5.0 g, 21.3 mmol) in
DMF (5 mL) was added Et;N (2.94 mL, 21.3 mmol) and HATU (8.08 g, 21.3 mmol).
The reaction mixture was allowed to stir for 10 min then hydrazinecarboxylic acid tert-
butyl ester (2.81 g, 21.3 mmol) was added. The reaction was allowed to stir at room
temperature overnight. The mixture was diluted with water and extracted with EtOAc (3
x 50 mL). The combined extracts were washed with saturated NaHCOs, 2N HCI, brine
and dried with MgSO,. The mixture was filtered, concentrated in vacuo, and purified by

silica gel chromatography (25-100% EtOAc in hexanes) to give the N'-(1-benzyloxy-
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di hydrochioride: I ~ 0 ~O NH O2 0 oy NH NH NH
10000 ONH2 HO N2 HO N- - NNCQI ONHOINH
wa 2q08/r@ed- pyri di n-2-yl)-cycl opropyl am ne (1. OBCT/BSE08/084149
nnog%, Boc20 (839 ny, 3.9 mmol) and triethylam ne
DacketiNay09-044@Patol ) were conbined in THE (20 nlL) and
allowed to stir at roomtenperature for 3h. The

caﬂ[lefi wrhﬁlov@slogfdpyb%@dmﬁleca\f\mx@nc and te@%bﬁt?ﬁésﬁé@' (62 tgh17 7 mmol)
c (3 x The conbi ned extracts were washed

aswv&thhteMKEW7bﬁ(]615\/Idﬂdi] dried wth MySO4, concentrated
to yield 1.45g of
[1-(5-10do-pyridin-2-yl)-cycl opropyl]- carbanic acid
TotaeiolutlbﬁonlN -@Bb@{zy}@)i%r@alb’ glaﬂ\ﬁh@@&dl@bro@l?hydlﬁﬁﬂﬁcﬁrboxyhc acid
A mxture o 0.56 nmol )

terf- but(ylsestewcﬂbo By$.78 nnnol) L}ll tphlcmzﬂ 0 prlopyds]addert lmydsgonacieggent
<2-§§.rg, ﬁwﬁﬂes’t | erfaitwa %ﬁ%?@%ﬁ%%%@ﬁ? was
cof B lP hneilyt AP o R Srafl e

EtOaai®d 10068 and thZomdingd 8 pietsew dro ivashedrwittohitegbridd éhd\dried

The m xture was cooled, diluted wth 10 nL of Et OAc,
witindghls Had nvikture wiep. filgresiCesneaiared ipHag)o, andhawrifigdtby sdiga gel

h | ayer was. dr.i ed, over 254,
chidmagagianhy H0EEEEQA: MYRSar Tt S Bl Bttt dhonye
e BB D e &y DRt R gPR 5219 o s
wlﬁtle]sel(i:d/,@ﬁ/@m(b@[/l‘l/[}ﬁq:ar bam c acid tent-butyl ester as an

of f-white powder. 113 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT The synthesis of the title

N ’fj‘(g—'ggfi’iﬂ@(y\’lﬁ&a%@iaﬁﬁ&gcMoﬁéﬁl)ﬂ%rﬁ%ﬁ%@f}lﬂc QRidTBL-BAg1
ester (0.25 g, 0.684 mmol) was dissolved in 4N HCl in dioxane (4 mL) and the reaction
allowed to stir at room temperature overnight. The mixture was triturated with Et,O and
the resulting precipitate collected by filtration. The precipitate was washed with Et,O to
give (1-hydrazino-cyclopropyl)-thiocarbamic acid O-benzyl ester hydrochloride (0.15 g,
0.48 mmol) as a white solid, m/z 266.5 [M+H]".

To a suspension of (1-hydrazino-cyclopropyl)-thiocarbamic acid O-benzyl ester
hydrochloride (0.3 g, 0.99 mmol) was added phosphorochloridic acid diethyl ester (0.14
mL, 0.99 mmol) and Et;N (0.14 mL, 0.99 mmol). The reaction was stirred at room
temperature for 2 h and then diluted with MeOH. The crude reaction mixture was then
purified directly by reverse phase HPLC to give (1-1,3,4-thiadiazol-2-yl-cyclopropyl)-
carbamic acid benzyl ester (0.24 g, 0.87 mmol) as a clear oil, m/z 276.3 [M+H]".

(1-1,3,4-Thiadiazol-2-yl-cyclopropyl)-carbamic acid benzyl ester (0.2 g, 0.73 mmol) was

dissolved in 48% HBr in acetic acid (5 mL) and allowed to stir for 30 min. Et;0 was then

added and the majority of the liquid decanted off. The remaining residue was
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in the synthesis of
1-[5-(1- Am no-cycl opropyl)-1, 2, 4- oxadi azol - 3-yl ] -prop
w@re024ni485 hydr ochl ori de. PCT/US2008/084149
1- Ami no- c cl opropyl)-pyridin-2-yl]-bis-(4-nethoxy-
DO@bﬁgNA 99&4%8 T Ti(Q-Pr)4, EtMgBr NN N NN NH THE
To a solution of
coficeh@at8d (iddeiBidneedproR ti)b biva M NOU-tRiMdihgl] 2yl Zveld lafrine
le (1.83 g, 5.09 nmol) ?n anhy’]érrous THEeY?cX nflb’@.‘?
hydigtieanidé (032 £:0)34 rholf @s an praggeldunmmok J142.4 [MﬁH] .portion
followed by EtMgBr (3.0 Msolution in THF, 4.07 ni,
12.2 mml) slowy over 5 mn. The reaction was
N-$lydFé:60mei lmmmt@mamlanﬁ overni ght. Additional
Tl(O Pr)4p(05 m., 1.7 mmol) and EtMgBr (1.2 ni,
3.60 mmol ) were added and stirring was continued for
2 h. Additional Ti(G-Pr)4 (1.8 mi, 6o nmol ) and
EtMgBr (3 M 4.1 nmi, Nmm)Np wer eNadded and stirring
was continued for “\WHSY 2(1 m_j|\vvas added to the
reaction m xtur cusmgthe tidh of a
preci pitate. The nrxture was fb t red through a pad of
di at omaceous earth and the filtrate was concentrated
in vacuo to give an orange/red oil. The concentrate
was re-dissolved in CH2Cl12, causing precipitation of a
A mivitore of hycilrdxylwrhme (4. Ofrn'lu tob amaln and merpholine-atabomigile (5.00 g,

TR ST R e
rea%h&?m%ﬁﬂre.’(r}?as ‘&&}1&5 %Vé@f\gl%)(gH[am gﬁf@“ Afin2fioRed fohBnd A FHAGE

VI SCOUS Ol

terhiferB0RTOr PHAysdThe ?e‘le'tdIrtB (t4re FRE RoMactdaayZiltrtichto Riie 9.02 g
114 WD 2009/°070485 PCT/ US2008/ 084149 Docket No.

of §@-dedin pP@iuct ® a whiBrsolidr NaH N

3,N-Dihydroxy-butyramidine:

H. HO
_ 0 N
New . ON-OH | N
BN H P | G - |
OH H,N OH

H-Cl K" 0 "0 K 2

To a slurry of 3-hydroxybutyronitrile (1.00 g, 11.8 mmol) and K»CO; (3.25 g, 23.5
mmol) in 15 mL of ethanol was added hydroxylamine hydrochloride (1.63 g, 23.5 mmol).
The reaction mixture was stirred at reflux for 20 h and then cooled to room temperature
and filtered, washing with 40 mL of EtOH. The filtrates were concentrated to an oily
white solid that was treated with 30 mL of EtOH. The precipitate was filtered, washing
with 30 mL of ethanol, and the filtrates were concentrated to a yellow, oily solid. The
crude product was triturated with 30 mL of 10% MeOH/dichloromethane and filtered,
washing with 10 mL of 10% MeOH/dichloromethane. The filtrates were concentrated to

give 1.32 g of the product as a pale yellow oil.
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+~/ D N H2ZNNOL-1 1 ~ \O/ To a solution of

6- brono-pyridin-2-ylamne (1.00 g, 5.78 nmmol) under a
wWORewoyEss at m)sphere at room tenperature was BCOOES2008/084149

4- met hoxybenz chloride (1.96 nL, 14.5 nmol) in one
Dagbgett e R9- 0%6?&1“3 m xture was added NaH (60% suspensi on

in mneral oil, 694 ng, 17.3 mol) in one portion.

f t
ThIMldvﬁﬂgédmumwélwgg u@fcééllﬂﬂeﬁ‘ hedte@datd dstdeQdrRed above:

bet ween aqueous Na Cl2. The | ayers were
3. N-&paydatgeprapidnarhidina g dbydlsoxyagrepionamsidinkeus, B B elrifbrore-Aeltyedoxy-

P S A GRBhY Rrel FROTAETRTE 3 NI GEOT ghy
T T e

cahime: a%1(515rt93u05f1 ektBewid prégareCREmMdURAH-bagox: gc@@é@ndn@ﬁﬁ oi |,
mz 413.9 [MH +. 6- [Bis- (4-nethox enzyl) -am no]

cyclpgropatiepasboxytianpidricearding to litgragure procedupei (OaokeaZ A Sinypless,
0111 Pol ystyrene supported
Klﬂrdgﬁﬁm %‘m@sﬁ%\éﬁé /(250 gy, 0.544 mol) and Pd(OAc)2

(57 mg, 0.25 mml) were conbined in a glass vial
along with DMF (5.5 nL). The vial was flushed with

argon and a septum was affixed. The suspension was
tirred for room tenperature. Solid Zn(CN)2
1- (@,_Mgth,yb[l @,4bgadmml)5 -whiraydoproputanine hydrochloride:
(6-bromo-pyridin-2 115 WO 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT

yl')-bis- %\ met hoxyy benzyl )-a ;JOL( 1,50 g, 3.63 )

| n 5 H/vere hen Weial was ¥ ushed
f % rijore and tTeé d @t 140 Ci n*a(\ ﬁﬁ cr8ndVe

for o

To a solution of N-boc-amino-cyclopropanecarboxylic acid (1.01 g, 5.00 mmol) in 2 mL
of DMF was added carbonyldiimidazole (0.812 g, 5.01 mmol). This reaction mixture
was stirred at room temperature for 6 h. N-Hydroxy-acetamidine (0.374 g, 5.05 mmol)
was added. This reaction mixture was stirred at room temperature for 2 h then heated at
100 °C for 16 h. After cooling to room temperature, the reaction mixture was diluted
with water. The resultant precipitate was collected by filtration was washed with
acetonitrile and water, air-dried to give [1-(3-methyl-1,2,4-oxadiazol-5-yl)-cyclopropyl]-
carbamic acid rert-butyl ester as 1.05 g of white solid, m/z 240 [M + 1]*, [1-(3-Methyl-
1,2,4-oxadiazol-5-yl)-cyclopropyl]-carbamic acid terz-butyl ester (80 mg, 0.33 mmol)
was dissolved in HCl in 1,4-dioxane (4.0 M, 1.0 mL, 4.0 mmol). After standing at room
temperature for 1 h, the solvent was removed by a stream of nitrogen. The title

compound was isolated and used without further purification.
The following compounds were prepared using similar procedures as described above:
1-(3-Morpholin-4-yl-[1,2,4]oxadiazol-5-yl)-cyclopropylamine hydrochloride;
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30 min. The reaction mxture was filtered and the

vol atil es were renoved in vacuo. The residue was
w@eoovrmEes by flash chromat ography on silica gePCT/182068084149

Et OAc/ hexanes) to give the title conpound as a

Daglsttd¥a. 889446 PCTrd z 361. 0 [ M+2] +.

5D|methylamno pyridine-2-carbonitrile: Il 11 Mel,
chdblutyl-[ 2 di| sx4saiago]l 8- ylﬁ\lb?clé‘firopﬁﬁnin@%y%hlﬂbh&m of
-am no- 2-cyanopyridine (15 g, 121 mml) in dry

1-B;t4-tBuel dh e, %@@dlazm yatcygogopgismintdgdronblerid®. 162 g,
1—@33@%&{%gh‘ﬂafoxe%%‘%ﬂﬁ{séﬁ)paciéﬂ“ﬁ&a“@ﬁe Stionder
1R ciPpfEhy!- {1 GUBRRldoMS S ARAGHry ithenidife

tenperature for 10 mn. A condenser was added on the
reaction flask and the reaction mxture was heated to
1-[§d1 A mimgecycloprenybhl Aidxaxadiazolad- yHpiropai 24l hydrochloride:
tenperature for 30 mn then cooled to room
tenperature. After cooling to 0 C, the reaction was
guenched by sl OV\AOy adding MeOH (100 ni). The reaction

mxt re|was then Jsi di y_war med-Rlo room atppre and
H éhro Y8kt ITcagal, %%
d&Ncentrattd in v opnd the resultat cru prod

was purified by flash chromatography on silica gél

using 1- 5% MeOH CH2Cl12 gs the gradient to afford 6.5

g of 5d|rret|1‘|@4Iamnopr|ﬁ -2-carbonitrile as a

brown sol i d—1-Met hyl - REpHee- carboni tril e:

NN- - 1 CuCN AN N 118\W0 2009/ 070485

PCT/ US2008/ 084149 Docket No.” 09- 0446 PCT To a

m crowave tube was added 4-iodo-I-nethyl-1Himdazole
(2.00 g, 9.62 mmol) and CuCN (1.03 g, 11.5 nmmol) in

ToMBItibA ofN)bocTdhginé- @ bpropanetafboxytic Weid (Fiahe D 4% mid0) in € mL

in a mcrowave reactor for 45 nmn. The reaction
of PIMK air(e"Ghvarss axtslad earboryl ditmidazolead(1d mg, 2.49 mmol). The reaction

mixture was stirred at room temperature for 30 min, and 3,N-dihydroxy-butyramidine
(480 mg, 4.06 mmol) was added as a solution in 2 mL. of DMF. The pale yellow, faintly
cloudy reaction mixture was stirred at room temperature for 30 min and then heated at
100 °C for 15 h. After cooling to room temperature, the reaction mixture was diluted
with 15 mL of water and extracted with 50 mL of ethyl acetate. The organics were
washed with 2x15 mL of water and 15 mL of brine, dried over Na,SOy, filtered, and
concentrated. The crude was purified by flash chromatography on silica gel (0-8%
MeOH/CHCl) to afford 242 mg (34%) of {1-[3-(2-hydroxy-propyl)-1,2,4-oxadiazol-5-

yl]-cyclopropyl}-carbamic acid zerz-butyl ester as a pale yellow oil.

To a solution of {1-[3-(2-hydroxy-propyl)-1,2,4-oxadiazol-5-yl]-cyclopropyl }-carbamic
acid rert-butyl ester (242 mg, 0.854 mmol) in 5 mL of dichloromethane was added HCl in
dioxane (1.07 mL, 4 M, 4.27 mmol) at room temperature. A white precipitate formed

after a several minutes. The cloudy reaction mixture was stirred at room temperature for
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The resi due was suspended in Et QAc/sat. NHACL/ NHACH
(add NHAOH to sat NH4C1L to pH=9) and stirred for 30
wor2009/07036s or gani ¢ phase was separated, washed PET/0S2008/084149
brine, dried over anhydrous Na2SO4, filtered and
Dagkeidn 0P AHeeIPES afford 580 ng of the title compound
as a light brown solid.
17[h%mf 4enlcbn@antthibl ideRho 3TMé JesiaUE WaPHORYel-if m%ama@mmz
benzyl ester: OO .O N "~7 N~O HATU, NHAOH H 2
andue@cemrate @xDioRiErd KDgONdeN:tla@ aNblZiNngm N N~O O H
1-0 AcOH ~-NH H\ To a vial was added
Cbz- 1- am nocycl opr opane-| -carboxylic acid (1.00 g,

The ?&%Vggwﬂ%@nd% 8(1%&33%)1551%% dﬁ%g? ?{urgéqﬁ d%gcq'ﬁ)tel} gﬁlove

[54TBlnino-EN@opre@d)-1 QM- sRadlawdle3- 1rﬁéthj?lraﬁhﬁn@hydr@c§lﬂ@nde 2-[5-(1-
tenperature for 15 min, followed by the addition of

Amjrag-erelppropyl)-1 2Fhexadisaek-3-5H- elﬂiaaaokhyémﬁhk)rlsiﬁ,u I-i3e@,22-Tribgoto-
ratu h, The. reac

ety Bt Lot o beimromgen Sirluttal M @ s

xR e e R AR vl MO AL RoBRBTE1 A% adiazol-5-y1-

cydopygylammeigadochlorifld, |1t @rMethylc hpdenhdiat @ B-dndydspresylamine

under @Nﬁh 117 WD 2009/ 070485_PCT/ US2008/ 084149 _
hydxoelleridad - (5 denpoepyb | Rcroxaséasohd-vb- caﬁlpﬁﬁoeybm@er@dmchlonde, 1-

s aBBTERE S e GRS s Fame i, 2% Ol

bottom fl ask was added

(1- car banoyl - cycl opropyl ) -carbanmi ¢ acid benzyl ester

(935 ng, 4 nmol) in N, N- di et hyl f or mam de di net hyl

acetal (15 niL) reaction mxture was stirred at
6(iO’G)‘nwﬁr@’ﬁl@rhpyl)rﬁlé“@@r&réhfm%s concentrated in vacuo.

The residue was dissolved in EtQAc/sat. i/éHCGS The

organi ¢ phasd was separ)qt ed, Br

N+
p

+

o

TI\
o)
0]

NH,
To a solution of 5-amino-2-cyanopyridine (1.0 g, 8.06 mmol) in dry THF (50 mL) was
added titanium(IV) isopropoxide (5.2 mL, 17.7 mmol). EtMgBr (3.0M in Et,0, 10.7 mL,
32.2 mmol) was then added dropwise. The reaction mixture was stirred for 23 h, then
diluted with water (100 mL) and 1N HCI (5 mL), and stirred for 5 min. The mixture was
filtered and the filtrate was concentrated in vacuo to afford 6-(1-amino-cyclopropyl)-

pyridin-3-ylamine as brown oil (10 g) which was used without further purification.

The following compounds were prepared using procedures similar to those described above:
[6-(1-Amino-cyclopropyl)-pyridin-3-yl]-dimethyl-amine, 1-(1-Methyl-1H-imidazol-4-

yl)-cyclopropylamine, 1-(2-Methyl-thiazol-4-yl)-cyclopropylamine, m/z 155.5 [M+1]", 1-
Oxazol-4-yl-cyclopropylamine, m/z 125.5 [M+1]*, 1-(5-Trifluoromethyl-pyridin-2-yl)-
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washed with brine, dried over anhydrous Na2SO4,

filtered, concentrated and dried under high vacuumto
wa@bdooom48s 11 g of (1-{ PCT/US2008/084149

[ 1- di net hyl am no- et h- (E) -yl i dene] - car banoyl } -
DagslefNsp OB19¥H9 PEdr bami ¢ aci d benzyl ester as a |ight

brown oil, nlz 290.9 [M+1l]+. To a solution of (1-{
cydl ;Ind j?lﬁltnmé' ARt iamt Bty bl@ﬁﬁ@%hﬁ@fé@@@y& swﬁih@@ry@

carbam c acid benzyl éster {1.11 g, nol )

Cy¢lnprApden(n© m ) was added hydrazine dihydrochloride

(803 ng, 7.65 mmol). The reaction m xture was stirred
> at 90 Cfor 1.5 h. The reaction nixture was poured

into Et OAc/wat er. The organi c phase was separ at ed,

washed with water, sat. NaHCO3, brine, dried over
S-ladbaparidine-Neadbonitrild: | t ered, concentrated and dried

under high vacuumto afford 677 ng of

[1-(4H[1, 2,4]triazol-3- yl)-cyclopropyl]-carbamc

acid benzyl ester as a off-white solid, nmz 259.6

[ M)+, 1-(4H [ 1, 2, 4]

Triazol -3-yl)-cyclopropylamne: 0 | NNN HO NH

~NH N 2 ~ ~NH To gy sol ution of

[1- (4H [N, 2, 4]trba b 3-yl)-cycl opropyl]-carbamc agqid

benzyl dfter (60 érg 0.23 mmol) in MeOH (5 m) wasl|l

added 10po Pd/ C (60D) . Theore ction mxture was

stirreg der+ H2 psphere”(Wal | oon) for 1.5 K EAN
reactidn pixture wes filteredy, +throudﬁ di atomaceouis/
earth. e solvent |was concentrated in vacuo and dr
under hqulp vacuurrgto afford 28 ng of the title |
conpound, Mz 12 “HME1] +. 118 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09- 0446 PCT
[ 2- (1- Ami no-cycl opropyl ) -pyridi n-4-yl nmethyl ]-carbam c
acid tent-butyl ester: NTi(Q-Pr)4 EtMC NH2 L--
THE N NYO+ | NYO+

d

To a solution of TsOH*H,0 (287 g, 1.51 mol) in 2 L of CH3CN in a 5 L flask was added 5-
amino-pyridine-2-carbonitrile (60 g, 504 mmol). The resulting suspension was cooled to 5
°C. A solution of NaNO, (69.5 g, 1.01 mol) and KI (209 g, 1.30 mol) in 300 mL of water
was added slowly in small portions. Vigorous gas evolution and foaming was observed
during the addition. The resulting brown/black mixture was stirred 10 min and was then
warmed to room temperature and stirred for 4 h. The reaction was diluted with water and
NaHCOs solution (saturated) until pH 9-10 was achieved. Sodium thiosulfate solution
(saturated, 800 mL) was added until the solution changed from a dark red to light orange in
color, and the solution was stirred for 30 min. The solution was diluted with EtOAc to
dissolve the solids. The layers were separated and the aqueous layer was extracted with
EtOAc. The combined organics were washed with satd. NaHCO; solution (2x) and brine
(Ix), dried over MgSO, and concentrated in vacuo. The residue was taken up in CH,Cl,
and the orange suspension was stirred at room temperature to break up the large particles.

The mixture was filtered, and the filtrates were concentrated to afford 84 g of 5-iodo-
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IO O To a solution of

(2-cyano-pyridin-4-ylnmethyl)-carbamc acid tert-butyl
wW@3a0e/070(485 2 g, 5.1 nmmol) in THE (100 nlL) was BdOies2008/084149

et hyl magnesi um bromde (3 M 3.3 n, 10 mmol) and
DquQteNﬂ Qaﬁoﬁé@Bgfﬁpom de (2.3 nmL, 7.7 mml). The reaction

m xture was stirred at room terrperature for 16 h.

pyMéinen-dapsonAEREU3 % Paddn) orai}@ dilnerhe @Pdduti Wk iShtb@ss a 94:6 mixture
f| Itered off. The organics were concentrated, then

withuthé €oresdpinginfe cagioxghe amdfrogriydholysenofdhd produay eltrilesi ng
5- 10% MOH/ CH2CI 2 to afford
[ 2- (1-am no-cycl opropyl)-pyridi n-4-yl net hyl ] -carbam c
acid tent-butyl ester as a solid, mz 264.4 [M+ 1] +.
The foll ow ng conmpounds were prepared via a nethod
anal ogous to that described above:

Cy&lbén%p!aﬁé&@nrb‘aﬁymc%i%q@-h -4nikb- bW&ﬂrQﬁ{lWMﬁ\fﬁ -ylffamide
Cycl opropyl oxazol -4- yI) opr opyl am ne;
dihydyoshigideiy | i soxazol - 3-yl ) cycl opr opyl am ne;
1- (5- Met hyl pyridin- 2-yl)cycl opropyl am ne;
[ 6- (1- Ami nocycl opropyl ) pyri di n- 3-yl net hyI ] carbam ¢
acid tert- butyl ester;

1- (5- D net hyl am nome{'ﬂyl pyr| di n- 2d¥§ycl opr opyl ami ne;
1-[5-(tert- NH,

iyl d | anyy oxy )qh) py NH- 2-yl ] cycl opr pyI

m rie%g‘ro%ﬁ W/I-prec rsor was| synt he§ &'zed N 2 HCl

N ordimg—to i terature procedur 8 yecOerc ‘et aI'/

IHgt . Chem 1993,§y3§, 631C);
-[4-(tert-Butylkdpmet hyl -silan Io rrethyl)-pyr(P i 2-

I ]-cycl opropyl amine (Carboni t1d precursor wa
synt hesi zed according to literatyre procedure:

LecClerc et al. J. Het. Chem 3,30,631.);
1- (5-Brono-pyridin-2-yl)-cycl opropyl am ne; 1-(4-1odo-
pyri di n-2-yl)-cycl opropyl am ne;

1- ([SGoﬂd.pﬁfiﬂlmd W y-cyctapi pYdming YI.0gl i3 @mpl)] Ba2@R(839 Inrg, 3.9 mmol)
amne; 1-(2-nmethyl-thiazol-4-yl)-cycl opropyl amne: 119
andynietndonior (1 38)LREH useh oerosukined 1@6‘@1& 20/@).) apd-abawed to stir

PCT 1- i di n-2- a

o (R GPBERbY A HeomNes N STNECRED Dk T Rigictovin
E«SRB VBB 00NP). e confBirelt ek b re QvaShedNiéh water, brine and dried
with MgSO,, concentrated to yield 1.45g of [1-(5-lodo-pyridin-2-yl)-cyclopropyl]-
carbamic acid rert-butyl ester as a yellow solid, m/z = 361.6 [M+1]".

A mixture of 0.20 g (0.56 mmol) of [1-(5-iodo-pyridin-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester, 22 mg (0.12 mmol) of Cul, 0.035 mL (0.22 mmol) of 1,2-trans-
di(methylamino)cychlohexane, 0.090 mg (1.1 mmol) of cyclopropanecarboxamide, and
0.24 mg (1.1 mmol) of K5PO, in 1 mL of 1,4-dioxane was heated under an N,
atmosphere for overnight at 110 °C. The mixture was cooled, diluted with 10 mL of
EtOAc, and washed with aq. NH,CI/NH4OH (pH 8), then with aq. NH4Cl. The organic
layer was dried over Na,SOy, filtered, and concentrated. The residue was triturated with
acetonitrile to provide 98 mg (56%) of {1-[5-(cyclopropanecarbonyl-amino)-pyridin-2-

yl]-cyclopropyl}-carbamic acid rert-butyl ester as an off-white powder.
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/[ ,Q O MN N NA4N HCI-Dioxane NN\ NH2 H O NaOH Et OH
Boc- | - am nocycl opr opane-| -carboxylic acid (25.0 g,
wda2eboA7easdl ), HATU (56.7 g, 149.1 nmol) and PCT/US2008/084149
N, O- di met hyl hydr oxyl am ne hydrochloride (13.3 g, 136.7
DqﬁﬁﬂNQﬁ@K%46Béﬁblned in DMF (200 nl). To this solution
was added diisopropylethyl amne (108.2 nlL, 621.3
nmol ). The reaction was stirred for 2h, diluted with
Et OAc and poured into |IN NaOH The aqueous phase was
The epethesised tlaniatlessompaondwas cummpieted by thediClwieptotdetignmethod used

; heo anl S. were, conbj and,.washed wth
gﬂe-swg felde(M ylggeRnD Daa R dok bt h
hy?ﬁ%‘él‘ﬂ 1dThe resultant solid was purified via Si02 flash
r onat ography (10-50% Et QAc- Hexanes) to afford the
desired Weinreb am de as a white solid (30.4 g, 819%.
To a solution of the Winreb am de (24.6g, 100.7 mmol)

[6t(A-AmaERoc Qo PNyl apy1adia-2nl-biss(dompthosytbenzyl)-amine:
nmet hyl magnesi um brom de as a 3. OM sol ution in ether
(100. 7nmL, 302.1 mmol). The reaction was allowed to
slowy warmto 25 C and stirred fpr 24 h then
quenché the addition of saturgqted aqueous
NHAC1( 1 ). EtOAc (200 nL) was @I d and the
| ayers epar ated. The agueous Rhase was extracted
two nore tings V\AtDNEt@/@cPf FM&" or gani c || ayer
conbi ned, * S

purified Z

Et OAc- Heptlgng) to afford the desired
solid (11.Dg, 55%. 120 WO 2009/ 07048b
PCT/ US2008/©®84149 Docket No. 09-0446 RCT Freshly
ground NaCH (1.98 g, 49.5 mmol) was dissolved in
absol ute Et OH (250 rrL). To this solution was added
the keto ). and 2-amnopyri di ne- 3-

ng l()'4' 20, 21.1
To a solution of 6-[ 1s-(4-meth0xy-benzy1) -armino|-pyridine-2-carbonitrile (1.83 g, 5.09
mmol) in anhydrous THF (64 mL) was added Ti(Oi-Pr)4 (1.79 mL, 6.11 mmol) in one

portion followed by EtMgBr (3.0 M solution in THF, 4.07 mL, 12.2 mmol) slowly over 5

one as a white

min. The reaction was stirred at room temperature overnight. Additional Ti(Oi-Pr)4 (0.5
mL, 1.7 mmol) and EtMgBr (1.2 mL, 3.60 mmol) were added and stirring was continued
for 2 h. Additional Ti(Oi-Pr), (1.8 mL, 6.1 mmol) and EtMgBr (3 M, 4.1 mL, 12 mmol)
were added and stirring was continued for 3 h. Water (12 mL) was added to the reaction
mixture causing the formation of a precipitate. The mixture was filtered through a pad of
diatomaceous earth and the filtrate was concentrated in vacuo to give an orange/red oil.
The concentrate was re-dissolved in CH,Cl,, causing precipitation of a white solid. After

filtration, the filtrate was concentrated in vacuo and purified via iterative flash

chromatography on silica gel (1—10% MeOH/CH,CL,) to give 381 mg of the title
compound as a light orange viscous oil, m/7 391.08 [M+2]".

(6-Bromo-pyridin-2-yl)-bis-(4-methoxy-benzyl)-amine:
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car boxal dehyde (2.57 g, 21.1 mol) sinultaneously as a

solution in EtOH (250 nL). The reaction was allowed to
w@ew/of@ss 72 h and the volatiles were renoved POT/VSING084149

To the resultant crude solid was added CH2C12 (50 nlL)
Daghiet Nh@9944pBadi on was filtered. The filtrate was

absorbed onto Si02 and purified via Si02 flash

chr omat ogr aphy (20-75% Et QAc- Hexane folé owed by 2-10%

MeOH CH2C12) to afford the desired Boc-pyotected

1, 8- napht hyri dine as a“white solid (5. , %1% . The

Boc- prot ect ed”

1-[1, 8] Napht idin

NaH .
yl - cycl opropyl ami ( g,

19.3 nmol ) Was| diskolbed in T.7%-dioxane ) and
to this galrut¥on was [added 4N"HCL i n di ox&ne (70 m,
280 mmol ). The sol utiten was stirred f A ppt

formed and the volatiles were renov
afford 1-[ 1, 8] napht hyri di n- 2-yl - cybd
di hYd.rochI oride as an off-white solid :4. 92 g, 99%9%.
Tomrelution [ob hibremerrymdn A Hgwing¢ h0O gi Téd eungeepaitiogeby
nmet hods, anal ogous to those, descriped f .
atr_nlqs[pEf’:rg]athBﬁ]ttﬁ@p?raﬁu{:F_ \Xz_lv[d_%igc%,%-l By qnc,?@z[]i cl%ionde (1.96 mL, 14.5
rnrgﬂr)rlll)1 ﬁg(!rfg?r&ttg{?.aﬁg d % glgﬂgﬂggxga'ts rﬁg(tieéi:l‘@zﬁ{ 69008 QRp&RIOR in mineral oil,
694 n(gl4 fBinadl) i Greyplorteymc TixpreagtionavasRerred foy drohddl partitiened
1-[1, 7] napht hyri di n- 2_8 -cycl opropyl am ne
beigiery aqusens NaHé@h and CH>CL. The layers were separated and the aqueous layer

waéf E@@?%@?ﬁ%&i%@ 8%15@2 _lé‘flle -Cg%%{ngg {)Pg%}{ilc Efe{ge{r]sewere dried with MgSO,
and chrkeRt RAPRLANI @igivedr 1¥dht GULIwOBI . AMYY AMyAEpurified by flash

di hydr ochl ori de
chibn{alo aﬁh'zd)ﬁ[sﬂica 26l Py 159 Bi0AZhexansy &l @ad B8 g of the title

di hydrochl oride 121 WD 2009/ 070485 PCT/ US2008/ 084149

compekst as soloplgssol 6/PEB. DIFEI'N i sobutyl cHe of orrnate N
0 HOOO NWOp M N2 k~~-, HO O

6-[Bis-(4-methoxy-benzyl)-amino]-pyridine-2-carbonitrile:

(6] (6]
Pd(OAc),, Zn(CN), N
N N Br - N N 74
B B
_ DMF _
O\ O\

Polystyrene supported triphenylphosphine (250 mg, 0.544 mmol) and Pd(OAc), (57 mg,
0.25 mmol) were combined in a glass vial along with DMF (5.5 mL). The vial was
flushed with argon and a septum was affixed. The suspension was stirred for 1 h at room

temperature. Solid Zn(CN); (426 mg, 3.63 mmol) and a solution of (6-bromo-pyridin-2-
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ON-NNNHB MM N>~ HO-" | HOEOH A 0 4N
HCl - Di oxane N~I-N. 111 N. NHz
w@e@9lo7@ss nocycl opr opane-| - carboxylic acid (1.BOr/gys2008/084149
4,97 mol) was dissolved in 1,2- DVE (5.0 nL) and
DaskeNw 009444BCE. To this sol ution was added N-nethyl
nmor pholine (0.552 n., 5.02 mmol) follwed by

yhisigpumgtheky gmfygrmh@ 1(51) %@Jwﬁmoﬁ iPBMID.9 mLY Rere then

solution was stirred mn then the precipitated
addedn®hdryinl way fhisbed wih h@nm@hﬂe@ramd dcatodhat 148110V d nucrawave for

fil “and
ﬁﬁ#ﬁ}r?g@éﬁ\twé %é%@&mmim d tﬁwlfﬁlgs{n@ar% éezm a8 Vicuo, Fhe
res%cﬁle%as %%II‘IP 2 ﬁ?slﬂtclllr égpéﬁ’?rblﬁyﬂ ca%g].r@@ 5@%3 0] # c anefs) to

nospnere an rec SO utl on

gntehﬁe tlﬁ@@ﬁﬁpdunﬁf‘aé(@é’ol@ﬂl@s)!@ﬂ'ﬁﬁ36105EM+Q]+ 4.98 mol )in

was ad
2 am no- 3 pyr| d| necar boxal dehyde (0.669 g, 5.48 mmol)

Leact |. dto 140 Cin a mcrowave
5'l?@'ﬁ%@@?“‘f'gﬂr'ﬁglﬁ?w%ﬁggﬁﬁjﬂgy addi tional thernal

heating at 100 C for 18h. The reaction was allowed to
cool to 25 C and the volatiles were renoved in vacuo
to afford a yellowoil. The crude oi INwas purified via
Si 02 flash chrond ography (25-100% {OAC-Hexanes) to
afford the desired| pyri dveeNaii de- alldehyde as a tan
solid (0.601 g, WO9. Arpaivxane(1l. 00N1L) was condensed
in a vessel sub d i mN2(tE™ To 15 cold liquid
anmoni a was added sol ution of pyridine
am de- al dehyde (60M,mg, 1.97 mol) h\122 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
absolute EtOH (10 nl). The reacti on vessel was seal ed

and heate to .80C for ssel _was al | owed t
Togorolyiins STaing eS| Loe el Svpenvan 14005600
| .

TSRO 5T ESHSUTED RS Ay P

0 °af foP5 ehih BRn BORoRI ©inPEfaEe for 30 min. Mel (53.3 mL, 846 mmol) was

1-(1-pyrido[2,3-d]pyrimdin-2-yl-cycloamne as a tan
adéwol slaivly@n@ 8@ resultamogaction mixture was stirred at room temperature for 10
min. A condenser was added on the reaction flask and the reaction mixture was heated to
80 °C. The reaction mixture was stirred at that temperature for 30 min then cooled to
room temperature. After cooling to 0 °C, the reaction was quenched by slowly adding
MeOH (100 mL). The reaction mixture was then slowly warmed to room temperature and
filtered through a pad of silica gel. The filtrate was concentrated in vacuo and the
resultant crude product was purified by flash chromatography on silica gel using 1- 5%

MeOH/CH,Cl, as the gradient to afford 6.5 g of 5-dimethylamino-pyridine-2-carbonitrile

as a brown solid.

1-Methyl-1H-imidazole-4-carbonitrile:
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The Boc- protected

1-(1-pyrido[2,3-d] pyrimdin-2-yl-cycloam ne (0.263 g,
w@20207038Dl ) was di ssolved in 1, 4-di oxane (0.BCTriI¥20881084149

to this solution was added 4N HC in di oxane (4.00
Dagket Noz 09-O4P§’T The sol ution was stirred for 2h. A ppt

formed and the volatiles were renoved in vacuo to

afford

1-(1-pyrido[ 2, 3-d] pyrimdin-2-yl -cycl opropyl am ne
Todi thigdrowhltdei viis adéedaél -widbtlemsth k- tH-(dudasde ¢ 0023%62 Minenol)

anﬁirgfphg!\éé T)grgaﬂ ge dl 151 édli)még U&Ig i‘p%/\%ré%lq%%{eugtaurree was Keated at 180

°C gjm &ﬁd@r}%h?egﬁﬁ 3 fg} by ﬁﬁﬂn'ﬁi& ?ea%f1t41m%¥ﬁtje QRS QWJeﬁﬂtQ&n vacuo.

roc enpl oyi ng e appropriate

Thamdsite aras @Q&@bﬁt&hﬁﬁi BtGAEsdt M EC1/NH,OH (add NH,OH to sat NH,Cl to
1- (1- Qui nol i n- 2- I-cyclopro yl am ne di hydrochl ori de

pH:F-9p and( BireH If@riﬁqump hbezogiumc 2 b)ﬂaeyﬁzgamf% pyshedivrieh brine, dried

ovgr ail};g(i %% ‘#9.41 ty %edflvlcogvg r@)tﬁﬁi @piffoggini R mg of the title compound

as%hg 5%1 4, 5-b] pyridin-2-yl -cycl opropyl am ne
roc OI‘I e 123 WD 2009/ 070485 PCT/ US2008/ 084149

Docket No 09 0446 PCT O N O 1. isobutyl chl orof or mat e,
Ir'r O 2. NaBH4 O Oxi dati on
[1{4H-:[1 RL%TH@M 30vl}<rzvcl0n90pxb] -oaxbamigacid benzylesterr N
HCl - Di oxane | \~

o) e Y ~
HO J\ HATU NH,OH H N% )J\ O
H 0 - .
o) l DIPEA K©

o)

| 0
/N\//NWWXH)L o NH,NH, N'N\VXH*O
—_

To a vial was added Cbz-1-aminocyclopropane-1-carboxylic acid (1.00 g, 4.25 mmol) in
DMF (10 mL), followed by the addition of DIPEA (137 g, 10.6 mmol) and HATU (1.80
g, 4.73 mmol). The reaction mixture was stirred at room temperature for 15 min,
followed by the addition of NH,OH (4 mL). The reaction mixture was stirred at room
temperature for 3 h. The reaction mixture was concentrated in vacuo. The yellow solid
residue was dissolved in EtOAc/H,0O. The organic phase was separated, washed with

water, brine, dried over anhydrous Na,SQ,, filtered, concentrated and dried under high
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0 NH2 Boc- 1-am nocycl opropane-1-carboxylic acid (5.0

g, 24.9 mol) was dissolved in 1,2 DME (25 nL) and
w@ombe4d -15 C. To this solution was added Ne@BUkK3008/084149

nor phol i ne %2 76 mL, 25.1 mmol) followed by
DQCk@tNﬂ YP-htoPeflormate (3.26 ni, 25.1 nmol). The

solution was stirred for 5 mn. The precipitated NVM
vabie QGRS 9 TEMYRS (1L Evebhni @6propy1 R cMBaHienkiditeh sy bitOis a

washed with 2 )%VQS%L DNE(@mytﬁ% wazhl ngs were coﬁﬁbl ned
ligh yeowtshBd.frivk 2828 Mith]'a f1 ask and cooled in an

i ce-salt bath. An aqueous sol ution of sodium

bor ohydride (4.01 g, 37.5 mmol, 10 nL H20) was added

r
T8 Borkeh AR o AR (S B HRE BB i B8 oL
estbblﬁ%ﬂ , Ackcthdl) N OF-dinekIgl forntiiRide dasdth@ncsals 15 hdr). The
uted with Et QAC and the aqueous phase was

re@@@ram@ttw vegs ¢ tisd 2td©P &d fernoh. %ﬁéommﬁe@smmn&m@i\m VaTh®

TR S B0 RO AR N Qe Dot Gy pagpeparated
wa?hequtﬂi% bﬂ}gygg);ﬂ d@Re gﬁ@qfouwmwt flftéirefl h:%hca%eea 3ﬁ@§ﬁ&ﬁunder

uti on of oxa [ ori

highlyac@idn fo affaed ). 1ilry @f@@ﬂﬁdlﬁﬁﬂlyﬂﬁ;ﬂma&netﬁm)@hﬂaﬁe oaﬂﬂﬁ@yl}
dropvvlseasolutlon of DMBO (1.64 nmL, 23.1 nmol)
cydpprepd)-cabamicyacidlsary! esoings alight hreanntdilo iz 390 N‘hﬂt ion

was stirred for 5 mn then the Boc-protected am no
al cohol (3.6 g, 19.2 mml) was added as a solution in

To%gf%n 610 - {T—})dlfﬁ@@gﬁtﬁhﬁc{ fn@@l hd&ﬁt thBhigeyh Qgﬂaﬁrtoﬁig'jl-

Tri et hyl am ne vvas added
catbemit dcixhbeh2vl eV@r @009, G?&Mﬁﬁml?(ﬁi’ AUSEICIG D844 dfled Dodiaeihe
No. 09-0446 PCT was stirred for 5 mn then allowed to

dl@ﬂ&ﬁh&@ﬂ%(%t%&r%ﬁﬁlﬁl@ﬁp@iﬁdﬁ@ﬁt@n AR uES wasstineg @ 90( §of0r L5

h. qﬂﬁg regc 10 add ug%glgsgp(%\ggd i a%?IAa{\g era;ﬁf oglig?l%glgﬁ%sg w4 Wgeparated,
walRddSy kit WEt%r Whtt RalGERCIRine TR AYveBdHhGdloay Nﬁ% Ogeﬁl‘ﬁ:red
conbi ned and washed with brine, dfied

conteoantte aincbdrd:domdadngh wicaum td blﬁmﬂefé’ﬁlmmﬁ[l{(é&[dmel]trm -3-
purjfied via Si 02 f]ash chromatogr

yl)gyd&@rqgé(ugﬁ@glynq ¥id pengylesigsas 4 oft- wh1 h(g mlz 259 6 [M+1]".

am nocycl opr opane- 1- car boxal dehyde as a white solid
(2.5g9, 70% . Boc-1-am nocycl opropane-1-carboxal dehyde

1-¥- a2eBL t lsgniagd no- 3- hydr ox ridine
«go_%ﬁ]gn oLyt pRIp1ani ydr oxypy

0.85 nmmol ) were conbi ned i n anhydrous
nmet hanol (2.5 niL).

j)j\
N,N\wyu o) R ij
\NH N T N
\NH

To a solution of [1-(4H-[1,2.4]triazol-3-yl)-cyclopropyl]-carbamic acid benzyl ester (60
mg, 0.23 mmol) in MeOH (5 mL) was added 10% Pd/C (60 mg). The reaction mixture
was stirred under H, atmosphere (balloon) for 1.5 h. The reaction mixture was filtered
through diatomaceous earth. The solvent was concentrated in vacuo and dried under high

vacuum to afford 28 mg of the title compound, m/z 125.5 [M+1]".
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O To this solution was added freshly activated 3 A
nmol ecul ar sieves (-25 beads). The reaction vessel was

wgeeabpm4and heated to 45 C for 18h. The vol at i PEFUSENE084149
renoved in vacuo and the resultant residue was

Dagkes . OB OHMPCH2C12 (2.5 nl). To this solution was
added DDQ (0.202 g, 0.89 nmol) and the reacti on was
stirred for 1h. The reaction was diluted with
saturat ed aqueous NH4Cl and poured into a separatory

[241+Amaino-cpeloprigiy D  pymridin-44dmethybif cach@@iv acidhtertehidplesteThe
aqueous ase was separated and extracted two nore
times wtlh CH2Cl2. TheTiorPgahMe! | ayer e conbi ned,
dried (Na@SO4), decant oncentr ted The crude
resi due na wbsggggd onto''Si 02 and p|r| ied via Si02
flash c graphy (25-75% Et OAc- a @‘WO af ford
the Boc- protec@ed 1-(1-oxazol o[ 4, 5- O

To urfl@g/éo? (ﬁﬂéﬂlé—& 1(r:1 04{ }éle%é [|~[).I cna?bazriric gcéi tert- uty este'?I 9 4,45 1

o E Ny S L O e
and Btabiufd-kogogoide CIH BLSDY utrhéln T\I&Sre@d’dfdﬁ higird s deired at room
di oxane (2.50 nm_, 10. 9 mol ). The solution was stirred

terppsratgig. foral it \f’Vfatwf wasl added (5 hd-) apd ﬂ@tresugmgvseh@s fnléqﬂmi/@fﬁ The
orgeict SErSesPeriielsd Gef AR B shigBalbepirhY ShRiGa 1y veing 5

NSRRI i Lt SR 8 g
aci]i—térl—bﬁvyamér@[s 4 0l iy 2644 [M2- MF.- cycl opr opyl ami ne

di hydrochl ori de by enploying 2-am nophenol as a
substrate: 125 WO 2009/ 070485 PCT/ US2008/ 084149

Th@%l & d thod anal t described above:
(RSt g Qe Fichurd i peied slores i e St geove
1 (1H-Tetrazo| 5-yl)- cyclopropylamne OOS ~N J~O /N

LG RoROgabY el a S B oIy ot o1

yl)cyclopropylamine; 1-(5-Methylisoxazol-3-yl)cyclopropylamine; 1-(5-Methylpyridin-

2-yl)cyclopropylamine; [6-(1-Aminocyclopropyl)pyridin-3-ylmethyl]carbamic acid rert-
butyl ester; 1-(5-Dimethylaminomethylpyridin-2-yl)cyclopropylamine; 1-[5-(fert-
Butyldimethylsilanyloxymethyl)pyridin-2-yl]cyclopropylamine (Carbonitrile precursor
was synthesized according to literature procedure: LecClerc et al. J. Het. Chem. 1993, 30,
631.); 1-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-pyridin-2-yl]-cyclopropylamine
(Carbonitrile precursor was synthesized according to literature procedure: LecClerc et al.
J. Het. Chem. 1993, 30, 631.); 1-(5-Bromo-pyridin-2-yl)-cyclopropylamine; 1-(4-Iodo-
pyridin-2-yl)-cyclopropylamine; [6-(1-Amino-cyclopropyl)-pyridin-3-yl]-dimethyl-
amine; 1-(2-methyl-thiazol-4-yl)-cyclopropylamine:
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(500 ng, 2.31 nmol) in DMV (4 m ), followed by the
addition of NaN3 (195 ng, 3 mol) and NH4CQ (161 ny,
W@ 20m0rss The reaction m xture was stirred at BRADUR00L084149
24 h. The reaction m xture was concentrated in vacuo.
Dotrket N 8P-@4e6 Red di ssol ved in Et OAc/water. The organic
| ayer was separated, washed with brine, dried under
1- [ars]uaphthlyﬁﬁﬁaélz yl-eyddpire 1am1ec(nn hRti@d to afford 380
[ 1- 1H—tetrazo| )-cycl opropyl]- carbamc
aC|d benzyl ester as a off white solid, nilz 260.8
1] +. [1 (1Htetrazol -5-yl )-cycl opropyl ] -carbam c

fo

api dee t@iooms Ldi gsolwed m The
oﬁx s NERfocne: Hr% D o aﬁ/%ﬁ/
ba anmd HATW / mi nl wi 0% d/ C as a cat alwst

The eI ute was concentrated to afford 48 ng of 1-
(1Htetrazol -5-yl)-cycl opropyl anine as a solid
produgg, mz 126.5 [ Mrl] +.
no- cycl opr opanecar boxylic acid
(@U%zol 4-yl -cycl opropyl ) -am de, 126 WO 2009/ 070485
PCT/ U32008/ 084149 ck No. 09-0446 PCT O CZH__
HON N ON NN O K + NNHOIbloxaht - 2 Ny
—'Fo—a—ro*cmdbtt/m/la@k\ﬂa added |
Hadmom nocycl ane-| - carboxylic acid (156%
0.638 mol) in DVMF (10 m), followed by the addtion of
Huni g's base (207 ng, 1.6 nmmol) and HATU (270 ng,
BdR- 1Zdm B8 cloprofdfe- Aok At ABKLY! 0? W28 $irhél GPARY (5@PB) 149.1
tenperature for 15 mn, follo by the addition of
mrielDuak B)0- dl-ngﬁlth}dly}dlr@cp'itanmyd: hydroehloride (13.3 g, 136.7 mmol) were

combined in DMF (200 mL). To this solution was added diisopropylethyl amine (108.2

mL, 621.3 mmol). The reaction was stirred for 2h, diluted with EtOAc and poured into
IN NaOH. The aqueous phase was separated and extracted two more times with EtOAc.
The organic layers were combined and washed with brine, dried (Na,SO,), decanted and
concentrated in vacuo. The resultant solid was purified via SiO, flash chromatography
(10-50% EtOAc-Hexanes) to afford the desired Weinreb amide as a white solid (30.4 g,
81%).

To a solution of the Weinreb amide (24.6g, 100.7 mmol) in THF (300 mL) at 0° C was
slowly added methylmagnesium bromide as a 3.0M solution in ether (100.7mL, 302.1
mmol). The reaction was allowed to slowly warm to 25° C and stirred for 24 h then
quenched by the addition of saturated aqueous NH4C1 (100 mL). EtOAc (200 mL) was
added and the layers were separated. The aqueous phase was extracted two more times
with EtOAc. The organic layers were combined, washed with Brine, dried (Na,SO.),
decanted and concentrated to afford a solid. The solid was purified via SiO, flash
chromatography (10-50% EtOAc-Heptane) to afford the desired ketone as a white solid
(11.0g, 55%).
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(200 ng, 1.6 Mol ). The reaction mxture was stirred
at roomtenperature for 18 h. The reaction m xture
wormoorasent rated in vacuo. The residue was pupCT/USTHORY84149
prepHPLC to afford 70 ng of
DqchetMo. 8048466 P4Ty| - cycl opr opyl car barmoyl ) - cycl opropyl ] -c¢
arbam c acid benzyl ester, nmlz 343 [M+l]+. [1

Fresfy @¥@waadH Yl .98 ¥ 6490331&1%1')! WA BRAORYA Ir SX6IuRIOPY(250 &a).
bam c acid benzyl ester (70 ny, 0.21 nmol) was

Todhis saﬂuU@dwamad\iedlhe(@@nﬁK‘) 2 gf 1.1 owed) zbyd 2 #mmaplyildlmaaiir of

Cafgf?gggég&ﬁg Qafﬁs %gﬁ It raiﬂéﬁ Sﬁgél%ﬁéoqﬁgla?é isglag 2t %t?)iﬁ %%@gnm
Thf: r%ltcﬁ&ﬁ %ﬁfo%g I?o &ﬁj fblt ?2 h Ill&?ﬁh? %léﬁ%% w‘é’faesre@BO&ﬁﬂtv'éane d[o the

vacuum punp 't

reshit@iticRete @M@d R QPlad EEBCHOZY L a@Chd suspension was filtered. The
(1- oxazol - 4-yl - n@lCl opropyl)-amde as a off-white

filigase was phsothed ontorffi@) QI@Bplmf{eNMa §i©. fiashechremnatogiapiy (20-75%

EG R Al Puey G, % DI SEERs desed By pRiggted

1 HyRili hite soli 19%

mﬂrﬁ Inefsawygfr%?fggsg%llg cycl opr opyl car banoyl ) - pi pe
ridine-l-carboxylic acid tert- butyl ester
1-1sopropyl -1 Him dazol e-4-carbonitrile: 127 WD

The Bog/poctedgbl Pb&l'Nashmeqlm%nl@domk@mlmS . dA4anpgly was

dispplied it E Bl anfh o Gistion ol Sl RHARALL B Ruggne (70

ml3 2%@ nfﬂ%lg) Th%ohﬁfoﬁ%@ @& or Qﬂgﬂ& forﬁe(ffﬂnd'@ﬂ@ hdlatiROHere
4 mol) in 9 mM). The reactiom

rerm)veﬂum eaonaso sﬁfanﬂrle[d,8&[(1aphd@t‘[dmehpleaf}atdpr@yiaimnel&hyidrodlﬂerlde
reaction m xture was filtered. The sol vent was

as g plderitieapbd (492 20%0. The residue was purified by
prepHPLC to afford 310 ng of
1-Isopropyl - 1H i m dazol e-4-carbonitrile TFA salt and

Thé $olltiRd ardime lIBRBFRRMkTISH e papaRH By MmERIB apA1dgdus fo thod

salt r egl on-1 soner.
described for 1-[1,8]naphthyridin-2-yl-cyclopropylamine dihydrochloride by employing

the appropriate amino-carboxaldehyde substrate:
1-(1-quinolin-2-yl-cyclopropylamine dihydrochloride
1-[1,7]naphthyridin-2-yl-cyclopropylamine dihydrochloride
1-[1,6]naphthyridin-2-yl-cyclopropylamine dihydrochloride
1-[1,5]naphthyridin-2-yl-cyclopropylamine dihydrochloride

1-(1-pyrido[2,3-d]pyrimidin-2-yl-cycloamine dihydrochloride
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1-Isopropyl -1H i m dazol e-4-carbonitrile TFA salt was
di ssol ved in Et CAc, washed with sat. NaHCGO3, brine,
waleioe@7a48tler anhy. Na2SO4, filtered and concenPCBUSZNOS/A84149
afford 200 of
Dotketdp O8I0 BETi i dazol e- 4-carbonitrile as a col orl ess
oil, mz 136.5 [ M+1] +.

1-( H-Fllrri dazol -4-yl)-cycl opropyl a : ~N N N NI

N~={ CINH H2lsolechlorof0NatNH Sifl. / r ound
B8t t 8 1l ask was agged NaH ( O%q n G m%) (200
ng, 5.22 mmol) in cry THE ( f 61 oed 'by t he

addti on of 1H i nidazol e- 4- carbonltrlle (400 ny, 4.3
mol ), SEMC1(1433 ng, 8.6 nmol ). The reacti om m xture
was_dtiMNHed at room tenperature for 18 h. The
reattipn mxture was concentrated in vacuo The

resi was di ssol % | n oEt OAc/ sat . The 4

or gani c bphase was fep d vvashﬁ_g WI t hN W
2009/ 070485 P 2 8/

brine, dried Na2SO4, fEther d

concentr at ed. The esul ting residue was purl f| ed by
fl ash chromat ograpRy on silica gel (0-3% MeOH CH2C12).
The product fractions were collected and concentrated
to afford 355 ng of 1-(2-trinethylsilanyl-

et hoxynmet hyl ) - 1Hyj m,da2gl e-4-carbonitrile, rn/z 224.6
[ MéN HGl-Diorgneg rou|d\ ofyomnfil ask was added

1-(2-trinethyl si =8t hoxynet hyl ) - 1H-i m dazol e- 4-

carbonitrile (310 ng, 3.19 mol) in THE (10 m),

foll owed by the addition Ti(GPr)4 (0.9 n, 3.05

mol ) Next, EtMgBr (3.0 Min ether) (1.85 m, 5.55
Boantedihinoeys 1 apdeiede-4 toatkoyylic acid (1.00 g, 4.97 mmol) was dissolved in 1,2-

DME (5.0 mL) and cooled to -15 °C. To this solution was added N-methyl morpholine
(0.552 mL, 5.02 mmol) follwed by isobutylchloroformate (0.651 mL, 5.02 mmol). The
solution was stirred for 5 min then the precipitated N-methyl morpholine hydrochloride
was removed via vacuum filtration, washed with 2 x SmL 1,2-DME and the washings
were combined with the filtrate. This solution of isobutyl mixed anhydride was kept

under inert atmosphere and used directly.

To the solution of the isobutyl mixed anhydride (1.50 g, 4.98 mmol)in 1,2-DME (15 mL)
was added 2-amino-3-pyridinecarboxaldehyde (0.669 g, 5.48 mmol) and the reaction was
heated to 140 °C in a microwave reactor for 2 h, followed by additional thermal heating
at 100 °C for 18h. The reaction was allowed to cool to 25 °C and the volatiles were
removed in vacuo to afford a yellow oil. The crude oil was purified via SiO, flash
chromatography (25-100% EtOAc-Hexanes) to afford the desired pyridine amide-
aldehyde as a tan solid (0.601 g, 40%).

Ammonia (1.00 mL) was condensed in a vessel submerged in Nx(I). To this cold liquid

ammonia was added a solution of pyridine amide-aldehyde (601 mg, 1.97 mmol) in
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The clear solution changed to dark and gas evol ved was
found. The reaction m xture was stirred at room
wo eomerasure for 0.5 h. The reaction m xture WeST/aSmeg084149
with vvaterélo m). The solid precipitate was
DacketiNg. 88-0dt¢ BUgh celite. The filter cake was washed
wth THE (10 m), EtOAc (10 m). The conbi ned sol vent
aby¥ste CEUH €10 dh.eThd RadfohGeshe s W¥Ble@hindheated to 80°C for 18h. The
[1-(2-trinethylsilanyl-ethoxynmethyl)-1Hi m dazol -4-yl]
Vessclymscqﬂuowpgi kagrioh 9, 2 n(zaRigHe golafilks-wire.refoves in gagvg. The
ttomfl as

reSfﬁfr& ¢ etf?%lfﬁ\stw Pl a&ﬂw SEIHERY R oraphy (fa- 4 FLOAC-
PR (Ol SRR fEH

tarsdolid (@26RE, 490)C for 4 h. The reaction mxture was
concentrated in vacuo The residue was purified by
prepHPLC by eluting with 0.5% acetonitril e/vvater to

THg o mrosfoirk Bk Peri el & o gt 0485 $PY b i
wak dfsécflb@ vl 4 ﬂlﬁi{%\rge (8 ézﬂlﬂ' 4nd46 'thlsgso‘iflht}onw&laﬁ@é'(pm H@T‘H{‘@ioxane

(4.80 wilall7 \A@ﬁmalddﬁhb solution was stlrred for 2h A ppt formed and the Volatlles
(1- hydr azi nocar bonyl cl opropyl)-carbam c acid benzyl
wegseaiovedin vaseg to affsobl ﬁépm @%3rﬁ}b)ff)ffﬂdﬁb%ﬂ enciipeopydangine

e iERaR # ST g 0838 8 i ) i tof uene (8 ).

The reaction m xture was sti rred at 129 WO

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
Thi 28llo&ihgamib8 dihydidekloridesct ére prapaset] by enanesls analogous tathes:

in vacuo. The residue was _dissolved in EtOAc/sat.

deygzibespr 1 heyse2ni-¢Ipprmikin-Aad- Cxﬁéﬁ@rpm aine eyeaghlaride b

dried. under ank [tered and
em@!a%“e%tP Sensgpio) %mlr“8cafa‘¥‘éldﬁg-‘édse S“PS“F& ed by prepHPLC to
afford 57 ng of
[1-(5-nmethyl-4H[1, 2,4]triazol-3-yl)-cycl opropyl]-
1-(d Qwiantin-2adicgicloprupylandise dihydmdchl@ide 6 [ Mr1] +.

1-[1-(6-Chloro-quinazolin-2-yl)-cyclopropylamine dihydrochloride

1-1,6-Naphthyridin-2-yl-cyclopropylamine

1-(1-oxazolo[4,5-b]pyridin-2-yl-cyclopropylamine hydrochloride

123



[1-(5-nmethyl -4H[1, 2,4]triazol -3-yl)-cyclopropyl]-carb

am c acid benzyl ester (57 ng, 0.21 nmol) was
wale@sobosetl in MeOH (5 nl), foll owed by the addPeT/082008/084149

10% Pd/ C (20 ng). The reaction m xture was stirred
Daglseid¥o. B9-0846 Pedn for 1.5 h. The reaction mixture was

filtered through celite. The sol vent was concentrated

unde® hj gh vacuum punp to afford 30 ny of

ng Jé%b 4 [11 PodbPireaEoi3- y I I oyl yl am"f@
m

Oxidation

((S)- Arﬁno pro&%ﬂﬁkamno) pyridin-2-9l -acetic acid
net hyl ester and
(S)-2-Am no- N-(2- hydroxy-1|-pyridin-2-yl-ethyl)-propion

amide | 1 1 OO agn OOHz, 10%Pd/COOHOI
| ~ Chiral NN cNEtC]—|(1NH2C]—|HATU TEA, DWF
Chiral Chiral OO -~ 4NHCI 4NHCI di oxane
d| oxanef O, Chiral HO O Ch| r N HN ~NHz . 2HC1
04%@15 V\DZO_QQLO_ZQASS 8/ 084149 Docket
No 6 PCT To agmolutlon ri yl -acetic
acid nethyl ester (8.9 nl, 0.66 mmI)Hl O—| (16 nl)

at 0 Cwth stirring, an aqueous sol uti on of sodium
nitrite (4.67 g, 0.66 nml in 14 nl) was added
portion wise. After addition was conpleted stirring
was contlnued for 40 NatUroom tenperature. Water
(30 ni) EECHREY an t he ture was stirred for

addi ti onal 1 h. The tuPe Wds concentrated to renove

nost of the AcCH and baS| dified to pH 8-9 with Na2CO3
aq. extracted with Et OAc (3x). The conbi ned organics

Bo\é@lr—z?minocyclopropane—l—carboxylic acid (5.0 g, 24.9 mmol) was dissolved in 1,2-
DME (25 mL) and cooled to -15 °C. To this solution was added N-methyl morpholine
(2.76 mL, 25.1 mmol) followed by isobutylchloroformate (3.26 mL, 25.1 mmol). The
solution was stirred for 5 min. The precipitated NMM hydrochloride was then removed
via vacuum filtration, washed with 2 x SmL. DME and the washings were combined with
the filtrate in a flask and cooled in an ice-salt bath. An aqueous solution of sodium
borohydride (4.01 g, 37.5 mmol, 10 mL H,0O) was added rapidly to the flask. Gas
evolved vigorously and the reaction was stirred for another 10 min then quenched by the
addition of water. The reaction was then diluted with EtOAc and the aqueous phase was
separated and extracted two more times with EtOAc. The organic layers were combined,
dried (Na,S0O,), decanted and concentrated to afford the desired alcohol which was used

without further purification (3.61 g, 78%).

To a solution of oxalyl chloride (2.01 mL, 23.1 mmol) in CH,Cl, (50 mL) at -55 °C was
added dropwise a solution of DMSO (1.64 mL, 23.1 mmol) in CH,Cl, (10 mL). Upon
complete addition, the reaction was stirred for 5 min then the Boc-protected amino
alcohol (3.6 g, 19.2 mmol) was added as a solution in CH,Cl, (10 mL) and stirring was

continued for 15 min. Triethylamine (13.9 mL, 99.9 mmol) was added and the reaction
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dried over MgSH, filtered, and concentrated in vacuo.
Drying in a vacuum oven affords
Wwolg@p o83 no- pyri di n-2-yl-acetic acid nethyl BGTI/@82008/084149
(11.6 g, 97% as an off-white solid, mz181.6[ M+l]+ A
D@bﬁd‘h-gﬂ-%% dr oxyi m no-pyridin-2-yl-acetic acid
nmet hyl ester (2.0 g, 11.1 mmol) in ethanol (50 nlL)
wad@6rréd €8 Ghih fhed allOWBE oM WIQ W arhas koonl Renpktaask Waer 1h, H,O
evacuat ed under vacuumand filled with Are three
(5@ inhgp svas Tdvded ad emrepctbn $@YpFHedmtcCaHEon Wessaqudoeschaserwas
one portion. The flask was _eygcuated agai.n under :
SRR PROFHIAIP PRI G GG RAC 1 i@ LETifTserS Fysee combined
an%% eh%th"@ﬁles(ﬁﬁerdr(ﬁgﬁﬁh?,&f%Qe[Féédﬁa’ﬁH%ﬁﬁ%ﬂ{r?te&{ MRS re@ultant residue
alT'oon contai ni ng or . e m xture was
wak iﬁhﬁﬁéd?@ia St 0Ugh cBropth gedph¢ €1 0-46% B At iHe 8k s Mot affoONbc-1-
three times. The conbined organics were concentrated
amdiicloprogingel -parberalqshydecisra-hite soid €3.5% 70%ai d et hyl
ester (1.8 g) as a yellow oil which was used
i mredi ately in next step without further

Yridin6@c 7. _amino-3-
B e Ay amSamsralt s R meeladering,
hy&rod Zpytidixie) (0.0Adrig N8 Pynimad) Were 2ombinad @t dnhydousimertiyl(2.5 mL).

ester (1.35 g, 8.12 mml) and, HATU (3.1 g, 8.12 mmul)
Toyhis solatereras #lsediFship activited driymplcgnar siewss (a3 beads)pdhe

| dth | [ ' .h. Th .
reag d St SR LR AP X BB TS vt P B viddn
vab RRUREE redl1@nt eGaM AIEs@Ved WYREHM B $25 K9, T8 ik KGtion was

washed with water, 0.1 N HO aqg., I N NaHCO3 ag.,

addeal DOQ=A.20Y ng.B%mmoijdcthn‘d&hcﬁEﬂ vaasganed forwhr helreaettbn was

over MgSH4, filtered, and concentrated in vacuo to .
dilpted yyidpesaturated aqueous NH4Cl and poured into a separatory funnel. An additional

S A T RRRE S S PE LBTLP oy
tinfes Y&fhl Oy, | Therdrgan%ﬁ%&@ weM coribined, difedaNa@ b, @Pan@dd and

((S)-2-tert-Butoxycarbonyl am no- propi onyl am no) - pyri di
comceBtrytbd. atlet drode meilok wet dbgbrbed betp S{@3ahdmyrifidd 0@ Sapflysh

in di oxane%S(Z rrLE)vaas added 4 N HC in dioxane 131 WO
chrpgisensinrty 8% -PUr/UBAG I t7<arw ) warftopd thediocnpotegsad b gxgiol4.5-

oo Shev okt ARt o B8 AP OAIIORADL | ate T

provided the title conpound
((S)-2- Am no- propi onyl am no) - pyridin-2- yl-acetic acid
Therdokyprotesee t-({-270olafy), 5-dpyaidHCR- ysaydgpropydarin e (@44 0460
n of

11+ To,a suspensi ) ) .
mr{l%%mdlts SYCR o) B 6 Pk s oBih 2 AR Y HG in
didkafie @Ql.SO mL, 10.9 mmol). The solution was stirred for 2h. A ppt formed and the
volatiles were removed in vacuo to afford 1-(1-oxazolo[4,5-b]pyridin-2-yl-

cyclopropylamine dihydrochloride as a tan solid (0.023 g, 69%).

The following amine dihydrochloride was prepared by methods analogous to those
described for 1-(1-oxazolo[4,5-b]pyridin-2-yl-cyclopropylamine dihydrochloride by

employing 2-aminophenol as a substrate:
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acetic acid nmethyl ester (1.12 g, 3.32 mmol) in 15 nL
of THE was added LiBH4 (2 Min THF, 1.66 n, 3.32
woneb)7E@sdp W se and the reaction was stirred BCT/USING/084149
tenperature for 16 h. The reaction was carefully
DagketMNh €8-08¢6 Refer, neutralized with 0.1 N HQ aq.,
extracted with Et OAc, washed with agq. NaHCC3 and
1-@rﬂeﬁ@)ox@zdledymyabplu@%@@ﬁae dihydi&@hetideand concentrat ed
in vacuo to afford
[(S)-1-(2-Hydroxy-I-pyridin-2-yl-ethyl carbanoyl) -
ethyl]-carbamc acid tert-butyl ester (770 ng, 77 %
as a white foam mz 310.60 [M+ 1]+ To a solution of
i &Sratdatazst -@Yﬁﬁ = Edi.n-2-yl - et hyl car banoyl ) - et hyl
1 @?%%#g'%g{g treP§¥@E®yl ester (556 ng, 1.79 mol)
in dioxane (1 nL) was added 4 N HO in dioxane (2.24
m 8.95 Mol ). The reaction was stirred at room
t erperaffure for 1 h. Renov ofj’\sol vents in vacuo

pr he title conpc
e: -Zg‘Am' 0- N- ( 2- hydr oxy- T py i di §- 2- Ne QN
yl - et hyl) or'~'onanideNﬁ5$O ng) a salt. z

210.96 [M + N—N

1- (4-Trifl uoggfret hyl - 1H i m dazol - 2- cycl opropyl am n

e 0 F~~B, QNaCEt/EtOH HZN Ok TTFN_H O N O

NH4Cl, NH3 NH H K2CO8, MeCN 85 CCFF FFFF i H

TFA, DCM/ N H NyO H~ NH2 2TFA LX, O LLLX~~~
To(arowyhbastosydass pras pgded-(d aybrmexslapsopy Dt erbanie agifl besaybester

(e i e HT bl ligbed Y Heaeiont e 95 6870
m[g%l’_) 8%%%@@ 8P R0 Ahion). Tt e APEHLRE TAD st 810 N for 24 h,
The reaction mixture was concentrated in vacuo. The residue was dissolved in
EtOAc/water. The organic layer was separated, washed with brine, dried under anhy.
Na,SOy, filtered and concentrated to afford 380 mg of [1-(1H-tetrazol-5-yl)-cyclopropyl]-
carbamic acid benzyl ester as a off-white solid, m/z 260.8 [M+1]".

[1-(1H-tetrazol-5-yl)-cyclopropyl]-carbamic acid benzyl ester was dissolved in MeOH (5
ml). The solution was passed through a H-Cube hydrogenator at 0 bar, 30 °C amd 1
ml/min with 10% Pd/C as a catalyst. The elute was concentrated to afford 48 mg of 1-

(1H-tetrazol-5-yl)-cyclopropylamine as a solid product, m/z 126.5 [M+1]".

1-Amino-cyclopropanecarboxylic acid (1-oxazol-4-yl-cyclopropyl)-amide,
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22.80 mml)) was added and the reaction was stirred

for 1 h at roomtenperature under an atnosphere of
waleyoargeh. To the |ight yell ow sol uti on was apkdBUS2008/084149

solid NH4C1(2.94 g, 55 mml) followed by 7 M NH3 in
DavisetNq. 89-9846PCT56. 60 nmol ). The reaction was capped

and allowed to stir for 16 h. The turbid suspension

was_filtered using MOH to rinse. e filtrateowas
gonegnt rlated in vacuo and the sol DQ%% Hue M)#

r eySusk din dry\tOF The soli ed
of o, rinsilng 'th+Et\/ ﬁ_lf—H—rrate C nc éht r &t ed

to give 2.91 of o
(1- Car bam m -cycl opropyl)-carbamc acid tert-bu
ester as a light vyellowsolid, mz 200.48 [M+ 1]+
a suspension of (1-Carbam m doyl -cyclopropyl)-carban c
acid teny=butyl e (488 ng, 2.45 nmol) and K2CC3
(676-407,04,)90 ol in MeCN (14 ni) at 85 C was added
a sol ution ofx 3- 21,1, 1-trifluoro-propan-2-one
(400 ng, 2. in MCN (10 nlL) drop w se over
30mn. The dilute reaction mixture (0.1 N) was stirred
ToatroBid ottohoflask washedelr2 | catheyclopropaen] -tabpeyiiataidg 150 mg,
Diluted with Et OAc and extracted three tines, washed

0.6a8 el ireP Mar(d 0 Bil). ellovpdi bydheyadsitiovgSduniss ibRtecP@UMENHO

Th t
g R HATL B0 by L T Bk efe i e St SRt fuse o .
terﬁ[ﬁglrélfﬁﬂeffblug el Y(mélweal g'tﬁ'@ RRARh 0%‘1@7)212813145—295’5&%}‘@1&9@5@
c acid terf-butyl éster as a yel
(2(0BRg A126 fhot), The rehotian dturt mam stafed at room temperature for 18 h, The
[1-(4-Trifluoromethyl-1Him dazol-2-yl) cclopropﬁﬂq

reagH o DU T cowﬁtrat%wwa%@ﬂélﬁ rf(sgizleﬁﬁls borifiqd lmnep PRCto
aff%)%v}()glpgr [ Ll ?xazad n‘}/d]t A Eo yE:aH)a?[n P(ﬂ-c\)/clg]?]r%gm car%amlc 2204

roo vure

beD ¥R B/ RIBEM48oVed and the resulting materials
l%ceyl}e re- susgendgg in Toluene (15 nL) and concentrated

down to dryness to provide the title conpound
|quororret yl - 1H i m dazol

[l i&re 6159%1‘?%1) SrbameyN-G4 qpropa‘f]zca&'@@lmwﬂ Renzyhgster (70

N e e
(3%&?9/61@% Q41860 PRIt S0 8(iHEFH IR HQ@QI@% N0 h.O%re @it BoPalxture

was filtered through celite. The solvent was concentrated under high vacuum pump to

afford 42 mg of 1-amino-cyclopropanecarboxylic acid (1-oxazol-4-yl-cyclopropyl)-amide

as a off-white solid product, m/z 208.8 [M+11".

The following compounds were prepared using procedures similar to those described

above using the appropriate starting material:

4-Amino-4-(1-pyrimidin-2-yl-cyclopropylcarbamoyl)-piperidine- 1 -carboxylic acid rert-
butyl ester

1-Isopropyl-1H-imidazole-4-carbonitrile:
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| 1) Ti(Q-Pr)4, EtMgBr, THE NH NH N 1 2) (Boc) 20,
DIEA, DCM N + HN ~ N HN HN 4N HCl 4N HCI NH2 NH2
deb/om NCI HN HN To a sol ution of PCT/US2008/084149
rrolo 3- b] pyri di ne-6-carbonitrile (500 ng, 3.49
F;\%/ i()ﬂOZﬂr PCT80 n.) was added Titani um (1V)
|sopropOX| de (2.05 nL, 6.98 mmvl) followed by EtMBr
(4.66 nL, 13.97 mmol) dropwi se. The m xture was
stirred at roomtenperature for 3 h. The dark col or
reaction mxture was quenched with 10 —=Np20O and
stirred Ny f m n. The(e#ltlng yel | ow
suspensi on f| | teted Ehr oughr™a pl celite,
washed t he "(‘: ite cake h EtQAc TO Iovved by 10%
MeOH CH2CA 2. Sol vents were renoved and the resulting
brown oil was suspended in Toluene (2x10 nL) to
renoved residual water. After evaporation of the
Top R bouolE L 448 (BTt B RIS 3 R ) AED Zemfbol. 2
brdvhdplofaBe 17Mlmg, M446amaTYPANd KﬁC@@/P(( hY, 67 movas) iadid (9 ml).
Boc20 (810 ng, 3.71 nmol). The m xture was stirred at
The Wﬁtwré mpatuse Wasstitise ati@om temperaeior il dh. Teesreaition maigture was

et TR el i Gt e San Y & i iaf o DfepripLC
to %@‘H'ﬂ@ dfdiels%{)@ﬂ' 13- ik Sl MRS bB K 1B ’I@% Qu aﬁ§1 |7% g@ of 3-

chr omat ogr (5% to 50% EtOAc I n hexane
1sogrop§1 88-imirla@ble-4-carbonitrile TFA salt region-isomer.

1-(1HPyrrol o[ 2, 3-b ridin I cycl o
-lseiroa 161 i eeﬁcarb]g%ue S Ehep ek 2505130 LR wgshyd with

s NBOCER, e i bRy NG Bh Fniffed and consppurased fraffery 290

m%"@le %é@ Pg;h 1[erﬁ1d&io‘re I!eal%o&%letag @BoIBfless oil, m/z 1365 [M+1]",
rrol o[ 2, 3-b] pyridi n-6-yl)-cycl opropyl | - car bam

ic acid tert-butyl
1-(1H-Imidazol-4-yl)-cyclopropylamine:

N =N |
( / + PN /\/Sl\ >
N al o) \ \ /\/

—Si
\
N
e’ K
- . o JN - E [ NH,
N /\/ H
A\

To a round bottom flask was added NaH (60% in mineral oil) (200 mg, 5.22 mmol) in
dry THF (12 ml), followed by the addtion of 1H-imidazole-4-carbonitrile (400 mg, 4.3
mmol), SEMCI (1433 mg, 8.6 mmol). The reactiom mixture was stirred at room
temperature for 18 h. The reaction mixture was concentrated in vacuo. The residue was

dissolved in EtOAc/sat. NaHCOs. The organic phase was separated, washed with water,
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ester (80 ng, 0.32 mml) in dioxane (1 nL) was added
AN HCl i n di oxane (500 uL, 2.00 mmol). The reaction
woRm9Isri4es ed at roomtenperature for 1 h. Sol veOI/BSWes/@84149
removed and 134 WD 2009/ 070485 PCT/ US2008/ 084149
Doplses ¥ OR44@B8CH446 PCT the resulting brown oil was

suspended in Toluene (3 nmL x2). Renoval of solvents to

bn@lé ies svéfahny. d$a2§©4,mtefbﬁ ahfl oricefitrRe NP A4401ing residue was
(1H— Pyrrol o[ 2,3-b] pyridin-6-yl)- cycl opropyl am ne as

purfiedday ﬁwhtcmqm&ogIMym silivia-gel(0-3 77 Y1D/EH 1o Thefproduct

oy et Polstieq b e el SAgr t5aBE b1 FF e Bk
eth&ﬁ‘gmﬂ?lym?l ﬁﬂgfz‘gleﬂ\lcﬂganﬂrﬂe %/? [I(/IQQﬁ] uL, 2.00

he reaction was stlrre roomtenperature
for 1 h. Solvents were renoved and the resulting
brown oil was suspended in Tol uene (3 nL x2). Renoval

Togf rogieyl bastorslass wag msi@ﬁéisls(%mmaﬂtldésﬂﬁgyl aflpxometthyd- k-irigazole-4-

ca%ngap gﬂ]‘oﬁgé,;sﬁﬁ%m@ 11§ E(f]f’(lﬁ}ﬂﬁ)" g) 6%P/M1Q adil}t;pn Ti(OiPr), (0.9

5 [ |
ml; I%,gzlfhﬂ%h) @9@%@%@%%@{\}9%&;&) (5'1 ./89 ml; 5521 hlgagrlb%so %dde slowly.

Thocleat foytiod-chapeazodek andgasaldeby das {oln@0Ttg. reftio Hﬁi’tﬁie)was
in DCM (5 nL) was added subsequently pyridine (O

stirigd atgogn twatur&rf@l hy b Bheyleantion anikiper wmddeql géth (“@teas élj) ml).

g oty 3 Bl IR e C Ty AR S8 Wbk i e

(1(5‘?1%) (?Ake( 1@'?1'11‘)7 Mit&ofBfhedkdlval Yvas %Bﬁ&ﬁttrzﬁé’d W atfﬂ?)rd’\@(‘}())?rhg 021-

he organic extracts were dried (MySO
[14’(2 trtmthjdsllmpuethmqmmnh}ﬂ)atHdmud’ad@lm yi¢dydepiopylesaer @/:1254.6
row de a white solid. The crude product, obtained as
i xture of syn- and anti-oximes, was used in the

SN A T e
W@ircl@ﬁ@fﬁylﬁhﬁ@ @4009@[% 1y 8%1%9“1@E((§ﬁ (207a)) 228 @N@I@D’(‘i 5@HP The
pyridine (18 nL e solution was cooled to

redotbromexttueivas lsmrcth'éJ()l °€ fodh hyHrei reestipi nﬁ&uniwaskoﬁébnnmeﬂ)n

wer e added dropwi se so that the reaction tenperatur
vagiioq ThoRsIOe Was BKEFE by PrepHIflE. Pealitin Wi a0 qgle/vater to

affORf f@qné O f—?fﬁjlﬁl%gpo?—rﬁl-%l&I—C?CI(%?gpﬁzttrhlnE 6 Eo%ncl&umalt-,rwx 124

[M+1]*.

1-(5-Methyl-4H-[1,2 4]triazol-3-yl)-cyclopropylamine:

@t X, e
Mgy L L —

To a vial was added (1-hydrazinocarbonyl-cyclopropyl)-carbamic acid benzyl ester HC1
salt (300 mg, 1.05 mmol), acetimidic acid ethyl ester HCI salt (195 mg, 1.58 mmol) and

triethylamine (320 mg, 3.16 mmol) in toluene (8 ml). The reaction mixture was stirred at
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reacti on was not conplete (--50% conversion) and

therefore the m xture was cooled to 0 C and an
wadabnr@asml equi val ent of TFA-anhydride was adeeriUSZog084149

m xture was stirred for 12 h at rt 135 WD 2009/ 070485
Doplgt/N9s90084@B4T49 Docket No. 09- 0446 PCT before 100

nmL of nethyl ene chloride was added and washed with 8 x
1285C s 18th, Waé Rfactiol@ixt@e SAD ténceXtt@CHh SaWRy. Thyasiiad wak t h

brine (35 nmL), dried (MgSO™4), filtered, and
dissomekmtirt@etat. DaHEO:r Brbuwethippless waeseparaadowidhed with brine,

Bt ot A AN SR

PrepHEE QAR PR Bl RSBV P R Bl S
catbhmiyidphepywkeanben’l.6 (Me110g, 0.15 nmol) in 50 m

of ethanol was bubbled HCl-gas for 15 mn. The
reaction m xture was stirred at roomtenperature for 2

1 e B9 st W G ke A SR b T et (57 me
0. A% AbNSHs AR s@Ped iﬁfylelea\ﬁiq Gl @Alio%eﬁ@y?l% a%tieomf%% Pd/C (20

suspensi on of et cycl opropyl ace

mg)yeaeidtion intletutebwk irred anderdl,)ballsorefon s K $Be reattjonwature
added anhydrous potassium carbonate (7.3 g, 53 mol).
waafidtered shrpwgh ¢editer. dhe splpgny wag consentiptedonder high vacuum pump to

1 poace itril r | oride (4.9 3 mmol ) i
o R DFRE b el TGO o ek hop SafY e P
[vaggi tional 90 mn. The reaction was diluted with water
(100 n.) and extracted with ether (2 x 300 nL). The
conmbi ned organic fractions were dried (Na2SO4),
filtered, and concentrated t

m&wqumnyéymn@bpwaw&akg@%:cﬁ@i rethy] estest hy|
anfi TS GE A RaBrA M drost Apdidlh o S Rur B abidBiak,

ester (4.54 g, 14.9 mol) in THE (10 nL) at -10 C
wer e added potassiumtert-butoxide (1.67 g, 14.9 mol)
and ethyl| formate (1.2|nL, 14.9 mwol) duccessively.
After gy, RdNa, T ed 0104, G0 fa/C3 h, reao&rmp ol
m xt wr e) was—ef+ i nyt be refrigerat ol o¥er ni

thefp df | utedO% th ptierd Thegr eci pi tht &d: brigwo, Teacdnird
was ¥#1 tered and dnN#d BHder vacuum#The vacuumdri ed
solid was added to boiling acetic

| Chiral Chiral
0.0 HO
9 H LiBH, Q 4

Ny N O _ N N.__O

| N T THF [T N T

2 (0] & (0]
4 N HCI 4 N HCI
dioxane dioxane

Chiral Chiral

I HO
Oy 0 o 0 "
NS N)KrNHz . 2HCI |N\ HJ\f ? . 2HCl
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Z
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acid (45 nL) and refluxed for 2 mn. The reaction

m xture was cooled to roomtenperature, 136 WO
wQe@9/0@A8x85 PCT/ US2008/ 084149 Docket No. 09-PdB6SHET084149

diluted with water, and adjusted to pH 7 by adding 1 N
DosketiNmOPydf@RCde. The reaction nixture was extracted

wth ether (2 x 1 L). The conbi ned organic fractions

ToWeJoRuti@h iof gyr{dvB-3Qhacetld dctdmn@dlyl esen (8.¢ aaRey mafopdn AL (16

crude browni sh solid was chromatographed (silica gel,
mIQ-a5 0 VEWDAGstinmmg, keaqueeys wttootof eodikvm@xites@rodyg, 0_6 mmdl.ig 14
in 10% Et OAc/ Hexa t.o..gi ve 2-cycl gpr.opyl - :
mlg\ b dride -%%?%%ﬁ?t‘%?ré‘dg@g%%&% leed S EaguRgfor 40
mifI ﬁl oY t%é&%?ﬁ?é W Rar g ?}{Lﬁ %b's gg%é%eanm RIKARAGAS st Fdd 9

e sane procedure s

addigiond? 11 GP The Aiaomeividsicbfcen(rdte QB mmo0y SloStuT eiyA O ahd Basidified
acid tent-butyl ester HCI Boc20 Nd° | NH 2 DI PEA
to piBeP with IgLCOp ag. extrsgiedhwith Et@fc (3x). The combined organics were

i, S R ah Ratee b s i & vactuing g s
55 40 o200 20 L3 811 DT 0 L B
m/digue pd mijth Et OAc (300 nli). The sol ution was washed

with HCl(agq) (1 N, 120 nL), followed by NaHCO3
(saturated aq) (100 nL) and then brine (100 nlL). The

or.gani er.was dr.ie over. Na2S n ce at ed, .
A TG He BB RS - Rl ASE B T P 8D 5 TLLRED in
et}ﬁﬁélqg@hﬂg WaR thécﬁin' d 158nd BoreokPRMETEAE/ R BER Va8l MARY

3.0 g of 'the'title conpound as a white crystalline
vaqoin ghd fitlezl WiBBA4Ghiedtitks:. Then 200 mg of 10% Pd on Carbon was added
. (1-Carbam m daqyl - cycl opropyl )-carbam c acid tent-butyl
in gag partiey dihe ERtkow sgvacyatd agp undeptacyuneaggHigd withHyggogen
thr\ee Pflrlﬁgs. I>[l'Tlle %alctgon \l;zlgsttllr}ed ]at< room temperature under a balloon containing H,
for 16 h. The mixture was filtered through a pad of celite and rinsed with DCM three
times. The combined organics were concentrated down to give Amino-pyridin-2-yl-acetic

acid methyl ester (1.8 g) as a yellow oil which was used immediately in next step without

further purification, m/z 167.55 [M + 1]

To (S)-2-tert-Butoxycarbonylamino-propionic acid (1.54 g, 8.12 mmol), Amino-pyridin-
2-yl-acetic acid methyl ester (1.35 g, 8.12 mmol) and HATU (3.1 g, 8.12 mmol) was
added the DMF (20 mL) and Et;N (2.26 ml, 16.20 mmol) and the solution was stirred for
2 h. The mixture was concentrated to remove most of the DMF was removed. The
resulting oil was dissolved in EtOAc, washed with water, 0.1 N HCl aq., | N NaHCO3
aq., followed by Brine. The combined organics were dried over MgSOy, filtered, and
concentrated in vacuo to provide ((S)-2-tert-Butoxycarbonylamino-propionylamino)-

pyridin-2-yl-acetic acid methyl ester (2.7 g, 98 %) as a yellow oil, m/z 338.61 [M + 1]*

To a solution of ((S)-2-tert-Butoxycarbonylamino-propionylamino)-pyridin-2-yl-acetic

acid methyl ester (337 mg, 1.00 mmol) in dioxane (2 mL) was added 4 N HCl in dioxane
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u) NHACl, NH3 LLL~~~ O (1-Cyano-cyclopropyl)-carbamc
acid tert-butyl ester (2.12g, 11.6 mmol) was di ssol ved
WO pocasoss ous Et OH (29 nl) and NaCEt (21 wt % i PCEHUSH08/084149
6.5 nL, 17.5 nmmol) was added via syringe in one
DaskettNoRI-0F#@PGE| | ow sol uti on was stirred at room
tenperature for 1 h. An additional anount of NaOEt
(1.0@ I F0inim61) Gthe réackiofftvas irfediBdom Waperdlde tori3Y Réoval of
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
solaeits 8t vacne piyvidad thediiteicamgdurfdol'S 22-Wmifie-prapeonybaged)epyridin-2-

yl Y@C'aﬂ%acgd er%@ﬁ'e&tev&ﬁ@lmgﬁzs lfﬁt?ﬂ{%-%%{b%@fga%dm

and the suspension was allowed to stir for 88 h. The
solids were filtered off, using anhydrous EtOH to
Tord dasgensibhef {(B)-Lyra- Bum%dil@cﬁ@ﬁiﬂilh@-ﬁ)ﬁﬁ)l(ﬁ@mnﬁﬁo)spﬁlﬂﬁﬂ%ﬂ

in EtOAc (10 nL). This mxture was heated to refl ux

ac¢t@rac@10rn¢ﬁlyi esteetl. B £.Gvigammel) dio &) mieofrldbvaendsied dikhle(2 M in
TH § 66§12 PEoDefSbURE e Yo iDL Y BOUREE o ey oagae
for Mﬂhge réa%ﬁamgea%fﬂnf%yém&wyﬁw apﬁé&mﬁ%d%m %1 @FHg‘l .

tent-butyl ester

ex(rhdtd dOwithHHEA | v&@lhdaltW1dﬂacpNaHCO3 and Bnne Dned over Na>SOy, filtered
1- Car bam m doyl - cycl o E h carbam c acid tert-butyl
an g@r@ﬁntrﬂfﬁgﬁbvwammu i 3)6 YHydwxy-1rptisidjn-2-y1-sthigaibamayl)-

2 am n rol ein, (
coB s T BT A M R ) o B
1mmol ). The reaction was heat ed at 70 C for 18 h. The
Et OH was renoved in vacuo and the residue was
d| ssol ved in Et OAC (150 nL) and washed with water (3x

The an| c hase_ was dried with Na2SO4 and
To@owl%lml pﬁ{(&flt(% p)ggh@ﬂ;ryl etfyécapghagwubrethpdlscarbamic acid

terg—h%ty (%slée!r:(f ﬁrpg, or & n‘égleos)glil !dbol)grllen ‘g%lﬁhe@?({l %ﬁl I(Iépln dlgxane
(204 Wi, 835iRRel). TR rbictibh ¥aSstHBRI ot Boddi RERSRAHe Kot ltljﬂ ReBARNE of
manner two additi onal

solvents in vacuo provided the title compound (S)-2-Amino-N-(2-hydroxy-1-pyridin-2-
yl-ethyl)-propionamide (580 mg) as a HCI salt. m/z 210.96 [M + 1]*

1-(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropylamine

F
0 Fﬁ)J\/B'
Q NaOEY/EtOH J< £
JL >< H,N NJ\O LA
= H o] H

7 NH,CI, NH, NH K,CO,, MeCN
85 °C

F

F "
\? BLLELL \;{\‘ NH, .2TFA

! vy i
(1-Cyano-cyclopropyl)-carbamic acid fert-butyl ester (2.44 g, 13.40 mmol) was
dissolved in dry EtOH (33 mL). Sodium ethoxide (21 wt % in EtOH solution, 10.70 mL,
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tinmes. In total 2.23 g of the title conmpound was
isolated as a light orange powder, mz 236.40 [ M+l]+
wda2mgnresdi n- 2-yl - cycl opr opyl am ne di hydr ochl op¢TieS1408/084149
~NHHC NHCO NO- ~NHNz Ny~ 0 138 W
Doghadi 84846 BCT/ US2008/ 084149 Docket No. 09- 0446 PCT
(1-Pyrimdin-2-yl-cycl opropyl)-carbam c acid

22130mmbIyf Wis R8ERind(the RActbn WasGOraledr)l M@ Foorfl kenSRka@€ uhfler
CH2C12 (10 mL). HC1l solution (4Min 1, 4-di oxane, 17

an pimos@Berembilly anges. Tadwdight yellowsoburtenporsilded selid NeACH e 2.
35 TR PO RSy 41 QWi T OF G 300 My g esgqrivas
Al ERAE QLM Eh G e RS SR AR PO

rinké. ge fielid @ caedrtthtedh 2addtnd 2hel dWlid fesidue was re-suspended in
(1-1,2,4-Triazin-3-yl- CP/Q| opr 0%8- carbam c acid
dry BYQH.piheyplidsswase filtered pff, ensing with 61ON. lhoBttrate wasganpgatiged

o ife &Lt O K POBPERYASY S BHRRI e b VDY B ara igh
A0\ BB AL s o so0l ved I aghvchovg

nmol ) was
To a suspension of (1-Carbamimidoyl-cyclopropyl)-carbamic acid zerz-butyl ester
(488 mg, 2.45 mmol) and K>COs (676 mg, 4.90 mmol) in MeCN (14 mL) at 85 °C was
added a solution of 3-Bromo-1,1,1-trifluoro-propan-2-one (400 mg, 2.09 mmol) in MeCN
(10 mL) drop wise over 30min. The dilute reaction mixture (0.1 N) was stirred at 85 °C
for 3 h before cooled to room temperature. Diluted with EtOAc and extracted three times,
washed with water and Brine. Dried over MgSOy, filtered and concentrated down in
vacuo. The mixture was purified by reverse phase preparation HPLC to give 32 mg of [1-
(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropyl]-carbamic acid fert-butyl ester as a
yellow solid, m/z 292.42 [M + 1]*

To a solution of [1-(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester (32 mg, 0.11 mmol) in DCM (1 mL) was added TFA (500 uL). The clear
solution was stirred at room temperature for overnight. Solvents were removed and the
resulting materials were re-suspended in Toluene (15 mL) and concentrated down to
dryness to provide the title compound 1-(4-Trifluoromethyl-1H-imidazol-2-yl)-
cyclopropylamine as a TFA salt, m/z 192.41 [M + 17*

1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropylamine
1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-propylamine
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added via syringe in one portion. The yellow sol ution
was stirred at roomtenperature for 1 h. The sol vent
wormoneeyed i n vacuo and the residue was susprOTiEs2008/084149
CHC13 (4 nL and anhydrous hydrazine (0.06 nm., 2
DaghgsINo. 0A0dée P€Ti n of stirring the reaction was
filtered to renove a white precipitate and the
filtrate was allowed to stir for h. The ol vents
were renpved under a stream of N2lto give chﬁéiude
anidine?ﬁype internedi ate as a*ﬁhite sol i d? z
215. 60 [ Mr1] tyrioley, &nvg@luE i on whe crude |j njer nedi at e
in Et O Q. 5 nt)y—was added gl ygxal (40%in [water, 0.5

m., 4 ) . D1eChi5 iMe was ) red for 2 and the
sol vefit_yas renoved under s of N2. Qe'residue
was purified by flash chr ondl raphy (siiNi ca, 50-80%

MeCN H20 + 0.1% TFA) to give 9N of the tlisthe
conpound as an orange solid, z 181.38 [ M#t-Bu]+. 139
WD 2009/ 070485 PCT/ US2008/ 084149 Docket 09- 0446
PCT 1-1,2,4-Triazin-3-yl-cycl/opNapyl am ne NH,
di hydrochl ori de was obtai ned by a #€thod anal ogtlis to
t hat described for 1-Pyrini diNG-R-yl -cycl ophopyl am ne
di hydrochloride, nilz 137. 12 .
1- Pyrazin-2-yl -cycl opropanémar bonitrile KHVDS N
1 \N+ 1l ' N NI N In adry flask under argon,

To2x dolution @p Yy Heljirrodo[ 2, 8- pyralinet@-c&bomoily (H0dng, 3.49 mmol) in THF
cycl opropanecarbonitrile (

y ¢ | 1.5 n, 20. nmol) were
(8Qim 4 Hlay ageer Jitgpipm; (Y Lispropeadeai2)05 mipHe9&Hmeb)ifetowgedsby

I 0,0 nd potassium.bis(trinmethylsi]yl)an de
FfRRs PR Rk PRSP RIB5S0¢ g ek bl e
for3 W1 The/dAk 8Mbf REQion HiRuPE REKqueABRAUAN BRG0P BLOMhS ki

was allowed to warmto roomtenperature and stir for 4

effivientlydor Hamin. dhe waslting y¢licveshspénston MO 20d tido)glamplug of

Et OAc (200 ni) and the |ayers re separated. Th
celite waehid e oit: A B0 A BliSwek b 102 RAL S, Sotvents

Et OAc/ hexanes) and then by re\;‘§rsed phase HPLC (20- 95%

were removed and the resulting brown oil was suspended in Toluene (2x10 mL) to
removed residual water. After evaporation of the solvent the crude amine products were
obtained as a brownish solid. To a mixture of these crude amines and DIEA (801 uL,
4.60 mmol) in DCM (15 mL) was added Boc,O (810 mg, 3.71 mmol). The mixture was
stirred at room temperature for 16 h. The reaction was diluted with DCM and washed
with water, followed by Brine. Dried over MgSOy, filtered and concentrated down to
provide crude material which was purified by silica gel chromatography (5% to 50%
EtOAc in hexane) to give 80 mg of [1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropyl]-
carbamic acid rert-butyl ester (m/z 274.40 [M + 1]%) and 230 mg of [1-(1H-Pyrrolo[2,3-
b]pyridin-6-yl)-propyl]-carbamic acid rers-butyl ester m/7 276.41 [M + 1]°

To a solution of [1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropyl]-carbamic acid terr-butyl

ester (80 mg, 0.32 mmol) in dioxane (1 mL) was added 4N HCI in dioxane (500 uL, 2.00

mmol). The reaction was stirred at room temperature for 1 h. Solvents were removed and
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aqueous | ayer was back extracted with Et OAc (2x 100

m.). The conbined organic |ayers were dried over
woaSoH483 i | tered and concentrated to give a bPEDKSINSG/084149

The oil was urified by flash chromatography (silica,
Dozbeté‘ﬁﬂ/@%oé)@@?&@xanes) to give 849 ng of the title

conpound as a light yellow oil, nilz 146.17 [ Mt1] +.

the]reﬁ}l\lﬁ%zﬁlﬁwﬁ'owwz@)éﬁipé@dédﬁﬁq@ﬁ@ﬁ@@%bxg) . RehfbvNaBkbIvefeo

C , N N 1-Pyrazin-2-yl-cycl opropanecarbonitrile
drymgssonffegds 8. 185 ofitho tifle warm polinslsle( VR By ¢lo[Q80k py(idinti-y)-and

OH sol ution Ovvt°/| 2.0 mL, 10 mmol) was
Cy‘glaaﬁ@ﬁﬁwgleﬁ?i 82%%&;%4“ n. The orange m xture

was heated to 75 Cfor 22 h, cooled to room
tenperature, and acidified to pH 2-3 with 6N HC . The

Tomi golutiog obpis( IH-Piesier, 3-Rpotdin-cayl) ffcattahid &1&!Eelrﬂlﬂ1t ] ester
MeOH and t he flfr‘ﬁ?ate vva)g conc}en??g)tyed The residu Y

23wz duEpamdbdn diovam @aal.) was asdedtN A (ar doaaner (50@ ekeQGOO

oncentrate ve 111 e

) AR e R iE PGPSR ACL] . SEEP GeseTe oV and
o ARHAGH T SoRRAR 1 8 B Mo 03 460
dryMebs affRIRAL 97T Ao NNAGXIAE bt pouind .1 - (&HI-B/jrroadJ[QQWﬂb}’INhir%T}d) a

sol ution of 1-Pyrazin-2- /cl opropanecar boxylic acid
PH&WPQHWQMHUH@VSﬂQWW%57@49[KH ¥to|uene (1.5 nL) was

added TEA (0.11 nm, 0.81 nnDI) fol | oned by

di phenyl phosphoryl azide (DPPA, 0.16 niL, 0.74 mol).

M@ﬁli%ﬁﬁioﬁk (ﬁﬁﬁ.ﬂged for 1 h at rt. Allyl alcohol
2 via syringe and the reaction was

heated to 90 C or 3 h. Aftergooling to room//N
tenper ature,nN e rmg tion digyut ed,oy@th wat (6
and Et ©Ag) (4 -15—Fhed| gyers were sep ar/at d and
the wat er Iayr was extracted with EtOAc (Q

The conbi ned organic layers were dried over 2804 and

concentrated to give a black residue that was purified
by flash chromat ography (silica,

To a solution of 5-methyl-3-isoxazolecarboxaldehyde (1.00 g, 9.00 mmol) in DCM (5 mL) was
added subsequently pyridine (0.73 mL, 9.00 mmol) and hydroxylamine hydrochloride (0.63g,
9.00 mmol). After being stirred at room temperature for 12 h, the reaction mixture was diluted
with methylene chloride (50 mL) and extracted with water (2 x 50 mL). The organic extracts
were dried (MgSO.), filtered, and concentrated under reduced pressure to provide a white solid.
The crude product, obtained as a mixture of syn- and anti-oximes, was used in the next reaction

without further purification.

The 5-methyl-isoxazole-3-carbaldehyde oxime (0.89 g, 7.07 mmol) was dissolved in dioxane (25
mL) and anhydrous pyridine (18 mL). The solution was cooled to 0 °C before trifluoroacetic
anhydride (1.08 mL, 7.78 mmol) were added dropwise so that the reaction temperature did not
rise above 7 °C. The reaction mixture was warmed to room temperature and stirred for 12 h. The
reaction was not complete (~50% conversion) and therefore the mixture was cooled to 0 °C and

an additional equivalent of TFA-anhydride was added. The mixture was stirred for 12 h at rt
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40- >50% Et OAc/ hexanes) to give 67 ng of the title
conpound as a light orange oil, rn/z 220.52 [ M+1] +.
wda20gna88h- 2- yl - cycl opropyl ami ne 0 Pd(PPh3) 4 PMUS2008/084149
CNNAO H nor holine 2 N p N To a solution of
DochetNa- 82i044@PGT- cycl opropyl )-carbamic acid allyl ester
(67 nmy, 0.31 mmol) and norpholine (0.31 nL, 3.1 mmol)
befofe Tl I3 ofrkkethyBse atfede Res RRASd 4nd FashedDwit® 802 35T Jof water. The

and the yellow m xture was stirred at 50C for 3 h. The
orgswloventtactaasere vexvdewith dime (35 sulr)e diedbf MESO4ahdiltehesl, and concentrated

I esi wa urifie h chro ra (si
unger g wee@ﬂeéﬁlgmyrw@ E%tﬁlalswaa?le?i BN %;Sowé{svwdsohd (514 mg,
>9?§0 e)orange oil, M,- 136.04 [ M1]+.

uran-2-yl - cycl opropyl)-carbam c acid tent-butyl

ester 141 WD 2009/ 070485 PCT/ US2008/ 084149 Docket

No. 09-0446 PCT 0 1) EtMgBr, Ti(OGi-Pr)4 1 Y N NO
2-CycdopBpylpgazolicdcarlnitiided- i - Pr)4 (97.4 nl, 322 mmol)

was added to a solution of 2-furonitrile (25 g, 269

mol) in dry Et20 (150 nL) at roomtenperature. The

et hyl magnesi um brom de (3M in Et20, 215 Nri, 645

mml) was, agoed dropmiise via addition fLJylﬁegto@yer 1.5 N

rgakﬁ'l on stl rGEH NP, Al and t%en Bickuet her
(52 403 mml) was? s| oWy addsd o additional
funnel over 20 m n. reacti on was c¢ oI ed 0 C nd 0

water (250 nL) was added. The resulting m xture was
filtered through a pad of di atomaceous earth, rinsing

Through a solution of cyclopropylcarbonitrile (10g, 0.15 mmol) in 50 ml of ethanol was bubbled
HCl-gas for 15 min. The reaction mixture was stirred at room temperature for 2 hours and then
put in the refrigerator for 24 h. After evaporation of the solvent the product was obtained as an

off-white solid (6.00 g).

To a suspension of ethyl cyclopropylacetimidate hydrochloride (6.0 g, 53 mmol) in ether (50
mL) was added anhydrous potassium carbonate (7.3 g, 53 mmol). After stirring for 5 min, a
solution of aminoacetonitrile hydrochloride (4.9g, 53 mmol) in water (40 mL) was added and the
mixture stirred for additional 90 min. The reaction was diluted with water (100 mL) and
extracted with ether (2 x 300 mL). The combined organic fractions were dried (Na,SO,), filtered,
and concentrated to give N-cyanomethyl-cyclopropanecarboximidic acid ethyl ester as a liquid

(454 9).

To a solution of N-cyanomethyl-cyclopropanecarboximidic acid ethyl ester (4.54 g, 14.9 mmol)
in THF (10 mL) at -10 °C were added potassium zert-butoxide (1.67 g, 14.9 mmol) and ethyl
formate (1.2 mL, 14.9 mmol) successively. After being stirred at -10 °C for 3 h, the reaction
mixture was left in the refrigerator overnight and then diluted with ether. The precipitated brown
solid was filtered and dried under vacuum. The vacuum-dried solid was added to boiling acetic

acid (45 mL) and refluxed for 2 min. The reaction mixture was cooled to room temperature,
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with CH2C12, and the filtrate was concentrated in
vacuo to give a red liquid. To a solution of the
wo e®uloti4sy) oil in THE (150 nl) was added TEA (F&T/IE2008/084149
537 mmol) followed by Boc20 (41.0 g, 188 nmol) and
Dackes Ng.- QP04€6 Red stirred for 20 h. The reaction
m xture was concentrated in vacuo and diluted with
dila@d Sathswite atd MjustedQo pH7 By\Wading XN 5@kfiira thywok e ETkPeaction mixture
(1x 1.5 Q The organic |ayer was washed with saturated
wablakCEs:d with ethérd@d x(1k). The pombineddrganit firapas®tradioed (MgSO,), filtered,
oncentra in cuo t iye a red liquid, This .
an ﬁ?l?crep%f&eiiﬂwet%v e agl &ﬁﬁ&hﬁ)@@@qﬁg@wd@ﬂ% e, D-30%EOAC in
= 20% n t [ T itle
HAERE ML KIRION by s 3 O dp 0% BiOhel Pxdt) 18 e, 2cyclopropyt
oxhaoezehirbofilrdle 224 c83rlesk MydiH1463 mg).
(1-Pyridazin-3-yl-cycl opropyl)-carbamc acid
tent-butyl ester Nu O i. NBS, NaHCO3 H Il N~ N~ O ii.

drazine "N O/--.01, O . .
2-1'5%@12@&%!%199'1—%%19%&V&W@Eﬂ&w&m (Be sponePrpesdirepiippe from
o : 0.22 nmol) was dissolved in a mxture
lsog@%‘@?%%rgﬁg 2 n) and water (0.2 nL) and cooled to -20

C. To this solution was added solid NaHCO3 (38 nmg,

0.45 mmol) and NBS (52 ng, 0.29 mmol) and stirring
(1-fzyane-sxelppropsl) fcarbamig acd ferdbugulestenl) was added via

syringe and thereaction was allowed to warmto 0 C

over 30 miyp. The volatilgswere repoved under a stream

of N2 ancl\‘.\ Nie resi due was addeﬂ\ﬁp nm.) and
of hydrazine drate (300 ulL). The xtlur e S

stirred for 18 h and then the solvents re renoved

To\i5isaSioR oF BT RLe optdtaI iR RARAICOATR 2. 38,0 mmol) n CH:CI
(50vm$.) pras hdded DIBRAF(R@RL, ¢ ht.® rREDfoliptvd b (Bdcg (18:08%659.6

McOH CH2C12) to give 10 ng of the title conmpound as a
miyel).| Thw noixiuge wassitiige at yoamztemperamee fong h-and then diluted with

v [-[dazi ns; 3- vl -cycl opr | am di | ori wa
e R o Y Sh OB SR ARG S L Say oy
Na%'l“sC?srz(gm[n%t_e?]' ﬁ; M0 G9! A8 HRAWHAET 119 HiLNYHE 85hhieTdydPwadded
over NaigS O and concéntrated to give a yellow liquid that was purified by flash
chromatography (silica, 15—100% EtOAc/hexanes) giving 3.0 g of the title compound as

a white crystalline solid, m/z 183.46 [M+1]".

(1-Carbamimidoyl-cyclopropyl)-carbamic acid tert-butyl ester hydrochloride

, HCl
Ne. H i) NaOEt / EtOH NH H
X N._.O N.©O
TR — wxr
0 ii) NH,Cl, NH, o)

(1-Cyano-cyclopropyl)-carbamic acid tert-butyl ester (2.12g, 11.6 mmol) was dissolved
in anhydrous EtOH (29 mL) and NaOEt (21 wt% in EtOH, 6.5 mL, 17.5 mmol) was
added via syringe in one portion. The yellow solution was stirred at room temperature for

1 h. An additional amount of NaOEt (21 wt% in EtOH, 2.2 mL, 2.9 mmol) was added
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1- (6-Chl oro-pyridin-2-yl)-cycl opropyl am ne 0 HOF

Ti(OGi-Pr)4 FC N~ NEtMgBr 0 C NN HOF F To a
wa@edoan7m@ss of 6- Chl or o- pyri di ne-2-carbonitril e PEDOSI00$/084149

3.61 mmol) in THE (45 nL) was added titanium
DackesptopBrdePCT. 59 ni, 5.41 mml) in one portion

foll owed by ethyl magnesium bromde (3 Min Et20, 3.6

andbtirrihd wAFBdntinS bR ¥ HOVIRY thSredttion WikerddéLaGHINL QMBS g, 47
stirred for 4 then quenched by the addition of water

mrig) falloped Dl &VHri (XNun dleQkhd . T m!bt &2 s hiTbe gaskamasdalgd and the
SOREOT RETIENRG eltdp S8 ol PR HTE R Sl By o
ST IERAL B8 it et A R R PRl i

mik@re GhsiaB8 toEIRk [6BY rhintthéh LRMRAUNELAP ECSYRBEMYcrasrd e
bis-TFA salt, mz 169.59 [ M+1] +.

soljids-wese Wtehgeﬂbmfﬂtaqu-@ give R-22yaofdhe iy edmpoandant whide pewder,
M@é@-f@%hﬁﬁﬂ NN N 1) EtMBr, Ti(0Oi Pr)4 HO N
Z)L , TEA 2 0 Ti(OCi-Pr)4 (14.8 nm., 50.4 nmol)
was added to a solution of 5-Methyl-pyrazine-2-
carbonitrile (5.0 g, 42 mmol) in dry THE (66 nlL) at
(14PyeimitimrPsl-etclopropylheardaii¢ acidegnbatylestbr om de (3Min
Et 20, 28.7 nL, 86.0 mmol) was added dropw se via
syringe 143 WD 2009/ 070485 PCT/ US2008/ 084149 Docket

No. 09-€)44¢ PCT over 10_MNg~1h€ rw on was stirred
ed

19 h and té wa\ﬁ(ls m_) was ad
H,N

H

To a solution of (1-Carbamimidoyl-cyclopropyl)-carbamic acid rers-butyl ester
hydrochloride (3.62 g, 15.4 mmol) in anhydrous EtOH (62 mL) was added
dimethylaminoacrolein (3.6 mL, 36. mmol) and dimethylamine (2 M in THF, 10. mL, 20.
mmol). The reaction was heated at 70 °C for 18 h. The EtOH was removed in vacuo and
the residue was dissolved in EtOAc (150 mL) and washed with water (3x 100 ml). The
organic phase was dried with Na,SO,4 and concentrated to give a red oil. The product was
crystallized from the oil using warm hexanes (30 mL) and the light orange solids were
collected by filtration. The filtrate was re-processed in the same manner two additional
times. In total 2.23 g of the title compound was isolated as a light orange powder, m/z
236.40 [M+1]"

1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride
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resulting mxture was filtered through a pad of
di at omaceous earth, rinsing wwth CH2Cl2, and the
wo RdoboA4es was concentrated in vacuo to gi ve a PETIUS2008/084149
sl ud To a solution of the resulting sludge in THE
chk@d\?m@? OddsPedded DI PEA (14.6 ni, 83.9 mmol) fol | owned
by Boc20 (11.5 g, 52.5 mmol) and the m xture was

1-Pyimi@aL2Eecydopropyineab@afctdc I veMbtiy eQeM@B0 g, 6.80 mmol) was
( cgncentra}?et}j’ |!r51]r€%—cuo and dil ut edyvy\nthrv% c (200 nm.).

distolived ndsHkdsHOdnlwi tHClagluson $4M di 1 Aidioxaoe, d7(nlb, Ot oD was
00.nm.) and then brjne e organic S
adﬂ%gsv EROH VY NS 8ER aédﬁ@e é%ﬁ%@h{ﬂvmﬁﬁelw ke glt(@ Fhe

i U T SN AT s

maRY thaWey (ﬁﬁ:dﬁiﬁd@lﬁ/abﬁhﬁto dgl% 0i19 @ of iife thg compbinel dsialight yellow
compound as a red solid, mz 250.48 [I\/Hrl]p

solid, (/82 Mt B/ IMplr.azi n- 2-yl ) - cycl opropyl ami ne was
obt ai ned by a nethod anal ogous to that described for
1-Pyrimdin-2-yl-cycl opropyl am ne di hydrochl oride, nfz

(134 Yol Hlycloprops-carbamic acid ert-Butyl ester. o0 o o g
tent-butyl ester CIH NH H I NO + 2~ 2 N H2N
NII 0O 3D|msthylamnoacrIonltr|le’\§05m_ 0. 50

NgTToH) yas di $sebEeroln Et OH L) and NaOEt sfél\utl gn
?vzg WOARh ELOH—0-18 nitNg, WPWS-@\GIGMN J&X
ﬁlrredfq&dralzpandtheﬂ \ﬂ/\ﬁ

Car bam m doyl opropyl) carbamc acid tent-butyl ©
ester hydrochlorlde (50 ng, 0.25 mmmol) was added. The
reaction was stirred for 1.5 h at 60 C and then solid
NHACL(27 ng, 0.50 mml) and NH3 (7 Min MeOH, 0.50

(1—?851%03—?&16}717&5%) -Ufeb 1@@8@9‘6;’?9 8?%&6?2()?6‘191%"@?7 ﬁlgtgﬁj \%’ﬁﬁl sBlved

and then at ti ona
in Bntgdraet RYOEIT .heala)cuny INaOBt (lll ®t% th HtOH, ,0.22. 18I, (FDmmnol Wwass
added to the reaction and stirring was continued at
addeglovics yripge 3 mzorﬁ: portmn $b¢ yadlow sehionrverstised Yren tgmperature for

the res was, di rect | VY
1} hESTA SRl 445 05 Bef it e Ghepba b HEG: o)
and hM%/dﬁ)u% addasnt gﬂbd MLt @ﬁfm A REYINALF &8nPihe reaction was
di ssolving in 144 WO 2009/ 0485 PCT/ US2008/ 084149
fillemdketenive aOShi@4pd€eiR@Te and the filtrate was allowed to stir for 87 h. The
solvents were removed under a stream of N, to give the crude amidine-type intermediate

as a white solid, m/z 215.60 [M+1]"

To a solution of the crude intermediate in EtOH (0.5 mL) was added glyoxal (40% in
water, 0.5 mL, 4 mmol). The mixture was stirred for 20 h and the solvent was removed
under stream of N,. The residue was purified by flash chromatography (silica, 50—80%
EtOAc/hexanes) and then by reversed phase HPLC (20—595% MeCN/H,0 + 0.1% TFA)
to give 9 mg of the title compound as an orange solid, m/z 181.38 [M-#-Bu]",
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Et OAc (5 nL) and washing wth saturated agueous NaHCO3
(2x 5 nmL). The organic phase was dried with Na2SO4
war@ooasent rated to give 29 ng of the title cPOPUSINS/084149
as a red semsolid, nilz 251.44 [M1]+.
Dogkgt NosRP984@ PETopr opy! ) - pyr i ni di n- 4- yl ani ne
di hydrochl ori de was obtained by a nethod anal ogous to

dtl,atmmlf-slyb@siclﬁmropsztaﬁﬁihe by fochiotidecy s obRiiyathétBod

hydrochl ori d
anflogqus tQthandsséired for2l- ?mmmaqﬂmwwrppﬂanmamhlrydm:chkg)rlde m/z

yl ester 0 11 CO-SN ~\ , -~ NOOO
]3kﬁEiN@EE (1- Furan-2-yl -cycl opropyl) - carbanlc acid

tert- butyl ester (765 nmg, 3.43 mmol) was dissolved in
MeCN (7.7 nmL) and cooled to -40 C in an acetone/dry

1- Pﬁazmaa ﬂ.cycwﬁ@pmbémnitruesocyant e (0.45 nm, 5.1 mol)
was ad N one portlon via Syringe and the reaction

was aIIovved;Estlr atNat rature be en -40 and
irr

-30 C for 45 If drou Pptras then
ng co ti nued at ro h1t nmperture for

added and stli
30 nmin. TheNceéction s diluted witRZsaturated

aqueous NaHCO3 (100 m) and extracted w th EtQAc (3x

In 2QArylgsk uhie aegub Blﬁﬁdrdng@iﬂ'b ¢1.H%y er%) waiod) a@dncent r at ed
to ared |liqud and chromatographed t(isilica, 5-25%

Cy@pmaméa{bmgyle (105 tilv €0. 4000y erst dissebved iin fiey tolveyreddamd-)-

a.wite 234. 35

Thf J?Olt‘%mt ?f%%% BYy ?aaﬂlﬂ SRGFRT &WW@}YW@W;}K Dy RHF,
2021, L6l %E QML Krowd Usgf)pé@ HindG4 er%gé‘tﬂﬁl{‘ﬂa)ék (gﬁﬁl% reaétRn

WD 2009/ O 0485 PCT/ 008/ 084149 cket No. 09-0446
mikUfe Wh\dtlowed tCatihBtoH3dmNempdratirenbd @tilNwd 4 h. The reaction was
diluted with H,O (200 mL) and EtOAc (200 mL) and the layers were separated. The
aqueous layer was back extracted with EtOAc (2x 100 mL). The combined organic
layers were dried over Na,SO4, filtered and concentrated to give a black oil. The oil was

purified by flash chromatography (silica, 20—-60% EtOAc/hexanes) to give 849 mg of
the title compound as a light yellow oil, m/z 146.17 [M+1]"

1-Pyrazin-2-yl-cyclopropanecarboxylic acid

sa BN

1-Pyrazin-2-yl-cyclopropanecarbonitrile (849 mg, 5.85 mmol) was dissolved in MeOH
(7 mL) and NaOH solution (20 wt% in water, 2.0 mL, 10 mmol) was added via syringe in
one portion. The orange mixture was heated to 75 °C for 22 h, cooled to room
temperature, and acidified to pH 2-3 with 6N HCI. The mixture was filtered through a
pad of celite using MeOH and the filtrate was concentrated. The residue was suspended
in EtOAc, dried with Na,SQ,, filtered and concentrated to give 111 mg of the title

compound as an orange solid, m/z 165.28 [M+1]",
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Il /-- 00 OCOycl 0OONH ON Li2CB 0 Y 0O To an
oven-dried flask under N2 was added anhydrous
wa@eomwon@si 1) chloride (2.00 g, 8.04 mmol) andPCT/US2008/084149
anhydrous THE (10 nlL). The m xture sonicated (1 m n)
Dacketi¥d. f9194€@RClip t he chunks of CeCl13 and then stirred
at rt for 30 mn. The reaction was cooled -78 C and
methyl lithium (1.6 Min Et20, 5.0 nL, 8.0 mMml) was
added in one portion via syringe. The m xture was
(1Pyranied-yhkicyelgpropyl) eariginiciacidzally] edten
[ 1- (5-Cyano-furan-2-yl)- cycl opropyl]- carba acid

tert- put e ter (399 ny, 1.61 ol ) |n rous THE
(10 Hdded |'nD%?PeT56rt| on VI
reac[ S stirredar -7 Cf Hhen aIIovved

to vvaN to roomtenﬂb?'g({%‘?"@"'and stl r r an addi ti onal

2.25 h. The flask was cooledto-4OCand NHACH (30
Towt hition wal Pyrazin-B-yityclomspaadeeisbxyliaady (11ngeg, 0476enmol) in

warmng to roomtenperature, the thick m xture was

dry folyeap Blad o o Bdded Ik (0. HamLod.81 aimalbieHewediby ear t h

B0 b SBRPRS0 4 Ao UV G BoB P e for 1
at t[ Br{1lalcofl (02 mL wieddayd Vﬁtslt/‘bf % e rtﬁ’br}egc'ti}bh lwas heated to 90 °C

cyclopropyll-car amc acid butyl ester as an
ford¥ lanfeer abdlingrntd zodd6 denfpkrative N2 teactiohowa dilotedtwitdnwater (6 mL)
crude

and E @5«( %dah? e laygestrsre separiad) and gheawator layqr W@F%W%‘{y’lﬂ}

G
ExppE RS DE G, AR M S TS ™ e
coR@Afsted to2iBa LA reR@ue ﬂlap@’amfbedfbg?'ﬂa%’\@fgmﬂﬂto PEY {sﬂlca
chloroformate (0.57 nL, 4.0 mmol ). "This was stirred
401092 E® Ac/hdxanestlitd give6l7 mgtolﬁ theattiercofpOundds)a lgghdorange oil, m/z
extracted EtOAc (3x 50 nL). The conbi ned organic
22Oé%MsL1]Nere dried with Na2SO4 and concentrated to
give a red residue. The residue was purified by flash
146 WD 2009/ 070485 PCT/ US2008/ 084149

1-Pyrazin-2-yl-cyclopropylamine

0
[N\: YHJLO/\/ PPh [ : y
N7 morphollne

To a solution of (1-Pyrazin-2-yl-cyclopropyl)-carbamic acid allyl ester (67 mg, 0.31
mmol) and morpholine (0.31 mL, 3.1 mmol) in THF (3 mL) was added Pd(PPh;), (27
mg, 0.02 mmol) and the yellow mixture was stirred at 50°C for 3 h. The solvent was
removed under a stream of N, and the residue was purified by flash chromatography
(silica, 4—7% MeOH/CH,CL,) to give 6 mg of the title compound as an orange oil, m/z
136.04 [M+1]",

(1-Furan-2-yl-cyclopropyl)-carbamic acid zert-butyl ester
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Docket No. 09-0446 PCT chromatography (silica, 20->40%

Et OAc/ hexanes) to give 324 ng of the title conpound
W(asooa/oylmk;'o ow oil, mz 437.64 [M:Na] +. { PCT/US2008/084149

1-[6- Benzyl oxycar bonyl am no- 1 - et hyl - et hyl ) - pyri daz
Dq0het3\lcy|()?i)é§r@¥66r opyl }- carbanic acid tent-butyl ester

oi. NBSoH oNHii. hydrazine O N 0 O Ho H o+ {

1-[5-(1-Benzyl oxyc | -ethyl)-furan-2

-yl ]1-cycl opr gé&@gﬂr@g E&d t &t} buﬂyl er (324

ng, 0.78 \Na_dml n THBE™(13. 7&@

water (1.4 ) arfiBep@l ddh to -40 Cin

i ce/ acetone bath. To this slurry was added NBS (153

Ti(@yi-PH. B! fD) 322SmAoD Gas ddddd toagopasi bONfurdhigilé %C% 6N
was stirred for 15 mn at this tenperature and

mra@ihyial A Oy bilaml-hat rogn emgeratgrentio pthylamagngsiem brﬂmm@M

in PG e PomLAB %%vavgaa agdeedirpivisg “pagffios Bgersen e B 5RS
re#ﬁotbwggr ﬁﬁre-ldg,ﬁ—f i e ﬁﬁjerht@ éﬂ"‘fi’lﬁoélm;nbge{ngs%ml hdtdd via

I qui 150 ni extracte

ad &N (] &Rr bl nin. 'llﬂlle rextibn wedcol gl iCarldayaes250mLe was
dried over Na2SO4 and purified by flash chromatography
addag}; ifhwsulmn&gngw s Glfecdzioppgh a @@d wfé‘e%t@aa@uwr f IR g
&lzéf’l Hﬁ%egqtrzﬁg w%s cor%entrz%eec{ 1|nov\alc§ootlo %Evee a red quulrcll II% a
sol{lﬁoﬁ 8¢ t(lé re@‘ﬁ‘tlﬁg ofi ¥ *FHPr(@ﬂ)’llnLj RYE AR TEASTY Il B3meid) - €
}-carbam ¢ acid benzyl “ester dihydrochloride

folthBﬁdJyGidEEQ (4 lde g WEES rmbb]a lam@the lmdxalrdfmnsfmrdred i@ 200 The taaction

that described for Pérlmdm 2-yl -Cé Ioprog&l am ne
MIZUER, WARORFBIIARE in o 3pd dideed with pqueoys Gk 1 Do b9y ofhdu uss

I R obP afs PlecZpaRo & dAnEThahoapgt Narcos
soRBb®(1x I @, dried-lvith Na,SO. and concentrated in vacuo to give a red liquid. This
was purified by iterative flash chromatography (silica, 0—20% EtOAc/hexanes) to give
7.0 g of the title compound as a white solid that is best stored in the freezer, m/z 224.53

[M+1]".

(1-Pyridazin-3-yl-cyclopropyl)-carbamic acid tert-butyl ester

/| % 074 i. NBS, NaHGO,
0 N - ,

0 ii. hydrazine

Y

(1-Furan-2-yl-cyclopropyl)-carbamic acid rert-butyl ester (50 mg, 0.22 mmol) was
dissolved in a mixture of acetone (2 mL) and water (0.2 mL) and cooled to -20 °C. To
this solution was added solid NaHCO; (38 mg, 0.45 mmol) and NBS (52 mg, 0.29 mmol)
and stirring was continued for 2 h. Furan (100 uL) was added via syringe and the reaction
was allowed to warm to 0 °C over 30 min. The volatiles were removed under a stream of
N, and to the residue was added i-PrOH (2 mL) and of hydrazine hydrate (300 uL). The

mixture was stirred for 18 h and then the solvents were removed under a stream of N».
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OH/ OH 1110, NO O- NOIIl UWol< LIl Il To a
sol ution of
WO 1000Mt4BDXY - et hyl - car banmoyl ) - cycl opr opyl ] - caP@BIBZN08/084149
acid tent-butyl ester (5.0 g, 20. mmol) in anhydrous
Dorkipt N 091946 BéT- 78 C, was slowy added |ithium
(trinmethylsilyl)acetylide (0.5 Min THF, 81 niL, 41
ThEMRdue wad Bufi@Chy QhThioieskrathyt§ilida, 0LSIP MY CRLEB todsive
h then an”additi‘onal amount™ of "I'ithium
10 (nhg dfiké tigyd sichpdupdaet yélloseoi(yoreSddd, ni/n23a46 [NBL1 L, 41
mol ) was added and stirring continued for 3 h at -78
C. The reaction was diluted with saturated aqueous

HAC1. and, extracted w th ELOAc, The organi.c |a S
i B T St R N S ot S

A18gR ¢! hat ddIEribeldBbET-PHimIMRSE 2 BIC i dlb ¥mfrle @y drochloride, m/
anch%omat oér aphy (sili cgll,lm15 %%%?&clﬁg%}?rrglneu%{ye%oﬁero? ?o ©
13628 ¢M550 ng of the title conpound as a brown syrup,

mz 154.18 [ Mt-Bu] +.

[1-((E)-3-D net hyl am no-acryl oyl )-cycl opropyl ] - car bam

-G Resh g ey BPRA I Do ¢ acid terc. butyi

ester (2.2 g, 10.5 mml) was dissolved pn a sol ution
of Me2NH (2 Min THF, 21 ni, 42 mol) atll0 G The

reaction mxture \/\/;F.zQS%i rred at roomHCenp ture for
2 h and then ghe vol'§{Tés were remqued irnF vaguo to

gi ve &herlldeolid. FMEBsolid was pllrified by sPing
with n-pentane and EE20 Tto giy W?z tihe  tigl e

compound a yellow solid, nmlz 255. [ MH1] +. 148 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT

TolalsoRMioh B¥ @-icm&oLr'dyriaﬂlelz%E%%Ytki)eLg@@ '\%1%!73.61 &hdl) in THF (45 mL)
tert-butyl este NH HCI O HAN
was added titanium isopropoxide (1.59 mL, 5.41 mmol) in one portion followed by
ethylmagnesium bromide (3 M in Et,0, 3.6 mL, 11 mmol) slowly over 5 min. The
reaction was stirred for 4 then quenched by the addition of water (5 mL ). The mixture
was filtered through a pad of diatomaceous earth and the filtrate was concentrated. The
resulting material was purified first by flash chromatography (silica, 5—10%
MeOH/CH,Cl,) and then by reversed phase HPLC (1—95% MeCN/H,0 + 0.1% TFA) to

give 86 mg of the title compound presumably as the bis-TFA salt, n/z 169.59 [M+1]".

[1-(5-Methyl-pyrazin-2-yl)-cyclopropyl]-carbamic acid tert-butyl ester
N
Il z
1) EtMgBr, Ti(O-i-Pr), \[’ 1 H
N AN - \N N\“/O7<
%N 2) Boc,0, TEA 0

T1(O-i-Pr), (14.8 mL, 50.4 mmol) was added to a solution of 5-Methyl-pyrazine-2-

carbonitrile (5.0 g, 42 mmol) in dry THF (66 mL) at room temperature. The ethyl

magnesium bromide (3M in Et,0, 28.7 mL, 86.0 mmol) was added dropwise via syringe
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N Ol< N Ol-~ EtN O3 O To a solution of
[1-((E)-3-D net hyl am no-acryl oyl ) -cycl opropyl ] - car bam
W@ 2@gioth4sert - butyl ester (600 ng , 2.4 mmol) ReEUSIAEM4149
triethylamne (1.3 nL, 9.4 mmol) and forman di ne
DaseiNbx R0 O4@BCI570 ny, 7.1 nmol) at room tenperat ure.
The reaction was stirred at 75-80 C for 14 h. The

ov¥OlBthinl. €Be MRERNRIBRUAEI | Nh YAE then Hated i MEmB) GhHSRIe8.OfHed
mass that was purified by preparative reversed phase

restPing nistugg wes filteSedipraigh tapad of din®macenvp eanttd riasing withgPH>Cly,
|1 lid, mz 236.36 [ M+1] +. )
aniﬁwﬁsvrvﬁg (é)ﬂalﬁ chyvtfaé unaﬁflep[ptwgé% ed giuAgiar Brh P O e fiRes
. | ) !
res g8 fide RYTF TRIOIAE) wRNRMODDHEA LA GRE . SEORIMATRHIRE] by

Bot3% (1025 §,M2 1] mimol) and the mixture was stirred for 3 h. The reaction mixture was
1-(5-Cycl opropyl -4H-[ 1, 2, ;& triazol -3-yl)-cycl opropyl am
copggatrated guvaepa and-itiutad vl EfGA QORImL) GINs Napwashed i agueus
.HO.H ' Cl CloanH Nz~ O " O~ Pd/C NN N
cify g i) G50/ 0 AOR gL A e e ba DBl - B Esarigghase was
O BT B CarunsT A as00 S8 o PSR LSy i
ﬂa&i&ﬁi@ﬁ@tﬁ)?@pw {sflicacd-9215e8 MeOBUCHbClepdnethdnd3088srse phase HPLC
1.29mmol ) was dissolved in 4N HO in D oxane (8mi,

to Sizab Ing of Theetithei compoendves: rafl kalive di/z 250548 [M-ell]*.RT f or
2h. Diluted with Et20 (20nL) and the m xture
concentrated under high vacuumto give

1-((SJi\'d@h‘}[-ﬁﬁ'ﬁﬁﬁQ-SIBQ&WOI)f(yﬁlﬁang R¥s bbG el %Wa"}nethod analogous to
that described for 1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride, m/z 150.34

[M+1]".

[1-(4-Amino-pyrimidin-2-yl)-cyclopropyl]-carbamic acid fert-butyl ester

Z
N -© lll/ — > L\'NHO
H,N \H/\K-'-/\/\\\N HN" "N \H/\K
O

O

3-Dimethylamino-acrylonitrile (0.05 mL, 0.50 mmol) was dissolved in EtOH (1 mL) and NaOEt
solution (21 wt% in EtOH, 0.19 mL, 0.50 mmol) was added. This was stirred for 1 h and then (1-
Carbamimidoyl-cyclopropyl)-carbamic acid fert-butyl ester hydrochloride (50 mg, 0.25 mmol)
was added. The reaction was stirred for 1.5 h at 60 °C and then solid NH4Cl (27 mg, 0.50 mmol)
and NHj; (7 M in MeOH, 0.50 mL, 3.5 mmol) were added and stirring was continued at 60 °C for
1 h and then at 100 °C for 17 h. Additional 3-dimethylamino-acrylonitrile (0.1 mL, 0.87 mmol)
was added to the reaction and stirring was continued at 100 °C for 22 h. The solvent was

removed under a stream of N, and the residue was directly purified by reversed phase HPLC

(20% MeCN/H,0 + 0.1% TFA) to give a red semisolid that was neutralized by dissolving in
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acid benzyl ester; hydrochloride (340ng, 1.19mol,
92.4% as white solids.

W@ 1e0blpdrsxz i nocar bonyl - cycl opr opyl ) - car bam ¢ acPdr/bsag/bs4149
ester; hydrochl oride (916ng, 3.2mmol) and

DackefINsp OB P4teBadboxi m di ¢ acid ethyl ester;
hydr ochl oride (480ng, 3.2mol) and triethyl am ne

EtOBc 89ML,) afd ¢TI wite b fuiaRdRieds NaHOW; (2ﬂ9nm;)T}®rgE/%anic phase was
heated in the oil bath at 120C for 45 mnutes. L

dristhwwib Nax50ssndmovennsiied ta give A% mgmf dlahfatte. cotpeundact ied nemisolid, m/z

| oaded directly onto a prep HPLC (mass-triggered
25@@ @Méﬁi Col um: Sunfire C18 30x150mm Mbbil e phase:

95% water to 65% water, retention tine of product

=15.4m n) and after concentrati nﬁ i n vacuo, yielded
2- ([l A rossysloppopyd) Pyriidin-4-ylamine dihydrochloride was obtained by a

1,2,4]triazal-3-yl)-cyc r.opyl .- carbanm ¢ aci.d benzyl
meicGina CRavts ,(t’hﬂ@ﬁ%)&(ﬁ%eﬂ for i%?@%ﬂﬁnésy-ﬁmﬂ%mmama?
o d= Mcl opropyl -4H-[ 1, 2,4]triazol -3-yl)-cycl opropyl ]
dﬂ{y@g{c&%ﬁﬁ% acid benzyl ester (220ng, 0.74mmol) was
di ssolved in MeCH(401) followed by the addition of
10% Pd/C. The solution m xture was stirred under H2
bal l oon for 1.5 hours. The reaction m xture was

fd r ' I entrated
1 Ry G5 A B el ey S0

1- (5-Cycl opropyl -4H[1, 2,4]triazol -3-yl)-cycl opropyl am

ine (120nmg, O0.73mol, 92 19%9 as off-white solids.

1-Pyridin-2-yl-cycl obut ¥l am ne 150 WO 2009/ 070485
PCT/ US2008/ 084149 D&¢K t'N\{&lo 09-0446 PCT F AcOH O
| I

0

NaH H2504 N + OH N DPP \-BHLpH Et 3N
N_ O N= N_ O
0 b ~ 0 b
0

0

(1-Furan-2-yl-cyclopropyl)-carbamic acid tert-butyl ester (765 mg, 3.43 mmol) was
dissolved in MeCN (7.7 mL) and cooled to -40 °C in an acetone/dry ice bath,
Chloroulfonyl isocyante (0.45 mL, 5.1 mmol) was added in one portion via syringe and
the reaction was allowed to stir at a temperature between -40 and -30 °C for 45 min.
Anhydrous DMF (1.2 mL) was then added and stirring continued at room temperature for
30 min. The reaction was diluted with saturated aqueous NaHCO; (100 ml) and extracted
with EtOAc (3x 50 mL). The combined organic layers were concentrated to a red liquid
and chromatographed (silica, 5—25% EtOAc/hexanes) to give 400 mg of the title
compound as a white solid, m/z 234.35 [M-t-Bu+MeCN]*

{1-[5-(1-Benzyloxycarbonylamino-1-methyl-ethyl)-furan-2-yl]-cyclopropyl}-

carbamic acid fert-butyl ester
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TFA, DCM O N~ NH2 I N NAO ";,1 H+ In a dry flask

under Ar, 2-fluoropyridine (3.18 m, 37 mmol) and
weyabobusanecarbonitrile (3.0 g, 37 mol) werBCT/US2008/084149

di ssolved in toluene (55 nL). The solution was cool ed
Dacketd¥. 0A0440P€d1 uti on of sodi um

bis(trinmethylsilyl)amde in THE (40.7 niL, 40.7 mmol)

was add slowy over Af t ey NLD, e soI ut i on
Wa g =¢ tcﬂro(g enp@rg]t/gr%l Af t eryadotlher H10p,
reacti o w Th NFATI{ aq) “and Iﬁlhn,f

| ayers wer sepaf ated. The aqueous | ayer O

extracted with DCM The conbi ned organic |ayers were
dried over MpSH, filtered and concentrated to yield
4.689 (80% of 1-pyridin-2-yl- cyclobutanecarbonitrile

as a paleyellowoil, nf 159.7 [M+ 1] +.

1-Pridi cycl obut an bonitrile (4.92g,

31. | mol eSO Ined wi er (5 nmL), AcOH (5 nl)
and sul furic acild (5 nL). Thé,ad)‘g geneous sol uti on was
heated to refl UX. After 2.5h it i oH ool ed
to roomtenped@ture and poureool ﬁ%@ ) and
Et 20. The Ia§/er3s wer e separated and the 200 | ayer was
di scarded. The aqueous |ayer was basified tOo pH 4.5 -

5 with 10% NaOH and extracted with DCM (2 x 100nL).
The conbi ned organi c | ayers were washed with bri ne,

Todwicaan-duied fladrsoder N wastaddedardiydrooo eeyam(Hlak abdpride (3.0@gd8.04
mrg%lg gf?da@%?ogg @Télﬁ( gmgl &%2- ltﬁr%.sglla_lg%g neci‘tql_blj\ iﬁl{)reak up the
chﬂnﬂ; CQCH afd %’th %Mfgécpng%? 86 ﬁﬁ%ﬂmé 6&&‘&1@1‘? bvqg £kl Q077 % 5 3 3d

was conbi ne Et 3N (1.

metidel 4ithiwnml().6anch Bi,Ohe0yIR Bdsmmanywas addidiﬂem (©OBe Bortibn vih%yﬂnge.
mmol ). The reaction was heated to reflux for 1.5h. The

The mBY(CR wasstireasl-dd "€ iondbnin anﬂmen\ﬁb(é@b@n@ﬁuausg-yl)—

PCT/ US2008/ 084149 46 P | el
cy RGP P YBE ‘TG R 572 B | BH BT inapilei T (10
mlﬂcvl/e@ 8L inRME ébrtl%ﬁtv?ars ﬁﬁ% TRE Péﬁcu&i @&kstl‘ﬂ'eh at 179 eC%Iuﬁiemm
product was u I n subseéquent reactions wt
thefnLﬂﬂbh'ed to warti foerﬁhlt@mpera(fﬁlleChﬁd stir for an additional 2. 25 h The flask was

yridin-2- cl obutyl)-carbam c acid tert-butyl
CO@lgql g} -4p7Cang ] N\fg%ﬁﬁﬁm o)1>r/1\;\§)é@§er 1.8 mL) was added via syringe yAfter

warming to room temperature, the thick mixture was filtered through a short pad of

diatomaceous earth using CH,Cl, to rinse. The filtrate was dried over Na,SO, and
concentrated to give 451 mg of crude {1-[5-(1-amino-1-methyl-ethyl)-furan-2-yl]-
cyclopropyl}-carbamic acid reri-butyl ester as an orange oil, m/z 264.51 [M-NH,]",

To a solution of crude {1-[5-(1-amino-1-methyl-ethyl)-furan-2-yl]-cyclopropyl }-
carbamic acid zert-butyl ester (451 mg, 1.61 mmol) in a mixture of THF (8.0 mL) and
water (1.6 mL), was added Li»CO; (297 mg, 4.02 mmol) followed by benzyl
chloroformate (0.57 mL, 4.0 mmol). This was stirred for 2.5 h then diluted with water (50
mL) and extracted EtOAc (3x 50 mL). The combined organic layers were dried with

Na,SO, and concentrated to give a red residue. The residue was purified by flash
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di ssolved in DCM (20 nL) and TFA (20 nlL) was added
dropwi se. After 6h, the reaction was concentrated in
woaouo7@stl partiti oned between DCM (1 OOrL) andP@BEUS2008/084149
(20m) The aqueous | ayer was extracted with DCM
DoglstRan09- 04%Bcgqueous | ayer was then concentrated in
vacuo. The brown oil was dissolved in water (3nL) and
chMaltc;g \(éﬁca MBSSINH EE@A PR RRY PR osggvdomsfﬁ o 5FkEtitle compound
puri |on whi ch yi el ded 322ng of 1-pyridin-2-yl-
as ayelllmbuﬂyh/aﬁﬁh@@@bﬂaﬁorm c acid salt (yellow solid),
mz =149.5 [M + 1] +.
1- (5- Met hanesul fonyl - pyri di n-2-yl)-cycl opropyl am ne 0
2L N
{1- gi-ﬁ(f(Bglz M@rb%y@iﬂngI% Oﬁ\%gg) '@E %Bllwost glg\é:y&’ﬁbmpyl}
carbantioaeideervibatyl wster pl aced
[ 1-(5-iodo-pyridin-2-yl)-cycl opropyl]-carbamc acid
tert-butyl ester (500 ng, 1.39 mmol), sodium
t hi orret hoxi de (292ngy, 4.17 nmol) nd Xant phos (80ny,
pl ). The vial was fl ushed fh Ar. 1, 4-Di oxane
1) and Et3N (0.48 L, 2.7 Dl ) were added. Ar
was Hubbl ed through the reaction §&glution for 15
m nuteg, Pd2(dba)3 (65 ngNBD. 07 mml%\was added and

the re t|on was therrralléjﬁ a’tedb OOC&\N After 8h,
t he r@actN on,wa trcansfelllh Ff' a sep nel ,
di I ut ed I\IaHC(IB and brin tr@cted

wi th Et OA combi ned organlc Ia
were dried, f||tered and evaporated to give a

oil. Flash 152 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT chromatography (log silica,
0-10% MeOH in DCM vyi el ded 300ng of [1 (5-
t hyl sul f anyl r| din-2- ycl opr ar bam )
{lé{él(&ﬁegmlo)ﬁ/&gr)l?pn appp-lsme yﬁjgt}cqgl) éllll‘p.l’l cycfopropy carbarmc

acid rerr-butyl ester (324 mg, 0.782 mmol) was dissolved in THF (13.5 mL) and water
(1.4 mL) and cooled to -40 °C in a dry ice/acetone bath. To this slurry was added NBS
(153 mg, 0.860 mg) as a solid in one portion. The reaction was stirred for 15 min at this
temperature and then anhydrous hydrazine (0.2 mL, 6 mmol) was added in one portion
via syringe. The ice bath was removed and the reaction was allowed to stir at room
temperature for 49 h. The THF was removed in vacuo and the resulting liquid was diluted
with water (150 mL) and extracted EtOAc (3x 60 mL). The combined organic layers
were dried over Na,SO, and purified by flash chromatography (silica, 1-3.5%
MeOH/CH>Cl,). Collected 32 mg of the title compound as a light yellow colored oil, m/z
427.63 [M+1]",

{1-[6-(1-Amino-cyclopropyl)-pyridazin-3-yl]-1-methyl-ethyl }-carbamic acid benzyl

ester dihydrochloride dihydrochloride was obtained by a method analogous to that
described for 1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride, m/z 327.65 [M+1]".
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[ 1- (5- Met hyl sul fanyl - pyri di n-2-yl)-cycl opropyl ] -carbam

ic acid tert-butyl ester (150 ng, 0.54 nmol) was
wal2@sotosesl in DCM (5 nmL) and m chl or oper benzoi BCHUSZH08/084149

(253 mg) 1 mmol) was added in one portion. After
Dmhetl‘i(g B1044@PCHol ymet hyl styrene (1 oading: 2. 5mol / g)

was added and the reaction was shaken for 2h. The

1/Pea@n Ilcyﬂ’@rﬁ*)' l@ﬁﬂﬁnﬂ@dcndttmibﬁ kstemas washed with
( 10%}‘9& in Hrhe filtrate vvas%goncentrat ed to yield
148 mg (89% of

[ 1- (5- met hanesul f onyl - pyr\i di n-2-yl)-cycl opropyl]-carba
mc acid tert - butyl estee.—a—@ pal e %el low solid, mz

= 313.6 [M+

[ 1- (5- MetHag /29%8 Qﬂgg] car ba
mc aC|dten ster (148 ny 20

di ssol ved in DCM TFA (2 rrL) was added

dr opW| se. After 4h the reacti on was concentrated
| d 25 f
Tog! e B kb !EFﬁ‘P’@hVFt g@%ﬁﬁqg%hprwk]r%maamP%f%butyl
est@rsgg) ug;gr i I?lﬁ{OD gﬁ'ﬁ)}ﬁr&islﬁHF {Jﬁe)n D) #17% °¢ L)JXL "]ogvhr adtdyi] fithium

was subseq reacti ons w

(trfrﬁdtﬁﬁﬁlyl)@ctdtﬂfde@@ﬁll\@ﬁh THF, 81 mL, 41 mmol). The reaction stirred at this
2-(1-am no-cycl opropyl) - oxazol e- 4- car boxylic acid

terapﬁramrelrfyw bﬁreomndédlcomal emopt of llthlmmmeﬂt}@srﬂybamxhde 05M

in TRBT1 BIR mep NSO Saing SR e s S B TR TES
redie 3 My it Py Paleby P Clald e Rk Bione The

orgh@icaa e b mashedfwith brine, dried over Na,SO,, and concentrated in vacuo. The
1- benzyl oxycar bonyl am no-cycl opr opanecar boxylic acid

mageria wgs pmicd byrfiash phiomaDERPhS (ilia) | wesEQdw& bl ether) to

v D pEorRds Feind B For sy g vsaasabise BB 1 o "o

m n, then anmoni um

[1-((E)-3-Dimethylamino-acryloyl)-cyclopropyl]-carbamic acid fert-butyl ester

(1-Propynoyl-cyclopropyl)-carbamic acid fert-butyl ester (2.2 g, 10.5 mmol) was
dissolved in a solution of Me,NH (2 M in THF, 21 mL, 42 mmol) at 0 °C. The reaction
mixture was stirred at room temperature for 2 h and then the volatiles were removed in
vacuo to give a crude solid. The solid was purified by washing with n-pentane and Et,O

to give 1.8 g of the title compound as a yellow solid, m/z 255.36 [M+1]",
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hydr ogen carbonate (7.06 g, 89.3 nmmol) was added in

one portion. The reaction was heated at 60C for 12h.
wab@onroasuire was cool ed to roomtenperature, dPCTIUSZNNS/084149

with water and extracted with EtOAc (2 x 100 nlL). The
Dot 88-044¢ Pedt s were washed with satd NaHCGOB,

water, brine and dried with MjSO4. The m xture was
(l-fFi'l‘i‘hﬁﬂm §D€lyddiﬁ‘0§ﬂb-¥fﬁ*ﬂamlé sémvmibhryl edtie

car banoyl - cycl opropyl ) - carbam ¢ aci d benzyl ester

(5 59, 24.5 mol) as a white solid. To a solution of

(1-carbamoyl -cycl opropyl) - garpam ¢ acid benzyl ester

(3.0 9, 81 nmol) in THE {100 ni) mas added NaHCO3

(9.7 g, 120 ) and 3- 6roﬁwzz 0X0- opjc acid
ethyl eg 640 ol )~ The CMEg
heated at 70 15h. Theeynesul ting ora nsi on

was filtered through celite and concentrated under

reduced pressure. The resulting orange oil was

di ssolved in THE (10 nL) and to_this was_added
TOtarsomtl@a rotahlc@E -8- l%tﬁﬁw}anaeo earylen))-cygipropy b cabamigasid rerr-

bufl BT et B A ETRE S b it ¢ o MG ERE QRS
fo%la%ﬁdl%hydroaiﬁ@n(feqm Hl%‘ﬁ.j?’fﬁrﬁ%g ﬁtsrotﬁ‘ﬁrt@m}y@ﬁﬁ%d TME teBction was
ed wth SHO4. The

wat er, brine and dri m Xt ure was
stlfred :ttérSdiﬂ) °(tiont4ht Tlet wdhtdesdvare ranfidved ibyacne vegisea pﬂmde golid
PLC. The conbined HPLC fractions were extracte th
m'«Et é&&we%pw fieddy mpararﬁ@reé&tsr%haée WELE tQgbsddo Wig <rf the tile

CO$%§$M{SE § Wﬁﬂdd%%?#%?5%6?% gi v .ZThe mxture vas

(1- benzyl oxycar bonyl am no- cyclopropyl) oxazol e-4-carbo

xylic acid ethyl ester (1.3g, nmol ) .as a white
1-Byjimiglin-geyl- cvdomwlm@aéglyﬂmqhtﬁﬂmrso@tam@ bR

an%‘g%ojt&%égﬁéf SEI%Iedf r 1- PVrlmldln -2- 8/1 ciyd%l% %X’l Ijnne dihvd ochlfrlde m/z

nzy oxycar am no-

13002 yMirg*aci d et hyl ester (0. 44 g, 1.3 nnDI) was
dlssolved in THE (10 nL) and to this solution was
added 2N NaOH (2.0 nL, 4.0 mmol). The m xture was
heated at 70C for 17h. The m xture was neutralized
with 2N HCl1 and extracted with EtOAc (3 x 100 niL). The
conbi ned extracts were washed with water, brine and
dried with SO4. The ure was f||tered and

1-@ rpRy I[I)Z,éﬂt\l;@zoll:g-yl -cyclopropylamine
2- (1- benzyl oxycar bonyl am no-cycl opr opyl ) - oxazol e- 4- car
boxylic acid (0.22 g, 0.73 mol) as a brown solid.
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To a solution of

2- (1- benzyl oxycar bonyl am no- cycl opr opyl ) - oxazol e- 4-car
woeoogloresmacid (0.20 g, 0.66 mol) in DMF (3 nmRQT/ER08/084149

added HATU éo 25 g, 0.66 mol) and Et3N (0.16 g, 2.0
DaglgsINo. 0 PGM hydr ogen carbonate was then added and

the reaction vessel sealed. The m xture was heated at

NBDPEehBoxdBhbor ﬂ;@mﬁlsfe?élbp@pmarabﬁﬂ)ﬂﬁ@riz@ne@%bxyltccacm@m

t enperature and d wth water. The m xture was
butyk esterd# &g 1t 29 nEn@rwag @ssolved 00 4N Clan dioxase ¢Smip B 2renhol).

extracts were washed with water, brine and dried with

MySO4. The m xture was filtered and concentrated to

The 'nMﬁtuEelwzﬁs“aﬂ@%@ @it lat R¥33011r Bilyited-with Et,O (20mL) and the mixture
cycl oprop L carbam c acid benzyl ester (0.17 g, 0.55
copgepiryted under high vacuum to give (1-Hydrazinocarbonyl- cyclopropyl) carbamic

sy cuth Brarpaa oG SHomi A TER V) el WG WO n 5356

HBr in acetic acid (3.0 nL) and allowed to stir at
room tenperature for 30 mn. The solution was dil uted
with Et20 resulting in the precipitation of a white
solid. The majority of the liquid was decanted of f and
the residue concentrated under reduced pressure. The

(1-'H}'ﬂﬁtrzir1@ba l-t:ycﬁaplﬁﬁylyvcirbarﬁic%&d&fédz;ﬂ@ﬂ@ﬁﬁ&(ﬁlﬁﬂﬂdﬂc&%@ﬂ@fng,
| ve 2-(1-am no-cycl opropyl)-oxazol e-4-carbo

3. 2aimt1@ll aid Gjﬁclwdp@bmbﬁw@lctmaqdet@yl eser; Akydm¢b10)1daé48@mg,
TG0 Pl nins 19mL. 5. pslanese.combinegin DA (19 pbby

heﬂ%dr?lecg@%%g%g §2%(g€ f(b%@é%% %@(A@ sﬂé\g 89'% conve&m})n to the

préduckiThd reattidd whsQoadel dlrél:tl‘y d¥td a PleP HPLCL(MasGhiiglered Whkers,
Oﬁvd HONH/ F OF F F- ON/ HBr FFONNO\ | N
Colpnm: \Supflye[\@]&@x#@pmmL_Mobﬂc(ph%e D5cwater @rG5gnwaler, retention time

of bepa g3 Frn T i SR BekAet EE S Bl o BT 4
[1.8PNBEIAS- 1N RMHAR - hmid BEd HEASA EREF (P85, 0.74mmol, 23.0%)

as white solids.

[1-(5-Cyclopropyl-4H-[1,2 4]triazol-3-yl)-cyclopropyl]-carbamic acid benzyl ester
(220mg, 0.74mmol) was dissolved in MeOH(40mL) followed by the addition of 10%
Pd/C. The solution mixture was stirred under H, balloon for 1.5 hours. The reaction
mixture was filtered through celite. The solvent was concentrated under high vacuum
pump to afford 1-(5-Cyclopropyl-4H-[1,2,4]triazol-3-yl)-cyclopropylamine (120mg,
0.73mmol,99.1%) as off-white solids.

1-Pyridin-2-yl-cyclobutylamine
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allowed to warmto roomtenperature overnight. The

reacti on was quenched with water and extracted with
WEL@O7(48X 100 nl). The conbi ned extracts wer eP@QEEREAIS/084149

with water 3 x 50 nL), brine and dried with MgSOH.
Dorlset Na. P04¢0 Red filtered and concentrated. The

resulting crude residue was dissol ved | n 30% EtCAc in

hexanes (90 nmL) and fil tere t hr ou ob silica
gel . The filtrat _gd |ve

(1- cy eyl OW ic acid énzyl star (1.4
g, ) a a\/\hltefoa S¥o a solutio oN

(1- cya Zcycl propyl) carbarj g/ aci d benzyl r (3.7

g, 17.11 nmmol) in EtOH (40 nm.) was added

hydr oxyl am ne hydrochloride (3.6 g, 51 mol ) |amebaK2CO3
(9.5 g, 68 mmpl). The reaction m xture was hegatBadHat
reflux for 24h. The resulting white suspensiydd:Nvas
cooled to RT and concentrated under reduced pressure.

The residue was dllut wi t h T#t BCMand e d wi th
Et CAc (3 x 100 ni). conbmed—extrac vvashed
with water, brine na driéd with My SO4 || xure
was filtered, conc ated and purifi y re

phase HPLC to give
[ 1- (N- hydr oxycar bam m doyl ) - cycl opropyl]- carbamc
acid benzyl ester (0.68 g, 2.7 mmol) as a white solid.
In a‘dr}aﬂzgslﬂuudetrd%r &fﬂuoropyndme (3.18 ml, 37 mmol) and cyclobutanecarbonitrile

o By ML B Grepianl § oiptes iy TS Bfedareh Bl €. a
u@&ldcﬁQOéhﬁ|%1§(gin§e’%h§&lyl)%ml aer[FqIﬁF @Oq’ A0 .7 &QIRO}IJAS?rz{Etadded

e reaction “was dto stir at

slo’ﬂ@y BVer.S rmlne AfRE-3h @ 2lut(dd. whasmigrmediso @dheteimpdraitutdl eAfter
reacti on heated at 11GC for 20h. The resulting yell ow
anefherykIhote veastioowhediiutest with Ni.Clitaabang E@Mﬁ@daﬁrﬁdwere

seitr BTl e itieed S,  The SamBiie P Og&nwl%sﬁ'fs

w88 400 MR AR 54 a2

cydohcartaboddilanda tphle yeBsw dilempur 1I392Mby15i i ca gel
chromat ogr aphy (0-100% Et CAc i n hexanes) to give
[1-(5-trifluoronethyl-1, 2, 4-oxadi azol -3-yl) -

1B oA LPUbburSiRe R8O ile 6. DS N oSl R coBird it Purds

as"a yell ow ol
mIL)lA(:GH'I(IS IHﬁE)lmd Guﬂﬁtﬂqdc:}dl(j anl). ohhedioawgtncduydolutopnot s heapy to
]-carbam c acid benzyl ester (O. 22986 0. 67 mMmp] ) was

feﬂﬂxs Joitaydebh; the salugippivas ¢poledde FQOT%E?THEPC{ 15 aﬂipmﬁ%mf%ater

(Z(Lﬁis gr}cpﬁtmg 5 L[tl?g rﬁgrg o %eﬁa]ée%&ng g]s rﬂ{t&) ia er \gas d1sc%rded The

aqueous layer was basified to pH 4.5 - 5 with 10% NaOH and extracted with DCM (2 x
100mL). The combined organic layers were washed with brine, dried over MgSQO.,

filtered and concentrated to yield 3.28g (59%) of 1-pyridin-2-yl-cyclobutanecarboxylic
acid as pale yellow solid, m/z = 178.5 [M + 1]",

1-Pyridin-2-yl-cyclobutanecarboxylic acid (2.0g, 11.3 mmol) was combined with t-
BuOH 50 mL), Et3N (1.78 mL, 12.4 mmol) and diphenylphosphoryl azide (2.7 mL, 12.4

mmol)., The reaction was heated to reflux for 1,5h, The t-BuOH was removed in vacuo
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formation of a white precipitate. The majority of the

liquid was decanted off and the residue concentrated
waie@en7wetiuce pressure to give PCT/US2008/084149

1-(5-trifluoronethyl-1, 2, 4- oxadi azol -
DogkstiNo. 8- OvépPEpyl ani ne hydrobronide (0.19 g, 0.69

mmol ) as an orange solid.

to (iéf BOY oflcridd @prﬁdtnezl?r O DM N BamBly bikidh-Butgt eéter @w pink-

opropyl ) - but yram de rifluoro-acetic acid O Y HQ

black NHiZThe Ei@He product v s HATIUN shbseqirat Mact@insl withpiGuNhé O~
I\%rNO~ N~NH, )r OLL~~ OO To a solution of

PufIBAUeRy - 3.t ert - but oxy- 2-t ert - but oxycar bonyl ami no- but yr
ic acid (0.20 g, 0.72 mml)in DW (1 nL) was added
HATU (0.27 g, 0.72 mmol ), Et3N (0.30 nL, 2.2 mmol)

Craded 13pypiglin-2riy i yelabupll)-eaylednoip neid yéra hitpilee stiir h:d lgoi@ﬂ owiadewas

oS 5 AT TS A G AT P bion

ESHSHSE IAOE go
Thaagudaus neer wirexaadtedt wm D@M (2W5081.) Wrhd advis S aydriv dk efiepd
an concentrated to I ve

CO{lqem@tQ@n icy@r Thegupwi yﬂlwa@ dispyivechindiaterd gl @@dcmﬁmd Py
Mz(gsgrdggcgga/ e&erggplﬁﬁ% HPLCCapun 1rg]at?onav$}|uc ylefded I'gﬁr}{g of TQ' pyrldln 2-yl-
c &1&91@3:1%51 e%s%%ﬁn@idch@’éé/lggeﬁ&w RYEd) W'—nf@ Syﬂ[MGr y(§t. opr opyl

)-propyl|-car acl’d tent -butyl ster
(0.17 g, 0.45 mmol) was dissolved in DCM (1 nL) and to
this was added TFA (0.2 nL). The reaction was all owed
to stir at RT for 24h. The solvent was renoved under
reduced pressure and the residue triturated with Et20
to give (2S,3R) -2 157 WD 2009/ 070485 PCT/ US2008/ 084149
1- ¥ rtbanegylfopgl-prridiniest)-aydlopropylamine
3-tent-but oxy-N-(1-pyrimdin-2-yl-cyclopropyl)-butyram
i de trifluoro acetic acid (0.16 g, 0.45 rmol) as a
white I id.

NH MesNa N _lcPBA N _TRA_
Et N y
0=5=0
0=5=0

/

In a Biotage microwave vial was placed [1-(5-iodo-pyridin-2-yl)-cyclopropyl]-carbamic
acid tert-butyl ester (500 mg, 1.39 mmol), sodium thiomethoxide (292mg, 4.17 mmol)
and Xantphos (80mg, 0.14 mmol). The vial was flushed with Ar. 1,4-Dioxane (7.5 ml)
and Et;N (0.48 mL, 2.78 mmol) were added. Ar was bubbled through the reaction
solution for 15 minutes. Pds(dba); (65 mg, 0.07 mmol) was added and the reaction was
thermally heated to 100°C . After 8h, the reaction was transferred to a separatory funnel,
diluted with saturated NaHCO; and brine, and extracted with EtOAc (2x 50mL). The

combined organic layers were dried, filtered and evaporated to give a black oil. Flash
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[ 1-(5-Acetyl -pyridin-2-yl)-cycl opropyl]-carbamc acid

tert-butyl ester NY- ~o NHNH +Sn Nr 0~ 10 To
W(aZ(S)O,IOIZ[MBS)n of PCT/US2008/084149

5-1 odo- pyri di n-2-yl)-cycl opropyl]-carbamc acid

chb‘?tt %Q9W4£§€Er (100 ng, 0.278 mmol) in anhydrous

DVF (1 rrL) vvas added tributyl -(1-ethoxy-vinyl)-
ch&hﬁa’fﬁ%{[}ﬂa lQfcad-106 MESHTHWOM] pikldedv8gorby of [1-(3-

t et r aki se’t ri phenyl phosphane) pal | E‘:ldl um (O)rﬁg [ (
methyd@tanytedyyidinthel) raystopropy M srbgmicr acetitertbutyd @st@ amdbrk @h

at nosphere of argon. After 16h, pyridinium

p-t ol uenesul fonate (77.0 ng, 0.306 nmol) was added
[1-83-00ghyMulfanyl GypidinL2- 2f) ¥61 blop ANdabh@icdckd tftSurysster (150 mg,

he

stirred at rt for reaction was diluted with 10
0.5 mmbl) ¥oslisbelrédind2CM (Amdl)wad meshlproperbenapmc &¢1cHt2®3\mgg 81

kT g A B 85 N
2.%%9%1%}%%5&&d’ aid tlYeaI‘Eé{f?l()E &Q@ Sk i’&%"‘ﬁ%&?&ﬁ%ﬂé%ﬂuﬁngs’ @l}t’ered and

romat ogr aph ota e S

th&eéiﬁ%a&h@é‘l@dl WithE)aMesH ih @(Q‘VIV &ht higtratd wheconogpatsddo gild
yell ow solid (74.7 97% . Preparation of

14& mtgrﬁf%%) T kli(ﬁpyéthme@lmlfpnzl-wndaW+>é)o¢>@b3ptrqpym cerbange aqid gert-
trifl 158 WO
bu@h)é%?%@z?é%yyﬁ L@%b@%’!? oéﬁﬁgﬁ:bﬁ)ﬂket No. 09-0446 PCT

/11 Br NNN.N OBr BrHIOO HZNOOH 40 AN O 4 QO

HN H O N
[1-(5-Methanesulfonyl-pyridin-2-yl)-cyclopropyl]-carbamic acid tert-butyl ester (148 mg,

0.47 mmol) was dissolved in DCM (4 mL). TFA (2 mL) was added dropwise. After 4h,

the reaction was concentrated in-vacuo to yield 250 mg of crude 1-(5-methanesulfonyl-
pyridin-2-yl)-cyclopropylamine as a TFA salt (dark oil), m/z =213.3 [M + 1]*. The

product was used in subsequent reactions without further purification.

2-(1-amino-cyclopropyl)-oxazole-4-carboxylic acid amide hydrobromide

Q
Q HATU, Et,N f \Q ] o
e ——— N 0. + Br
HOJXN\H/O A HzN)k \n/ ~ .
) 4 3 0 6}

P~ N o} -
ey IR e
o}
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ZOOHO //-\\ r/ -\\ NNNNNNN 10 HN HN N
~11 4ONk NH2 N7( N H O O LLL~~~ A suspension
w@b009/07@83 no-y' butyrol act one hydrobrom de i n BOT/%s14B8/084149
in HOAc was heated at 100 Cin a sealed tube for 5

DaghstdNo. Phd446 REUr e was concentrated to give a white
solid that was washed with Et20 to provide 23.1 g
(64% of 2-am no-4-brono-butyric acid hydrobrom de.
Acetyl chloride (61 ni, 860 nmol) was added dropw se
to 200 nL of MeOH at O T. The mxture was stirred at

T R 41 ol o R AR 3 AT

mmsg inDKRUB3Ee 19 Sy atddddATVEN NB Gho 8 Rthd1PARERLN &4 8¢hL, 29.8

The residue was washed with Et20 to provide 23.5 g
mrig295he phixivse Wed allpwed t@sty-ap ream tgopbiatuye &or @0 min, then ammonium

hydrochl ori de. A uti of 27.79 (330. of .
RS ele 96 &5@8% %ﬁgm@e@ vrb%e_ypoata%%h% gragipnvey

: r : :

kS SATRLLII i3y R0 ) g, B, s (P
andrexttdéted WIESE@RcEXX 100 mi D OThe tconbiicad b tsaikete Stakicdedth satd

overni ght. N, N-di et hyl propane-1, 3-diam ne (5 nL) was
Naft{d & waisT, tbhiae andcdrindeyitaMgSS: i Thei migtwiwas biered aebthe splvent

20 mn.. T ] Xt ure s diluted with  water t
rerQierat B (s bam i BpaRs Sramiac L2 et (g it

j LM NaHSO4, and brine, and then conbi ned,

m[ﬁégl? gsd%hﬁso&é'Zsm, filtered, and concentrated to

provide 21.5 g (88% of

4- br onp- 2-t ert - but oxycar bonyl am no-butyric acid nethyl

ester as a white solid. To a solution of 0.87 g (8.4

mol ) of 2-chloroimdazole in 14 nL of DVF was added

0.40 g (10 mmol ) of 60% NaH in mneral oil. After 20
Torsi selugion of [ I-eqrbagnoyd-cuclgpropylicarhynic acriggnzyl ester (3.0 g, 8.1 mmol)

in THF (100 mL) was added NaHCOs (9.7 g, 120 mmol) and 3-bromo-2-o0xo-propionic
acid ethyl ester (8.1 mL, 64.0 mmol). The reaction was heated at 70C for 15h. The
resulting orange suspension was filtered through celite and concentrated under reduced
pressure. The resulting orange oil was dissolved in THF (10 mL) and to this was added
trifluoroacetic anhydride (1 mL). The mixture was stirred at room temperature for 24h.
The reaction was quenched with satd NaHCO3 and extracted with EtOAc (3 x 50 mL).
The combined extracts were washed with water, brine and dried with MgSO,. The
mixture was filtered, concentrated and purified by reverse phase HPLC. The combined
HPLC fractions were extracted with EtOAc (3 x 100 mL). The extracts were washed with
water, brine and dried with MgSO,4. The mixture was filtered and concentrated to give 2-
(1-benzyloxycarbonylamino-cyclopropyl)-oxazole-4-carboxylic acid ethyl ester (1.3g, 3.9

mmol) as a white solid.
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PCT of 4-bronp-2-tert-butoxycarbonyl am no-butyric acid
woreaobpbosester in 5 nL of DMF was added. The rPeEm/USING/084149

m xture was heated to 80 C for 1 h. The m xture was
Dagk¢tNe @9 WhPCEt OAc (150 nL), washed with water,

brine, dried over MgS04, filtered, and concentrated.
2-(ThBenk @15k fHacbonRIamdy-ycl éﬂa@(ﬁmcaam I O ReRY! dsfr a4

(I\/é ﬁ WCHZ?:?Z to)frcg)gollglg)z 1 7806F§l 4 0t
g b 3tnsn®19 las dig mimdbo rTﬁFe(rﬂ) md-)4nd t<2§h3 aotutm otas 2dddd-2N NaOH

ut y ! I(gmran%i Tﬂeml ture %vsats ?mitedA atr%%t 0{ %ho&hg m%?tul% vsa:lé 'ngutralized
e A e

waRedOviffWhtkr, 0find MddriedNABHMigS O, SThemiigfhr@ivaSQltdeed @1d 60
mn The m xture was cooled to rt and washed wi th Et OAc
cogicenratedto givg 2-(Ibengyloapigarkanytianinoreyqiepropyl hoxazele-Bearsylic

extracte ith EtQAc (3x) and the
aC@Qﬁgg‘I&@v% ‘HOW@% asnri ne, then dried with
Na2SsO4, fil tered and concentrated to provide 0.42 g

87% of
To(@ &01;%1011 o6 2-d k-peraytrangarben yhgnino-tydogopyl)-gzragolept-garboxylic acid

0302 56 piuiep MBS el 115 P F0F w66 B sy
(0.?_? g’yozrlg H{HQQI)I Agnmoﬂlu z]yﬁm%opy a?nrQE]é; Wgszthﬁﬂﬁdd\éﬁﬁ @Eﬁg géjact(lon

din-2-yl-cy droch or i

veswg], sefle@ AT hermixjurd th oved dogOEEIENH OTHe mehctio whd aliomdd) to cool
and HATU (211 55 nmol ). The m xture was stirred

to gont @w&a@m)wgf? hwi Wigh water. Theenixfuge waseextiggied with ft@de 3 x

h
10f ) g i co PPy et WeE v TTeh Fos BRG SR A5l
MESO Nehé %1£%ul%gv£tfl)ltere‘arah§ go&%ﬁt’iaté\@t%%e [fll(mcﬁfb‘ﬁﬂloyﬁ&@zol 2-yl)-

concentrated I n vacuo to yield crud
cy¢lépropylpyarbamdiacidbeytyl eytet ((ﬁ)piﬁcg)jbl%qmnbla_rmyl ) - 3-
1,2,3-triazol-2-yl-propyl]-carbamc acid tert-butyl
ester. The product was not purified and was used in
1- ({&L@ﬁ%ﬁ@%xﬁﬂqtylp&%ﬁ@yﬂ c%ﬁia%& ad ﬁénztyh@ster §0 145 0, 47
1- (1- pyri mdi n-"2-yl - cycl opr opyl - car banmdyl )
mm«aiz (wlas Ql-sgdlvedpn Gﬁ%l H[Blclarabam zr(:l(h(GlOinL)amd- dlotvgd tegir eat room
n%é nmol was_ added TFA
ter{lmure r 301m85 Thﬁmlytloah\aa&dﬁ@t% WuE Ovsgltigiin fhepregipitagion

of a %Vhlt% IgolldTa'ﬁ rrﬂai% ! 6t t‘ﬁ@ﬁqulﬁ%ﬁ% QBLN LG 10 @@L RPuted

un&r&éﬂlﬁ@d Prebshrddhé Fathriat waytrea€adGhi@PEOOYhA céicentrated again to
1,2,3-triazol-2-yl-butyram de trifluoroacetate. The

givtei 2-(leantionqegelnpkopp$-oxiazet-4-narboxylic acid amide hydrobromide (0.11 g,

0.44 mmol) as an orange solid.

1-(5-Trifluoromethyl-1,2.4-oxadiazol-3-yl)-cyclopropylamine hydrobromide
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subsequent reactions w thout further purification. 160
WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446

w@an9/H70483 no- cycl opr opanecar boxylic acid PCT/US2008/084149
4-pyrrolidin-1- ylnethyl pyridin-2-yl)-
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To a 0C solution of (1-carbamoyl-cyclopropyl)-carbamic acid benzyl ester (1.8 g, 7.7
mmol) in DMF (20 mL) was added cyanuric chloride in one portion. The reaction was
allowed to warm to room temperature overnight. The reaction was quenched with water
and extracted with EtOAc (3x 100 mL). The combined extracts were washed with water
(3 x 50 mL), brine and dried with MgSO.. The mixture was filtered and concentrated.
The resulting crude residue was dissolved in 30% EtOAc in hexanes (90 mL) and filtered
through a plug of silica gel. The filtrate was concentrated to give (1-cyano-cyclopropyl)-

carbamic acid benzyl ester (1.4 g, 6.5 mmol) as a white foam.,

To a solution of (1-cyano-cyclopropyl)-carbamic acid benzyl ester (3.7 g, 17.11 mmol) in
EtOH (40 mL) was added hydroxylamine hydrochloride (3.6 g, 51 mmol) and K,CO;
(9.5 g, 68 mmol). The reaction mixture was heated at reflux for 24h. The resulting white
suspension was cooled to RT and concentrated under reduced pressure. The residue was
diluted with water and extracted with EtOAc (3 x 100 mL). The combined extracts were
washed with water, brine and dried with MgSO,. The mixture was filtered, concentrated
and purified by reverse phase HPLC to give [1-(N-hydroxycarbamimidoyl)-cyclopropyl]-

carbamic acid benzyl ester (0.68 g, 2.7 mmol) as a white solid.

To a solution of [1-(N-hydroxycarbamimidoyl)-cyclopropyl]-carbamic acid benzyl ester
(0.30 g, 1.0 mmol) in dioxane (10 mL) was added Et;N (0.33 mL, 2.4 mmol) and TFAA
(0.14 mL, 1.0 mmol). The reaction was allowed to stir at RT for 30 min, then BF;-OEt,
(0.4 mL) was added and the reaction heated at 110C for 20h. The resulting yellow
solution was cooled to RT, diluted with water and extracted with EtOAc (3 x 100 mL).

The combined extracts were washed with water, brine and dried with MgSO,. The
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10 . %Pd/CNH~ MOHN I / N
1- Benzyl oxycar bonyl am no- cycl opr opanecar boxylic acid
W@ 20025610485 5. 316 mmol ) and HATU (2.527 g, 6. CEGT/DRINNG/084149
were dissolved in dry DM (15 nL) and stirred for 5
Dagket No. PRi0446BCiit i on was added to the sol ution of
[ 2- (1- Am no-cycl opropyl ) -pyridin-4- vyl met hyI] carbam c
miR@khw i efilter@l) t¥tceRited addthSredidud Buedl b eDc}ﬁbrYlat@%ﬁ phy
(5 m). TEA (2.2 nL, 16 mmol) was then ad d and
(041 066 thtanc wabexangsy tcegivetl tSGtotﬁhutJ@nwéryétldréeoXadtazomryht n.

he r on was, .di | ted 450 t hen
CY&EW&PQ?‘& niccidbpe esterz ﬁepfgli as W"%Wf? o
separation of the |ayers, the m xture was baS|f|ed

with saturated NaHCO8 (140 nL) to pH 8.5. Layers were
[l paflacremethyhé, gk @@dla@olthyléfcywagrowl arthemions zyliestar

O B L AT B
LR SoR By T S PR iRl U e

fomtaadn eNd white plfeéxptt@telTMajgn@fofttilel{qludlﬁis Bt 0S8 @H@&BS
PCT/ US2008/ 084149 Docket No. 09-0446 PCT

resl[ichm(cpecfelntrm% ondee sdvenpiic s afo-ginst h(-riflygromithyl g %A-ansilg'ﬁazol-
0BT B TR b QR Y RO e ™

1, 4-di oxane (15 nL) was added to (1-{ 1- [4 (tert-
But oxycar bonyl am no- net hyl ) i di n-2-y
(5.8 chmom-c by N1 kiR slopusios bt
tﬂP ‘ﬁ steh(l 403 g, 2.92 mmol ). The resultant
“ ?"@‘S\égallowedto stir at RT for 6 h. The
m xture was concentrated to afford a |ight brown
solid. This solid was washed vvlth di et hyl ether and
dried in vac to afford127lgof { 1-[1-(4-

ﬁgtﬁonet hyl 1&rldl n- 2- opraapyl.ca banDyI @ycl*cbp
[;:dt N 2(b*ﬁrtbam e %bﬁﬁ%—y sfler: d,IJJ\ r CN S
{1- [1 (4 Ani n@rret hyl - pyri di n- yIO) cycl opropyl car bam)y
I']-cycl opropyl }-carbam c aci d benzyl ester

di hydrochl oride (200 ng, 0.441 mol) was dissolved in
Tody 1dalvh of B2913R)-3-rert-butoxy-2-tert-butoxycarbonylamino-butyric acid (0.20 g,

0.72 mmol)in DMF (1 mL) was added HATU (0.27 g, 0.72 mmol), Et;N (0.30 mL, 2.2

2

mmol) and 1-pyrimidin-2-yl-cyclopropylamine dihydrochloride (0.15 g, 0.72 mmoL).
The reaction was allowed to stir at RT for 24h. The mixture was diluted with water and
extracted with EtOAc (3 x 50 mL). The combined extracts were washed with satd
NaHCOs, 2N HCI, water and brine. The solution was dried with MgSO,, filtered and
concentrated to give [(1S,2R)-2-rert-butoxy-1-(1-pyrimidin-2-yl-cyclopropylcarbamoyl)-
propyl]-carbamic acid terz-butyl ester (0.23 g, 0.59 mmol).

[(1S,2R)-2-tert-butoxy-1-(1-pyrimidin-2-yl-cyclopropylcarbamoyl)-propyl]-carbamic
acid rerr-butyl ester (0.17 g, 0.45 mmol) was dissolved in DCM (1 mL) and to this was
added TFA (0.2 mL). The reaction was allowed to stir at RT for 24h. The solvent was

removed under reduced pressure and the residue triturated with Et;O to give (25,3R)-2-
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1, 4- Di br onobut ane (0.264 nL, 2.206 nmol) was added

foll owed by Na2C03 (0.234 g, 2.206 mmol). The
WO e@on7@ss m xture was heated at 80 C in a m crp@BEUS2008/084149

reactor for 20 mn. The reaction mxture was dil uted
DogketiNov@BNH@PeL) and water (1 nml) and filtered. The

resul tant crude product was purified by mass triggered
arrh&i\@té#ﬁbﬁlﬁx YoyriMa @ it §iclopfoplybufradide hliflidRo-aédieradid

7 nmg of %AB(? 4- PyrrZA?al %kn 1pglhmstg}{1yl pyri di n- 2-

(0)]!6}5 Q:%hmpﬂ)cqs;alwlatdmhdyl ] -cycl opropyl }-carbanic acid

benzyl ester. In a 100 nL one neck round bottom fl ask,

{ 1-[1-(4-Pyrrolidin-1-yl methyl -pyridin-2-yl)-
[1£5.alceT-ppdilimal- ZEJES’Mbi)r HL&BMlﬁié'a}crd?t@ftﬂﬂﬂlees@@l d

benzy ester 7 ng, O 54 mmol was di ssolved in

MeOH (10 nli). 10 .% Pd/ C (15 rrg) was t hen added.

Ni t rogen gas vvas bubbl ed t hrough the su nsi on for

10 m n. The rea on fI a k was evacuat ed t hen

filled with dhis ng process wé’%/pepeat ed

twi ce and then It he reatlon was al | oyedyto stir for

16 h under atm ..l The reactiqn Xture was

filtered thrg cdliteN The filtrat S
vacuo/traJ fford 39.3 f the title

h

concentrat ed) i )
conpound as a#white sqglid. The foll owihg conpound was

prepared using simlar procedures as cri bed above:
162 WD 2009/ 070485 PCT/ US2008/ 084149 ~Docket No.
09- 0446 PCT 1- Am no-cycl opropanecar boxylic acid
[ 1- (4- nor pholin-4-yl et hyl - pyridin-2-yl)-
Tomysolusion op /1-{5- db-geridins2- pi)-c ¢l oprop -t drbamis-apldeerybatyl ester (100

mgg éﬁﬂ@ %ﬁﬁélbm af ﬁay@b‘ﬁﬁﬁﬁi@%m@@wﬁ Bgﬂ%ﬁéﬁ@yﬁ
sagfiriodn Bt o mi BPvaf 87 e yyieh bRB e Rtium 0

(3watr 0.039hma).) Thefhirurelwas strRd.af 100 °Clurf@r Ahtnowgiferd Sfeingon.
added in four equal portions over 20 mn. The

Aftesd6h.i paridwagn B9 u@:@&ulfmateﬂm argd Ot3e mnagl) waedlded alpog with

Qo rat.ure.
0. § mL o? wa er an the mixture was s%rred at rt for 1h. The reaction was diluted with 10

mL of 10% citric acid and was extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine, dried over MgSO,, filtered, and concentrated in
vacuo. The product was purified by column chromatography (10 g biotage SNAP
column, 5-40% EtOAc in hexanes) to give the title compound as a yellow solid (74.7 mg,
97%).

Preparation of 2-Amino-N-(1-pyrimidin-2-yl-cyclopropyl)-4-1,2,3-triazol-2-yl-butyramide
trifluoroacetate:
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reaction mxture was filtered through di at omaceous
earth and the filtrate was concentrated in vacuo.
waedvglo7aset ate (300 nli) and water (300 nL) werBCHUSEAS/084149
and the mxture was again filtered through
DagkeitNmBBd4dePedrt h. The | ayers were separated, and
t he aqueous | ayer was further extracted with ethyl
acetate (350 nL). The conbined organics were washe
with 500 nL of brine, dried over Na2SO4, filtered, u
congentrated tg'afford 56.4 g of the title conpound
4 A biown solldl.~n /z 180.2 [|[M:i] +[ This material ovva
203ed Owirtheut _anyof urther pdryfhgatiBn. —
[ (R~ 1- (3, 5N ghl or o- 4- f | uor o- phe IcarbanDy %tH&
carbamic acid tert-butyl ester: | HO F O Y N OHCI
Cl C OO0/ F NWIi-BuOCOClI O N - ~K'( NHTHEOHCI
z 163 WD 2009/ 070485 PCT/ U82008/ M49 Docket No.
09- 0446 PCT $Qq§ cooled (-20 O qh tion of

—(Re2-tert- but;xycar onylameno- p ioni ¢ CI d (57.2 g,

302 ) Qi n{anhydious THE (582 )vaa apided
tggt 4.9 nL, 3 at arateto
keep the i Merha enperature at Isobutyl

chloroformate (42.0 nL, 317 rmol) vvas t hen added over
a 20 mn period and the resulting mxture was stirred

for 30 mn. A solution of
A gispengjoppf @(r%mmfvrhyl&fr@lﬂﬁﬁ%wdé?hrﬁ@ld@sa 30 %HBg UQH%SWS heated

E (1 added. over
at JT i M end St Sicontpitedio P8 g e sota
that Yab wadie WiBAGLH @pBy ik QB 8 g/\flga%f) bt D@ @-Bﬂ)mo -butyric acid
concentrated in vacuo e resulting oil was” added
hydfetkdn(i2®0 L) and the sol ution was concentrated to
provide the title conpound as a tan colored solid,
nilz 295.3 [Mt-Bu]+. This material was used without

Acfe%’l Elﬁl@ﬁd@(‘g‘i 'rﬁl\ll'j ‘8%0 grﬁigel) yas adde:(Air dllgolpwwe to 280 le of MeOH at 0 °C. The
mlxtﬂle: was StlI’I‘Cg at roE)m tempé:rgltureofro? 30 -rmn ua?lcri %-ZFS) ge(r1]>2/4 znrr?orl)ogfl 202?312?0 4-
bromo-butyric acid hydrobromide was added. The mixture was stirred overnight and
concentrated. The residue was washed with Et,O to provide 23.5 g (82%) of methyl 4-
bromo-2-amino-butyrate hydrochloride. A solution of 27.7g (330 mmol) of NaHCOs3 in
100 mL of water was slowly added to 19.2 g (82.5 mmol) of this material along with 21.6
£ (99.0 mmol) of Boc,0 in 140mL of 1,4-dioxane at 0 °C ,. The mixture was warmed to
room temperature and stirred overnight. N,N-dimethylpropane-1,3-diamine (5 mL) was
added to the mixture, and stirring was continued for 20 min. The mixture was diluted with
water then extracted twice with EtOAc. The extracts were washed with water, 1M
NaHSO,, and brine, and then combined, dried with Na,SOy, filtered, and concentrated to
provide 21.5 g (88%) of 4-bromo-2-tert-butoxycarbonylamino-butyric acid methyl ester as

a white solid.

To a solution of 0.87 g (8.4 mmol) of 2-chloroimidazole in 14 mL of DMF was added
0.40 g (10 mmol) of 60% NaH in mineral oil. After 20 min of stirring, 2.5 g (8.4 mmol)
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& ad OFHA O, FON'JANC MOH2NANIT C 10
To a solution of hydrochloric acid (12 M 266 nL, 3.19
woredop/oraasmvat er (272 nl) and MOH (135 nl) wasPeEmUszHOf084149
solution of crude [(R)-1-(3,5-dichloro-4-fluoro-
Daghketr¥a. 0810846rB¢T) - et hyl ] - carbamic acid tert-butyl ester
(208.6 g, max. 594 mmol) in MOH (600 nL) via an

of adglbrhb-Qlre bR OV adIndrbityri B EHRHyBBferTh s MIBSf DVEWas

added and the reaction mxfure was stirred at room
addesinibbe renctrom romeraivghheatetifo 84 8€tf®roln1aIThpmm1t<tum1wa&3dﬂuH@| with

Etééf: %%?ﬁw%dﬁv agtgre 38 IF@”EE‘:S: HEE Tiered % e\o/led
cop Bt IS SR L PR B S RpATe

CHRCI2 e pasidded 2.08 (P69 NetQrerstitlibityc@Bol IR KB A E D BStriaQ-y1-
m), which was added at a rate to keep the internal
bUtYélﬁﬁélﬁanﬂﬁhxéeBI@f ow 25 C. The layers were separated and
the aqueous | ayer was extracted wth toluene (2x1 Q
The conbi ned organic |layers were dried with Na2SO4 and

A sipneef 030ed 1 16angib ef 258+-Buox gartidaglatrind- $~1QQ3¥QI21LZG10|2 -§5
a dark brown oil that solidifies slowy inth

bufyrie @gidmetiyl estesin, 110 mqﬂ]MeOH id §.0¢mlu R0 mmé)r ¢fa3|M wadN aOH is

B o o S  dhe ETOS o
ml(gz %féﬁb@% t{n?rtﬁe Btk I\x/?ﬁh(ﬁﬂl Prd] R Rreds Edtierea v@@ﬁ?}w&c "(3x)

-tr uor o-
andidfeteytr)em :rfed\azlqudl \dllmbrfﬂﬁeot‘]ﬁn dfikd with NaCs 04 Hilpiradahstehyde
I /| Et3N, TFAA ~ ~ ~N H2ZN N\ C toluene, 50 C
copquixptey toqung)@Z 28y ‘fgtoﬁ @fqt tmtgyyeanbonylamino-4-1,2, 3 triazol-2- -yl-

butyric acid as a white solid.

To a solution of the 2-tert-butoxycarbonylamino-4-1,2,3-triazol-2-yl-butyric acid (0.1 g,
0.37 mmol) in DMF (2 mL) was added 1-pyrimidin-2-yl-cyclopropylamine
dihydrochloride (50 mg, 0.24 mmol) followed by Et;N (0.1 ml, 0.74 mmol) and HATU
(211mg, 0.55 mmol). The mixture was stirred at room temperature for 1h. The mixture
was diluted with water and EtOAc. The layers were separated and the organic layer was
washed with water (3 x 30 mL), brine (2 x 30 mL), dried over MgSQ,, filtered, and
concentrated in vacuo to yield crude [1-(1-pyrimidin-2-yl-cyclopropyl-carbamoyl)-3-
1,2,3-triazol-2-yl-propyl]-carbamic acid rerz-butyl ester. The product was not purified

and was used in subsequent reactions.

To a solution of the [1-(1-pyrimidin-2-yl-cyclopropyl-carbamoyl)-3-1,2,3-triazol-2-yl-
propyl]-carbamic acid tert-butyl ester (143 mg, 0.37 mmol) in CHxCl» (5 mL) was added
TFA (0.14 mL, 1.85 mmol) and the mixture was stirred at rt for 2h. The mixture was
concentrated in vacuo and 106 mg of crude 2-amino-N-(1-pyrimidin-2-yl-cyclopropyl)-4-
1,2,3-triazol-2-yl-butyramide trifluoroacetate. The title compound was used in

subsequent reactions without further purification.
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To a solution of
(R)-2-am no- N- (3, 5-di chl oro-4-fl uoro-phenyl) - propi onam
WO d@9010485 1 g crude, nax 594 mmol) in tol uenePCTUS2008/)84149
at 40 C, was added pival al dehyde (67.1 niL, 618 mmol)

Dacketd¥e 0pO¥€6 BET The reaction was stirred at 50 C for
22 h and then all volatiles were renoved in vacuo to
give a viscous brown oil. Hexane (500 nlL) was added
and the resulting suspension was stirred at room
1-Aminpecyd aprepdrecad@xphicacid ble (4ap yarakidinviaginfeth il ayeidin-2yd)-
t he soll ds, rinsed with cold hexane. The filtrate was
cyelopropytramide: i n vacuo and reprocessed in a sinilar
manner to obtain additional precipitate. The remmining
filtaate was diluted with hexane until a bl acka
sepgj\at ed fromth Huti on. The hexane | ayer vaaQ/\©
deyanoed @o this plack oil and HA‘I:ent r at

0 . T est duey"was [e-di ssol veg in war j et hyl
(300 L) and. stlor&d _od_t he freezer for'1.5 h
r which tine crystal jﬁr wt h was observ The
solids were filtered, an

the filtrate repgog ss}'\d;d %

a simlar manner to obtain additional crys A \gd
of the collected, solids were conbined to give 11

of

(2S,5R)-2-ter tiNbu®yl @ 3, 5-di chl oro-4-fl uoro- bllgn ) -

5-met hyl -i nD I i di h#4-0ne as a tan solid.
solydt i on of t'_‘{' solid in tozhﬁéﬁ@(%@ )
added*tri yamne(735rd_.J_2_7_ﬂnDI) [

portion. I uoroaceti c anhydnide, (58. 6 ;
mol ) vvas ided toﬁ{he reacti onpya xt ure ov ol h { a
rate to ke %rnal tenperature bel he

reaction mxture was stirred at O Cfor 1 h
warmed to 20 C over 1 h. The m xture was then cool ed
to 10 C and wateff¢1.2 L) was added. The layers were
separated and Qﬁ@r gani ¢ |l ayer was washed with water
(1 w2 ka/@nd 0.6 L). The conbi ned aqueous | ayers
weMeOxt r act with toluene (0.6 Q The conbined
organi C | ayefsxyer ried over MgSO4 and concentrat ed
[ [ @4 g of the title conpound as a
tan solid, m [ MFMeCN+H] +. 165 WD 2009/ 070485
CT/ Us20 8/0 4149

K . -
e e B TR ERIEE e
HATU?Z 7 52 %3@ 643 rﬂ%@l’) Fretedidsolved in er DMF (15 mL]) and stirred for 5 min.

tri acetyl)-imdazolidin
Thisseheionivtas dded té-the soltkioftbf Bj’(l@kmﬁlo cyclopropyl) pyridin-4-

ylmethyl]-carbamic acid fert-butyl ester (2.8 g, 10.633 mmol) in dry DMF (5 mL). TEA

(2.2 mL, 16 mmol) was then added and the reaction was stirred at room temperature for
25 min. The reaction was diluted with EtOAc (450 mL) and then acidified with 1N HC]
(20 mL) to pH 1. Without separation of the layers, the mixture was basified with
saturated NaHCO3 (140 mL) to pH 8.5. Layers were separated. The organic layer was
further washed with water (3x350 mL). The organics was dried with anhydrous Na,SQO,,
filtered, and concentrated to afford 3.73 g of the crude product which was purified by
Biotage flash column using 0-2% MeOH/DCM as the gradient to afford 1.447 g of (1-{1-
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CNNOLIHMDS NO NTHEN O, FOF FFFFToa
sol ution of
W@ 28095Ru82- t ert - but yl - 3- (3, 5-di chl or o- 4- f | uor oP@hER300§/684149
5-nethy|-|-é2,2,2-
Dack¢tiNa,0P-944@BEY1 ) - i mi dazol i di n-4-one (158.4 g, 0.382
nmol ) in anhydrous THE (382 nlL) wunder a nitrogen

4 e FIOSABBcBbBA ylaB tholn B )- f-28y1 50yl prepy1&irb dai dyiMDS
[?ltf. 0 Mbbi%{g THFy,al 481 anﬁ) 8?1%1 an{)f)@i’ovpé%SO mn.” The

cy¢lnprepyiak:arban1¢euc'aitb¢neylieistclr sadeght bwwnFog@nover the
course of this addition. Stirring was continued at
this tenperature for an additional hour. The reaction

.ed 10 = 5t 1 4r.eyanobenzyl
A giriofc}n&gg&@%_lszt %1?’9%%@%%“?9 ﬁ%&égﬁﬁﬁﬁgﬁg e (400 ni)
BuV@@czﬂﬁ@i@KﬂarﬁMsfm&l@lﬁbyﬁdiﬂiﬂ%lll-@&mﬁr@?'ldaﬂmﬁﬁygtqkﬁ)prdﬁg-
increased to O C over the course of the addition.
caibainar dcithbanayl esontli. Hlderd 2198rmmolh. Theirpsaltanttnaixpiseoes dpwedgo
.al | d to rmto 10 C. To the reacti.on.m xture was ..
i FEloC G T BERIE s SRR 86 STORp R S HodT solid
: nd
AL erhd AR B oNP R BRSO
Artinoiithedpaidiediye)-¢y@iopre ylcatamosh icgtlopiop il } Maibarhicmid benzyl
concentrated in vacuo to give 214.2 g of the title
estedtgvidrrghlosis agidesalsi br own solid, mz 571.3 [ MEMeCN+H] +.
(R) - 2- (4- Cyano- phenyl ) -1-(3, 5-di chl oro-4-fl uor o- phenyl
car banoyl ) - 1- et hyl - et hyl - ammoni um

OB AT OIS oy g i
bef@lyl &steri dihyBinddhBNGE!(200atl) (F44THRmoD was Aissdhved iN doy DIMA KECinL).
1,45—Bibcr:omobutane (0.264 mL, 2.206 mmol) was added followed by Na2CO3 (0.234 g,
2.206 mmol). The reaction mixture was heated at 80 °C in a microwave reactor for 20
min. The reaction mixture was diluted with MeCN (4 mL) and water (1 mL) and filtered.
The resultant crude product was purified by mass triggered LCMS using 5-35%
MeCN/water as the gradient to afford 67 mg of {1-[1-(4-Pyrrolidin-1-ylmethyl-pyridin-2-

yl)-cyclopropylcarbamoyl]-cyclopropyl }-carbamic acid benzyl ester.

In a 100 mL one neck round bottom flask, {1-[1-(4-Pyrrolidin-1-ylmethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl }-carbamic acid benzyl ester (67 mg, 0.154 mmol)
was dissolved in MeOH (10 mL). 10 Wt.% Pd/C (15 mg) was then added. Nitrogen gas
was bubbled through the suspension for 10 min. The reaction flask was evacuated and
then filled with H,. This purging process was repeated twice and then the reaction was
allowed to stir for 16 h under H, (1 atm).. The reaction mixture was filtered through
celite. The filtrate was concentrated in vacuo to afford 39.3 mg of the title compound as a

white solid.

The following compound was prepared using similar procedures as described above:
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N 2. pTsOH MeCNOHNO 60CF.,,.N FFHN\ To a
sol ution of

W@ 2000AR44R) - 2-tert - butyl -1 - (3, 5-di chl or 0- 4- f | uPECDURIVESIY84149

met hyl - 5-

D%L@N}l 09-0246PET £ | uor o- acet yl ) -i mi dazol i di n-4-yl met hyl
]-benzonitrile (121.3 g, 228.7 mol) in THE (457 nl)

1-Bfnird- fopasktathoR Ml ARUEAUS-rBEpHS 1P yRhet ﬁﬁ@ﬂz 0
wt % ﬁnlb%atpgr 135§/1 m., p:lﬁ %pmm yo egﬁgﬁ, L

cy¢lopropylbdmile aqueous NaOH (50 wt % 21 5 ni, 407 4
mmol ). Both reagents were added at a rate suffici ent
to keep the internal tenperature at 0 C. The reaction
m xture was stirred at this tenperature for 6.5 h. HCl
sol ution éh?N 234 nL, 1.40 nol) was then added to the

3,5-Bichlror-fiorocphenglamine:at e sufficient to keep the
internal tenperature below 15 T. The reaction was
heated to 50 C and stirred at this tenperature for
1.5 h. A portion of the solvent. (--350fnL) was
renoved i n vacuo af €12 g g added. The
m xture was cool ed i nice’ an NaCH sol uti on
(2N) was added at a e to Ne@¥p the ryernal
tenperature below 20n§ until the pH oknaqueous |ayer
reached 14. The nixture was transferred to a
separatory funnel using CH2C12 and H2O to ensure the
transfer all of the solid material. The |ayers were
separated and the aqueous |ayer was extracted with

To\%%ﬁé%n Q)g)fgocgc}n%r)o 2- ﬂl]—(t}g—(SQﬂ[fQ 1pB n9 'ﬂaipé 034b 15lgisnvd\§,£tﬁanol

once wth brine | ed”w
(1.8Mm9 waie additarsalugidn ioNa Mo bt fbrrgatb! 61%)32 8 2936(1‘?101@1 in water (300
red/ bl ack viscous oil. This material was dissolved in

mII\)b @W@@O@ﬁﬂ)g éﬁlé e awagthen a@t@dd:n {diur hqusd pergipgever 20 min.
.uen es r at 50.1 263 I
TS et LB R e PRSI ESS P sfhps e TR )

reafCQBﬂnmxtﬁ‘éqﬂ/ats 'fﬂ’t@%'d tﬁ@%‘l &13@91&1@&%8 Wetth ﬁﬁilC{ﬁé‘jflﬁf&@é Wisxt ure

was filtered to col t the solids. The | ter cake
com&hﬁdd it alu® OBxhpi acefateNBENTdN dndlwhte (300 n@L)W&ré. Bdiled and the

the title conpound as a white solid, nfz 366.6 [M +.
mizEre WO eudilsralsmusttiatgasesrssauh.4 She ppk eragsparated, and

theoaqueous(iayer was further extracted with ethyl acetate (350 mL). The combined
organics were washed with 500 mL of brine, dried over Na,SO,, filtered, and
concentrated to afford 56.4 g of the title compound as a brown solid, m/z 180.2 [M+H]".

This material was used without any further purification.

[(R)-1-(3,5-Dichloro-4-fluoro-phenylcarbamoyl)-ethyl]-carbamic acid tert-butyl

ester:

Y g
F O\n/N\r‘LOH cl
cl cl o) \J/ F
NMM, -BuOCOCI ‘I /@[
OTN\H‘\N ol
THF 5 H

NH

2
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(R) - 3-(4- Cyano- phenyl )-N- (3, 5-di chl oro-4-f I uor o- phenyl
)-2-[3-(2, 2-di net hoxy-

w@dvgloyo483 ei do] - 2- net hyl - propi onani de: 0, 1 O PCT/BS2008/0$4149
FOC G C C OK3P04 HN O N nethyl norpholine H

Docket No- ORt04440PGTH DMSO, 65 C -0. jN H3N. O -0 To a
sol ution of

TolaRookd (42 3@netupide BY | B)-2L eftDuboxdt £86H anifo fpképesic Bhe W2 g,
car banmoyl ) - 1- net hyl - et hyl - ammoni um

302 oln@ hm-aphgdrbfiso B €582871.)7wap, added Nanethylthorpheline (34.9 mL, 317

o BB T A e 1 RO e

. Q. [ .
e L L e R
stiéd foi 80 nfi®rA Gollitionl6re3, 3 ichlok@N-flaso-steal shiteq 522 oC36Msimol)

transferred to a separatory funnel wi th aqueous Na2CO3

in TBFwi 66 mEpwas thea addedtomacd0 B0 Oie)reaction mixtgreavasryasmad foc20
o~SYystem aft aki ng. The bottomt l.ayers re
Cbiator fn O i gian o i Weeo Rond RUR SRS Soyaaey To
. . r .
e T R M 0D oo B PR o R end e Rice
theitlet doipooiid asetah asierednralik$2A293. 1 0Mis-BepPt dhie nfateDAL wa2iked
nm) was added and the resulting slurry was stirred at
withpuidusther ppgfigationhe slurry was filtered and the solids
were washed with a 10:1 mxture of heptane/Et QAc (2 X
100 nL) to give 61.6 g of the title conmpound as a
(RM2i Aminosi(3 8 dictilarod®-luérd-phddyh-propionamide;
4-1(R) - 1-(3,5-Di chl oro-4-fl uoro-phenyl) - 3-nmet hyl - 2- oxo
-2, 3-di hydro- 1H
i m dazo[ 1, 2-a] i m dagzol - 3-yl et hyl ] - benzonitgile: 168

WD 2009/ 07/0485 PC/I@EQOOS/ 084149 i :F
e o
ON H,N
\g/ \HLH cl MeOH / H,0 \H\H cl

To a solution of hydrochloric acid (12 M, 266 mL, 3.19 mol) in water (272 mL) and
MeOH (135 mL) was added a solution of crude [(R)-1-(3,5-dichloro-4-fluoro-

phenylcarbamoyl)-ethyl]-carbamic acid tert-butyl ester (208.6 g, max. 594 mmol) in
MeOH (600 mL) via an addition funnel over 30 min. CH,CI, (300 mL) was then added
and the reaction mixture was stirred at room temperature overnight. An additional portion
of HCI (12 M, 100 mL) was added and stirring was continued for another 20 h. The
volatile solvents were removed in vacuo and the remaining aqueous mixture was cooled
to -15 to -20 °C. Toluene (400 mL) was added followed by the addition of NaOH
solution (50% aqueous, 300 mL), which was added at a rate to keep the internal
temperature below 25 °C. The layers were separated and the aqueous layer was extracted
with toluene (2x1 L). The combined organic layers were dried with Na,SO, and
concentrated to give 158.3 g of the title compound as a dark brown oil that solidifies
slowly in the freezer, m/z 251.1 [M+H]". This crude material was used without further

purification.
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Docket No. 09-0446 PCT FF C C C C i) PPh,,
CCl4, EtBANHNO MeCNH NNO _OMN ii) p-TsOH, 70 CN
\V@RMEMTMSﬂ room t enper at ure suspensi on of PCT/US2008/084149
4- cyano- phenyl ) - N- (3, 5-di chl oro-4-f1l uor o-
D%h@d\lﬂ §)9@4F@PC§ 2- di net hoxy- et hyl ) - ur ei do] - 2- net hyl - pr
opi onam de (62.6 g, 125.9 mol), PPh3 (51.98 g,
299ﬁ ﬂemmit I-3-eR5L dichB¥o (£ u 6i- ;men J0methyIopl (2,21 0t rifhieh-
( ( ) WZ.S gded CC14 ( 20. rTLyg21O HW‘P(l,) in one
img@DﬂnthOWhaétemttlon was stirred for 2 h and then
cooled to 0 C To this solution was added
p-tol uenesul fonic acid nonohydrate (37.7 g, 198.2
mmol ) and the reaction was heated at 70 C for 2 h The

vol atil gs were evaporat gd i uo, and the resy F
was i Ied Wi Ry pr egaﬂ tateEE“iT Moy QAc), OO
aive et et ™ 50 Qiubrb o oc They [@yer was renmovidyal “
thé otganic |ayer was dvmthéd"e’bus O@”g(
wt % 500 ni) and t hen aglieous Nad (3 w % 500 'nl).

Touiuiot BEL G- o 03 s g el B Dl Poignamide 149.1 ¢
crdﬁlexﬁlhﬁf @@&ﬂd&ﬁ 6 1RIAE) 41PC Mg %Qfeg ?walaldehyde (67.1 mL

hept ane: i -P was added causi ng precipitation of
618 almal) inTdme pbﬁﬁ)u:ll Thengaciourway sthasd &tS0r°Cefdr mm? aimd ¢hbit alzhndlatﬂes
then filtered. The filtrate was evaporated in vacu

wergregioyed B GEHWe BYq 2 Viveaws Srqwnpik Heéaned%(?:@%é 8@s a@deﬁl@nd the

resyfieR PR SRD Y} (PR aP VR Errphalite (o B i Bl e b fherea
ané t}fe%ﬂﬁ(‘lsqg{s@@ Bi¥th QBldeekérféaTHceifﬂuﬁ%QVa'éQe{?lc%l%@ﬂ hﬁ%&%ﬁ@ fnd

to give 48.0 ¢ the title conmpounds as a white
repmxiessd:d imi kimift Elaﬁne[r N&-bBtain additional precipitate. The remaining filtrate

4-[ (R -1-(3,5-D chl oro-4-fl uor o- phenyl ) - 5-i ado- 3- net hy
wa|s dgutgd @a@ hgxqﬂehl}ag]f blpgk oil separated from the solut1on The hexane layer

was %gﬁgeﬁ[ﬂ]o‘n%ﬂl?s] Blggkdoﬁzeﬂld c%né’énqgtteﬁ }{Il Jracgg.nﬁl%%sﬁddel Wis re-dissolved

in warm diethyl ether (300 mL) and stored in the freezer for 1.5 h over which time crystal

growth was observed. The solids were filtered, and the filtrate reprocessed in a similar
manner to obtain additional crystals. All of the collected solids were combined to give
112.2 g of (25,5R)-2-tert-butyl-3-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-imidazolidin-
4-one as a tan solid, To a solution of this solid in toluene (639 mL) at 0 °C was added
triethylamine (73.5 mL, 527 mmol) in one portion. Trifluoroacetic anhydride (58.6 mL,
422 mmol) was added to the reaction mixture over 1 h at a rate to keep the internal
temperature below 5 °C. The reaction mixture was stirred at 0 °C for 1 h and then
warmed to 20 °C over 1 h. The mixture was then cooled to 10 °C and water (1.2 L) was
added. The layers were separated and the organic layer was washed with water (1.2 L and
then 0.6 L). The combined aqueous layers were extracted with toluene (0.6 L). The
combined organic layers were dried over MgSO, and concentrated in vacuo to give 149.4

g of the title compound as a tan solid, m/z 456.4 [M+MeCN+H]".
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169 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09-0446 PCT FF Cl C O C NS, PPTSNO_NON N
WO 20000CHECI Z N N An al umi num foil covered fl asRCT/US2008/084149
containing a solution of
Daogk¢t ). 09-0446 BCdi chl or o- 4-f | uor o-
phenyl ) - 3- net hyl - 2- oxo- 2, 3-di hydro-1H i m dazo[ 1, 2-a]im
4- ﬂ(maRbd&eMLBﬁﬁghl’J(i 5-di@ierod- ﬂnb&(ﬁpﬁéﬁl)& fhethyl-8-dxod12,2,2-

in CH2C was partially su margedln an ice
trlﬂ/aomr-adﬁmlh1mldazaliﬁlm-49¢mgthyl:]rbenaemsmlded a solid mxture

of N-iodosuccinimde (29.1 g, 129 mol) and

pyridi ni um p-tol uenesul fonate (2.95 g, 11.7 nmol) in
four separate portions over a 30 mnrperiod. The
reaction dlovvedts'r in the.tkaw ng ice bath
for 1 h and hen the® ba as renov Stirring was
conti nued ovEr ni ght. Sat urated aqueous Na2S2G3 (300

m.) was ® the realéJt'ViD%n andi/hg i%ture was
transferr d %a separ at gy ratefy funnel msf/@—l?ﬁ"m (200
m.) and wed 1 L). The layers vveloe&repa ed and the

aqueous | ayek-fwas further extracted fth CH2C12 (2 x
500 mL) andfEt OAc (500 nL). The conbined organic

I
T USRS S DDA STREEMEALAS, oy
tnmmtggmmhmﬁm $iohé CiB8gal, 0(332 2B alh e THEIE382)mL)

to give 52 g of the title conmpound as a white solid,
ungigra rgages apmagsphesre at -20 °C was added a solution of LIHMDS (1.0 M in THF,

40; _I%L_, ﬁe@lk %%f)g({‘vgg( g& gl,%%/. _'l)he 1ntgrnh15ter%|pgrgéu?er 1?1cr%asfeld 515 (I;]Vee? ﬁle
coﬁéjsé;é'fjtglg'a%ﬁftigm %iﬁ%ﬁ’é %ﬁ%ﬁ@% EI%L %n@eﬁa@fr@ %ﬁh'a@dlﬁehzﬂ hour
The reakstion wiv ddolIdREAL0 TONVEd BONEioM of 4- cyanobenzyl brormde (78 Sg, 401
mmol) in anhydrous THF (400 mL) was added over 50 min. The reaction temperature
had increased to 0 °C over the course of the addition. Stirring was continued for 2 h while
the reaction was allowed to warm to 10 °C. To the reaction mixture was added saturated
aqueous NH4Cl1 (200 mL), water (800 mL), and EtOAc (1 L). The layers were separated
and the aqueous layer was extracted with EtOAc (1 L). The combined organic layers

were dried with MgSO, and concentrated in vacuo to give 214.2 g of the title compound

as a tan/brown solid, m/z 571.3 [M+MeCN+H]".

(R)-2-(4-Cyano-phenyl)-1-(3,5-dichloro-4-fluoro-phenylcarbamoyl)-1-methyl-ethyl-

ammonium toluene-4-sulfonate:
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HO O 170 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09- 0446 PCT Acetic anhydride (14.0 ni, 148 nmol),
waoeoabon4sdrmate (15.1 g, 222 mmol ) and Huni g' SPChaS®08/084149
(25.8 nL, 148 mol) were suspended in anhydrous DW
Docked Ne- P9i044@PE€B00 m.  screwtop gl ass pressure-vessel .
This was sealed with the screw cap and allowed to stir

for 45 mir at roomtenperature. To this m>@tu?re was
added &'iut?ll on of 4-[(R)-1-(3,5-

di chl oro fI uor o- phenysnpe ioH adeo- 3- rreth -2 :@2,3 di
hydr o ilm dazo[ 1, 2- _ THF.OC ¢l
a]lmdt-ygL Qy | rrethyl]"'E)Céﬁoz%nltnle ( g, 73.9
mol ) i'n foll oped by Pd(COAc) 2
(830 nP=\3. 1) ane anhydrous Li C .\4 g, K21
nmol ) . g vessel was capped tight!ly HTo vved to
stir at Cfor 20 h. In a well ventilated ume
hood, the reaction was cooled to roomtenperature and
the screw cap was slowy renoved allow ng for gas

rel ease. The reaction was transferred to a seperatory
nnej a solution o

TO&SSOH’QIOEP%%&EQ&‘B})' ety et 55 s oS prosh ety e helS-
oG AR pRERFa R RN D RAREDNRA BRI 121 S B8 7

mih&l) ¥ 11HE)(4571EHE) £OF0 wahdaedaNigmepRasRitiva st BHMENOM (D wt%
S and concentrated in vacuo. Tol uene was added to

in Wh%r ,dab R nelg| %Bdgnmp]é@fwd}ﬁé) mméfsllmgeqm}eiqugwsd‘i aQgh (iﬁwté% 215
T

mly 404 gﬁ%mﬁﬁ x%qﬁ% G B g?f Haxaned SCfFﬁtetOflﬁeFR ﬂlﬁtﬂét%]s

BRISEE LA AE RRRRS TRk o b SEprres i A

sole@op@EN)A3vad ., 100tadlNeas ten addedtd thahédctios Miitde at a rate
n z.459. 4 [I\/H—|] +. The foll ow n%éco ounds were

suffﬁw@pmoel@em@uen@emlot@@@em@se kdlony & thagsion deis beatpeig 50 °C

an? Ryt %d-a(t B ARG AR 711 Be. 4 pogiogiof thegiobieptery s Wadt hy
reril%\_@gcfﬁ( 9?&10 nd el %%QSW% added. The mixture was cooled in an ice

azo[1,2-a]im -carboxylic acid
bathFnd d-NaB b sdDumiﬂ (@NOwiak eddel Jat Hravetolebp the dixtornal tedhpeatuid U
or onet hoxy- benzyl ) -6, 7-di hydro- 5H i m dazo[
belpw200]G witd aleqitée o@a@g@t@dm reachgsl I¢. The mixture was transferred to a

SeéffR%%tfﬁwe?B%ﬁ% I;H;é% gcp ﬁ% ﬁj@ggr%% 9{ ansg:r Qrf 3t éle(séh& materlaLlll.

The layers were separated and the aqueous layer was extracted with CH,Cl, (2x500 mL).

The combined organic layers were washed once with brine (300 mL), dried with Na,SO.,
and concentrated in vacuo to give 83.8 g of a red/black viscous oil. This material was
dissolved in MeCN (600 mL) and heated to 60 °C with stirring. p-Toluenesulfonic acid
monohydrate (50.1 g, 263 mmol) was added to the solution causing a precipitate to form.
Additional MeCN (200 mL) was added and mixture was filtered to collect the solids. The
filter cake washed with 600 mL of MeCN and dried to give 106 g of the title compound
as a white solid, m/z 366.6 [M]".
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5H i m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid, mz
484.5 [M+ 1]+ 171 WD 2009/ 070485 PCT/ US2008/ 084149
womket4BH. 09- 0446 PCT PCT/US2008/084149

4- Cyano- benzyl )-7- (3, 5-di chl oro-phenyl )-5-m
DO@kﬁB‘}Q @9&@5 88% di hydr o- 5H
i m dazo[ 1, 2-a] i m dazol e- 3-carbonyl ] -am no} - cycl opr opan

. L N
(R%sgg\lcqybtﬁbw%ﬂ%%% Hichl(ﬁ'oﬂtlﬂgr% ﬁﬂ&ﬁ’ﬂ @«[kléz @d}hl@moxy

etltyl)l\lalreﬁld‘ll-ZI\methprmpmnammeO \ NN HO O TFA sz HN o L
HN O 11 HATU, NEt3 0~/ NO 7 N ~0 CHV
1- Benzyl oxycar bonyl am no- cycl opr opanecar boxyl ic acid
(10 g, 42.5 mmol ), t-butanol (4.78 nL, 50.0 mml) and
DVAP (2.60 g, 21.2 nmol) in CH2C12 (160 nl) were

cool ed tooQ’T, EDCI (9020 g, 48.0 mmol) s then
addedtothe ture\ Nea n vvas ed at 0 C
for Cf aad t roomtee ure ove The
sol u ' was dri ed in vp@cuo and the resigy oWas

di ssol~ed i n Et OAc (ZOOJnIﬁthoamdewater (50,

or ganig bayer was separated-and washed,b ted

aqueous, N NLX100 rawpo. @ brine_of 1 Ig;p nm.)". The
or ganf:¥ R i on was concentrated in yacuo and the

residue was purified by flash chroma?ography on
silica gel (20% Et OAc/ Hexanes). 1-Benzyl oxycarbonyl -
am no-cycl opropanecar boxylic acid tert-butyl ester
(5.3 g, 17.5 mol, 41% was i sol ated.

To a solution of (R)-2-(4-cyano-phenyl)-1-(3,5-dichloro-4-fluoro-phenylcarbamoyl)-1-
methyl-ethyl-ammonium toluene-4-sulfonate (87.7 g, 162.9 mmol) and (2,2-dimethoxy-
ethyl)-carbamic acid phenyl ester (40.4 g, 179 mmol) in DMSO (162 mL) was added
Na;PO, (29.4 g, 179 mmol) and N-methylmorpholine (3.04 mL, 27.7 mmol). The
solution was heated to 65 °C and stirred for 6 h. The solution was cooled to 20 °C and
transferred to a separatory funnel with aqueous Na,COs (3 wt%, S00mL) and EtOAc
(500mL), forming a triphasic system after shaking. The bottom two layers were
removed. The top organic layer was washed with 3% NaCl (500 mL), dried with Na,SO4
and concentrated in vacuo keeping internal temperature lower than 40 °C. A mixture of
heptane and EtOAc (10:1 heptane:EtOAc, 20 mL) was added and the resulting slurry was
stirred at 22 °C for 16 h. The slurry was filtered and the solids were washed with a 10:1
mixture of heptane/EtOAc (2 x 100 mL) to give 61.6 g of the title compound as a white
solid, m/z 497.7 [M+H]*.

4-[(R)-1-(3,5-Dichloro-4-fluoro-phenyl)-3-methyl-2-0x0-2,3-dihydro-1H-

imidazo[1,2-alimidazol-3-ylmethyl]-benzonitrile:
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1- Benzyl oxycar bonyl am no-cycl opr opanecar boxyl i c aci d
tert-butyl ester (5.1 g, 17.5 mmol) was dissolved in
WOR@bl(E8s mL) . The sol ution was degassed w th PET/U82008/684149
mn. Pd/ éé370 ng) was then added to the sol ution.
Dorlset Na. Q90440 Red degassed with Ar again. The flask was
flushed with H2. After 3 h, the reaction was then
filtered thrdugh diatomaceous earth and

1-amino-c 6'panecar boxylic acid teri-butyl ester
(2.3 g, 14. , 84% é EI ect pal e yell ow
oil. 172 WO 200%/ 070485 ﬁ&uﬁ 2008/ 084 Docket No.
09- 0446 PCT

R) - 5- (4- hl N®=< - th
( ). OX(() ﬁ hyd 0- 5H— iﬁslﬂ az%l[ocpl grL\a,} c—;n ST

|n1dazol -carboxyllc aC|d (3.3 g, 7.48 mo

1- am no=¢ycl opropane- carboxylic acid tert- butyl ester

(1.8 g, 11.4 mol) and HATU (4.27 g, 11.2 nmol) were

di ssol ved in anhydrous DMF (20 nmL). The m xture was

stirred for 15 mn. Et3N (2.95 nlL, 20.4 nmmol) was

then added to the reaction. After 30 mn, the crude
Toragrgemitompasatgre wm@nn phtRIB-(4ncyraepbenyDhiE-(8 e glichlerovaBuoro-

Bl Dgg@gﬁm@ SRPrE9naRK, o8, 5458, Bl o (0%
SR [ MEIOpYESEIL) s Sheatb oo gl ey 29
mIL)d@aBQlHéedfCa r(mm L], 2806 arandly inaone lpopionpEinere astioaxwds istrred for

acid tert-but% ester (3.8g, 6.55mml, 87.5% as a
2 hyidteensespoled to Dz To Bus wlytigmpyas addedip-toluenesulfonic acid

m%l?%dr%&z (%176% a]g)%ré)@ ¥)53’)n_‘g1 Z}}erﬁe%cg?g I[w%?_ t%‘q| ERhi% Q&' f))r ? h nfﬁ h

Volameg %R @vaéoﬁ@ﬂ B Dub e@lﬂ‘tﬁ@ﬁesﬁﬁ(@%@@&ﬁﬁ@f@ﬁﬁﬁ@%wl' aeetate (i-
acid tert-butyl ester (3.8 g, 6.55 mMmol) wa

PrdAsB0O00 ed.)iand @Iaﬂ:C[lﬂ)O(rﬂJODTht)vateal’ager \il"d%/kemﬁﬁbdmmi theasrganic
then added dropwi se to the solution. The m xture was
laygt way washsd é’rl‘ﬁlaﬁh‘?ous Nae%@s evEifora mdn apd thep gguegyp HNakt (3

e R Sl B B SRt Bt o

give- aﬁl[oﬁlgﬁ)soﬁd (Aémwa@@f Pl%ﬁt%.ﬁé/i’ P17o;(c3(150 %19 R0 20 ptagsy PIO &) Was
et hyl - 6- oxo-6, 7-di hydr o- 5H i m dazo

addgdZEaHngrpldalpﬁatmna}f @apbd ﬁF)hle]res-uhmgrshlrI}y wasystitrogh peguaight and then
carboxylic acid (3.49,. 6.48nmmol, 99.0% as a white
filtggsdj Hhe thlfrateryyag. esaqomtqc} ip VaqpRutorgivq 'cbwowg oo MyoRintas Fer e

pr&%&@&‘ﬁﬁg Hl%l s&%f; E&Rﬁt?&‘é R&Tord ek A he' EmhAAEHr86 61 tREthe
fﬂ&aﬁfé was {tn w@m&f ey lchrofratckrfphglioa Rl R @eIRDEIY) EtOATHIcR es)

- 6- 0X0- 6, 7-
to glve 480¢g of the title compounds as a white solid, m/z 415.7 [M+H]".

4-[(R)-1-(3,5-Dichloro-4-fluoro-phenyl)-5-iodo-3-methyl-2-0x0-2,3-dihydro-1H-

imidazo[1,2-alimidazol-3-ylmethyl]-benzonitrile:
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di hydro-5H-i m dazo[ 1, 2-a]i m dazol e-3-carboxylic acid,
(R)-7-(3, 5-di chl oro-phenyl) - 5-
WOredkpro485 oxo- 5- (4-tri fl uoronet hoxy- benzyl) - 6, FeUR30ds/a84149
-5H i m dazo[ 1, 2-a] i m dazol e-3- carboxylic acid, or
Dockyt-Ng>. 03-04¢ BGTbenzyI) 7- (3, 5-di chl or o- 4- f | uor o- phenyl
) - 5- et hyl -
0X0- 6, 7-di hydrFo- 5H i mi dazo[ 1, 2-a] i ntdazol e- 3- car boxyl i

c acid as stantidg materials: (S C
[(R) 5-(4-Cy -benzyl)-7-(3,5-dic ro-phenyl)-5-neth
- 0X0- 6, 7- hydr o- SHNSfdazol

1 2 a] i m daz - car bonyH—=am ng Loni ﬁ acid 173
WO 2009/ 07 O81H§H§4149 S 09- 0446
PCT (S)-2- {

[ (R) -5-(4-Cyano-benzyl)-7-(3, 5-di chl or o- 4- f | uor o- pheny
Ad AlamiddRE ﬂaﬂlco@er@d(ﬂas@'czntalmng a solution of 4-[(R)-1-(3,5-djchloro- 4 fluoro-

di hydro-5H 1 m dazo[ 1, 2- a] 1I'm dazol e- 3-car bonyl | - am no} -
phfl’[yd)}ﬁ ma:thylacnxd 213-flihydro-1H-imidazo[1,2-a]imidazol-3-ylmethyl]-

5'4 Cyano- benzyl ) - 7- $3 5-di chl oro-4-fl uoro- pheny
bepz;ongmlﬁé $}§ |g, BL7oxpulizin CH.Cl, (900 mL) was partially submerged in an ice
wager %p?% s 4d %t%qgl ogiyslalti%e(? z]cso ddr&?‘&?:re of?N & o?&%ﬁulnc%@@?% 129
mﬂa&l'ﬂmd Qﬁﬁhrﬁu@pctﬁ &ﬁé%uHB&iﬂé/ 12959, T8 7o B 1P FRr Reparhed Fdrfidns

uor onet’hoxy- benzyl) -
oveli d3(mor ot T lubazzu[tlﬂm Ma]allww@iam ctiem3hchnbyogytd bamfand }h-and
cyclopropanecar oxyl.ic acid
thenithg bagh was @HEQVé‘i?rI %F’énﬂow&ﬁw%n}m@edzﬁé'ﬁwghtéa&%éte@ aqueops NpyS20s
(365?1%9%55‘%@5& Poetgé ¥éa%ti(§‘5;nd the 1’1’11 ture was éransfe%ed to,a se%arato%/}

4a261"6" 34 aY
fule PR SNCH,@S [ O THE) afn@lvba@ae«n(n 0).'THR 1hyREeee @é[ﬁh@&i AMrtRe
made using a simlar procedure to Exanple 12 wusin
aqedonk bryeriwds further extracted with CH>Cl, (2 x 500 mL) and EtOAc (500 mL). The

R)-7- (3, 5-di chl ora- hen I-6 0X0-5-(4-trifl
covt[ﬁlélrn)g {g%gggjayege\ﬁgg |d§16 ovyerﬁ‘,[mragg GeRiYeS | \[acuo to give a
]
ye%c))/\% gpj;ﬂcﬁ)glﬁg\]gaﬁ% e‘a] y%'gl}“: om?t{gI Pa?h%r on silica gel (0-2.5%
Etoﬁaaolﬁedeﬁltocg{wm @efw Iune Zorﬁ Lﬁl‘ddlh a R QolRh @iy 5+ HEM+H] "
met hyl - 6- oxo- 6, 7- di hydr o- 5Hi m dazo[ 1, 2- a]lmdazole 3-
carbonyl]-am no }- cycl opropanecarboxylic acid as the
starting material:
(R -7-(3,5-D chl oro- phenyl ) - 5- et hyl -6-oxo-5-(4-tri flu
or onet hoxy- benzyl) -6, 7-di hydro- 5Him dazo[ 1, 2- 3]

R} 8 s e et A dic G Ay gror phsashe methyl-6-0x0-6,7-
dnwélgpﬁ';ﬁgglgggqlgwﬁg@a?&ab%f@@&%ba@va' opropyl ] - ami de

(R)-5-(4-cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
| - 6- oxo0- 6, 7-di hydro-5H i m dazo[ 1, 2-a]

i m dazol e- 3-carboxylic acid
[1-(1-{6-[bis-(4-nethoxy-benzyl)-am nof -

pyri di n-g- yl } zcycl opr opyl car banoyl )& L opr opyl ] -am de
Dz 897. V3] +

NaHCO,, Ac,0
Pd(OAG),, LiCl N

Ne_.O > 0
s . —=N  DIPEA, DMF, 80 °C = Lo =N
%N i = , ; N N
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174 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09- 0446 PCT Synthesis of Final Conpounds: Exanple 1.
w@ 3@))/03)46& Cyanobenzyl ) - 1- (3, 5- di chl or ophenyl ) PGF/B1008/084149

- 1S
Dq@?b‘ttl{]\iﬁl 0 %Q@PQT[ (3R)-3-(2H-tetrazol -5-yl ) pi peridin-1-y
| ] ethyl }-2-o0xo0-2, 3-di hydr o-
Acéﬁl: aﬂﬂydﬁa@ 14, 02mB] 1431 HA80] SdhmTtRIN% @m.ﬂ% T2 hm6l) an® Huhig's
N-~NO N~NO~ 1N\ NNN ~ NHNO
ba$¢| (26) SrmIL—JI\l 4®mm¢diwwelf€l@c¢pendﬁha aniiviFoud DIBEF (5Gmill) o1 GOONNL
NH N N To a solu

SCIERytop 8 f%lﬁysssre(wseéglﬁes Wenggles wihdhe srey e4n A IpEh{R it
for, B’fﬂ%ﬁ?)‘é&nﬁe Qrature, To tﬂnf ngxa e was added a sqlution %f 4—£/(F])—1—(%15—

| m daz I m dazol e- 3-car

dldhﬂilo-mﬂlﬁir@[ﬂh@l §c3- ﬁ)d()@omﬂﬁyl 2-0xd-2 B-diwlrg- 1 8Aichidazo[ 1,2-
(R)-3- (2H-tetrazo| DM?Z (§|per|d|ne (35.8 ng, 0.234
a]imaasizyl-$-milmesitl, bergomitride/z 0 0L.2.0A3)9 menoDan deleydru PNIB 8208 mL)

folfie byHRae B 6 e ch ek nf el o ees 2o R
Th@tve&elq’vas%}éed Stfggak/ ﬁndrglov%gjtﬁf gtngﬂg@%)’ Aflged weﬁ%ntilated

reacti on y warne t|rre

fuigy Boat, gietreactibe wak vstded ©aodm Gdinpstuiewnd tHeadrebycab avg sRevly
phase HPLC to afford 55ng of
req@ryl afoyingdongis balpmsyl Thereqcsion wygk enndereie aypeperdorydimel

coptpiape o SnTE ot BT G Lt asnamORe D eTh yers vt
se[gaé Q%@W?ée 8r; Hﬂ‘c gﬁﬁs@%@ [W]asl?ed \ﬁl‘ﬂ u@é‘@soil\?H@‘l Car P IR H6ined
aqueous phase was extracted with EtOAc (2 X 1 L) The combined organic phase was
dried with MgSO, and concentrated in vacuo. Toluene was added to the dark colored
residue causing precipitation of a solid. The solid was filtered and washed with 1:1
toluene:hexanes followed by hexanes. The filtrate was concentrated and re-processed in a

similar manner to give additional solids. A total of 29.4 g of the title compound was

obtained as an off-white solid, m/7.459.4 [M+H]".

The following compounds were prepared using procedures similar to those described

above:

(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-

imidazo[1,2-a]imidazole-3-carboxylic acid

(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro-

SH-imidazo[1,2-a]imidazole-3-carboxylic acid

(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifluoromethyl-benzyl)-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carboxylic acid, m/z 484.5 [M + 1]

171



175 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09- 0446 PCT Exanple 2.

W@ R)09H704d5 Cyano- benzyl ) - 7- ( 3, 5- di chl or o- phenyl P BURBDEIY84149
| - 6- 0x0-6, 7-

DagketyNir- 8996 RCdlazo[ 1, 2- a] i mi dazol e- 3- carboxyl i c acid
[(S)-1-((R) - 1-thiocarbanoyl -

1-{%¢1t|\)|y56(zﬁ(l\:rbﬁimuéﬁ%gt7hwé dﬁmo@l Exh@'ly}_? Siﬂletw -0%d-6 7ld1h%>\lﬂr0[‘5H-

imidap[ 12-gimidazalesdearbonyl] a]mrm-}l-cyel@prt&axxewbaxylmmcul‘
(S)-2-{[ (R -5-(4-cyano-benzyl)-7-(3, 5-di chl oro-phenyl)
- 5- net hyl - 6- oxo-

6, 7- d<Dh dro- mtgl@ﬁo[l ]|mdaz Bd«cc@rgctn ] am
(R e o

(R ml\go t hi opl?DéblP'\@ﬁam d rochl orl de (53
0.38 nmmol ) and diisopropyl et hyI amne (0.175 nL, 1.01
nmol | in _DVF (1 m) was stirred at room tenperature
for . After coollng to 0 C, HOAt (69 ng, 0.50
nmol ) HATU (105¢ ' 25 mmol ) wer ecagded. The
cl ear ygllow reaction ture was all owed warmto
) . f
erature sl ow yyovernight. The reaction

r oomMee

mxt% fas partitiofetd Fbetween ethyl aget (35 nL)
and (10 nL) e “br gani c phase Nvashed
witH”s&tu q on and prine, [ drY over
Na2SOt—+-erdd, af con ated  in W&CRoO. e

resi dud* et pur i f 7 y flash %hromat hy on s¥ica
gel (0-10% MeOH i dichl oronethane) tg afford 154 ng
of the title con%&?nd as a white foam mz 598.4 [M+
1] +. 176

1-Benzyloxycarbonylamino-cyclopropanecarboxylic acid (10 g, 42.5 mmol), t-butanol
(4.78 mL, 50.0 mmol) and DMAP (2.60 g, 21.2 mmol) in CH,Cl, (160 mL) were cooled
to 0 °C. EDCI (9.20 g, 48.0 mmol) was then added to the mixture. The reaction was
stirred at 0 °C for 2 h and then at room temperature overnight. The solution was dried in
vacuo and the residue was dissolved in EtOAc (200 mL) and water (50 mL) The organic
layer was separated and washed by saturated aqueous NaHCO; (1x100 mL) and brine
(Ix100 mL). The organic fraction was concentrated in vacuo and the residue was purified
by flash chromatography on silica gel (20% EtOAc/Hexanes). 1-Benzyloxycarbonyl-
amino-cyclopropanecarboxylic acid tert-butyl ester (5.3 g, 17.5 mmol, 41%) was

isolated.

1-Benzyloxycarbonylamino-cyclopropanecarboxylic acid tert-butyl ester (5.1 g, 17.5
mmol) was dissolved in MeOH (50 mL). The solution was degassed with Ar for 15 min.
Pd/C (370 mg) was then added to the solution. The mixture was degassed with Ar again.
The flask was flushed with H,. After 3 h, the reaction was then filtered through
diatomaceous earth and 1-amino-cyclopropanecarboxylic acid rert-butyl ester (2.3 g, 14.6

mmol, 84%) was collected as pale yellow oil.
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WD 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446
PCT Exanpl e 3.
W@ R)09H704d5 Cyano- benzyl ) - 7- ( 3, 5- di chl or o- phenyl P BURBDEIY84149
| - 6- 0x0-6, 7-
Dagkeiyir. 996 RCdazo[ 1, 2- a] i mi dazol e- 3-carboxylic acid
[(S)-1-(5-nethyl -1, 3, 4-
oxadi azol - 2-yl carbanoyl )-ethyl]-amde. / ¢ /ci NO
NNON CNNNH NZ\/ N NN/ NNJNNOHNO CHO
(RE5NHC yhho-berad )N-(3TodiThlorp- ls‘t@InM]t)iSemetbyl 6-0x0-6,7-dihydro-5H-

1m1(§%9\[it2ﬁ£]( @a%gg?é} cgl%oxy 1cba%1rgiz (%l?)) g,; 4(8 mmol | Cgrlnﬁlroocyglr(])}e)ﬂj%la e-
carﬁg%ylfy J&Wt‘éﬁ'b%@ﬂ € dfj@% }12 ﬁ%blg?g@ﬁ%ﬂ él 237a§ he @ﬂlllnoﬁ'@ere

propi oni ¢ "aci

disdbledd Branpdrb@BMEL20Mk)L) V\Heemﬁdde ebaéSBtﬁrt@iEf@ﬁﬂs min. Et;N (2.95
Car bodi i m de (205 , 0.234 mmol, Silicycle -
mIR20530801) vra dliengiddedite thavishgtipn. After 39aBin, (Im&mﬁg reagtion was

COW@H‘{S@F%{-{]{I}%@‘E‘? teI:l[:gsnﬁiuirgnﬂ%(fltsE)ﬁﬁﬁ%bﬁ@lchoma?ograp%y on silica gel
(05 PRI AR (s TR BT o

phégpShathiyl-6-dxor6, 1-8ihgdro 31 ihlagd i Q] imididdtee3 waboﬁﬁ}emnino}
filtered through a lass frit and the sol ution was

cydeprepieeabexylic acidderdutyreser(d8g &y pmele 87.a%e anawhite solid,
ng qi 1@ +by reverse phase HPLC to afford 10 ng of the
t' ' Shpound as a white solid, mz 593.4 [M+ 1] +.
Exanpl e 4.
(3R) - 3- (4- Cyanobenzyl ) - 1- (3, 5-di chl orophenyl ) - 3- et hyl
1- {-[(‘R){f( (L@Eyzino benzyl) 7 (3 5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-
[(1-ne 1H- pyrazol - 5-yl ) am no] - 2- oxoet hyl 5
y

1m1@zq{i(; cﬁll’g]_d@ﬁqlﬁ;a-p@ﬂopw -amino }-cyclopropanecarboxylic acid fert-but
ester (3.8 g, 6.55 mmol) was dissolved in CH,Cl, (100 mL), and. TFA (20 mL) was then

added dropwise to the solution. The mixture was stirred overnight. After evaporation of
the solvent in vacuo, the residue was purified by flash chromatography on silica gel (5%
MeOH/CHCl,) to give 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-
0x0-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino } -cyclopropane-

carboxylic acid (3.4g, 6.48mmol, 99.0%) as a white solid, m/z 524.3 [M+1]".

The following compounds were prepared using procedures similar to those described
above using either (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid, (R)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-¢]imidazole-3-
carboxylic acid, or (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-

0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid as starting materials:

(5)-2-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-

5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid
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I m dazo[ 1, 2-a] i m dazol e- 5- car boxam de and
(3R) - 3-(4-cyanobenzyl )-1-(3,5
walc@blooephenyl ) - 3- met hyl - N-{ ( 1R) - 1- et hyl - 2- [ PAF/DB1008/084149

- 1H pyrazol - 5-yl )am no] - 2-
D%k@é‘ﬁhW}OAQ@ BQ%— 2, 3-di hydro-1 Hinmdazo[ 1, 2-a]i m dazol e
-5-carboxam de. 177 WD 2009/ 070485 PCT/ US2008/ 084149
S RY-5N2-CydHo-BékkE1 SLHichlordNBflubrdNbienN ) ¥-MEBYIN-tx NG, 7-
e R PN 6 ore O R g Py S e
dit@dpe-TH-imiddzof 2N imidazgle-Bidaboay | Hm@o | tprepioic AEANI NJ | r
NH N | To a solution of
(S)-2-{[ (R -5-(4-cyano-benzyl)-7-(3,5-di chl oro-phenyl)

S B R T b S e ey
diiyajo-PHIRIAARS [, 284]iHidaASHE 3 Masbon P]- Mmoo r @t bpropanecarboxylic acid
di met hyl am no- (1, 2, 3-tri azol o] 4, 5-b] pyri di n- 3-yl oxy) -
nmet hyl ene] -

I-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0xo-5-(4-trifluoromethoxy-benzyl)-6,7-

dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid

(S5)-2-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0x0-5-(4-trifluoromethoxy-benzyl)-6,7-

dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid

The following two intermediates were made using a similar procedure to Example 12
using either 1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-alimidazole-3-carbonyl]-amino }-
cyclopropanecarboxylic acid or 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino } -

cyclopropanecarboxylic acid as the starting material:

(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro-
SH-imidazo[1,2-a]imidazole-3-carboxylic acid [1-(1-{6-[bis-(4-methoxy-benzyl)-amino]-
pyridin-2-yl}-cyclopropylcarbamoyl)-cyclopropyl]-amide, m/z 956.21 [M+2]"

(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-SH-
imidazo[1,2-a]Jimidazole-3-carboxylic acid [1-(1-{6-[bis-(4-methoxy-benzyl)-amino]-

pyridin-2-yl}-cyclopropylcarbamoyl)-cyclopropyl]-amide, m/; 897.2 [M+3]"
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di met hyl - ammoni um hexaf | uoro phosphate (111 ng, 0.293

mmol ) and 2-net hyl -2H pyrazol -3-ylamne (75 ng, 0.781
woneb)7i48s DMF (1 nL) was added triethyl am ne (RGBUS1008/084149

0.976 mmol ). The reaction mxture was stirred at room

Dackepér 8004e6 P 4 h. The reaction mixture was then
diluted with water and extracted with di chl or onet hane

Syﬁnﬁ);lsofifhﬁ] colfipotiggs:or gani ¢ | ayers were then washed
th water (x3). The organic phase was dried over

anhydrpus Na2SO4 and concentrated in vacuo. The
Exgnle e -G %ﬁbl-ﬁ%ﬁ&ﬁr&hﬁﬁgﬁs AT -1
m{rﬁgpggﬁd-gﬁi%)-s‘?%ﬂ-{k&ﬁgbf- -gpp@@ﬁﬁﬂﬁijg”p@ﬁlmﬁazshfo §§'dlﬁ*3$dro-

1HRIgidazdtl 2ufinlidapl@sedibaansideén | ar to those descrl bed
above using either 1-{

[ (R)-5-(4-cyano-benzyl)-7-(3, 5- di chl or o® )-5-neth

yl - 6- oxoe B Zcdi hydro-5H-i m dazo [ 1, 2-a]

i m dazol e- ar bonyl - ar no -C cIo r opagecar boxylic
8farbonyl ] -agino } -cy pr opahegar boxy

acid, 1-{

[(R)-7- (%:?”'ochl or o- ph N5 et hyl - 62%0"’5-(4-trif|
uor onet h henzyl)-6,7 17 2009/ 07 3

PCT/ Uszoﬁg 49 Dock_et_lxlo__aa.044@a%\q S

di hydr o+ [ 4z0[ 1, 2mA] o daz@ e- 3- carbonyl ] - ant' no} -
cycl op necarboxylic acid, (S)-2-{"

[ (R)-7-¢43, 5-Di chl oro- phenyl) 5- et hyl 1())fx.05(4tr|fl
uor onet hoxy- benzyl) 6, 7-
di hydro 5H i mi dazo[ 1, 2-a] i m dazol e- 3-car bd%yl ] - am no} -
Tpars%ﬁiti%ﬁ'@ i thR{- Sk 4-8ydnbo(HRhzyA)-7- 35d hloro-phenyl)-5- th16 _
0( ghégroﬂi % ﬁor% phenyl ; é 2 mog m?% Hw y oxO
6,7 dhhpﬂtrorﬁéi hmﬁyzd@hﬁzz%hhda&plé% -carbonyl] ammo} -propionic ac1d (60 mg,

di_hydr o-5H i m dazo[ 1, 2- a] i mi dazol e- 3-car bonyl ] - am no} -
0. ]ﬂﬂ élﬁn@lh pd &0 H(2Hrte rfl{qﬂz)i y;l) ppendine (35.8 mg, 0.234 mmol) in

anla;ﬁ& WFQL@?%E&) éﬁ(?eedgeltﬂ‘)l &3‘3 énﬁl5 B,_&bm@gft% JCA' ﬁéAt Mﬂ{mg,

0. l%mﬂ%) ('))Wag1 AR h8ded ﬂfekl@zmﬁlo]l %%QB){ mt'n(oRf)s_tirring at 0 °C, HATU

-cycl opropanecar boxyl 1 ¢ aci
(554 (rk; OY 20 iy Addéd. (The Deadiichivay ﬂev@l-yf\batﬁre@ toPety hid Sirred
met hyl - 6- oxo- 6, 7-di hydro-5H i m dazo| a]
ovenvighhZ Bieccradegirdsion yiab purierthy r@y@%ﬁ%@ﬂﬁé@d@ pRid 5eng of

O Blap R -G iisropheny Ded el 1S g 2emersy
[(3R) 35(2%1?5(201 8- g@)@a Bidifr- p%ﬁé’tﬂ%l‘?"’ -Xd:-2, 3adRaR]- 1ﬁ ididko[1,2-
i m dazol e-3-c ny propionic-acid as a
a]1ﬁh(arzb]ler@caﬁbtixen11(&| as av@ﬁtfpzbhdh,dn/z’,é@? 5Mza1p47.5 [ Mr1] +
Conpound 168, mz 647.5 [ M1]+ Conpound 226, niz
647.5 [ Mr1] +
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Compound 7, mz 706.5 [ M1]+ Conpound 227, mlz 706.5

[ Mt1] + Conpound 167, mlz 706.5 [M+1l]+ Conpound 206,
woe®@PaEsd [ Mkl] + Conpound 276, niz 647.6 [ MHI§EUS2008/084149

Conpound 219, mz 647.6 [M1]+ Conpound 230, niz
Dorke Np. PR0446-PE€T9 WO 2009/ 070485 PCT/ US2008/ 084149

Docket No. 09-0446 PCT Conpound 197, mz 633.5 [ M+1] +

n -
L] & O e C e
dllmﬁp-SM znlﬂam[ll,Zfa\}hmda;ole 3®anlpmiurhd a@di(S)di-(z(RE—@‘ﬁhmc{ilrhamoyl-
1] + 261, mz 752.1 [M +l]- Conpound 131,
eth)gl%fhwg?lgzﬁﬂ%]]mmdeonpound 139, mz 593 [M+ 1]+
Conmpaund 140, m'z 595.6 [M + 1]+ Conpound 7

595. 6 1]+ Conpound 180, nmz 636.6[ M +
Corrpoun 88, mz 587.4[M + 1]+ Conpound 193 MZ
636 SIL ]+ Conpound 203, mz 622.5[M +
2, mz 6 E§+H2I\A+—-b| 1]H;L\TU1§Q;AV\D 2009 485
PCT/ 8/ 084149 Do ket No. —09=0446-
HOAt,DMF
HN S

A solution of (S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid, (129 mg,
0.25 mmol), (R)-2-amino-thiopropionamide hydrochloride (53 mg, 0.38 mmol) and
diisopropylethylamine (0.175 mL, 1.01 mmol) in DMF (1 mL) was stirred at room
temperature for 10 min. After cooling to 0 °C, HOAt (69 mg, 0.50 mmol) and HATU
(105 mg, 0.25 mmol) were added. The clear yellow reaction mixture was allowed to
warm to room temperature slowly overnight. The reaction mixture was partitioned
between ethyl acetate (35 mL) and 1 M HC1 (10 mL). The organic phase was washed
with saturated NaHCO; solution and brine, dried over Na,SOy, filtered, and concentrated
in vacuo. The residue was purified by flash chromatography on silica gel (0-10% MeOH
in dichloromethane) to afford 154 mg of the title compound as a white foam, m/z 598.4
M+ 11",
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Compound 218, nmlz 695.6[M + 1]+ Conpound 233, niz
695.6[M + 1]+ Conpound 235, mz 646.5[M + 1]+
w@eomomass 240, nz 681.5[M + 1]+ Conpound 239PCTriIZ2008/084149
622.5[ M + 1%)+ Conpound 103, m z 582.4[M +1] +
DoclyeipbuRB-044@PCHY z 596. 4| M +1] + Conpound 127, nl z
637.0 [ M+t1l]+ Conpound 95, mz 636.9 [ M1l]+ Conpound
Exhfple 37 7R S.74-yhi:bhiizyl CRIDRMRNIGS-phieh71)-S3metRyl-blokoJ77-
Coﬁﬁ)poungRgé, r¥12 595.y5) [rl\%)+ 1] + (?onp%ll)md 11%, n z
dilggiro4$ H-ivhidaid[1,2-adomidezolet 33arbaxylic 564 [){IMS+méthyl-1,3,4-

mpqund 111, nf.z 594.5.[M + 1]+ 181 WO 2009/ 070485
OX%%I(%W%@M%?WD&S@%{&M 09- 0446 PCT Conpound
286, mz 594.5 [M+ 1]+ Conpound 107, niz 53@/«1 [M +

11+ « ound 122, mz 595.4 [M+ 1]+ Conpo 132,
mz 5 6 [M+ 1]+ nmpound 135, nfz 597.6

t 1] +
Compound ;2" m z 616 [Mt 1]+ Genpound 11 L{i%;@,m
622. 3 (M #\1]+ . Cofrpound( 2L ol 7$622.6.[M + 1] +

Conpofn " mz 609.4 [M +5i] +) Conpound. 8%, °m z
GOg&TM + 1]+ Conpound 166, mz 609.4 [ M+ 1] +
! 3 %
T

To a solution of (S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid (40 mg,
0.078 mmol) in dichloromethane (1 mL) were added SiliaBond Carbodiimide (205 mg,
0.234 mmol, Silicycle — R70530B, loading 1.14 mmol/g) and HOBt (16 mg, 0.117
mmol). The reaction mixture was stirred at room temperature for 1 h and the 5-methyl-
1,3,4-oxadiazol-2-ylamine (31 mg, 0.312 mmol) was added. The reaction mixture was
stirred at room temperature for 16 h. The reaction mixture was then filtered through a
glass frit and the solution was concentrated in vacuo. The resulting residue was purified
by reverse phase HPLC to afford 10 mg of the title compound as a white solid, m/z 593.4
M+1]".

Example 4. (3R)-3-(4-Cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl-N-{(1S)-1-
methyl-2-[(1-methyl-1H-pyrazol-5-yl)amino]-2-oxoethyl}-2-0x0-2,3-dihydro-1H-
imidazo[1,2-alimidazole-5-carboxamide and (3R)-3-(4-cyanobenzyl)-1-(3,5-
dichlorophenyl)-3-methyl-N-{(1R)-1-methyl-2-[(1-methyl-1H-pyrazol-5-yl)amino]-2-

oxoethyl}-2-0x0-2,3-dihydro-1H-imidazo[1,2-a]imidazole-5-carboxamide.
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Conpound 97, mz 602.4 [M+ 1]+ Conpound 100, nfz
603.4 [M+ 2]+ Conpound 102, mz 591.5 [M+ 1]+
w@eomomass 182, nfz 608.2 [M+ 1]+ Conpound 19BCT/IA2008/084149
622. 6 %M + 1]+ 182 WD 2009/ 070485 PCT/ US2008/ 084149
Doplses ¥ OR@44@B8CH446 PCT Conpound 195, miz 567.5 [M +
1]+ Conpound 106, mz 609.2 [M+ 3]+ Conpound 205,
nmz ®B9x3c[M + 1]+ Conpound 117, mz 596.4 [M+ 1]+
Conpo 215, mMz 5 [M+ 2]+ Conpound 138 , m'z
611. 4 + 1]+ Co ond\l%29, mz 636.6 [M+ 1]+
ConpgL 449, mz 568 N[ M+ 1]+}\l ound 150, mz
598.49 NN+, Corrpoun8\fl57,+rri|\r\z/\é\g.52¢ [ M+ 1]
z 596.2 [N+ 1] +Y“Conpound 259 ni z
628N M + 1]+ Con'poungF_277, mz 647.5 [M+ 1]+
und 266, mz 620.2 PM+ 2]+ Conpound 75, niz
6%.3 [M+ 1]+ Conpound 181, nilz 651.3 [M+ 1]+ 183
WD 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446

PCT Conpound 141 , niz M+ 11+ Conpi 448,
mz 674.5 [M+ 1]+
N
N= O N
=N EN o .
HN™ ~0O N o

Lo O A,
N\‘\NJ/ N N\\\ijﬁ

To a solution of (S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino } -propionic acid (100 mg,
0.195 mmol), [dimethylamino-(1,2,3-triazolo[4,5-D]pyridin-3-yloxy)-methylene]-
dimethyl-ammonium hexafluoro phosphate (111 mg, 0.293 mmol) and 2-methyl-2H-
pyrazol-3-ylamine (75 mg, 0.781 mmol) in DMF (1 mL) was added triethylamine (136
uL, 0.976 mmol). The reaction mixture was stirred at room temperature for 4 h. The
reaction mixture was then diluted with water and extracted with dichloromethane (x3).
The combined organic layers were then washed with water (x3). The organic phase was
dried over anhydrous Na,SO, and concentrated in vacuo. The resulting diastereomers
were purified and separated by reverse phase HPLC to afford 22 mg and 21 mg,
respectively, of the title compounds as white solids, m/z 591.5 [M + 1]*.

The following compounds were prepared using procedures similar to those described
above using either 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic

acid, 1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-5-(4-trifluoromethoxy-benzyl)-6,7-
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Conpound 130, mz 674.5 [M+ 1]+ Conpound 118, mz

688.5 [M+ 1]+ Conpound 66, mz 675.5 [M+ 1]+
w@eomomass 282, nz 675.5 [M+ 1]+ Conpound 67PCT/DE208/084149

687.5 %M + 1£+ Conpound 283, mz 675.5 [M+ 1]+
DoclseipbuRB-0240PChy z 661.5 [M + 1]+ Conpound 204, nf z

689.2 [M+1l]+ Conpound 245, nlz 748.0 [ Mtl] + Conpound

dih}ﬂﬁ)—SHfiﬁncﬁQc?[-l,@—&]ertiaﬂdlé:}c paghinkd QyclopopSretarbot Wchcid,
]+ Conpound 65, nmlz 658.1 [M+ 1]+ “Conpound 198,
(Sh2-2 [(B&3-(8,5F IMchlotq-pheh§h-SvBethP® 087048 rifluoromethoxy-benzyl)-6,7-

ity S B 19 A ceORBABTS AOR Y GO 8 TN

o SRR AR T 10 AL g RS

difyareoRasid4d]1, 20 [imRE2b16 3 [cbbonyl] -ﬂtmitﬁ}?i’%ﬁﬂlﬁc 342, 1-M(R)-7-(3,5-
690. 5 L]M+ 1]+ "Conpound 343,  mz 688.4 [M+ 1]+
Digieootsruoraphenyhy-5-ngaty] 4-¢xorSr (4 {riflucromppsharg-tenzyl hf.Z-dihydro-

Sttt Ao B (o GBS g 10

5@ agalrt{g%z i)%i’-Bﬁg-gﬁg%?#%q}%ﬁ—fgﬁﬁ—SZrﬁ@thffl—é—ME&—k,*7-dihydro—5H—

imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid or (S)-2-
{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-6,7-dihydro-
SH-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-propionic acid as a starting material:
Compound 243, m/7 647.5 [M+1]*

Compound 168, m/7 647.5 [M+1]*

Compound 226, m/7 647.5 [M+1]"

Compound 7, m/z 706.5 [M+1]"

Compound 227, m/; 706.5 [M+1]*

Compound 167, m/7 706.5 [M+1]*

Compound 206, m/7 706.5 [M+11*

Compound 276, m/7 647.6 [M+1]"

Compound 219, m/7 647.6 [M+1]"

Compound 230, m/; 706.6 [M+1]*
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Conpound 414, mz 736.2 [M1]+ Conpound 320, niz
741.5 [ Mt1] + Conpound 408, m z 720 [ Mt1l] + Conpound
wWd0n9/on4gs 691. 7 [ M+1] + 185 WD 2009/ 070485 PCT/US2008/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT Exanpl e 5.
Dockyt-N8. 08-0dy@R6Tbenzyl ) - 7- (3, 5- di chl or o- phenyl ) - 5- net hy
| - 6- 0x0-6, 7-
di hydro-5H i m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
[(S)-1-(1-thiazol -2-yl- ethyl carbanoyl)-ethyl]-am de.
Copipooind 197, m/z 835 MEIN N O N+ OH\ HN Ocl,~ Br~-O-
acetone OHNONOYN NH~NH HINSNSI v To a
sol ution of

CopfRi {20 PARFYF) - 7- (3,5 di chl or o- phenyl ) -5- et hy

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
[(S)-1-((R) -1-thi ocar bamoyl -
Compoyné 8¢ b avo§(8)4 BIhil ] - ami de (132 ng, 0.22 mmol) in 1
mL of acetone was added bronopacetal dehyde di et hyl
acetal (0.166 nL, 1.10 mmol) and HCl1 in dioxane (4 M

ol 7. 10> L)1+ The reaction mxture was heated
Coath)r ec% ux ”?”OQ%SATW ]

, and then cooled to room
Congyoped 2834 ¢ 6334 pMARcht rated in vacuo. The residue was

di ssol ved in 25
Compound 251, m/z 607.4 [M + 11"
Compound 261, m/z752.1 [M + 17"
Compound 131, m/7 608 [M + 1]*
Compound 139, m/z593 [M + 1]
Compound 170, m/z 595.6 [M +1]*
Compound 179, m/7 595.6 [M + 1]*
Compound 180, m/z 636.6[M + 11"
Compound 188, m/z 587.4M + 11"
Compound 193, m/7 636.5[M + 1]*

Compound 203, m/z 622.5[M + 11"

Compound 212, m/7 681.5[M + 17"
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mL of ethyl acetate and washed with 10 nL of saturated
NaHCO3 sol ution. The organic phase was washed with
wowien7@stl brine (10 nmL each), dried over Na2SE#T/US2008/084149
filtered, and concentrated in vacuo to a pale brown
Dagk¢t NorR@-0d#@BeTpr oduct was purified by flash
chromat ography on silica gel, eluting with 0-5% MeCOH
in CH2C12, to furnish 122 ng (89% of the title
conmpound as a pale brown foam obtained as a 1:1
Comipotiod 21877/t 635%0d € 11°( x- met hyl di astereoners, nfz
622.3 [M+ 1] +. 186 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT Exanple 6.

- - gl 1) N-{2-[(3R)-3-(3- hydroxy- I H
@%@}%gﬁ@@bﬂwmweny) {2-[(3R) - 3-(3- hydroxy

yl ) pi peridin-1-yl]-1-nethyl-2-oxoethyl}-3-nethyl-2-o0xo0
-3-[4-(trifluoronethoxy)-

Copwperyd §3$,nﬁz-@46ﬁbﬂrb-1] H-i mi dazo[ 1, 2-a] i mi dazol e- 5-car bo
xamde ci \ ¢ci ci I ci I~ NNO N~ON ~N2z,\' N
HN O Hydrazine, EEOHHN Ol O O~ YYI\ F4"F NF F

Co?’r?nﬂ[ﬂz]% 241@, ?{g '1§[?AT?E) ] 9_4( ':I;’Osfal sol ution of

di chl or o- phenyl ) - 5- net hyl - 6- oxo- 5- (4-

trifluoromethoxy-benzyl)-6,7-di hydro-5Him dazo [
Comppuag 2§%hidab?) ¥M3+ dhr bonyl ] -amino } -

propi onyl ) - pi peridi n-3-yl]-3-0x0-propionic acid et hyl

ester (40 ng, 0.05 mml) in ethanol (2 nL) was added

CORYRUREL O /85 M 91126 nmol ) . The reaction m xture was
stirred at roomtenperature for 1.5 h. The sol vent was

evaporated in vacuo, and the
Compound 120, m/7 596.4[M +1]*

Compound 127, m/7 637.0 [M+1]*
Compound 95, m/z 636.9 [M+1]"
Compound 115, m/7 6372 [M+1]*
Compound 87, m/z 637.2 [M+1]"
Compound 146, m/7 595.5 [M +1]*
Compound 113,m/z 582.4 [M + 17"
Compound 90, m/z 582.4 M + 11

Compound 111, m/7 5945 M +1]*
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residue was purified using reverse phase HPLC to

afford the title conpound (27 ng, 71% as a white
W@ elmwm70483 z 720.6 [M + 1]+. Exanple 7. PCT/US2008/084149

3R)-1-(3,5-D chl orophenyl )-N{2-[(3R)-3-(3-hydroxyi so
DO}(@W&QQ%MPCT phenyl)-N-{2-[(3R)-3-(3-hy y

yl ) pi peridin-1-yl]-1-nmethyl-2-oxoethyl}-3-nethyl-2-o0xo0
Consbolidd £86, v/t s pMthigky) -

benzyl ] -2, 3-di hydro-I Him dazo[ 1, 2-a] i m dazol e-5-carbo

xam de and (3R)-1-(3, 5-

oqsﬂp%% @554Mi ZOIN-{l-methyl-2-oxo-2-[(3R)-3-(

3- yI)p| per| din-1-yl]ethyl}-2-0oxo0-3-[4-(trifluoronethox
y) benzyl ] -2, 3-di hydro-| H

nipodaa 021, 24 3D5 Hi[Eiaz 0]e- 5- car boxanmi de (. 187 WO

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
ci I\ci G C A A I~I~N NNNMNNJ[[[ Np NN 1

. d | gmi HE.,HNp + HHNO1 pppp oFOF
Capobdh e e N B E e N EINE PR 0 on o

To a solution of 3-[(R)- 1-((S)-2-1

[(R)-7-(3,5-di chl oro-phenyl ) - 5- net hyl - 6- oxo- 5- (4-
Conipolthdi 03 Wit Samey/fMenigy1 ) - 6, 7- di hydr o- 5H-i mi dazo |

1, 2-a]imdazol e-3-carbonyl] -amno } -

propionyl) pi peri di n-3-yl]-3-0xo-propionic acid ethyl

ester in1lnm THE was added NaCH

%wm&f‘mat O Cand stirred for 10 mn.

The above sol uti on was added dropwi se to a pre-cool ed

sol uti on of hydroxyl am ne-HC1(20 nmg, 0.28 nmol) in
CoﬁkﬂEu(ldlm,)m/alﬁZQ)STL\/Iﬂ'mE pH val ue of the reaction

m xture was adjusted, from7-8 to 1011. After 30 mn,
Conpeupd b /A2 Ylur H' was poured into concentrated HC1

(0.5 n.) at 0 C and stirred overnight. The crude

m xture was purified using reverse

Compound 82, m/z 609.4 [M + 11
Compound 88, m/z 602.4 [M + 11
Compound 166, m/7 609.4 [M + 1]*
Compound 97, m/z 602.4 [M + 1]
Compound 100, m/z 603.4 [M +2]*
Compound 102, m/z 591.5 [M + 1]*
Compound 182, m/z7 6082 [M + 11"

Compound 190, m/7 622.6 [M + 1]*
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phase HPLC to afford the title conpounds:
(3R)-1- (3, 5-di chl or ophenyl )-N-{2-[(3R)-3-(3-
W(hy(d)ﬂqunksoxazol 5-yl) pi peridin-1-yl]-1-nmethyl PRFOKHEs/b84149
yl } - 3- net hyl - 2- oxo- 3-[ 4-
DO(ck¢t|Nq 081084&PEdxy) benzyl ] - 2, 3-di hydro-| Hi ni dazo[ 1, 2-a
]i m dazol e-5- car boxam de , rT12 721.0 [M+ 1]+, and

C&gﬁ)mdig@,?gz séichfmnonghenyl ) - 3- met hyl - N-{ 1- net hyl - 2- oxo
-2-[(3R) -
3- (5-0x0- 4, 5-di hydr oi soxazol - 3-yl ) pi peridin-I-yl]ethyl

WP?@E@%@Q%Q&%@%W] 2, 3-di hydro-1 H i midazo[ 1, 2-a

]|n1dazole 5-carboxamide (, mz 721.0 [M+ 1]+,
Exanpl e 8.

C&rlﬁﬁhnd\a({i,]r@)zﬁ%.[%([m iB- Car banoyl pi peridin-1-yl]-1-neth
- 2_
oxoet hyl } - 3- (4- cyanobenzyl ) - 1- (3, 5-di chl orophenyl ) -3-m
et h X0 +0-1H i m dazo[ 1, 2-a]
Contpo, ﬁ%‘%ﬁpo- zf?z?éi&ﬂ%? . 188 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT ci | ~ci c
~ Ci I~ NNON-~-NO ~-NH -~ NHNOCHOHdHNO OYy
Coniopnd 21N m/z586.9 MOPP p r O NH2 _~ “vim
(R-1-((9-2-{ _
[ (R)-5-(4-cyano-benzyl)-7-(3,5-dichl oro-phenyl)-5-meth

| - 6- -6, 7- N
(k%ﬂﬁVH$E§%#@%ﬁ#béi%&ﬁ}b-a]inidazole-3-carbony|]-an1no
}- propionyl) - pi peridi ne-3- carboxylic acid ethyl ester
was dissolved in 7N NH3 in MeCH (5 nlL) and heated to
Confpoufil 225r , 148 6B6.6 Te+ VPI ati | es were renmoved in vacuo
and the crude residue was purified by reverse phase
HPLC to afford 0.049 g of the title conpound as a

coliotifd LRAM, Bk 2 (B2 1P
Compound 150, m/7 598.9 [M + 1]
Compound 157 , m/z 636.2 [M + 1]
Compound 158, m/7 596.2 [M + 1]*
Compound 259 ,m/7 624.4 [M + 11"
Compound 277 , m/z 647.5 M + 11"
Compound 266 , m/z 620.2 [M +2]"
Compound 75, m/z 651.3 M +1]"

Compound 181, m/z 651.3 [M + 17"
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[M+ 1]1+. The foll ow ng conpounds were prepared by

procedures anal ogous to those descri bed above:
w@eomomass 83, mz 622.4 [M+ 1]+ Conpound 159PCTviI22008/084149

622. 0 [ M+t1l] + Conpound 92, mz 622.2 [ M+1l]+ Conpound
Dotket Noy02-064@PET] Mk1] + Conpound 121, miz 622.2 [ Mr1] +

189 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09- 0446 PCT Exanple 9.

(1R 3R)-3-((9)-2- {[(R) 5- (4- Cyano- benzyl )-7- (3, 5-di chl
Commupchéfhlyl 6605 [M + 17

net hyl - 6- oxo- 6, 7-di hydro-5Hi m dazo[ 1, 2-a] i m dazol e- 3-

carbonyl]-anino}-

j ] ent anecar boxylic acid cl | ci C
Cog{pgpfl@&@%wﬁﬁ%ﬂm SFHN 00 NOYZ1 1IN ONHO
"'NH -O HO To (1R 3R)-3-((S)-2-{
[ (R) - 5-(4-cyano- benzyl ) -7- (3, 5-di chl or o- phenyl ) - 5- et h
Coppognd k) . 8z D745 byt oF 5H- i ni dazo |
1, 2-a] i m dazol e- 3-carbonyl] -am no } -propionylam no)-
cyclopentanecarboxylic acid nethyl ester (35.1 ng,

ol d INHCO in 1,4-dioxane (1 nL, 1
CO%@{a?dand”)(‘Ng%[]\?ng m., 0.5 nmmol). The reaction tube
seal ed and the reaction solution was stirred at
100 Cfor | h. The reqptlon solution was then cool ed
Compoppdhl temsdpatlMe il tered, and was purified by

reverse phase HPLC to afford 21 ng of the title
conpound as a white solid, mz 623.1 [ M1]+. The

bLRYD S £RBROYTHE: YT € prepared usi ng a procedure
a al ogous to that descri bed
Compound 67 , m/z 687.5 [M + 17"
Compound 283 , m/z 675.5 [M + 11"
Compound 252 , m/z 661.5 [M + 17
Compound 204 , m/z 689.2 [M+1]*
Compound 245 , m/z 748.0 [M+1]"
Compound 145 , m/z 607.5 [M + 11"
Compound 140 , m/z 621.5 [M + 1]*

Compound 65 , m/z 658.1 [M + 11"

Compound 198 , m/z 665.6 [M + 11"
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above: Conmpound 265, mz 623.1 [ M1l]+ Conpound 270,

mz 623.5 [ Mt1] + Conpound 177, mz 623.1 [ M+1] +
w@eompounss 278, nmz 623.0 [ M1] + 190 WD 2009/ 07PdBES2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT Exanple 10.
Dockyt-N8. 08-0dy@R6Tbenzyl ) - 7- (3, 5- di chl or o- phenyl ) - 5- net hy

| - 6- oxo-6, 7-

Copousd 930 Hni B98I0 1£- a] i m dazol e- 3- carboxylic acid
((S)-1-benzyl carbanoyl - ethyl)-amde o1~/ | ~ O<
HNO NHz Pol' v HNO O OrOO~ -~ +\ + OONH ON

Corgropnd (07 \ kSR 4B 10 in 0 o v o O
Compound 338 , m/z 670.5 [M + 11"
Compound 339 , m/z 654.5 [M + 1]
Compound 340 , m/z 670.5 [M + 1]*
Compound 341 , m/z672.5[M + 17"
Compound 342, m/7 690.5 [M + 1]*
Compound 343, m/7 688.4 [M +1]*

Compound 344 , m/z 644.4 [M + 11" Compound 61, m/7 665.7 [M + 1]" Compound 400,
m/7673.6 M+ 11

Compound 401, m/7 717.6 [M + 1]" Compound 405, m/7 677.5 [M + 1]*
Compound 299 , m/z 766.4 [M+1]"
Compound 413, m/7 670.4 [M+1]"
Compound 414, m/7 736.2 [M+1]*
Compound 320, m/z 741.5 [M+1]*

Compound 408, m/z 720 [M+1]* Compound 407, m/z 691.7 [M+1]*
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FNH FF OHHATU NEt3 / To a solution of
(S)-2-tert-butoxycarbonyl am no-propi onic acid
wd20bnrasphenyl ester (200 ng, 0.645 Mol ) anBCT/US2008/084149
MP- car bonat e &664 , 1.93 mmol, Biotage, Part
Dogkg o2 €804 PCEH2C12 (1.5 nl) was added benzyl ami ne
(70 ny, 0.645 mmol). The reaction mxture was stirred
for 1 h. The reaction mxture was then filtered and
concentrated in vacuo to afford
((S)-1-benzyl carbanoyl -ethyl)-carbam c acid tent-butyl
ester, nlz 279.4 [M+ 1]+. To a solution of
((S)-l benzyl car banoyl - et hyl )-carbam c acid tert-butyl

I {
L e R TR U
dllfsrmb-)SH-ﬂrhﬂama,cztd]ﬁﬁdmlé Brearhiglic heid 168)- 1L At thihzbl-2-Fhe
reacti on m xture was then concentrated in vacuo to
ethyi¢agbamog)-ethybleamigiec ar banoyl - et hyl - anmoni um tri f | uor o-

acetate, nilz 179.2 [M+ 1]+ To a solution of
(R)-5-(4-cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy

| -6-0 Zel
di hydro i mi dazo[ 1, 2- a] i ni dazol e- 3- carboxyF fd
(100 nyg, Y0.227 mol ) and

[ di methyiNagbno- (1, 2, 3-triazol o[ 4, 5-b] pyri di n- 3- ony)

et hylleney-, di met hyl - anmonijum 191 V\D 2009/ 070

PCT/Ué??O /Q84149°, Dockep” No. 09-0446 PCT he 1or o

phospiyate @ ng, 0.24 weragtogdded the

(S)e enzyFcaspanoyl - et hyl - anmmoni um «

try ffjporo-acetate (94 ng, 0.322 nmml) in 1rrL) SN
rE];triethylam'ne (126 L, 0.906 mmol). Heaction

mN<tere was stirred for 4 h. The reactionn xture was

concentrated in vacuo. The resulting resiN@ﬁe was
purified by reverse phase HPLC to afford 121 ng of
the trifluoroacetic acid salt of the title conmpound as
a white solid, mz 601.5 [M+ 1]+. The foll ow ng

Tocowhoivn @ (Ryey-&4- W%pé)ﬁ%’l)ﬂ%—(h@-dhﬂltﬂt@@hﬂﬂ@ Simethly&6-oxo0-6,7-
! b t

di Q?S (@K@}%éﬂi? @éﬁlﬁ%v Sé'er%%syliﬁ aéfeﬁf 6% bl -pRerythiccgbamery

etﬂg]cﬁrbg y@ IS‘I-ZhyrA amide f]fZin%]O 22 rnol 1n lénL of ceton? was adde

azo car pooxy

brcﬁﬁoz(cBhl‘th)((ﬁ dietly] @BétaIr(0-1p6 ey Il )1() mmol) and HCI i 1n dloxane 4 M,
5- met hyl - 6- oxo-5- (4- trlfluoronethog¥-benz )-6, 7- |hyd
)

0.008 540, (Wi b The resfiion mixtwr evas Beated dosiiux for 56i ahdakern
coglte {ot riogl% ter:rr%f)eeratlu% and concentrated in vacuo. The residue was dissolved in 25
mL of ethyl acetate and washed with 10 mL of saturated NaHCO3 solution, The organic
phase was washed with water and brine (10 mL each), dried over Na, SOy, filtered, and
concentrated in vacuo to a pale brown oil. The crude product was purified by flash
chromatography on silica gel, eluting with 0-5% MeOH in CH,Cl,, to furnish 122 mg

(89%) of the title compound as a pale brown foam, obtained as a 1:1 mixture of thiazole

o-methyl diastereomers, m/z 622.3 [M + 17",
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Conpound 124, mz 615.5 [M + 1]+ Conpound 147, mz

615.5 [M+ 1]+ Conpound 262, mz 629.5 [M+ 1]+
w@eomomass 247, nmz 616.5 [M+ 1]+ Conpound 24BCT/DE2008/084149

616 5 %M + 1£+ Conpound 249, mz 605.4 [M+ 1]+

B-046aPCihy z 621.4 [M + 1]+ Corrpound 32, mz

6287[M+ 1]+ Conpound 46, nmlz 671.8 [M+ 1]+ 192 WO

Ex%ﬂﬁﬁé @7@51951 P&B’-ﬂléﬁﬁﬂ@gh&%ﬁmfiz -[BROlER3- lmim%ﬂiﬁélﬁﬁaiiﬂ?s
+

npound 47 n12 73 npound

yl)ﬁlml’ﬂi‘n Ly} ﬁ]e*h)@dnwmﬂwl}%malmlﬁ @@23 - (trifluer drethoxy)-

be%gf)g,g{}ﬁkgf H'{Ttﬁﬁléﬁ\gq?[é% kg]lmlda:zl le-S “carh (())xbzlmrr]ndldé1 23, mz

(R) - 5-(4-Cyano- benzyl)-7-(3,5-di chl oro-4-fl uoro-phenyl
) - 5- net hyl - 6-

0X0- 6, 7-di hydro-§H i m dazo[ 1, 2-a] i m d& B- car boxyl i
c acid [(S)- -pyridi n-2-
yl - cycl opr opylCar banoyl ) -et hyl ] -am de NHZ 0 1)

HATU, NE3, pﬁéFN oN + HON O 0, 1< 2) HCIN=( di oxane N
HNH, - 2 HCIi N4, ~ | F FC d | 1) Xyl chloride,
DVF N-N-O 2) NEL3s BYF 0
N Yo HN
o o o j\
! F/iF\F N FEF
O
ory N
o7\ OH

To a solution of 3-[(R)-1-((S)-2-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino } -
propionyl)-piperidin-3-yl]-3-oxo-propionic acid ethyl ester (40 mg, 0.05 mmol) in
ethanol (2 mL) was added hydrazine (8.5 pL, 0.26 mmol). The reaction mixture was
stirred at room temperature for 1.5 h. The solvent was evaporated in vacuo, and the

residue was purified using reverse phase HPLC to afford the title compound (27 mg,

71%) as a white solid, m/z 720.6 [M + 1]*.

Example 7. (3R)-1-(3,5-Dichlorophenyl)-N-{2-[(3R)-3-(3-hydroxyisoxazol-5-
yD)piperidin-1-yl]-1-methyl-2-oxoethyl }-3-methyl-2-0x0-3-[4-(trifluoromethoxy)-
benzyl]-2,3-dihydro-1H-imidazo[1,2-alimidazole-5-carboxamide and (3R)-1-(3,5-
dichlorophenyl)-3-methyl-N-{1-methyl-2-0x0-2-[(3R)-3-(5-0x0-4,5-dihydroisoxazol-
3-yl)piperidin-1-yl]ethyl}-2-0x0-3-[4-(trifluoromethoxy)benzyl]-2,3-dihydro-1H-

imidazo[1,2-a]Jimidazole-5-carboxamide (.
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N~ ONIN \ NO11\ NNHZ 2 HOd HNO HOO\ HONMNH
N To a solution of Boc-Ala (100 ng, 0.53 nmol), HATU

W@ 28%/0ngss 0. 69 nmmol ) and triethylam ne (0.15 PET/U$2028/084149
nmmol) in DM (2 nL) was added a sol ution of

Dotkgsy¥a. @089446 PGI- cycl opropyl amine (80 ng, 0.60 nmol) in
DMF (1 nml). The m xture was stirred for 1.5 h then

diluted with EtOAc (30 nl), c ed with water ¢ 30
m_) |ne(1x25 m), drie ith MgSH, filt d,

and centrated to afford a cl ude solid. The cryde
rmt,@rN owas purified by fl a&h Ar omat ogr aphy Pt
SI| gel eluting with He ®Ac (50/50 to MBS

( tert utyI ester 740 as a V\,hl e solid.r
3 WD 2009/070485 PCT/ 8/ 084149 Docke

[ (S)1 Hydroxylamine, THF _{_
Ay}j—cyﬂ-cr”onm gg !:carb ) -ethyd -c rba

1%%ys7 di n- 2-yl - cycl opr opy!
acid t - butyl ester (120 ng
(5 nL) was added 4M HO in di o%ne (0.98 L, 3.9
mrol ). The solution stirred for 4 hours then was
concentrated in vacuo to afford crude

Toéa%gi’[nﬁi' g'ﬁ ‘3‘? RY-{ gsP%f{&g&-ﬁr—@ S\thfﬂ)éﬁ rﬁ@r%w%' metRYIARbRNEM d

roch ori

trifl e etﬁethéx;@;ie&ﬁpl— oehaiflJro-5H- Bmﬁaztd][ £, Pladitrod dofet 31carberpieanyino } -
) - 5- met hyl - 6- 0x0- 6, 7-di hydro
prcmlpnyaﬁrmfzrts{lrl 31l -ORe-QEOPIIC @%%thﬂ&iser {78 ra 09O rigy | mL

Teff 3 R el e B0 O e & F e nditFor [y Iﬁ%fﬂsove

sofutbh QUEsHdRY d%lS{CQO 9 %ré]woled-%ﬁltﬁ)ﬁ 3¢ h{@bxyasinalHawed mig?

stir for 2h he volatiles were renbve nvacuato
0.28i retnd]) iln @HEr( L dd.) ac D ac cTﬁecpH ddud &0be rﬁg¢t1onTrhﬂtm'e wde adguste;ﬂ

chloride 100 n% ) was dissolved.in
ffo&h%xﬁi@d@s }I'HﬁftQ Onrgn the'lr‘%aCflﬁlil BIBIC T3S FAUIRA dnta gensgnigated HCL

)
(0. %ﬂ“ﬂf ng %Iéd N_r{ef OV)G/:IF]il%ht nTlf Wde(:r?%( ué% }Vgsp 91|11'}f1€d using reverse
phase HPLC to afford the title compounds: (3R)-1-(3,5-dichlorophenyl)-N-{2-[(3R)-3-(3-

hydroxyisoxazol-3-yl)piperidin-1-yl]-1-methyl-2-oxoethyl }-3-methyl-2-oxo-3-[4-
(trifluoromethoxy)benzyl]-2,3-dihydro-1H-imidazo[1,2-a]imidazole-5-carboxamide , n/z
721.0 [M + 117, and (3R)-1-(3,5-dichlorophenyl)-3-methyl-N-{ 1-methyl-2-ox0-2-[(3R)-
3-(5-0x0-4,5-dihydroisoxazol-3-yl)piperidin-1-yl]ethyl }-2-oxo-3-[4-
(trifluoromethoxy)benzyl]-2,3-dihydro-1H-imidazo[1,2-a]imidazole-5-carboxamide (,
m/7 721.0 [M + 1],

Example 8. (3R)-N-{(1S)-2-[(3R)-3-Carbamoylpiperidin-1-yl]-1-methyl-2-

oxoethyl}-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl-2-o0x0-2,3-dihydro-1H-

imidazo[1,2-a]imidazole-5-carboxamide.
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propi onam de di hydrochloride (70 ng, 0.25 nmol)
dissolved in DMF (0.5 nL). Triethylamne (0.11 ni,
w@2@3/0naed ) was then added. The reacti on was aPtDUSZIO$/a84149
stir for 2 hours. The volatiles were renoved in vacuo
Dagliet Nh891044@P€3ant residue was diluted wth Et OAc (20
m ) and poured into saturated aqueous NaCl: 10% NaHCGO3
(1:1) (30 mgn $¢ aqueous phase was rat ed and
further extravvith Et OAc (2 x 20 w%?@?he or gani c
| ayers were conbined, dried (Na2SO4), decanted and
crude residue was ppyritied by flash

chromat ogr apRynef. si l i ca gehlIH el uting &
in CHzdO 2, t r sh 130 g (96% of
(R) - 5- (4- cyemoobe | ) - 7- (8,5 di chl orior

phenyl ) - 59 yl - 6-°0X8¥x 6, 7di hydr o-
dazol e- 3-carboxylic acid [(S)-

concentr at edy=

1- (1-pyridin-2-yl-cycl opropyl car ba |)-ethyl]-amde
as a pa | low solid, mz 646.8 + 1] +. The
foll ow conpounds were preparedNasi ng procedures

simlarl to those descri bed above: Conmpound 300, niz
646.4 [M+ 1]+. 194 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT Conmpound 329, niz 690.43 [M +

RSB 5 irp Pefintpbima Sbioroans B oot ooy
dilg%g@gﬁ?%i@%%l gﬂéxﬁglép&zl%é@%%_aébﬁnﬂi ~Amire) RO 1 BPPeridhE3-

ca1(bBE§)hc31c(d4eﬂ@l anebemzdibsphvid (B718 NH ch IMerQip e my)) xnBhaueddhy 70
27 0X0 ﬁ [2-(2H-tetrazol - a’%)eth | ] car banoyl
C}f@l&/{;& ]@)pT]@QJ\Sqlz)t 3 \gerg re)ied 11 Hcuf Q‘J@[cyp g sifue was purified by

reVﬁrsR“Q :j&?ll% ?q%ré 0%(% ﬁlﬁél%g %:k?ecatle compound as hll\l'?oam, m/zlg29.3

M +1]",

The following compounds were prepared by procedures analogous to those described

above:

Compound 83, m/z 622.4 M + 11"
Compound 159, m/7 622.0 [M+11*
Compound 92, m/z 622.2 [M+1]"
Compound 104, m/7 622.1 [M+1]"

Compound 121, m/7 622.2 [M+1]*
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HNOI 7 O DV DVF NHYIVOHN N ,NNI1- {
[ (R) -5-(4-Cyano-benzyl)-7-(3,5-di chl oro-phenyl)-5-neth
WQ k608ADN8s 6, 7- di hydro-5H i m dazo[ 1,2-a] PCT/US2008/084149
i m dazol e- 3-car bonyl ] - am no}-cycl opr opanecar boxylic
Dagke¢tdNq. 96-04¢6 POT09  mmmol ) and HATU (57 ng, 0.15 mmol),
were conbi ned with a heterogeneous sol ution of

EX%H(plé‘Bt EIR, QRPB (B8)¥2-9[¢ W%{éﬁ-%ﬂ&béﬂyﬂlmﬁs -dithldve- gh@%ﬁﬁs-

in anhy rous and cooled to O
me(tbylEmGX(mﬂ -dih Binordl- jminhzoldddw]ﬁmdazmlbé -caghaityl saminef { er

18 h  the reaction sl d to roomtenperature.
prapignylapinn)cy P?Igﬂn"sc@?llﬁ’g’gﬁa%ag filtered and purified
via reverse HPLC to yield 45ng of the title conpound
as a white solid, mz 619.5 [M+ 1]+). The foll ow ng

conmpounds wer e¢ ed using procedures.sikpiclar to
t hose descri bed ove using either 1-{ \QEU
[ (R -5-(4-cyano- bvnzyl) 7- (3, 5-dichl oro- ph nyI) 5-nmeth

yl - 6- 0xo- 6, 7- dikiygr®- 5Hi m dazo [ 1, 2- Q]:g
i m dazol e- 3-ca 4] -amng } -cyclopr ecar boxylic
aci d, — i
1-{[ (R - 5- (4- &yaro- @@ l)-7-(3, 5-di chingrio- 4 f JJuor o- ph
enyl ) - 5- net ~N6- 0X0- 6, ¥ di hydr o- 5SHogaNdazo[ "1,%¥y a]

i m dazope- 3- @ar bonyl ] - am no} - cycl opr oggnecar boxyl i c
aci d,

[ (R -7=93, 5-di chl oro- phenyl ) - 5-met hyT - 6- oxo-5-(4-trifl
uor onmet hoxy- benzyl )-6,7 195 WD 2009/ 070485

PCT/ US2008/ 084149 Docket No. 09-0446 PCT

S S T R AR NS
TP, 54,2380 L4t gy B
cy@opqm@mnehrk!@gyhcrﬂmd mef0 e8a (BMI-mRP-055 Conplo wark aﬂﬂ¢d hN HG in

4 2
1 46d1£c)>xa6n56 (H mL 1 I%mol) and 1IN HCl (0.5 mL, 0.5 mmol). The reaction tube was

sealed and the reaction solution was stirred at 100 °C for 1h. The reaction solution was
then cooled to room temperature, filtered, and was purified by reverse phase HPLC to

afford 21 mg of the title compound as a white solid, m/z 623.1 [M+1]".

The following compounds were prepared using a procedure analogous to that described

above;

Compound 265, m/7 623.1 [M+1]"

Compound 270, m/7 623.5 [M+1]"

Compound 177, m/z 623.1 [M+1]*

Compound 278, m/7 623.0 [M+1]*
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Compound 305, mz = 690.69 [M+ 2]+ Conpound 306, niz
= 645.65 [M+ 2]+ Conpound 307, mz = 663.67 [M+ 2]+
w@eomomass 308, nfz = 648.65 [M + 2]+ Conpound BCHUSIGH/084149
= 708.7 [M + 1]+ Conpound 328, mz 660.55 [M + 1]+
DoclseipbuRB-0340PChY z 632.52 [M + 1] + Conpound 331, iz
697.36 [M+ 1]+ Conpound 332, mz 681.34 [M + 1] +.
Exhftipte PO RPSUILChaR0-BOAZN )R, 5l)d1c$1ﬁﬁ'@f[ﬂiehﬂ')1-:(1ﬁétﬁ - Hak@)s 7-

fromits diastereoner resulting fromthe cou

dilnyalro-bH- mdﬁm[il,al-zdtlmdazolbﬁfwrbmyhc ﬁelyll(QS)ﬂrbmyylamhmoyl-
with .
ethylr-amide. 5_ (4. oyano- benzyl ) - 7- (3, 5- di chl or o- phenyl ) - 5

}-
met hyl - 6- ol(o 6, 7-di hydro 5H—|m1J 2-a] i m dazol e-03J<

car bonyl] am no cyclo opanecar )I c acid. 196 WO
2009/ 0 PCT/ US2008/°084149 %ket No. 09- o44gw
Conpoi?n;E\BBB, mz 69539 [M+ 1]¥ Conpound>348

641 M + 1] + Conpeund 347, n1206~4] 8 [M+ 1]+
@n@ﬂﬁd 349, mz 641.73 [M + @orrpound 350

6451 61 [M+ 1]+ Conpound 353, £59.62 [M+ 1
Compound 355, niz 655.68 [M+ 1]+ Conpound 356, niz

656.70 [M+ 1]+ [1-(6-{ 1-[(1-{
[(R) -5-(4- C,yano benzy - - (3, 5-di chl or 0- 4- §1 yuQr - pheny

|') - 5- net hyl - 8- oxo- 6, ydro-5Hi m dazo | P- a]
i m dazol eoﬁ)gar bonyl] - no } -cycl opropanecarbonyl) -
am no] - cyc ‘

propyl }- pyrisgai n-3-yl) - 1rreth3,g| yI] ca
rbam c aci benzyl estEel.+.mMz 850.88 [M +
Comound’él m z 641%(;> + 1]+ Corrpound

669-9 | 1]+ Conpe 4P mz 728.4 &01]+
0 SN

A E
OH
F E HATU, NEt,

To a solution of (S)-2-fert-butoxycarbonylamino-propionic acid 4-nitro-phenyl ester (200

mg, 0.645 mmol) and MP-carbonate (664 mg, 1.93 mmol, Biotage, Part #:800268) in

CHxCL, (1.5 mL) was added benzylamine (70 mg, 0.645 mmol). The reaction mixture
was stirred for 1 h. The reaction mixture was then filtered and concentrated in vacuo to

afford ((S)-1-benzylcarbamoyl-ethyl)-carbamic acid zert-butyl ester, m/z 279.4 [M + 11",

To a solution of ((S)-1-benzylcarbamoyl-ethyl)-carbamic acid zerr-butyl ester (180 mg,
0.645 mmol) in dichloromethane (1.0 mL) was added trifluoroacetic acid (0.500 mL, 6.73
mmol). The reaction mixture was stirred for 4 h. The reaction mixture was then
concentrated in vacuo to afford (S)-1-benzylcarbamoyl-ethyl-ammonium trifluoro-

acetate, m/z 179.2 [M + 1]".

To a solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid (100 mg, 0.227 mmol) and
[dimethylamino-(1,2,3-triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ammonium
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Conpound 50, nmz 631.6 [M+ 1]+ 197 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT Exanple 13.
W@ R)09070485 { [ (R) - 7- (3, 5- Di chl or o- phenyl ) - 5- net hpdF/6SIRE084149
5-(4-trifluoro-
DagbettNo PO 9ete YCY - 6, 7- di hydr o- SH-i ni dazo[ 1, 2- a] i ni dazol e
- 3-carbonyl ] -am no} -

h o RPFHOREH | §19lve i dageBthe a8)bR¥yZ kadadyiCethyl-
N S e T S R e T e S

arrmEmeJrlD;&]lﬂl(qu Ecetate~694vyg,0 320oumolNiFTRE (mIVVmFﬁfle(hy@rl@rle (126
T | ut

uLg @ﬂpg m?@f) 5Tult9’1' rge?ﬂti@n é?llb‘]"l’éen‘ws)sﬂgﬁiir&fﬁﬁ Eledﬁ%smsn (XS Was

coﬁc%%&%?& uy| #%%tﬁl%rﬁmﬁ]leh%gsgﬁuﬁgﬁ? by Eeversce) #%56 %PLC to

aff@ﬁf mWE%CPth@ﬁﬁf%oQ&cé& aid Qitlf tHEWRle)cohﬂJoﬁ}M: as(alwhite) sof¥@Sm/z

0.059 g, 0.2 nol ) and the m xture
60aﬁubhem]to stir for 10 n1n In a separate reaction
vessel pyrrolidine 3-carboxylic acid (0.039 g, 0.34
was dissolve in DM (1 nL) and to this was

Th@?&?othh@g’%%\%‘ngé ggé)aep%{eﬁdb[ %%r&e%J@? s@rﬁ'ragt% éﬁc? etﬂééc?iﬂed

abb @Ak irg@ithad tI@\P@(ﬂ CQarfot benzAb- 7%9@%&1@6@%@1&3&1} §-rhe@liy] B20x0-6,7-
The crude reaction mxture was purified

dlh'ydnceildemphadé MhﬁldamlngerbSAyhcgacaf ort(Réﬂt(Bﬁklélchloro—phenyl)
Sy chpHy Grebe s I IR alimidazole-
3-GlEBx A actu? asI i‘&%‘ﬁng ﬁ?a?efrfaped above

Compound 124, m/7 615.5 [M + 1]*

Compound 147, m/z 6155 [M + 11"

Compound 262, m/7 629.5 [M +1]*

Compound 247, m/7 6165 [M +1]*

Compound 248, m/7 616.5 [M + 11"

Compound 249, m/7 605.4 [M + 1]*

Compound 284, m/7 621.4 [M +1]*

Compound 32, m/z 628.7 [M + 11

Compound 46, m/z 671.8 [M +1]*
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usi ng either
1-{[(R) -5-(4-cyano-benzyl)-7-(3, 5-di chl oro- phenyl )-5-m
werdvlhi@sdxo- 6, 7- di hydro- 5H-im dazo| PCT/US2008/084149
1, 2-a]i m dazol e- 3- car bonyl ] - am no
[XFK@QBIQBK%ﬁ@BGEarboxyI|c acid, 1-{ [(R) -5-(4-
cyano- benzyl)-7-(3, 5-di chl or o- 4-fl uor o- phenyl ) - 5- net hy
| - 6- ox0- 6, 7-di hydro-5Hi m dazo[ 1, 2-
a] i m dazol e- 3- car bonyl ] - am no}-cycl opr opanecar boxyl i c
Coanpodnd &7, niz 7P &RIM 7= I]%, 5-di chl or o-
phenyl ) - 5- net hyl - 6- oxo-5-(4-trifl uoronet hoxy-benzyl)-6
, 7- di hydr o- 5H—inidazo[1 2-
a box lic
CO%JC;J ghﬁ%@(y&@gﬁ@@ 22l él@%mﬁX%P%@B?ﬂﬂ%f y
cdaﬁ hdd2, 6/or2:- S 4- 1) Zoﬂapblﬁﬂd&l&@ mzz M98q§mzyn*) 6, 7-dih
ro- 5H—|n1dazo[1 2-a] i m dazol e- 3-
carbonyl] am no}-cycl opr opanecar boxyli c acid,
1-{[ (R -7-(3,5-D chl oro-phenyl ) -5-net hyl -6- 198 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT

Exgi;@gﬂﬁ gn)l? £-xhho-BeRllrvd s ‘aﬁ@fé%)ar fndroPHMNIH 3-mbthy X6

oxmm@ﬂlydmﬁHﬁhﬁMﬁQa&]iﬁﬂddzblk Rearboxylic acid [(S)-1-(1-pyridin-2-
é[(FQ 7-(3,5-Di chl oro- henyl)-5-nethy|-6-oxo-5-(4-
yl-eyclopropyhe ozl)yethﬂéﬁm} -6, 7-di hydro-5Hi i dazo |
1, 2-a]i m dazol e- 3- carbonyl] -am no }
cyclopropanecarboxylic acid, 1-{

[(R -5 ,ﬁ chl or g- benzyl) Lwhaﬂgbmichlor - phenyl ) - 5- net
hyl - 6- JE/ 2) HCl, 1 4-dioxane )é/NH 2 HC
oxo- 6 |hydro- Fﬁfdfaazort—z—arrnl Qﬂ | 8- 3- car bony! ]

-amn cycl opropanecar boxylic acid as a starting
material : Conpound 81, mz 621. 4] M+1] + qpnpound 232,
mz 621. 4 M+1] + Conpound 91, m'z 614. 5] 1&
Conpound 176, mz 621. 5[ M1]+ Cbnpound

634. 5[ MF Compound 200, nfz 634. 5[MF Con'pound

133, nl z “608. 5[ M+1] + 1 Gonpound 164, nl 04 MF1] +
Conpound m z 620. 5]W#Y+  Conpound_ g9
676. 9[ NFL £ Compound Bl z 645. 5[N%1] und 76,
m z 645.]5 1]+ N N NH «2HC|
HO™ Y0 a | H
Sy NH
N/
)

To a solution of Boc-Ala (100 mg, 0.53 mmol), HATU (261 mg, 0.69 mmol) and
triethylamine (0.15 mL, 1.1 mmol) in DMF (2 mL) was added a solution of 1-pyridin-2-
yl-cyclopropylamine (80 mg, 0.60 mmol) in DMF (1 mL). The mixture was stirred for
1.5 h then diluted with EtOAc (30 mL), washed with water (3 x 30 mL), brine (1 x 25
mL), dried with MgSO,, filtered, and concentrated to afford a crude solid. The crude
material was purified by flash chromatography on silica gel, eluting with Hex/EtOAc
(50/50 to 75/25) to afford [(S)-1-(1-pyridin-2-yl-cyclopropylcarbamoyl)-ethyl]-carbamic
acid tert-butyl ester (120 mg, 74%) as a white solid.
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Conpound 173, mz 659.6 [ M+1]+ 199 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT Conpound
W(22(5)9/0r/ﬂ435 658.9 [M+1l]+ Conpound 18, niz 760. 2p¢TVIF33068/084149
npound 6, mz 599.5 [ Mt1] + Conpound 12, mz 634.6
chmti\jm09©éﬁ@8€?ﬁd 14, miz 634.6 [M+1]+ Conpound 17,
mz 613.5 [ MF1] + Corrpound 160, mz 592.8 [ M+1] +

A %‘5‘“‘3@,@,@?31 pg)lauﬁ@%l @ycfé(%ﬂrdpyldzaf%agg?f[gm%ﬂgcah]?ﬁmc tid rert-

bu@baper(h2D mgNn). 39rtnzn06)418 @B OB]mL) CormddeheMAd], in diaxane (0.98
mng%% m}#o%h- é%f sglu 1 sp _,fg';l %@%%ﬁﬂﬁg %ggoéc%é}t%b@%ggyoot%g?ford

e TS BRIY '15? 200 B BBy Qg TRkt 0

mg?mlﬂ&a&%/ 084149 Docket No. 09-0446 PCT Conpound 15,
mz 718.6 [M+ 1]+ Conpound 22, nlz 659.6 [M+ 1]+
Compound 74, mz 602.5 [M+ 1]+ Conpound 94, Mz 594.5

(RE—%/'—(I Cly]ano benz%%@% &gﬁoroﬂ—ﬁugr%sphen;NS me]dlyl 6-0x0-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carboxylic acid (300 mg, 0.65 mmol) was dissolved in
CH,CL, (4 mL). To this solution was added oxalyl chloride (0.11 mL, 1.3 mmol)
followed by DMF (0.05 mL). The reaction was allowed to stir for 2h. The volatiles were

removed in vacuo to yield the crude acid chloride (300 mg).

The crude acid chloride (100 mg, 0.21 mmol) was dissolved in anhydrous THF (2 mL).
To this solution was added a solution of (S)-2-amino-N-(1-pyridin-2-yl-cyclopropyl)-
propionamide dihydrochloride (70 mg, 0.25 mmol) dissolved in DMF (0.5 mL).
Triethylamine (0.11 mL, 0.63 mmol) was then added. The reaction was allowed to stir
for 2 hours. The volatiles were removed in vacuo and the resultant residue was diluted
with EtOAc (20 ml) and poured into saturated aqueous NaCl:10% NaHCOs (1:1) (30 ml).
The aqueous phase was separated and further extracted with EtOAc (2 x 20 mL). The
organic layers were combined, dried (Na,SO.), decanted and concentrated. The crude
residue was purified by flash chromatography on silica gel, eluting with 1-5% MeOH in
CH,Cl,, to furnish 130 mg (96%) of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-
phenyl)-5-methyl-6-0x0-6,7dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [(S)-
1-(1-pyridin-2-yl-cyclopropyl carbamoyl)-ethyl]-amide as a pale yellow solid, m/z 646.6
M+ 17"

The following compounds were prepared using procedures similar to those described

above:

Compound 300, m/7 646.4 [M + 11",
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Compound 72, mz 606.5 [M+ 1]+ Conpound 3,nz 628.5

[M+ 1]+ Corrpound 220, nlz 660.5 [M+ 1]+ Conpound
\VﬁﬁmmmmMssﬁsz [M+ 1]+ Conpound 267, nlz 64BCHUBNM0S/084149
Q@J{ nmpound 126, mz 646.5 [M+ 1]+ Conpound 154,
D Qtl\B399494t16vP€T1]+ Conpound 137, mz 707.6 [M+ 1]+
Compound 101, nmz 646.5 [M+ 1]+ Conpound 272, mz
Cotbbufd BM, 1/1690.4300MRAYNdorhpdund®52, £6359.68 Mt L €ompound 385, m/
O%‘anound 31, mz 640. ?@M Eaul + ZO’?@V\D 2009/ 07]]6485p )
670G TMUS2D A3 B41d 883, mcﬁh& 9N + 109 ConypeuRB304Ce it M + 11

254, mz 642.5 [M+ 1]+ Conpound 255, mz 682.5 [M +

1]+ Conpound 109, mz 649.21 [ M1l]+ Conpound 89, mz
CofduRd 35 Mmld 647 Tvmoyhd 98, iz 649. 01 [ Me1] +

Compound 156, nmfz 649.15 [ Mt1] + Conpound 125, niz

620.4 [M+ 1]+ Conpound 123, Mz, 605 [M+ 1]+

Ex?ﬁrﬁﬁ’(gf? "@%’3 (W ﬁgg@e@y%{' L3 sllllcl}lag&@%?m%ﬂth&ré Zox0-No(1-

{[21(214 teﬁa&oﬂﬁl)ﬁth&l\]ﬂaﬂmmo?}aﬁ%mpﬂm,s dih?dﬁ)lﬁ-lfimﬁd&%ﬂlﬂ-
Conpound 10, nfz 693
alimidazole-5-carboxamide

Cl Cl NH,
H
o vl
N, |
N
N=

NN

HATU, NEt,

DMF

N

1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid (50 mg, 0.09
mmol) and HATU (57 mg, 0.15 mmol), were combined with a heterogeneous solution of
2-(1H-tetrazol-5-yl)-ethylamine formiate (45 mg, 0.26 mmol) in anhydrous DMF (1 mL)
and cooled to 0 °C. Et;N (0.043 mL, 0.3 mmol) was added to the reaction. After 18 h
the reaction slowly warmed to room temperature. The crude reaction solution was filtered
and purified via reverse HPLC to yield 45mg of the title compound as a white solid, m/z
619.5 [M + 11%).

The following compounds were prepared using procedures similar to those described
above using either 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic
acid, 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-o0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid,

or 1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-trifluoromethoxy-benzyl)-6,7-
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Compound 11, mz 653.5[M + 1]+ Conpound 16, mz 693.1
[ MF1] + Conpound 20, mz 673.4 [M+ 1]+ 202 WO
wQo09NMA885 PCT/ US2008/ 084149 Docket No. 09- PAWESIET084149
Compound 84, mz 653.5 [M+ 1]+ Conpound 187, niz
Dorket No. 010444 PET Conpound 194, miz 707.5 [ Mk1] +
Conmpound 207, mz 707.1 [ M+1l]+ Conpound 211, niz
dinklifo-SHTiMidazd]ll 2-a] AR I-caibdnyl Mhmint) &yBlopMpdidetarboxylic acid
éonpound 22%{, m]z 679. 6 [I\/H]}JIrMCoEgogndblggl, m z J
as @ v@rtaig[vedrjak  Conpound 4, mlz 720.6 [M+ |]' Conpound
5, mz 704.2 [M+ 1]+ Conpound 23, mz 661.5 [M+ 1]+
Compound 253, Mz 673.5 [M+ 1]+ Conpound 68, m z

Cob@Ruhd §M m/H 644 gaqwpeand 69, mz 665.5 [M+ 1]+
Compound 30, mz 687.5 [M+ 1]+ Conpound 58, mz

689.7 [M+ 1]+ Conpound 33, mz 670.7 [M+ 1]+ 203 WO

Coé%%%ﬂ@l@@%f@é&g%g%osmw Docket No. 09-0446 PCT

ound [M+ 1]+ Conmpound 59, niz
688.7 [M+ 1]+ Conpound 36, nmz 647.7 [ M+l] +

Compound 301, m/z=7532.63 [M+2]"
Compound 49, m/z =690.69 [M + 21"

Compound 62, m/z = 649.65 [M + 2]

Compound 305, m/z=690.69 [M + 2]*
Compound 306, m/z=645.65 [M +2]"
Compound 307, m/z=663.67 [M +2]"
Compound 308, m/z =648.65 [M +2]"

Compound 324, m/z=708.7 [M + 11" Compound 328, m/z 660.55 [M + 1]°
Compound 330, m/z 632.52 [M + 1]*
Compound 331, m/7 697.36 [M + 1]*

Compound 332, m/7 681.34 [M + 1]*, This compound was obtained by separation (via
HPLC) from its diastereomer resulting from the coupling of rac-1-(1H-Pyrrolo[2,3-
b]pyridin-6-yl)-propylamine with 1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino } -

cyclopropanecarboxylic acid.
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Compound 56, mz 659.0 [ M+tl]+ Conpound 64, nlz 663.7
[M+ 1]+ Conpound 37, mz 646.00 [M+ 1]+ Conpound
W(:38009M(mss717 06 [M+ 1]+ Conpound 57, m z 673rAT/phod$/684149
npound 40, mlz 683.4 [M+1l]+ Conpound 39, mz 742.8
chmti\jm09@éﬁ@8€?ﬁd 41, mz 644 [M+1]+ Conpound 48, niz
661 [ MF1] + Corrpound 50, mz 631.1 [ Mt1] + Conpound
42, mz 631 [ M+1] + Corrpound 256 mz 622.7 [M+ 1]+
Conpound 257, mz 640.7 [M+ |I]-" 204 WD 2009/ 070485
CoREDULEITH 87/06W1HIM Bddket No. 09- 0446 PCT Compound
288, nmlz = 686.53 [M+ 1]+ Conpound 289, mz = 687.69
[M+ 1]+ Conmpound 290, mz = 681.64 [M+ 1]+
1482-8 [M + 1]+ Conpound 322, nlz
Cozﬁwégg&%’%’% ]]ng% ound 323, mz = 730.7 [M+ 1]+
Conpound 325, MZ = 683.7 [M+ 1]+ Conpound 326, mz
= 684.5[ M + 1] + Conpound 327, m(z = 700.6 [M + 1]+
Commpepodiddy. 3656428 M 71! Copnpundi39, mEedpdaiM 865, i z
675.8 [M+ 1]+ Conpound 367, mz 645.7 [M+ 1]+
Conmpound 368, nlz 673.8 [M+ 1]+ Conpound 369, mz
Cofdpdufid 390, m/4644.61 (M +1]°

Compound 353, m/7 659.62 [M + 1]*

Compound 355, m/z 655.68 [M + 1]*

Compound 356, /7 656.70 [M + 1]*
[1-(6-{1-[(1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarbonyl)-
amino]-cyclopropyl }-pyridazin-3-yl)-1-methyl-ethyl]-carbamic acid benzyl ester, m/z
850.88 [M + 1]°

Compound 411, m/7 641.66 [M + 11" Compound 389, m/z 669.9 [M + 1]*

Compound 409, m/7 728.4 [M + 11"

Compound 50, m/z 631.6 [M + 1]*
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Compound 370, mz 659.8 [M+ 1]+ Conpound 371, mz
689.8 [M+ 1]+ Conpound 372, mz 674.8 [M+ 1]+
w@eomomass 374, nmz 682.7 [M+ 1]+ 205 WO 2009PO704R68/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT Conpound
Dglrg Nay09-064@PET[ M + 1]+ Conpound 376, mz 682.7 [M +
1] + Corrpound 377, mz 682.5 [M+ 1]+ Conpound 379,
Exahiple B3 (ﬁ) g/l-{[(R -1- 3 qummlpﬁ&ﬂyl) sdnzetﬁﬁ&s &d- 54(4tr1ﬂ1doro-
Compound 7 [M Compound 387
melmi)(ysbc{nwl}ﬁﬂ-dlhydmmﬂunﬂdmgl,2M1m1¢it‘i(61@3E: benﬂ]napuum}d
396 mz 777. &Jg‘/l IEQH; 206, WO ,2009/ 070485
cygenonanesash Y. &ScakRexyi628946 PCT Exanpl e 14.
(3R) - 3-(4-Bronmobenzyl )-N-{(1R)-2-[ (3R) - 3- cyanopi peri di
n-1-yl]-1-

nmet hyl - 2- oxoet hyl } - 1- (3, 5-di chl or oph =-8- met hyl

X0- 2, 3-di hydr - | 4t @W@

i m dazo[ 1, Zg@ﬁi dazol e- 5- caroxani de an(d

(3R)-3-(4-br benzyl ) -N{(15)- 2- N=(

[ (3R -3-cyang ridin- 1H9’ - 1- et hyl N
iyl ) - 3- met hyI o

, 5-di chl or
2- oxo- 2, 3-diyhydr g- | Hi m dazef2 2- a]

car boxam dg 1 I~ ec€iney Cl
O- =~ Niig_NGN O™ O CL N
OH F)(F Q
=0
HO

To a solution of 1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-5-(4-trifluoromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino }-cyclopropane-
carboxylic acid (0.10 g, 0.17 mmol) in DMF (1 mL) was added EDC (0.059 g, 0.26
mmol) and the mixture allowed to stir for 10 min. In a separate reaction vessel,
pyrrolidine 3-carboxylic acid (0.039 g, 0.34 mmol) was dissolve in DMF (1 mL) and to
this was added Et:N (0.049 mL, 0.34 mmol). The amine solution was then slowly added
to the acid mixture and the reaction allowed to stir at room temperature for 12 h. The
crude reaction mixture was purified by reverse-phase HPLC to give 54 mg of the title

compound as a white solid, m/7 680.5 [M+]".

The following compounds were prepared using procedures similar to those described above
using either 1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic acid, 1-{[(R)-5-(4-
cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazo[ 1,2-
alimidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid, or 1-{[(R)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-
alimidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid (1-{[(R)-7-(3,5-dichloro-phenyl)-
5-methyl-6-0x0-5-(4-1,2,4-triazol-1-yl-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-
carbonyl]-amino }-cyclopropanecarboxylic acid, 1-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-
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~N THE N EDC, HOBt ~ OBr HOODWVAP O_ O Br Br C

\'aA A VA Ml NHNONO TFAN( NN EDC, HOBt
woibooBMBR HN O O Br O Br OH N A sol ution of PCT/US2008/084149

(R) - 3-(4-brono- benzyl )-1-(3, 5-di chl oro- phenyl ) -5-i odo-
Dogkﬂm&f)-ﬂl‘mﬁ PChi dazo[ 1, 2-a] i m dazol -2-one (4.5 g, 7.8

mol) in THE (50 nL) was cooled to -40C. To this was
ox8150uL 12, 346011 SLBERRYL6, TRIRes. IAmididere[de-ikitiAdleTHEarbonyl]-

159%L%L, 15.6 %ﬁﬁgg?mover 20 mn. The[reagtion m'xtureM
amiary -&ycloprapdnestirbodgic@cido d - {1(R)-Ta@ed -Divdator pRergdisd-npiig$-6ebxo-5-(4-

Er e.Was,

1S HeaRe 3 3 B e SPGB R b Dol I AR ino)-
ey i BbaneLbo I HELIRR) B4 thichHeyh S Moo henyl)-5-methyl-6-

ox@ét,w-@iﬁy(ﬁoW—ﬁnﬂd@ﬁiﬂﬁﬂ-a\mﬁi&hzmt?&arb(hfyﬂ]l%@niﬁ@}icydﬂdﬂrgiﬁhn%afrlfbxyhc acid

MySO4. The m xture was filtered and concentrated i

as g aleuig mierialesi due was dissol ved in toluene (40 nl)
and hexane was added (100 nL). The resulting
precipitate was fi|tered and washed wi th hexane to

CogtpogndiS b 78z 2 b MR- 5- (4- br ono- benzyl ) - 7- (3, 5-

Compound 232, m/7 621 4[M+1]*
Compound 91, m/z 614.5[M+1]"

Compound 176, m/7 621.5[M+1]"
Compound 196, m/7 634.5[M+1]"
Compound 200, m/z7 634.5[M+1]"
Compound 133, m/7 608.5[M+1]*
Compound 164, m/7 620.4[M+1]*
Compound 192, m/7 620.5[M+1]*
Compound 79, m/z 676.9[M+11"
Compound 8, m/z 645.5[M+1]*

Compound 76, m/z 645.5 [M+1]"

Compound 173, m/7 659.6 [M+1]"
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di ch

or o- phenyl ) - 5- net hyl - 6- oxo- 6, 7-d' hydr o- 5H i m dazo[ 1, 2-
w@liomiodegdl e- 3- carboxylic acid as a purpl e soPCTUSIAZ/084149

495.5 [ M+] +. 207 WD 2009/ 070485 PCT/ US2008/ 084149
Doplses ¥ OR44@8CH446 PCT To a sol ution of

(R)-5-(4-brono-benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
CompufK 22 mf7 638.9 [M+11* o _ _

di hydro-5H 1 m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid

(2.5 g, 5.0 mol) in DVF (5 nL) was added

- ' jfom+C acid tert-butyl ester
¢ 8%‘%%%6’??3@'?3{4821 g, 5.0 mol), HOBt (0.68 g, 5.0
mol ), EDC (0.97 g, 5.0 mmol) and DVAP (0.061 g, 0.50
nmol The_re iQn m xture was heated at 80 C for 12
Compoy 6’rrf"27{§?r9estSﬁal | owed to cool to room
tenperature and diluted with water (100 nmL). The
m xture was extracted wwth EtOAc (3 x 100 nL) and the
Coppobinh &Y ot G3h6 EMi-ajjer s were washed with water, brine
and dried with MgSO4. The m xture was filtered and
concentrated in vacuo to give 2.5 g of (9S)-2-{
CdngBlind14, 4B iNMengy! ) - 7- (3, 5-di chl or o- phenyl ) - 5- net h
yl - 6- oxo- 6, 7-di hydro- 5H-i m dazo[ 1, 2-a]
i m dazol e- 3- car bonyl ] -am no}-propionic acid tent-butyl

Cogﬁoﬁf‘?gﬁ”%% 6YES I[My'yl]sol id, mz 623.5 [M+1]+. To a
(S)-2-{[ (R -5-(4-brono-benzyl)-7-(3,5-dichl oro-phenyl)

-5-ne -6- '

CO(S‘H’SPB(,S Q&L%gpgﬂ Bt 1ni dazo[ 1, 2- a] i ni dazol e- 3- car bonyl |
-am no}-propionic acid tert- butyl ester (3.0 g, 4.8
mmol) in CH2A 2 (20 nL) was added TFA (1 nL). The

Congmond b6, a3 IMweld to stir for 30 mnutes and then
the sol vent renoved in vacuo to afford 2.2 g of
(S)-2-{

Con{pBind®1 14 »b¥ 9900 gyl ) - 7- (3, 5-di chl or o- phenyl ) - 5- et h
yl' - 6- 0x0- 6, 7-di hydro- 5H i m dazo[

1, 2-a]i m dazol e- 3- carbonyl ] - anmi no}-propionic acid as a
' [ +2 [Mt]+. To a solution of

CO%OE@ ffﬂ( Fé?z- gj-g((i%ﬁo -benzyl ) - 7- (3, 5- di chl or o- phenyl )
-5- et hyl - 6-
0x0- 6, 7-di hydro- 5Hj i dazo[ 1, 2- a] i m dazol e- 3- car bonyl ]

COII&%?P%;S%(@@%@ ﬁ“ﬁ@i d (2.79. 4.8 nmol) in DVF (5 ni)
and Et3N (2 nL) was added
(R)-pi peridine-3-carbonitrile trifluoroacetic acid

Cofripotndy2014 ngz eeod IM+HOBt (0.64 g, 4.8 nmol ), EDC (0.91
g, 4.8 mol) and DVAP (0.010 g, 0.082 mml). The
reaction was heated at 80 C for 5 h. The m xture was

Conppued143) ni/oemd pipgtature and diluted with water (100

m.). The m xture was
Compound 234, m/7 621.6 [M +1]*
Compound 241, m/7 620.6 [M+1]"

Compound 9, m/z 661.5 [M + 1]

Compound 152, m/7 633.5 [M + 11"
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extracted with EtQAc (3 x 100 nL) and the conbi ned
extracts were washed with water, brine (2 x 100 nlL)
war@oarisetl with MgSO4. The m xture was filter eBCT/US2008/084149

concentrated in vacuo and purified by flash
Daghetd¥m08@d4pRYTon silica gel. The resulting residue
(200 nmg) was dissolved in MeCH and purified by

Con®oand es,phrages.6puG 116 give 12 ng of (3R)-3-(4-
bronobenzyl) N{ (1

R) - 2-[ (3R) - 3-cyanopi peridi n-1-yl]-1-nethyl -2-oxoet hyl }
Cﬁﬁ§@5@§§%%%%6ﬁ%ﬁﬁﬁqgﬁ@70485 PCT/ US2008/ 084149 Docket

di chl or ophenyl ) - 3- net hyl - 2- oxo- 2, 3-di hydro-| H i m dazo[

1,2-a 1 d -5- carboxam de (eluted first), mz
CO@H’@“@A ?Mégiaga\dﬁ of (3R)-3-(4-bronmobenzyl)-N
{(1S)-2-[(3R)-3-cyanopi peridin-1-yl]-1-nethyl-2-oxoeth
yl}-1-(3,5-di chl or ophenyl ) - 3-
Compronnd 92mboc42, B dilhydr o- | H i ni dazo[ 1, 2- a] i m dazol e- 5-
carboxam dem z 659.3 [M+1l]+. The fol I oW ng conpounds
were prepared using procedures simlar to those

Cdéqy‘gﬁﬁd bS] m/abe8v M Gorrbound 373, nmfz 683.5 [M + 1]+
Exanpl e 15.

(3R) - 3- (4-bronobenzyl)-1-(3, 5-di chl or ophenyl ) - 3- net hyl

Corgﬁk &ﬁ(iil%z n%%(go 2 ]}43"' ]:r3-(1H-tet razol - 5-yl ) pi peridin-1-y

I]ethyl} 2- 0x0- 2, 3-di hydr o-
1H | azo ]im dazol e-5-carboxamde . ci \ ci a
Colmpogrrll%g @iﬂ@ NN- NONNI NHN NH-\ HNO
, HNOIl OBr OBr HATU HOAI, N
Compound 220, m/7 660.5 [M + 1]*
Compound 268, m/7 632.5 [M +1]*
Compound 267, m/7 646.6 [M +1]*
Compound 126, m/7 646.5 [M +1]*
Compound 154, m/7 632.5 [M + 1]*
Compound 137, m/7 707.6 [M +1]*
Compound 101, m/z 646.5 [M + 11"
Compound 272, m/7 647.5 M +1]*

Compound 151, m/7 663.5 [M +1]*

Compound 31, m/z 640.6 [M + 11
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Et3N, DMF OH N N NNH To a cold (0 C) solution of
(S)-2-{
W(D(ztm))/o’fm(m brono- benzyl ) - 7- (3, 5- di chl or o- phenyP(F/652008/084149
tﬁm - 0X0- 6, 7- di hydro- 5H-i m dazo[ 1, 2- a] i m dazol e- 3-
DQs?h@t PP0440PEE 1-propionic acid (0.050 g, 0.088
mol) in DVF (1 nl) was added

Confpourd f34t/et42z 5 Yy1 ) - piperidine trifluoro-acetic
acid salt (0.047 g, 0.18 nmmol ), HATU (0.040 g, 0.11

mol ) and Et 3N (0. 026 m., 0.18 mmol). The reaction

7§%§5 jr_for 10 minutes and 209 WO

CO%B%%” /%50168/ 084149 Docket No. 09-0446 PCT
HOAt (0.024 g, 0.18 mmol) was added and the m xture
aIIo to to rQom tenperature overnight. The

Comeye f%gagi/%ﬂ@l:?narﬁ [iﬁﬂre was purified by reverse-phase
HPLC to give 10 ng of thetitle conmpound as a white
solid, mz 7014[|\/]+. Exanpl e 16.

COQIQR)JHQSQ 31/5640.¢hIM+bpheny! ) - 3-[ (4' - f | uor obi phenyl - 4-y|
) met hyl ] - 3-
met hyl - N-{(1S) - 1- et hyl - 2- oxo0-2-[ (3R)-3-(1Htetrazol -

Comﬁo)lﬁ’d wrnlz/gimatw gthyl }-2-
0X0- 2, 3-di hydro-I Him dazo[ 1, 2-a] i m dazol e- 5- car boxam
de.Cqul ~HOB OHCI iCl N-~NONONNNF

Cogfﬁg&?@gg'@@(g%wll]# r Pdd,dppf, 0 0 K2CG3, DME O

Compound 125, m/7 620.4 [M +1]*
Compound 123,m/7, 605 [M + 1]*
Compound 80, m/z 659.1 [M + 11
Compound 77, m/z 735.9 [M+1]*
Compound 19, m/z 704.6 [M+1]*
Compound 171, m/; 718.6 [M+1]*
Compound 199, m/z 718 2 [M+1]"
Compound 10, m/z 693.4 [M+1]"
Compound 11, m/z 653.5[M + 1]*
Compound 16, m/z 693.1 [M+1]"

Compound 20, m/z 673.4 [M + 11
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NO NCF3 OHN ~ N-( NNN~NNIT N~NH OOI/ I\ H
OOYNF E r | OHFH, HOA, 3N, DV MF N N NNNH A
wa@ odoanirm@ss of PCT/US2008/084149
S)-2- 4- pbr ono- benzyl )-7-(3, 5-di chl or o- phenyl
Dockhes HO0A BZ. -7 Phenyl)
6, 7- di hydro-5H-i m dazo[ 1, 2-a] i m dazol e- 3-car bonyl ] -am

Cdﬁq}oumgpln%6§3§19v[d|.1ént butyl ester (0.20 g, 0.32
mol ), 4- quorophenyI boronic acid (0.059 g, 0.43

mmol ) and K2C03 (0.15 g, 1.1 mol) in DVE (5 nL) was

f,or;+10 m nutes. To this was added
Cogﬁ%?g(?g%pwg%'%fgﬂd the m xture heated at 80 C for
12 h. The resulting black mxture was cooled to room
ure, ted,wth saturated NH4Cl and
ITB%‘E?% Mﬂ) 9/ 070485 PCT/ US2008/ 084149 Docket
No 09-0446 PCT with EtOAc (3 x 50 nL). The conbi ned
organi ¢ extracts were washed with water, brine, dried
Compohnd/fBO/ 21T . cBveHhtrated. The residue was purified
by silica gel chromatography to afford 150 ng of
(S)-2-{ [(R-7-(3,5-dichloro-phenyl)-5-(4"-fluoro-

Copigeedyl I, 4y ¥ 13 M) 15- et hyl - 6- oxo- 6, 7- di hydr o- 5H-i ni
dazo[ 1, 2-a] i m dazol e-3- carbonyl ] -am no} - propionic

acid tert butyl ester as a white solid, nfz 637.5

C(%‘%B]%d %]F()ﬁ?z %(%;ﬁ"gggfgh or o- phenyl ) -5-(4'-fl uoro-bi phe

nyl - 4-yl met hyl ) - 5-

net h ydr o-5H i m dazo[ 1, 2-a] i m dazol e- 3-
CO(‘E%PPB%QL%%]? W&T?%Og ]\q'b opionic acid tert-butyl ester
(0.15 g, 0.24 nmol) in CH2Cl12 (10 nL) was added TFA (4

m.) and the mxture stirred at roomtenperature for
Congpohnd The mfi 6400 BVIWHS diluted with water (50

Compound 4, m/z 720.6 [M + 17

Compound 5, m/z 704.2 [M + 17"

Compound 23, m/z 661.5 [M + 11
Compound 253,m/z 673.5 [M + 17"
Compound 68, m/z 699.5 [M + 11
Compound 69, m/z 665.5 [M + 1]
Compound 30, m/z 687.5 [M + 1]
Compound 58, m/7 689.7 [M + 1]

Compound 33, m/z 670.7 [M + 11
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m.) and extracted with EtOAc (3 x 50 nL). The conbi ned
organi c extracts were washed wth water, brine and
waleooem70a8t h MgSO4. The mixture was filtered anBCT/US2008/084149
concentrated to give 120 ng of (S)-2-{
Dqckegg)Noz 099446 BCEhI or o- phenyl) 5- (4' -fluoro-bi phenyl - 4-y
| met hyl') - 5- net hyl - 6- oxo- 6, 7-di hydro-5H i m dazo |
Colpduid Bixgasw. BfM~CH bony!| ] -amino } -propionic acid
as a white solid, m'z 581. 3[M+. To a cold (0 O
sol ution of (9)-2-{
or +phenyl’) -5- (4" -f1 uoro- bi phenyl -
C%@?iﬁ@% ?ﬂ{d - 0X0- 6, 7-di hydro-5Hi m dazo |

1, 2- a]inidazole 3 carbonyl] -anino } - propionic acid

0.1 L2 ) 4n DMF (1 n) was added
Cﬂéﬂ?ﬁﬂ@d ?fi @%’7%”@ yl)- piperidine trifluoro-acetic
acid salt (0.055 g, 0.21 nmol), HATU (0.093 ng, 0.25
mmol ) and Et 3N (0.059 nL, 0.41 mmol). The reaction
Comgmuad Sowed 658.0dM+1]for 10 nin and then HOAt (0.056
g, 0.41 mmol) was added. The m xture was allowed to
warmto room tenperature overnight. The crude

Coﬁqﬁﬁgﬁigﬁgg}%yzw}/yﬁ?pwifi ed by reverse phase HPLC

title conpound as a white solid,
mz 716.6 [M+. The foll owi ng conpound was prepared
using simlar procedures as described above: Conpound
Cowound 37,698640.00MNI+ 311 WO 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT Exanpl e 17.
(3R) - N-{(lS) 4- Am no-| - [ (3- car banoyl pi peridi n-1-yl)car

otaﬁ{&ihd 7
Co obut 3? 06 E/ano]genzyl) 1- (3, 5-di chl orophenyl )-3-m
et hyl - 2 oxo 2 3-di hydro 1H

|md 1, ol e-5-carboxamde. C | C O O NFi
B@i&”é@g N~ O+ NONH DMF HO O N H. Cl
I \ C d -~ CI @)
Compound 40, m/z 683.4 [M+1]"

Compound 39, m/z 742.8 [M+1]"
Compound 41, m/z 644 [M+1]*
Compound 48, m/z 661 [M+1]*
Compound 50, m/z 631.1 [M+1]"
Compound 42, m/z 631 [M+1]"
Compound 256, m/7 622.7 [M + 1]*

Compound 257, m/7 640.7 [M + 11"
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N NpCFOHNNONN HHOHNOONH ONHZ OCOH 1

0O 1Ca \C HNON NHN~NN EDCHCI, HOBt, NEt3
W(HN)O@M(DM: NHZ N O O NHZ To a solution of PCT/US2008/084149

é4 cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- et hy

chk@N_g( 99436 PCT

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid

(1.0 g, 2.3 nmol) in DVF (25 nl) were added

( 3-di net hyl am no- pr opyl ) et hyl - car bodi i m de
Conynot P& rivde (8653 Myt 11'3. 4 nmmol ), benzotri azol -1 - ol

(459 nmg, 3.4 mmol ) and triethylamne (1.2 nL, 10.9

nmmol ). The reaction rrixture was stirred at room

qlggg re, f (1rand (S) - 2-am no- 4-
COc r g(;rg%/y @/St 3{870 CI d lert-butyl ester hydrochl oride

(811 ng, 3.4 mmol) was added. 212 WO 2009/ 070485

PCT/ US2008/ 084149  Docket No. 09-0446 PCT The reaction
Comipoung @90neiEz sO8F.o€EMat 1lr oom t enperature for 64 h then

diluted with water and filtered through a glass frit.

The solution was then extracted w th di chl or onet hane

Cogﬁia%)l d 37hg,/£0 p[ anic layers were then washed
W't nWat e%/ xg?2 e o]?gam c phase was
Compound 322, m/7; =689.7 [M + 11"

Compound 323, m/z = 730.7 [M + 1]" Compound 325, m/z =683.7 [M + 1]

Compound 326, m/; = 684.5[M + 1]*
Compound 327, m/z =700.6 [M + 1]*

Compound 365, m/z 671.7 [M + 11"
Compound 366, m/z 675.8 [M +1]*
Compound 367, m/7 645.7 [M + 1]*
Compound 368, m/z 673.8 [M +1]*
Compound 369, m/z 713.6 [M + 11*
Compound 370, m/7 659.8 [M + 11"
Compound 371, m/z 689.8 [M + 11"

Compound 372, m/7 674.8 [M + 1]" Compound 374, m/z; 682.7 [M + 1]*
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dried over anhydrous Na2SO, decanted and concentrated
in vacuo. The resulting residue was purified by flash
we bwoopraideyr aphy on silica gel (40 to 100 % et hpE€T/US2008/084149
acetate in hexanes) to afford 999 ng of
Daclgyt-Np. 810840rBG 1 - 2- {
[(R) -5-(4-cyano-benzyl)-7-(3,5-dichloro
phenyl) - 5-net hyl - 6- oxo- 6, 7- di hydr o-5Hi m dazo
[1, 2-a] i m dazol e- 3- carbonyl] -amino }- butyric acid
Congroundditdy in/e64%6 [Ms §" white sol | d mz 625.5 [M+ 1] +.
To a solution of (S)-4-carbanoyl-2-{
[ (R)-5-(4-cyano-benzyl)-7-(3, 5-di chl oro-phenyl) -5-
:rlx@g: dro-5H i m dazo[ 1, 2-a] i m dazol e- 3-
Cc rE%‘#@/ %ﬁ%o-{n@ut ric acid tert-butyl ester (970
mg, 1.5 mmol) in CH2C12 (10 nlL) was added
trifluoroacetic acid (5.0 nmL, 28 mmol ). The reaction
Comiperng &7 ez 632.7 Mo 1de roomtenperature for 4 h. The
reaction m xture was then concentrat ed in vacuo to
afford 882 ng of (S)-4-carbanoyl -
y it ) - 7- (3, 5- dlchloro phenyl ) -5-meth
¢ y p&n‘g%%”g %gﬁﬁ\g?omskp
i mdazo[ 1, 2-a] i m dazol e- 3-car bonyl ] -am no}-butyric
acid as a white solid, mz 569.4 [M + 1]+. To a
Cosglound 3%, 67z 6898 IMdaklbanoy!| -
[ (R)-5-(4-cyano-benzyl)-7-(3, 5-di chl oro-phenyl)-5-
met hyl - 6- oxo- 6, 7- di hydro- 5Hi mi dazo[ 1, 2- a] i m dazol e- 3-
Co%i?}foﬁﬁ({‘%é b0} [Ml-llbdf CS ?Gl!llftil 38058)/,m0.5qMP8gmol ) in
m) was added nmet hyl am no- propyl } et hyl
car bod| i m de hydrochl or| de (25 ng, 0.132 mmol),
benzotri azol-1-ol (18 ng, 0.132 nmol) and
Colfftﬂoétl(h%%afﬁ/héﬁ(ﬁw 0.395 mmol ). The reaction mxture
Sihad e terrperaturefor 20 min then
COS?PBEP‘?% 398?%:761%@&% |c acid amde (17 ng, 0.132 nmol)
was added. The reaction m xture was stirred at room
tenperature for 64 h. The reaction mxture was then
diluted with water and filtered through a glass frit.
The solution was then extracted with CHzCl z (x3). The
conbi ned organic |layers were then washed with water
(x3). The organic phase was dried over anhydrous
Na2SO4 and concentrated in vacuo. The resulting
resi due was purified via reverse phase HPLC to afford
60 ng of the title conmpound as a white solid, niz
679.6 [M+ 1]+. 213 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT The foll owi ng conpound was
prepared using simlar procedures as described above:
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Conpound 71, mz 659.5 [M + 1]+ Exanpl e 18.

(3R)-1-(3,5-D chl orophenyl ) - 3- net hyl - 2- oxo- N- { 2- oxo0- 2-
WO ¢BRN7B8Y 2H- PCT/US2008/084149

tetrazol - g/ % yrrolidin-1-yl]ethyl}-3-[4-(trifluorone
Dackes¥o. BB#296 PC2, 3- di hydr o- 1H-

i m dazo[ 1, 2-a] i m dazol e-5-carboxam de . clP\ cl cl cl
Exfam;/le H. (3R)\-3‘(4BBPblﬂolienz](<l§3mOlRJ-2q R)- @Mﬁadﬁg@ehdm- yl] 1-

di oxane N~ 2. O NN~ ~

mtlﬂlyl@ axdethyd}-B(3,5- (ﬁrlﬁomphknyl) G-Ivletli)l 230)&)-2 8- (ﬁhﬁhtoHH: H

mggzbtl %I%}A lgfdaz“e-: -car oxamlde and (éR)-%-(4 Blromobenz% I\J\IHI )- 2-
[(SW)SM'a&i};)(l?eﬂhﬁm-9f]ﬂ-fﬁgﬁfﬂrl'-b)ox§etﬂ§f}m{3' SartiRrophehyh3-fethyl-

2-03®%3-dihy@ré-1 8- inyid h£o] b Rkdimid az00d-3- 2- a] i ni dazol e- 3- car bo
xylic acid (0.500 g, 1.0 nmml) in CHCL12 (15 ) was

carlzamidexal yl chloride (0.194 nm, 2.2 nmmol), foll owed
by slow addition of DMF (0.05 nL). The reacdiqn mas
stirred for 90 m n. The volatlles were renpvédin

vacuoaand thegresid ol vég”izn THE (15 ml)Y, To
t hi udy sofiut i on addedogmhﬁopr opyl ehw i ne
(0.88YnL, 5.0 4uol) fol Towed by gl yci neat er t Kby

ester ™ ¥0. 30 m=—2. 2 gl )=° The react | oh was sfi
folanpt her 14"h. Thehwof-ati | es W8 §op I €NDVIEd 9 n
at 40 he reacti on lgi e was otk ut edwish et Ryl®
acet at e washed i th Aqueous HC 2), 10%
aqueous Na ccB (x2) and brine (x2). The rgani c phase
was dried ?ver anhydrous Na2SO4 apd concentrated in
vacuo to a

[(R-7-(3,5- hl or o- NLSWEth -6 0X0-5-(4-trifl
uor onet hoxy- nzyl )-6 7-
di hy@lﬁro SHil ridazo[ 1, a] iMm dazol _& ar bonyl ] - am no} -
acetic acuj}_‘-iﬂt txbut yr esier E

HN™ "O DMAP

O,
OH

N/
A solution of (R)-3-(4-bromo-benzyl)-1-(3,5-dichloro-phenyl)-5-iodo-3-methyl-1H-
imidazo[1,2-a]imidazol-2-one (4.5 g, 7.8 mmol) in THF (50 mL) was cooled to -40°C.
To this was slowly added isopropyl magnesium bromide (1M in THF, 15.6 mL, 15.6
mmol) over 30 min. The reaction mixture was stirred at -40 °C for 1 h and then CO, gas
passed through the solution for 1h. The reaction mixture was concentrated under reduced
pressure and diluted with water, The mixture was acidified with IN HCI and extracted
with CH,Cl, (3 x 100 mL). The combined extracts were washed with water, brine and
dried with MgSO,. The mixture was filtered and concentrated in vacuo. The residue was
dissolved in toluene (40 mL) and hexane was added (100 mL). The resulting precipitate
was filtered and washed with hexane to afford 2.6 g of (R)-5-(4-bromo-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic
acid as a purple solid, m/z 495.5 [M+]".
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(0.483 g) as a colorless foam

[(R)-7-(3,5-D chl oro-phenyl ) -5-net hyl - 6- oxo-5-(4-trifl
W@ e0090et4BDXY - benzyl ) - 6, 7- PCT/US2008/084149

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-ca
Dogmeq 09 HoPClcetic acid tert-butyl ester 214 WO

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
To(aosoﬁﬁlbnﬁcg@) -3 (4BRo- U@E{l URE @Ld{ﬁdoﬂofph@rﬁ?: IndtBy1 Bxo-6,7-

u

/ di oxane ded. The sol uti on was
ditygdict-2t enhidamo[d - tdnbldtamle éh:altbexylfccamdl(@ g, adbimtmiebnn DMF (5 mL)

wag§; |aé]§?61| (&55— Pa?ﬁn%p@%cﬁa@ d teig t ?%utleléﬁyg% &gqs'dg '(J(ﬁ9ga ,;ﬁ 0 mmol),
LRSS eS0 G oty Dot FR L DR OEE A

Thé GeddBah @ixthre W e@E] at\88I°€ fad UK. ThEhRixtea®hs AowWaIXS bée to
was agitated for 14 h and then concentrated in vacuo.

roorh éenpggritela endhdiduted with watsd (109 mive®h¢ mixtule wasregtrogiedewith

Eté&:h %Q@ fr@ﬁ {1’% hlgHae Hl\é%%{gzlgl\éj{ly%?s \ggrg%%shed with water, brine and
drlé(:}3 @lth:l\ﬁzés:? DTHI ﬁl@t\?}f%@ ii%lelia ﬁd BN ratds 8XAedd tofgive 2.5 g of

- OX0- Htetrazo
(syjz X E(Rbﬁc(mbcﬂmrneibenleyl)el (By3- HmB}oEcAplﬁdnlyl)fi tethgE-oRE-6Y7)- dik -
]1-2,3-di hydro-| Himdazo[1, 2
S%Hrmlda@&b%wﬁngdaéalﬁtﬁo@@ébﬁndﬂ o) -plpaicsid Iel1-bify2 e8RS B

T |l owi ng conmpounds were prepared using
yeﬁ‘i’%&?lgﬂ% @e%w ‘as described above: Conpound 274,
n z 621 1 [M+ 1]+ Corrpound 175, MZ 6491[M+ 1]+

Compound 161, mz 706.3 [M+ 1]+
Togaw) lmlomvf ) M(Rmﬁﬁbw bagyrit@. %@thorq mhemylipqmethyl 6-

xR0 B P2 1Bl SN ERE, oD hpiop e S e

TR 48 00 L, O P

was allowed to stir for 30 minutes and then the solvent removed in vacuo to afford 2.2 g
of (S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid as a white solid, m/z

442.2 [M+]".

To a solution of (S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-
ox0-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino }-propionic acid (2.7g,
4.8 mmol) in DMF (5 mL) and Et;N (2 mL) was added (R)-piperidine-3-carbonitrile
trifluoroacetic acid (1.1 g, 4.8 mmol), HOBt (0.64 g, 4.8 mmol), EDC (0.91 g, 4.8 mmol)
and DMAP (0.010 g, 0.082 mmol). The reaction was heated at 80 °C for 5 h. The mixture
was cooled to room temperature and diluted with water (100 mL). The mixture was
extracted with EtOAc (3 x 100 mL) and the combined extracts were washed with water,
brine (2 x 100 mL) and dried with MgSO,. The mixture was filtered, concentrated in
vacuo and purified by flash chromatography on silica gel. The resulting residue (200 mg)
was dissolved in MeOH and purified by reverse phase HPLC to give 12 mg of (3R)-3-(4-
bromobenzyl)-N-{(1R)-2-[(3R)-3-cyanopiperidin-1-yl]-1-methyl-2-oxoethyl }-1-(3,5-
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Docket No. 09-0446 PCT Conpound 264, mz 595.0 [M +

1]+ Conpound 134, mz 654.0 [M+ 1]+ Corrpound 153,
wot®wn28sy [ M + 1]+ Conpound 116, niz 682. 0 [RMEU$3068/084149

Compound 144, nmz 609.1 [M+ 1]+ Conpound 112, mz
Dogk® Np. (M0444 PET Conpound 271, mz 609.1 [M + 1] +

Conmpound 155, nlz 668.0 [M+ 1]+ Conpound 158, m z
dlc%ﬁioﬁhehw) 8-rdtiy]- Corarognthykidd | Hidd£88 , LalidMdazold-5-

Conpound 287, mz 623.1 [M+ 1]+ Conpoun 119, niz

caib8gandidg Mluted_fmst) @éﬁﬁﬁ@bﬂf{M-ﬂ]SéandﬂSan&’)R ﬁM—brcm]leenzyl )-N-

{(&;50@% }:%%Pmrge@ﬁrgﬁﬂié[%ﬁyl' T @e%ﬁpﬁl(’f g,ld;,c%%rqprﬂenyl -3-
PO B T TR oS s B A (v

238, nlz 694.1 [M+ 1]+ Conpound 275, mz 663 0 [M+

1]+ Conpound 224, mz 722.1 [M+ 1]+ Exanple

19. 4- Acetyl -1 -{[1-({[(3R) -3-(4-cyanobenzyl)-1-(3,5-dic

hl or ophenyl ) - 3-

nmet hyl - 2- oxo- 2, 3-di hydro-1 Hi m dazo[ 1, 2-a] i m dazol -5-y
The fellovoggapovindoivere prepared using procedures similar to those described

chlopropyl]carbonyl}plpera2|ne 2-carboxylic acid cl ~

Compound 373, m/7 683.5 [M +1]*

Example 15. (3R)-3-(4-bromobenzyl)-1-(3,5-dichlorophenyl)-3-methyl-N-{(1S)-1-
methyl-2-o0x0-2-[(3R)-3-(1H-tetrazol-5-yl)piperidin- 1-yl |ethyl}-2-0x0-2,3-dihydro-

1H-imidazo[1,2-a]Jimidazole-5-carboxamide .

CI cl
cl cl
(P CF
N-N
N’ \
N_( N
||||| H
HNYO
o Br HATU, HOAY,

Et,N, DMF
N,

Bl

b NH
To a cold (0 °C) solution of (S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic
acid (0.050 g, 0.088 mmol) in DMF (1 mL) was added (R)-3-(1H-tetrazol-5-yl)-
piperidine trifluoro-acetic acid salt (0.047 g, 0.18 mmol), HATU (0.040 g, 0.11 mmol)

and Et;N (0.026 mL, 0.18 mmol). The reaction was allowed to stir for 10 minutes and
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O N\ DW O-NHNOI 1 O, XN OHO O TFA cl cl
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Iz

HOALt (0.024 g, 0.18 mmol) was added and the mixture allowed to warm to room
temperature overnight. The crude reaction mixture was purified by reverse-phase HPLC

to give 10 mg of the title compound as a white solid, m/z 701.4 [M]",

Example 16. (3R)-1-(3,5-dichlorophenyl)-3-[(4'-fluorobiphenyl-4-yl)methyl]-3-
methyl-N-{(1S)-1-methyl-2-o0x0-2-[(3R)-3-(1H-tetrazol-5-yl)piperidin-1-yl]ethyl}-2-

0x0-2,3-dihydro-1H-imidazo[1,2-aJimidazole-5-carboxamide .

PACl,dppf,

:1/0 K,CO,, DME

HATU, HOAL,
Et,N, DMF

N,

N,
N—NH

A solution of (S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-propionic acid zert-butyl
ester (0.20 g, 0.32 mmol), 4-fluorophenyl boronic acid (0.059 g, 0.43 mmol) and K>CO3
(0.15 g, 1.1 mmol) in DME (5 mL) was degassed under N, for 10 minutes. To this was
added PdClx(dppf) (5 mg) and the mixture heated at 80 °C for 12 h. The resulting black

mixture was cooled to room temperature, diluted with saturated NH4Cl and extracted
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1- |
[ (R) -5-(4-Cyano-benzyl)-7-(3,5-di chl oro-phenyl)-5-neth
W@ keo8/OTMes 6, 7- di hydr o-5H i m dazo[ 1, 2-a] PCT/US2008/084149
i m dazol e- 3-car bonyl ] - am no} - cycl opr opanecar boxyl i ¢
DaghstdNq. 080446 PCH. 19nmol ), pi per azi ne- 1, 3-di carboxylic
acid di-tert-butyl ester (109 ng, O. 38 mmol ) and EDC
withAG e (@ xSOmD), )rh&\@@rﬁblﬂecﬁaghme extmts%e (hsHE)witnglater, brine,
triethylamne (0.07 8 mol) was added. After
drigd with MghO.rad cpiasntreted. Thielresida msmnﬁb&b;mhangbl wat er .

Ch@%eatt%%%g § %{dgﬁé@%éfig&? {?@ﬁg @%ﬁ%&@@p%ﬁi@vﬁuom—

oifRETISAARE AP R RS KRL M AR RET DR 3

calbg®Pfaminol} tpeschiadeld G PB@gNdsterhed white VaMa/L 687Y5 [@M*
colorless oil. Purification by flash chromatography on
silica gel (0-15% MeCH in CH2Cl12) yielded 51 ng of a

t
o A9 (O[5 W STTE Phenbonst el 0
metl?yldjLM ’Qdﬁl‘yldtdﬁjldamﬂiaﬂ,o[i 2-alimidazole-3-carbonyl]-amino }-propionic
ali m dazol e- 3-car bonyl ] -am no

aCl}U@rybquc%ﬁpéﬂ d28rHeh mn)ﬂlblmriélﬂz&?zh 8-nl,)3vagiaddedby (4 L) and

nifye St Gt o TR E it AP TR TR s SRR water 50

ml[)(aﬁzi e?trz(c%ed%ﬁﬁpe /@J‘(Z_%J 90 1¥1L ; 'cghFﬁ'lle@ bRaRReRWhots Ref&idfhed

- 0XO0- ydro-5
Wlfh \Qatai bmldj:ﬁlziairﬁd 3%1&1&%@3@& fI'he framlrww}s filtered and concentrated to

cycl opr opanecar bony perazi ne- 1, 3- di car box
vt e O 81 2B s tieRoRaBEri . @ - Boomhi e myyimethyl)-5-

g oSy S i gt 2B Aéégfbeg%!k iRt ic

ac1ﬂagg%hltgggll@wg§810g avge oil was dissolved in DMSO (1.5
m), pur| via reverse phase HPLC to afford 64 ny

of 1-(1-

TO[@%‘?@ @yﬁ é&éﬁ %fb @5] gy{t[n% ogoglglgernol) %h&nﬁugro -biphenyl-4-

ylrketBy 1§‘-]Slrﬂétﬁi§2636)§) §7Qﬁl’fﬂ%’lﬁmlml@dibﬂ02 }thrﬁkﬁkcﬂe 3-carbonyl]-amino }-
pr opanecarbonyl ) - pi per azi ne- 2- car boxylic aci d

prdipl(DIfld: armi (ihl:kg i02 lamimdl)saDM A6l mLvvas &lded (R )d3- (1H—te(tﬂaz¢1 5 yl)
R) - Cyano- benz}x&&p? (3,5-dichloro- hengl ) - 5-
plgf:rld@ﬁérx 06‘0 ?Cf‘dicﬁlykﬂlrsé 55 giOchelzBmp) 4 HATE] (0.093 mg, 0. pi¥ mrnol)

anﬂ E%;,ﬂla@%lﬁ oph r1 C ar 91 ’ghearlre%cél(rag %Nas all(}wedctg rsb% f)?{/ I1 (r:mré %rlld dthen
HOA 0l036 rgoeqmrﬁolﬁ%ﬁacﬁledi tTHe4Rixfile wis ARwWEI® WaM@fo room
di ssolvéd in pyridine (1 nL), and acetic anhydride
ter(qo]:.rzﬁﬂreruyernﬁghl.ﬂ hewoide revmsiomduedredras gnmﬁed byAfetverse BiasarHPL.C
react on was partiti o ed bet CHZCJ,Z and
toaaeéémgaqfd q%@%&?@&&éﬁ% aaxy wilé A6RE with 1M
HCl1 to pH 2. The | ayers were separated and the aqueous
| ayer was extracted
The following compound was prepared using similar procedures as described above:

Compound 86 , m/z 698.2 [M+]"
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with CH2C12 (2x) and CHC13 (1x). The conbi ned organic

| ayers were dried over MpSO4, filtered and
waeoengeni4sat ed to yield 35 ng of a white sol i d. PAEs2008/084149

crude product was dissolved in DMSO (1.3 nL) and
DasketiNg. 88-0d@PEéver se phase HPLC to yield 23 ng of the

title conpound, mz 678.5 [M+ 1]+. 218 WO 2009/ 070485
ExBmpld B8R 4-AlRgiRb L[ (DNearbafi rifiA-1 béhnyl

Zgﬁi Acet y? gi{ft{ig)i-({[(BR)[-( (4- cyogﬁg@e enzyl) E‘W?(ﬁp g]
oxhbldyﬂﬁﬂa@mm)mbenzyl) -(3,5- dlchlorophenyl) 3-methyl-2-o0xo0- 2 ,3- dlhydro-lH-

im a@g I -%@I(F)I}%wzlﬁ%gérgxgn%dll—l-l m dazo[ 1, 2-a]im dazol 5-y

cycl opropyl ] carbonyl } pi perazi ne-2-carboxylic acid. a a
C 1 d NO1 DW, N=NO N- 0 HNaCH ~N N (NOH EDC
N 2) ACZO,@ﬁﬁifGHN 0O H PKL 00 ~\N "( v NNOHN OHO
1-
[ (R) - 5- (4- Cygno- benzyl )-7-(3 5 di chkaroripheayl ) - 5- met h
yl - 6- oxo- 6]F oFAydr o- 5H i nifdazo[ 1-2-a]
i m dazol e- 3y&arbeayl ]-amni n Nmyclopropah@carboxylic
aci d (200, 0. -nnnl) and EDC (81 ng, 0.42 mmol)
were conbined and di ssol ved i n DVF (1 n) and stirred
for 15 mn. In another vial, piperazine-2-carboxylic
acid di hydrochloride (132 ng, 0.65 mmol) was
neutrallzedmwgsrC4M NaCH sol ution (& , 2.6 mmol).
ol

The aqueous ution of the am ne was_added dropw se
to the DV s tion of carboxylic acig and EDC. After

2 h, the hel*'a/ %neous reaetten was Nkl ”"Qfl ed with 1M
HO (10 dr ude solutlony @ ad Vvia
reverse ph HPLS%t 0 yi etd—110 r‘rg%fgl {

h

[(R) 5-(4- c ano- benzyl )-7-(3, 5- dlc%phenyl) 5-meth

yl - 6- oxo- 7 diNmydr o- 5H

To a solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid (1.0 g, 2.3 mmol) in DMF (25
mL) were added (3-dimethylamino-propyl)-ethyl-carbodiimide hydrochloride (652 mg,
3.4 mmol), benzotriazol-1-ol (459 mg, 3.4 mmol) and triethylamine (1.2 mL, 10.9 mmol).
The reaction mixture was stirred at room temperature for 20 min, and (S)-2-amino-4-

carbamoyl-butyric acid rert-butyl ester hydrochloride (811 mg, 3.4 mmol) was added.
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i mdazo [ 1,2-a] i mdazol e-3-carbonyl] -amno }
- cycl opr opanecar bonyl ) - pi per azi ne-2- carboxylic acid
wo pooblomasdacetic acid salt as a colorless oil. P@T/U&EO{)S/084149
[(R- é -%ano benzyl ) -7-(3, 5-di chl or o- phenyl)-5-neth
DogketNw ¥8-0840 PEiThydr o- 5H i midazo [ 1, 2- 3]
i m dazol e- 3-carbonyl] -am no }

The %fa@h@pﬁl@a@e%@rsb@mét)m@hm zltﬁl@‘fé’r64Qﬁl&19ﬁ>21Mﬂltb&wﬁﬁ iwehter and
trifluoroacetic acid salt ng, 0.08 nmol) was

fili@redst,hﬂovgda glasyayit.i Hhaelytion vm_)theanregtra@ei with dﬁ?;omm@hane (x3).
%ltnﬁ rg.a@ai%yebgnwé&leaava?h% %ﬂé{yg'%ﬁﬁﬁg ec&%ﬁ%%&fép%ﬁ%a was
dﬂ‘%@88%?%@&%&#?%3%%5f@éﬁ%ﬁ%@%ﬁ? . TR siiling gyscue

wathﬁfléd\lﬂ)mshtcﬁromﬂogrﬂﬂhg dnajirk %e 0@ ﬂﬂp%rdﬂ toetdi€lint HeRanes)
eous | ayer was extracted w't CI—|2C12&]méK x) and
to @%@9!:99? mg)of (Fhé-cabap et { IR o #-cyinpyteengylvér(é,Scti¢hdero-

OGS HH L 6016 oot R B e oo oy SQEPAL o -

bu%lgalﬁ%rlﬁ—kgﬂyl ?5@5}% QWHltfe'sgﬁjd %/?62395’ ﬁﬂiel]phase HPLC t o

the tit nmpound- as col orl ess oi
whi ch sl owy solldlfles n|Iz 678.6 [M+ 1] +. Exanple

21. . . )
To(ai%ht%lﬂ? °§(5(>{”riaf'ei‘f{1?yé1%5 Ul epanebenayr 5 Cr-fighiorerphenyl->-
metiRf- )—/ 2 Oxlhydro SIaI uﬁndé%%[_l 2- I—ﬁ]lmrlrlld 6(1)%60? carbonﬁrl] amglgi g)utyrl_c yaCId
tert- bﬁ@l o y9 iz Nloj fnmol) in CH,Cl, (10 mL) was added trifluoroacetic acid
cycl opr opyl ] carbonyl }am no) cycl opent anecar boxylic acid
(S.pmL. 2 g:rmmola: §ha regction mlﬂturwmi stigrepqt oom tﬁmmmure for gy Ghe

rea g s rEpPeen TR Y Ko G f (Db geegmoyi->-
{[?t 3. R(;Zcr@hﬂo wﬁfﬁl)@d@esddlcﬁlerd@kh%ﬂ) 5(A&h PE8-0:%5-6,0-didydd- SH-

(4- cyanobenzyl) di chl or ophenyl) -"3- et hy
imldaZe[1,2-a]imidazole-3-carbonyl]- ammo} -butyric acid as a white solid, m/z 569.4 [M

+17%

To a solution of (S)-4-carbamoyl-2-{[(R)-3-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-butyric acid
(50 mg, 0.088 mmol) in DMF (1 mL) was added (3-dimethylamino-propyl)-ethyl-
carbodiimide hydrochloride (25 mg, 0.132 mmol), benzotriazol-1-ol (18 mg, 0.132
mmol) and triethylamine (47 uL, 0.395 mmol). The reaction mixture was stirred at room
temperature for 20 min then piperidine-3-carboxylic acid amide (17 mg, 0.132 mmol)
was added. The reaction mixture was stirred at room temperature for 64 h. The reaction
mixture was then diluted with water and filtered through a glass frit. The solution was
then extracted with CH,Cl, (x3). The combined organic layers were then washed with
water (x3). The organic phase was dried over anhydrous Na,SO, and concentrated in
vacuo. The resulting residue was purified via reverse phase HPLC to afford 60 mg of the

title compound as a white solid, m/z 679.6 [M + 11",
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0x0- 2, 3-di hydro- 1H i m dazo[ 1, 2- a] i m dazol - 5-yl ] car bony
I} am no)cycl opropyl ] -

wa@ a00bom¢eB3 ani no) cycl opent anecar boxyl at e (35 ngPCODUSEMS/084149
nmol ). The reaction tube was sealed and the reaction

Dosk¢tdNg. 8R-0de&PSHi rred at 100 C for 1 h. The reaction
solution was then cooled to roomtenperature,

The ifbItR¥iRg carmsbuRd kiak g@?al‘éd asihg VietiRe FM@ﬁ@esuEldgsanaﬁabove
title conpound (2 ng) was isolated as a white
solid, mz 635.1 [N%1]+ The foll ow ng conmpounds were

ar procedures as descri bed above:

(k@%%ﬁ@%ﬁgng%gﬂﬁs 7 635, 2 [ Mr1] + Conpound 273, niz 635.0
[N%1]+. 220 WD 2009/ 070485 PCT/ US2008/ 084149 Docket
No. 09-0446 PCT Exanple 22.

Ex(am?)le B. (3R} 1-(AiRDidilerdpbemyd 2 drmydthyled-ox0e Nt {2+ §xoe2-HARb(2H -

S0 R Etslidiny 1y ety Y-S 4 teifgrometbons henny e hihydro -
'mfi)da% %?%F%M le%é&‘ggg’%é‘%gren[' de. 001110’ ca ~ NN O

N-~NO NNH3\ NHNOHNO Oy-'7 NO -~ O,,,NH
0O NH To nethyl (1S, 3R)(§ { T1-({

@ e3- (4- cyanobenzyl )~ , 5-di chl orophenyl) - hy
oxo 2 3- di hydr o- 1I—|-|mq@_%® ]Uz-a]lmdazol-5-y|]carhpog1y

no) cy.ataopropy ] 1. HGlidioxane
onyl}ag1ng)cyclopen¥

€car boxylate (109.2 m;

=
ﬂ_ﬁ

I) V\@k/Nadded H @ (7N i n_netiganol .,
the re on t ubeowmas @I ed. The 0r
reactloﬂ<solubmon stlrreﬂkat 8qgg+%%r 65/ h. The VKF

reacti 6n 'sol uti on wag t hen cool ed tcamamn1tquﬁrature
and concentrated in vacuo. The resultant residue was
purified via reverse phase HPLC to afford 58. d_rmg of
the title compound as a white solid, nilz 634.2N

To[a'\éBHtﬂan o?t@é’&gju%-gghg)go-ggﬁg%glgthgﬁg—\?))e(g-%?(@f-atflﬁgoﬁﬁfeﬁlgxy-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carboxylic acid (0.500 g, 1.0 mmol)
in CH,Cl, (15 mL) was added oxalyl chloride (0.194 mL, 2.2 mmol), followed by slow
addition of DMF (0.05 mL). The reaction was stirred for 90 min. The volatiles were
removed in vacuo, and the residue dissolved in THF (15 mL). To this cloudy solution
was added diisopropylethylamine (0.88 mL, 5.0 mmol) followed by glycine tert-butyl
ester (0.30 mL, 2.2 mmol). The reaction was stirred for another 14 h. The volatiles were
removed in vacuo at 40 °C. The reaction mixture was diluted with ethyl acetate and
washed with 1 N aqueous HCI (x2), 10% aqueous Na,CO; (x2) and brine (x2). The
organic phase was dried over anhydrous Na,SO, and concentrated in vacuo to afford
{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-5-(4-trifluoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-acetic acid ferz-butyl ester

(0.483 g) as a colorless foam.

{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0x0-5-(4-trifluoromethoxy-benzyl)-6,7-

dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-acetic acid ters-butyl ester
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Conpound 96, mz 634.2 [ M+t1l] + Conpound 73 niz 634.2
[ Mt1] + Conpound 142, mz 634.2 [M1l]+, Exanple 23.

W@ 3RpA104838, 5- Di chl or ophenyl ) - N-(1-{[ (3R) - 3- ( 3- PYTIUS2098/084149
H pyrazol - 5-

Dwkqtd\yr PB10446 RCT- y1 ] car bonyl } cycl opropyl ) - 3- et hyl - 2- ox
0-3-[4-(trifluoronethoxy)-

0. b@ngw 1 ménodr WaduiskoRred Cm@agpﬁm Rardl] ANTHA %@ RIx e GaIL PO
xam de . 221 WD 2009/ 070485 PCT/ US2008/ 084149 Docket

adddol. The -solatien RA: agtatedapn ap'otbhitahrshaker fine-k4 Dand then Rbi@entzaXed-in

vagiop The O ITg rRyge v ssm%%m%@i gl auiRic pimgidin-3-v-
2#{3?%%)/ (%)glgg g rpanol), HOAC (041, 03 oD tiethylapine, (0.09 mL, 0.6

mrhdill) ﬁﬂldJHAQTUB(OmﬁX)g @Qﬁ ZI}HlOl) 661%-216{1&3/ dIHé-rézldtlbﬂhﬁiﬂﬁfé was agitated
2-a]imdazol e-3-carbonyl] -amno } -

forclyld1 mtbgmqﬁ@tﬂdyn yaqupr rlop iegidve 3vay diss@veskio IiYIdQi(bnilo

e GG Bl Sirrtoerse Pae ERC e p atiptdu i e of

GIRSEL ﬁlchYQ@éRA}%Mlﬁ Befl i1 ORI LR ARG Ofl. ol

e sol vent evaporate acuo, and resi due
yl)peasol plin-il fyil echyVi- & [4-aviflusi@miethas @) befly(-2, & difytier tHilMlazo[1,2-
title conpound (20 60% as a white solid, nilz
alimidzglef Jwarboxpmidess lite spld, m/z 680.1 [M + 11*
(R) - 5- (4- Cyanobenzyl ) -7- (3, 5-di chl or ophenyl ) - 5- net hyl -
6- 0X0- 6, 7-
The following compounds were prepared using similar procedures as described above:

Compound 274, m/7 621.1 M + 11*
Compound 175, m/7 649.1 [M + 11"
Compound 161, m/7 706.3 [M + 1]*
Compound 236, m/7 635.0 [M + 1]*
Compound 209, m/z 694.0 [M + 1]*
Compound 280, m/z 621.1 [M + 11"
Compound 223, m/7 680.0 [M + 11"
Compound 186, m/z 708.1 [M + 1]*
Compound 242, m/7 635.1 [M + 1]*
Compound 210, m/7 694.0 [M + 11*
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di hydr o-5H-i m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
[1-acetyl-4-(1-pyridin-2-yl-
waeyobopuepyl car banoyl ) - pi peri di n-4-yl]-am de .PCRRSANRB/084149
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
Dothg NOORIZ4@PRH HATU, DIEA, 0 kNH piperidine, 0 Il1k O
NH+ NL DMV O DMV NH NYO OON ONH M/0 N 0~ O 0~

Coar uﬁhz@n@lsgﬂ[l\@hﬂ‘}ﬂo NON- N ~N HN ON TFA, DCM
OO~\NNNO HATU DEA DWW N C I C d C

N-~NON( NO AcZO pyridine NN HN O N HN O ~N
CothpQund 134, m/z 6540 [M + 1]

Compound 153, m/7 623.1 [M + 1]*
Compound 116, m/7 682.0 [M + 1]*
Compound 144, m/z7 609.1 [M + 11"
Compound 112, m/7 668.0 [M + 11"
Compound 271, m/7 609.1 [M + 1]*
Compound 155, m/7 668.0 [M + 1]*
Compound 158, m/z 637.1 [M +1]*
Compound 128, m/7 696.1 [M + 11"
Compound 287, m/7 623.1 [M +1]*
Compound 119, m/7 682.0 [M + 1]*
Compound 183, m/z 635.1 [M +1]*
Compound 163, m/z 694.1 [M +1]*
Compound 237, m/7 663.0 [M +1]*
Compound 202, m/7 7221 [M +1]*

Compound 279, m/7 635.1 [M + 11"
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NHNHDNO TJ NNTo a solution of
4- (9H-f I uor en- 9-yl net hoxycar bonyl am no) - pi peri di ne-1, 4
wo diogardexyl ic acid nono-tert-butyl ester (10BCTS2008/084149
0.21 mmol ) and 1-pyridin-2-yl-cycl opropyl am ne (35
Daglyet Np. 98-0d4®P§’Ti n DMF (0.5 nl) was added HATU (98 nm,
0.26 mmol ) followed by diisopropylethylamne (0.5
Cotpound 88, 694, PIMM Nt ure was stirred at room
tenperature for 3 h. The crude reaction m xture was
used in the next step. To the solution of crude
thoxycarbonylanino)-4-(1-pyridin-2
(kﬁW%ﬂﬁ%gt opTo:ﬁ?%ggﬁénnyl)-piperidine-l-carboxylic
acid tert-butyl ester in DM (0.5 nL) 223 WD
2009/ 485 &20 8/ 084149 Docket No. 09-0446 PCT
QWEQU% 7%%? (0.2 mL). The mixture was stirred
at roomtenperature. After 1h, the solution was
diluted with EtQAc (20 nlL) and washed with water (4x20
Emu)ple H%é-A@tgdﬂi[b(ﬁfﬁdt)e?’ -(daeyadobaybue, Sadhblwmphenyl)-?a-

G e e
cy@gbfo&?g%%eﬁﬁﬁg&kﬁgﬁeg:ﬁanm% BF B 22y 9

cycl opr opyl car banoyl ) - pi peri di ne- 1-car bé ‘acid
tert-butyl ester as a white solid. To a ture of
(R) -5- (4« r benzyl)-7-(3, 5-di chl or o- phe yk)-S-nethy
I-6-oxo-6$§?%m o N=('

di hydro-5H1m dazo[ 1, 2-®m] i 'dazole-3-caéﬁ§x“1ic acid
(80 ny, QO 1) and[4 K e

ami no- 4- (LAplyr i di n- 2- y cyclo___bylcaf i

ne- I-carb Xy acid teh buty estjer 4 ng, 0."20
nmol ) L) was ded HAT H?géyg .19 mol)
and ﬁrgﬁpropyle Myl am ne (47 ny, nnnl) The
reacti ottt was stirred at roon1tenperatuk§ ? A h.
After addition of water (10 nlL) the ure
extracted with EtOAc (2x 15 nl). The organlc Iayer

was washed with Bhrims-and dried over Na2 ciThe
sol vent was renov in vacuo and the reng ing
resi due was purlfle via reverse phase HPLC to afford

4- { =( c,O _(N ©

[ (R)-5-(4-cyanobe yI) 7-(3, S‘QLQhIorop Nyil.) - 5- met hyl

- 6- 0X0- 6, 7-di hydpex, 5 m dazo |

1,2-a]imdazol e: _carb -am no HN™ 0

}-4-(1-pyridi -2-yl -cycl opropyl - o
HO

N
Ao 1

1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid (100mg,
0.19mmol), piperazine-1,3-dicarboxylic acid di-ferr-butyl ester (109 mg, 0.38 mmol) and
EDC (46mg, 0.24mmol) were dissolved in DMF (1 mL) and triethylamine (0.07 mL, 0.38
mmol) was added. After 20 h, the reaction was diluted with CH,Cl, and water. The

layers were separated and the aqueous layer was extracted with CH,Cl, (2x). The
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car banoyl ) - pi peri di ne-1-carboxylic acid tent-butyl

ester as a white solid (140 ng), mz 784.9 [Mt1l]+. To
W(aZ(S)O,IOIZ[MBS)n of PCT/US2008/084149

4-{ ¥anobenzyl)-7-(3,5-dichIorophenyI)-S-net
Daglet- 69194 61?C di hydro-5Hi m dazo |

1, 2-a] i m dazol e- 3-carbonyl ] -am no J-4-(l
comBied fgaAnié-1MlerCy &t QREIRAWith water ﬂZX) dried over MgSQs, fllteled and

car banoyl ) - pi peri di ne-1-carboxylic acid te % but yl
cown@atecé mcntgto Yicld 8 catopleds diln ROkifiChtion byd]ash alrpmatpgraphy on

st RS 101t biP DB CHRED: » U] T onEaeM G HoptH s (£
cyé@beﬁzgf'—ﬁ hrlﬁgﬁ&%éiﬂ}n@ I erﬂf}gli@&! il 'S"’Ql }q 3H§ car@oxy

a]lhil@azal‘el-ﬁcirﬂody]} i Ftyt:l@w;banecarbonyl) plperazme-l 3-dicarboxylic acid
cycl opropyl carbanoyl ) - pi peridin-4-yl]-am de as a white
di-gwi-butyl( b 20 (apgioximatelyG§ %, Bure ) which was Tusd avidohiufulther pafification.
(R) - 5-(4-cyanobenzyl)-7-(3, 5-di chl orophenyl ) - 5-net hyl -
6- 0X0- 6, 7-
di hydro-5H i m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
[4-(1-pyridin-2-yl 224 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT
-Gy _@P r I QE
R L S A e LR g Phwaro-st-
imatky[d 2k & énidfzdte- BcdrbodyiPam B¢ icy@bpish adetirBonvdBpiptiarined ,3-
at room tenperature for 1 h. The solvent was renoved

diqarpoy gléqiasicdicrerrihaityl epte (ﬂﬁﬁ N @52 areolivegs digiodeedin €4lCh (2

il BHTFALS TReKBREE dobHisErATEEIS B ol o Sghtaled in

Vaﬁ‘fot €the rcﬁfH@‘b?zlng@BﬂWﬁ@ JROdIVEaNh DMS 93¢ litcfnL)t gl%if‘ri]%i;\lﬁﬁvgrse

onpound btai ned as a white solid

pthZLHP?L(E tdtitford 64 g of A (1 QMR- Glemammd&yl/)é]’ 6, pdepdrephenyl)-
usi ng procedures sinmilar to those described_above
5-methylg-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3- carbonyl] amino }-cyclo-

prépaéec%b[(o Q/r]ﬁypg)%ga%glee%gar%oxyhé Clé il &orﬁcl)a%{at(i)c zﬁ:l SatCas Qv i%ns%ild

6, 7- di hydr o-5H i m dazo[ 1, 2- a]lnldazole 3-carboxylic
acid 5-dichloro-4-flu
1- (;ir{é@ﬁ}(ﬁlsCWéprﬁmzm %&%S@Wtwhm&bﬁ w&nlré@mtfe?rﬁlmwmélf

1mgiég(gll gyaqlrmdgz%lé §n car% )Llf'amlno?]cyc ogr%fz)gr{egargonﬁ)r }?18%( 7in€-2-
T T s ]
mh)nardi&lzoﬂlcearﬁlydﬂdeb(@)(mmb (hb]l o) \BaSSlﬂdﬂfd dmpwiyat Aftela30 min, the
reacy:tgggnp g/léls? ](Rjﬂrt?it}qo_r]ed r‘yetzwegn EHQCIZ agld Water]and Ct:l?enz%?lggu% lsyleff Waéﬂaczldl?led
with IM HCl to pH 2. The layers were separated and the aqueous layer was extracted
with CHCl, (2x) and CHCl; (1x). The combined organic layers were dried over MgSOs,
filtered and concentrated to yield 35 mg of a white solid. The crude product was
dissolved in DMSO (1.3 mL) and purified via reverse phase HPLC to yield 23 mg of the

title compound, m/z 678.5 [M + 11",
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Compound 317, mlz = 726.5 [M+ 1]+ Conpound 316, nz =
740.7 [M+ 1]+ Conpound 318, mz = 754.5 [M+ 1]+
w@eomomass 335, nfz 711.9 [M+ 1]+ Conpound 303PCTriIZ2008/084149
819 9 %M + 1£+ Conpound 445, nmz 643.5 [M+ 1]+
8-0446PCiky z 726.6 [M + 1]+ Conpound 447, mlz
7086[M+ 1]+ Conpound 448, mz 662.4 [M+ 1]+
Ex@@}w 2009- Aefyl-407[ - B (e n&iw!nz - 8&&%6}71% 3-
USZOOS/gSﬂ (ﬁ@k{ % g@ (\3@ %

mpound
metbyl-2-ox2 3Gldh)'ﬁll[oufl-llmidazo[dﬁnqiumﬂazdl@yl](M‘bm@ﬂ}hﬂnp)\,’l +

+ ) - 3- . . oo

cyfjl%'ﬂ)"[‘[’%ﬁf@!‘-%&)&lmpﬁl@ﬁwr%'gafb(’@,’@-%l%hI or o- 4-f | uor o- pheny

l)-5-net hyl - 6- oxo-6, 7- di hydro-5Him dazo [

1, 2-a] i m dazol e- 3-carbonyl] -am no }

-3-(1-pyrimdin-2-yl-

cycl opropyl car banoyl ) - propyl ] -carbam c agjd teygt-butyl
7¢6.5 [M + 1]+ Exanpl e 25.
(R -5-(4- no- benzyl)-7-(3, 5-di chl or o- phe ) - 5- net hy

| - 6- ox0-6 N o

di hydr o Stk gi dazo[ 1 2-a i m ddZffe- 3- car oRylfic acid
[3-(1-pyTjidi gﬁ\ el Y "

propyl gﬁ 3 yI] e NH,  OXN 0
HN O Qy DCM HO NH TU TEA'NL Ci \\CI
~ CloN N

N

OH o j
N

OH o

1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid (200 mg, 0.38
mmol) and EDC (81 mg, 0.42 mmol) were combined and dissolved in DMF (1 mL) and
stirred for 15 min. In another vial, piperazine-2-carboxylic acid dihydrochloride (132
mg, 0.65 mmol) was neutralized with 4M NaOH solution (0.65 mL, 2.6 mmol). The
aqueous solution of the amine was added dropwise to the DMF solution of carboxylic
acid and EDC. After 2 h, the heterogeneous reaction was acidified with 1M HCI (10
drops). The crude solution was purified via reverse phase HPLC to yield 110 mg of 4-(1-
{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarbonyl)-piperazine-2-

carboxylic acid trifluoroacetic acid salt as a colorless oil.

4-(1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarbonyl)-piperazine-2-
carboxylic acid trifluoroacetic acid salt (60 mg, 0.08 mmol) was dissolved in pyridine (1
mL) and acetic anhydride (0.015 mL, 0.16 mmol) was added dropwise. After 30 min, the

reaction was partitioned between CH,Cl, and water and the aqueous layer was acidified
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~ OO~NN NHHNO O OHHOONO Y-to NH HATU,

TEA N | 3-Benzyl am no- oxet ane- 3-car boxylic acid (200
worg0907R8s rmol ), prepared from oxetan-3- one PCT/US2008/084149

(Wiitschik, G W et al. Angew. Chem Int. Ed. 2006,
Dorkradoz P39#4@BEdr ding to the 226 WD 2009/ 070485

PCT/ US2008/ 084149 Docket No. 09-0446 PCT procedure of
withoRVT FHOG & bHAN ThéERiyers Weazdearliand theRquedndUer Was ditracted

Synlett 1991, 783- 784), was suspended in MeOH (10
with GTLPa(2xaandaileY:d boxilhe co@bbted nrganic dayers B&e wtied over MgSO,,
.water, 100 was ed, and .the. m xture stirred
IgRdant soueny i Wperie 3& s e, Ehe Fradgprofyey was
aiHBERDA8GNTS HE PR PP atelly ol HRBCR HEld AR of e
titls @bmpbidl adasoReldechi BRkLR slo#Blsoliified,. B2 6MEBI[M -and,

triethylamne (274 L, 1.93 nmol), and the reaction

stirred at roomtenperature for 48 h. The solvent was

. i y At

Ex;agrl\pgér’gg(1ps|q%1g)2§-k;@t@if§§)l&ﬁ%@?&&h}beﬂﬂﬂ)@i-(3,@%1&%%&%@)@
meh¥1€2-bxdd 2,5 @ b e o I yrh Az 6] ;20X @ h iRlag ol - gl e byl | inia6)- d

as a white solid (82 ng, 39 %9 after Iyophilization,
cyelppropyteabpnigminoxcyslopentanecashboxylic acid (4).

3-tert-but oxycarbonyl am no- oxet ane- 3- car boxylic acid

(82 nmg, 0.38 nmmol), 1-pyridin-2-yl-cyclopropylan ne

(56 ng, 0.42 I dHATU (215 ng, 0.57 g | Yy and

triethylamne (7 , 0.57 mml) in DVF ( m.) was

stirred at room VYenperature for 29 h. VWaAtegr (0.2 nl)

and MeOH (1 rrL)Nz\eoé 40 added, and the resylinpg clear

sol ution was pygjnH.ed directly by rever e\phase HPLC
to give [3-(1-pyrifing2-yl- —. l
cycl opr opyl carigarmoyl!) -Joxet an- 3-yl ] - car bC B

tert-butyl xp solid (1320% >106%saf t er
| yophi Igzatiwp{, mz 334.8 [Mrl] +, that| was carried on
er

> g
wi t hout .
XY

purification. N

IN HCl in 1,4-dioxane (1 mL, 1 mmol) and 1N HCl (aq.) (0.5 mL, 0.5 mmol) were added
to methyl (1S,3R)-3-({[1-({[(3R)-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl-2-
0x0-2,3-dihydro-1H-imidazo[ 1,2-a]imidazol-5-yl]carbonyl } amino)cyclopropyl]-
carbonyl }amino)cyclopentanecarboxylate (35 mg, 0.054 mmol). The reaction tube was
sealed and the reaction solution was stirred at 100 °C for 1 h. The reaction solution was
then cooled to room temperature, filtered and purified via reverse phase HPLC. The title

compound (23.1 mg) was isolated as a white solid, n/z 635.1 M+1]".
The following compounds were prepared using similar procedures as described above:

Compound 260, m/z 635.2 [M+1]* Compound 273, m/z 635.0 [M+1]".
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To a solution of

[3-(1-pyridin-2-yl-cycl opropyl car banoyl ) - oxet an- 3-yl ] -
W(aa(mb/am485 acid tert-butyl ester (100 ng, 0. 30POmMUE008/084149

CH2C12 é was added TFA (1 nlL). The solution was
D@kﬁftrNQaQ 1%46 b tenperature for 17 h and then

concentrated in vacuo. The residue was purified by
Exraﬁifﬂ?é X (F0A8 1R, 359 3dia¥®amoylcyclopentylJcarbamoyl }eyclopropyl)-

- am no- oxet ane- 3-car boxylic acid

3- (élélcypwbeaizyi) -1- (9Ja-thyldbunﬂmpyll) -B-maethgile2-om0-2% dihpdroal Btimidazo-

owder after |yophilization, mz 234
[1’21‘*\\ﬁﬂ d%é?l"é rr? ldeA sol ution of

(R) - 5-(4-cyano- benzyl) 7- (3, 5-di chl oro- phenyl ) - 5- et hy
| - 6- 0x0-6, 7-

di hyro-5Himd CR-a] i m dazol e- 3- car b j@ acid
(66 ng, O0.15 and HATU (71 ng, 0.19 I) in DVF
(0.5 nL) was stirfed at roomtenperature f 2 h. To

this solutionn dded triethylam ne (

mmol ) and 3-ca lic acid (- pyrldln [
' f or mate_£35 ny, D
1

yl -cycl opropyl )t a
reacti on m xtif eowa tirred at 227 V\DH
PCT/ US2008/ 9 Dock®t No. 09- 044@

h, then purifiked via reverse phag,e HPth,; to gl ve

R) - 5- (Y= @ano benzyl ) - 7- Yo
(3, 5-dicchlor o- phenyl ) - 5- met hyl -y 0Xe< 6, 7- di hydr o-5H-im
I dazo[ 1, 2-a] i m dazol e-3- carboxylic acid
[3-(1-pyridin-2-yl-cycl opropyl car banoyl ) - oxet an- 3-yl ] -
am de as a white powder (32 ng, 39% after
| yophilization, nilz 656.7 [M1]+. The follow ng
To(‘rﬁémﬁl{ NSISRYSI(E 1R RRRY-§94- @?ﬂﬂ&Ge&?BCle@LH @i%hl%irdﬁhé@l) 3 fhethyl-2-
t hose described above usi
oxéR)}&hgdlro@hnmdmmz%a]mﬂdaz& Syheabonyt jamdad)t yebopoeptieny |
-5-met h

wléanma cmslap@i@mrbﬁ%ai%@w 218, {0nk0d ap1pple was added grynqnia

of Ry 5adk R At rNRORE e sagion b upvigiled Thegesgtion tyion
wa¥ HiRebAt80T Bz A. Bre rédctibh Qﬁﬁt@drﬁwé’s théi &5&1@6' th Foo¥ tefhperature
(R -7-(3,5-Di chl oro-4-fluoro-phenyl)-5-nethyl - 6- oxo- 5-

and doertcentfdtedoinometca dky rdselmy te)udﬁe Wasl pinyfthdoAbtdvene gdixme HPLE to
-a] i m dazaql e- 3-car boxy] i ¢ aci
afTpR 397 1 OB hie cOMBO WL it SRSy 843481 4 t 11 1 4

or onet hoxy- benzyl ) -6, 7-

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-car boxylic acid,
Tha$olbbvatgcampuyndnweneipadparedOomgoumidhr e edurtvasdeIGibed apdve:

+ 1]+ Conpound 311, mz = 704.4 [M + 1]+ Conpound 312,

mz = 727.5 [M+ 1]+ Conpound 313, mz = 727.4 [M +
Cohlpbund 96, m/z 634.2 [M+1]" Compound 73, m/z 634.2 [M+1]" Compound 142, m/z

634.2 [M+1]".
Example 23. (3R)-1-(3,5-Dichlorophenyl)-N-(1-{[ (3R)-3-(3-hydroxy-1H-pyrazol-5-

yDpyrrolidin-1-yljcarbonyl}cyclopropyl)-3-methyl-2-o0xo0-3-[4-(trifluoromethoxy)-
benzyl]-2,3-dihydro-1H-imidazo[1,2-alimidazole-5-carboxamide .
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Compound 319, nmlz = 726.6 [M+ 1]+ Conpound 378, niz

676.7 [M+ 1]+ Conpound 410, mz 682.46 [M+ 1]+
WE2@aPhEs26. PCT/US2008/084149

R) - 5- (4- Cyano- benzyl )-7- (3, 5-di chl oro- phenyl ) -5-net h
Dq(ck%;_N_g(ég @%6 no-penzy )-7-( phenyl) - y

di hydro-5Him dazo[ 1, 2- a] i m dazol e- 3-carboxylic acid

[(R)-1-carba thyI al

(33d|fluoro etldlnlyl) 2- 0X0- eth am de. 228

WO 2009/ 070485 PCT/ US2008/ 084149 Dockety"No. 09-0446

PCT 1. 50% OdlnelnDl\/F 2. CgQ,_MNzoN, cl /C

NO O N H2N =~ O Cl FnocHN . NHz INO~

~\\/ C O HN OyaAnEAOH CHzC 2 d Dl EA,

DMAON Pa ol | —7——€H 3. oY CHzClz O
NO 3 3-di fl uor oaxze i ne 0

hydrochl deNHA "HOAt, DIEA, DIRYF HN OePe\  F-N

N oawd ) O,

0

7 OH

To a solution of 3-[(R)-1-(1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino } -
cyclopropanecarbonyl)-pyrrolidin-3-yl]-3-oxo-propionic acid ethyl ester (35 mg, 0.05
mmol) in ethanol (2 mL) was added hydrazine (7.0 pL, 0.23 mmol). The reaction mixture
was stirred at room temperature for 1.5 h. The solvent was evaporated in vacuo, and the

residue was purified via reverse phase HPLC to afford the title compound (20 mg, 60%)
as a white solid, m/z 718.1 [M + 1]*.

Example 24. (R)-5-(4-Cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [1-acetyl-4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidin-4-yl]-amide .

222



2-Chlorotrityl resin (0.536 g, 0.75 mmol/g) was pl aced
inadry glass fritted shaker flask. To the resin was

waodded7i@R2C12 (10 nl), diisopropylethylam ne (BCHRS2008/)84149

and Fnoc-L- asparagine (0.265 g, 0.75 nmol) and the
Dackefd¥a. 0P-04é&Padi t at ed on an orbital shaker for 14 h.
The reaction solution was drai ned and the resin washed
Wlth CH2C12/ MeOH/ DI EA (1721, 3 x 10 nlL), CH2C12 (3
« DMF (3 x 10 nl), A2CL2 (3 x 10 nl).
Th ‘ n was swelled with DMF (2 nL) and the sol vent

dral ed. As |on of 50% 'perldlne in DVF ( L)
was fadded to e r esti, |D|E/and % react i pngwas ated
onoamH oerta\shakerDWor 9 The r#act i nNH N0
sof |o ai ned and theﬁ%ﬁnov\ashe Dl\/g 2
X 10u OCI—I2C12 (2 x 10 , x 10 N . CH2CL

(2 x 10 , and DMA (1 x X
(R)-5-(4-Cyano- benzyl)-7- (3\ -d| chI or o- phenyl ) - 5- net hy
| - 6- oxo0-6, 7-

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
(0.132 g 0.30 nmmol ) and: I (0.285 g, 0.75 mol)
vere di° éd in DVA (Zﬁtand the resulting
solution~added to the resiln. Diisopropyl ethyl am ne
(0. 130 rrLN 0, 75 mmol ) geed and the reaction

agit at el an orbi t al et for 48 h. The reaction
solutio $ drai ned and jwas as descri bed above.

The regsi t r eat ed vbINt ANi n T@H2¢12 and
agitated on Or bi t sh ker for 90 m n. The
reacti_on sol utj of () d and the resin washed
with CHPGLZ24 X 3 |Itrat es were conbi ned

wi th the supernatantia d the vol atiles 229 WD

2009/ 070485 PCT/ US20087 084149 Docket No. 09-0446 PCT
removed i.n yacyo at 40 C. The residue was d| ssolved in
cH2C12 (5 and washed with water § 'm) and
brine (5 The organic |ayer was dri over

anhydr ous O4, the solution decant edy %nd t he

sol vent 1€l ,ug’ed in vacuo to afford 0. 2“? ( 73%  of
(R-2-{[( cyano- benzyl ) - 7- (3, 5-Mi'c -phenyl)
- 5- met hyj\< -d.hﬁ?a?dd'“mmd

1, 2-ald zoI e- 3 carbonyl]-am no }; i nam ¢ aC| d as

an oran Nam A solution of the Y@

inte late (S)-2-{

[ (R« |4 cyano-benzyl)-7-(3, 5-di g oro-

phen 5- net hyl - 6- oxo- 6, 7- di hydr ¢ 3H i m dazo

[1, 2-a] i m dazol e-3-carbonyl] -am no }- succinamc acid

(0.039 gq, 0070 mml) in DVMA (0.5 nL) was added to
a.sol ution of - di fluoroazetidi ne hydrochl oride

TO(acﬁot}lil@n@ 4t§9lié1310Fﬁ%9 ylmeghopsyparben yiang)- plAersdémqﬂ fHhicaghoxylic
acid mono-fert-butyl ester (100 mg, 0.21 mmol) and 1-pyridin-2-yl-cyclopropylamine (35
mg, 0.26 mmol) in DMF (0.5 mL) was added HATU (98 mg, 0.26 mmol) followed by
diisopropylethylamine (0.5 mL). The reaction mixture was stirred at room temperature

for 3 h. The crude reaction mixture was used in the next step.

To the solution of crude 4-(9H-fluoren-9-ylmethoxycarbonylamino)-4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidine-1-carboxylic acid rerz-butyl ester in DMF (0.5 mL)
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HOAt (0.015 g, 0.110 mmol) in DVA (0.5 nL) was added
to the reaction m xture, followed by HATU (0. 04 g,
w@2000670#8H1 ) in 0.5 nL DMA. The reaction m Xt UPET/IBR08/084149
q%gitat ed on an orbital shaker for 3 h.
¢t MNP PBPYHePRYI ani ne (0.036 L, 0.207 mmol) was

added and the resulting solution was agitated on an

waQhBdddglipestaateq.2fAI). THe MixtlRavas\katrad itlr66m \\@hSerAteROEEr 1h,
in vacuo at 40 C and the crude product was dissol ved

the solbivB®as diluted WithddOvat(20 m{L0 and whshed mathpreatérf(#elf) ala The
rever.se ha e HPLC to, aff 0 459 of

orgaRic. phayes wfmé BB oy @@% aflfi fﬂr%r%t IRyP§uos. Thst hy

reéuItﬁi RS, 1% vgangg e 9 i Pash L dﬂ%&[aﬁhgo@lmca gel (10% MeOH in

azo oxy i C acl

CI-EQC@coﬂ;taﬁﬁlﬁgD@TH%YNHRDH)/ﬂO adfof B7Bmdiof U1a@1iRo-4-(1-pyridin-2-yl-
azetidin-1-y M 2-o0xo-ethyl]-amde as a white solid,
i}

cyetbpropgabaNP)-pipgiidine- Tmrbbaylnmdﬁgrtdwmﬂ@ﬁtnﬁ@ aehige solid.
prepared using simlar procedures as described above:
Compound 24, mz 646.27 [M + 1]+ Conpound 25, m z

: +
T My S OB B R B LM o
dihkdb- SH-iniMazo[1]2+a] 2310 a2 -2 R0H0 Y (M48 5l (BCTHIBAC NI 41t
Docket No. 09-0446 PCT Conpound 29, mz 660.35 [M +
aminor4-( G pipdordyl 3golopigpylcapemyg)-pivending- -cachorplitiardd g6ributyl

esETagn el 1* Bl IR R waTuE TR . ot

dll@gé)g Z@le[tﬁ%ld’mﬂﬂ]:géﬁ ﬁ% @36 fhn@f)arfﬁe reactlon was stirred at room temperature
benzyl)-7- (3, 5-di chioro-phenyl)-5-net hyl - 6- oxo-6, 7-di h
f01y11hr aftStdditi cahacf afater210 mlLi) tHedaizalrew3s @ajrabtad WthEt@(Alcc@XlS
£1 (5-. c cl opropyl 4H-1, 2,4-tri azol -
E OYRHPY &yarrww phed with ﬂ)@p@ Wl}edawulgaz@@oﬁwgb%t was

rerp&%@ Wﬁ“’h(a\é}?ﬁ&lleﬁnﬁ HeQdde \xgaosof?uﬁggcg_pa Teverse pllllzlsewif\(ﬂb to
afford 4-{[(R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-6-0x0-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-4-(1-pyridin-2-yl-cyclopropyl-
carbamoyl)-piperidine-1-carboxylic acid rert-butyl ester as a white solid (140 mg), n/z
784.9 [M+1]".

To a solution of 4-{[(R)-5-(4-cyanobenzyl)-7-(3.5-dichlorophenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-4-(1-pyridin-2-yl-cyclopropyl-
carbamoyl)-piperidine-1-carboxylic acid rert-butyl ester (140 mg, 0.18 mmol) in CH,Cl,
(0.5 mL) was added TFA (0.5 mL) and stirred at room temperature for 1 h. The solvent
was removed in vacuo to afford (R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-
6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidin-4-yl]-amide as a white solid (120 mg), m/z 633.8
[M+1]".

To a solution of (R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-6-o0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [4-(1-pyridin-2-yl-
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Cl C C qd a g I~ N~NO-NO N-NO ~N N HNO
OHNO/ \ HHO ~N4NHC OOti~7 NNHNH N OH HN O
woR09/0764@8t , EDC, DVAP, Et3N Oy NH NHZ | H Cl PCI/Cb2008084149

JN-~NO O~N~NHHO HNO WWW ON Et3N NH N
Dagketfie. 09-0446 PCT

N - (1- Benzyl oxyt hi ocabonyl am no- cycl opr opyl ) - hydr azi ne

cy€laprop¥Arbem@di-fipb@dih40u1-Nhideq30 B, 0.83 thnibl) & pfAdIeRD.F mL)
was dissolved in MeOH (20 nL) and to this was
was addrerndetet @b9ydrided 0OHNR). Tbe feaghion Mhéure eae stirod ftremk was

seal ed W septum and purged with . After 3. 231
T BOOAPOF B PO PO 8 orE K eRaIn T g
b e . )
T W T A bR b g N

with'brin@@u@ diied ey Blal$0,( Aftanichvalot ligpiobRranacasdeg meltite
hydrazi necarboxylic acid tert-butyl ester (1.21 g,
co@gogndamasapbedinedras agdliersped €1ang), mm 25216 1" .[ M-1] +.

The following compounds were prepared using procedures similar to those described
above using (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid, (R)-7-(3,5-dichloro-4-fluoro-
phenyl)-5-methyl-6-0x0-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro-5SH-imidazo[1,2-
alimidazole-3-carboxylic acid or (R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-

trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carboxylic acid

as a starting material:

Compound 310, m/z = 744.3 [M + 1]" Compound 314, m/z =770.4 [M + 1]

Compound 317, m/7 = 726.5 [M + 1]* Compound 316, m/z = 740.7 [M + 1]" Compound
318, m/z="754.5 [M + 1]* Compound 335, m/z 711.9 [M + 11"

Compound 303, m/z 819.9 [M + 11"
Compound 445, m/7 643.5 [M + 1]*
Compound 446, m/7 726.6 [M + 11*
Compound 447, m/7 708.6 [M + 11"
Compound 448, m/7 662.4 [M +1]*

Compound 450, m/z 760.4 [M + 11"
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To a solution of
1-{[(R) -5-(4-cyano-benzyl)-7-(3, 5-di chl oro- phenyl )-5-m
we@dvglo7@8dx0- 6, 7- PCT/US2008/084149
di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3- carbonyl ] - am no} -
[XE§@ﬂﬁp98ﬁ%ﬁ@B§?boxyllc acid (0.25 g, 0.48 mmol) in
DMF (2 nml) was added HOAt (0.065 g, 0.48 mmol), EDC
(0.092 g, 0.48 nmol), DWVAP (0.005 g, 0.041 nmmol),
Et 3N (0.066 ni, 0.48 nmmol). The reaction allowed to
&mmmﬁﬁlmkm%ﬂMﬂHmntamaaune To this mxture
was added N - (1-
am no- cycl opr opanecar bonyl ) - hydr azi necar boxylic acid
- I .40 g, 0.48 mmol) and the reaction
ghﬁ(gg(?yégi/‘gﬁﬁ%n\gqfl r 15 h. The m xture was cooled to
room tenperature, diluted with water and extracted
with EtOQAc (3 x 50 nlL). The conbined extracts were
[(ShedsHER)-4-6 yanet banayle-d-(RHDEBro 2N LwEp-phiiyl 3 Mty ] Grxecd. 7-
m Xt | ter nd ca trated
dﬂ}yﬂro\é‘g—a@% O@B\IL@HR}_(],{”IZOT ?(z\fr%{)nl'll "RyI09 ?d} Clg)gmﬁln?ﬁ f—
I ell h
o P P DD R R iy AR B
- cycl opr opanecar bonyl ) - am no] -cyclopropanecarbonyl }-
hydr azi necar boxylic acid tert-butyl ester (0.33 g,
96%9 as a yellow solid, nilz 721.9 [M1]+. N{
1-1(1-
[ (R)-5-(4-Cyano-benzyl)-7-(3, 5- dichloro phenyl)-5-meth
Exdhipte 273<QR§> 54d- @ya%%ﬁzy'iwkmsq?moio Bls-methy1-6-0x0-6,7-
I mdazol e- 3-car’bonyl | *-am no cyc opanec
dllagrdroﬁﬁ jmidazo[1,2-alimidazole-3-carboxylic acid [3 (1-pyridin-2-yl-cyclo-
m% cyclopropanecarbonyl} hydr azi necar boxyl i ¢ aci d
Pl’?EYl? ampyD-oxetap-yl-amide 0. 42" mmol) was dissolved in
4 NHCO in dioxane (3 nmL) and allowed to stir at room
tenperature for 40 mn. The resulting white suspension
was diluted with Et20 and the precipitate was
col l ected by 'Itr Nan. The sol j-d\was washed tw ce
with Et20 to A
5- (4- cyano bﬁpzyl) (3 5- dlchWer phenyl ) - 5- et hyl - 6-
0X0- 6, 7 i dazo- TFA,DCM
[1, 2-a] | @ol e-3=carboxyl )¢ Naci d [1—3F—
- hydr azi notar bonydarcymal opr opyl car banoyl ) -
cycl opropyl ]-ani de hydrochl®rTfjde (0.15 g, 52% as a
white powder, nfz 621.7 [ MrNA4, 232 WD 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT

Cycl opropanecarbonitrile SO 56 nL, 7.5¢ ciwas
di ssolved in EtOH fF 'saturated wit (20 nl)
and the reaction allo to stir at room ténperature
for 12 h. The solvent \was renoved und é:N
pressur e%gl ve cy =§,\Pr Danecar boxi m%
NH I
O OH HO” S0
I/ NH
HATU, TEA N| D
=

3-Benzylamino-oxetane-3-carboxylic acid (200 mg, 0.97 mmol), prepared from oxetan-3-

one (Wuitschik, G. W. et al. Angew. Chem. Int. Ed. 2006, 7736-7739) according to the
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et hyl ester hydrochloride (0.55 g) as a white solid.
To a solution of
W(QE{)0957q445 cyano benzyl ) -7-(3, 5-di chl or o- phenyl Pe BURBDEYS4149
- 6- 0x0- 6, 7- di hydro-5H-i m dazo[ 1, 2-a]
Dth‘iﬁtdﬁzQPQ‘l@;@ Befboxylic acid [1 -(1 -hydrazi nocarbonyl -
cycl opropyl car banoyl ) - cycl opr opyl ] -am de hydrochl ori de
prdRd 8 0f HoziRewkski AR®Faug G(K@mk‘émlhoﬁmorﬁﬁqC@ﬂ@@{/hlﬂtd%l 783-
acid ethyl ester hydrochloride (0.018 in
78BNwas usperided wallediod 6l nHt) 3Raltadum511ydmxld®(29% omwirhon, ﬂhwt%
reactio eated in .a mc v 1 for
Wl AR e 3 e iagureyte ohdordl bty GogElefor 30 b The
resﬁﬁ%é%gs egsH{)ﬁ) &%%’E’%& %658 rf(‘)ar 561%11 ﬂlldrﬂlfere%dth%ugh a0.45 um PTFE

syl(u@e fHitef. %&Mﬂ@@hﬁ@ﬁ‘ il idd%d @%cf@ (421 mg, 1,93 mmol) and triethylamine
hl or o- phenyl ) - 5- et hyl - 6- oxo- 6, 7-di hydr 0o-5H i m dazo

(2’[41#[2 1893 mmdla)zmidethafeaaldmxmied at roami teinperature for 48 h. The solvent
1-[1-(5-cycl opropyl -4H-1, 2,4-tri azol - 3-yl ) -cycl opr opyl
wag amwdym Yacsg endpieapyting W@@UP@C@QQWQGYSQ ghyse P14’ to give

3-f('pﬁ)bu Xef&afm#&lla%ﬂm}e-ﬁ/%rélf’sv.haiasﬁh%Fa@%ﬁéﬂw (82emerdPyp)
afthr 12 y}‘}}?iﬁ’zaﬁoﬂ /s 2185 [[M+1]

5Hi m'dazo[ 1, 2-a] i m dazol e- 3-car boxylic acid
[1 (1-thiazol -2-yl - cyclo-
A Rcl{lotp%l %rt?ﬁgoz%&ca\r Atan - RC bci)xy/hc\;lc@ifﬂ%'mgd)%o

mrﬁ&?,tl%g%um@z ﬁcﬁ&ﬁfeﬁ&l&ﬁﬂﬂe (%@%.4%%&13), NATWY (215 mg, 0.57
mmol), and triethylamine (77 uL, 0.57 mmol) in DMF (0.5 mL) was stirred at room
temperature for 29 h. Water (0.2 mL) and MeOH (1 mL) were added, and the resulting
clear solution was purified directly by reverse phase HPLC to give [3-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-oxetan-3-yl]-carbamic acid tert-butyl ester as a tan solid (132 mg,
>100%) after lyophilization, m/z 334.8 [M+1]", that was carried on without further

purification.

To a solution of [3-(1-pyridin-2-yl-cyclopropylcarbamoyl)-oxetan-3-yl]-carbamic acid
tert-butyl ester (100 mg, 0.30 mmol) in CH,Cl, (2 mL) was added TFA (1 mL). The
solution was stirred at room temperature for 17 h and then concentrated in vacuo. The
residue was purified by reverse phase HPLC to give 3-amino-oxetane-3-carboxylic acid
(I-pyridin-2-yl-cyclopropyl)-amide formate as a white powder (72 mg, 86%) after
lyophilization, m/z 234 (free base) [M+1]".

A solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihyro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid (66 mg, 0.15 mmol) and HATU
(71 mg, 0.19 mmol) in DMF (0.5 mL) was stirred at room temperature for 2 h. To this
solution was added triethylamine (27 puL, 0.19 mmol) and 3-carboxylic acid (1-pyridin-2-

yl-cyclopropyl)-amide formate (35 mg, 0.13 mmol). The reaction mixture was stirred at
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To a solution of
(R)-5-(4-cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
wo 2@90%@8%, 7- di hydro-5H i m dazo[ 1, 2- a] PCT/US2008/084149
i m dazol e- 3-carboxylic acid [1-(1-thiocarbanmoyl-cycl o-
Daskesp¥a. 0a0846rBT) - cycl opropyl | - ani de (92 ng, 0.15 nmmol)
in 1.5 nL of acetone was 233 WO 2009/ 070485

P 6@9%&:@&4&&8 Devdsat phies HBOE @4 gtho-benzyl)-7-
5Obr@-olfm)ace’t al ydeVldal et hyl acetglgC Oggggl%@d %o enzy)

(3.&rtlachidCe-phenyd- ﬁma:ﬁe/lﬁszom 7-0ihg 0i- S{i;m@lam[lﬁmfbjmldaz'ﬁw
eaction tur s heated at reflux for h, . and .
capbRgyfic ae@oﬂ?éi W ioBN- D pER C&Fbé‘ma?ﬁi ~OXBHE érﬁfq}-a%ﬁ as  white

5 nL of ethyl
PoBE 3, bl S0 ARG 70 O e o navoos
sol ution. The organic phase vvas vvashed W th water and

b 10 nL h dri Na2SH4,. filt d,
The Eﬂ?ﬂéﬁ& %HIERPW% s W)g}eu?agﬁa?f %ﬂ%fﬂ’r%e lgﬁ%ﬂﬁvl'ame T de*ﬁged
| h
abﬂquﬁlg%tﬁgruﬁ) W%@' l;e'ng@_g%q é)ﬁa?%ro%uf;lﬁ@:?ﬂ%{ﬁpb%leml 6-

ox6-32ihpdrotiaeimitlhdol] B2 eQimiduibld-Acarboxgat acibr (@Mi #a@ymno-
nilz 646.7}M+ 11 +. The follow n npoun

beppydpafbtdich Qﬁfgpbﬁnﬁ)r%meﬁwbé@mﬁ&sglhsdrdéétrmlﬂ@@ [kBove:

.Co 6 .§64. .
iRBoE Sesbon Bk foa Ryt Dickloiasr ot Sl pachy k6 oS-
(4- glgf%{{g r?&ﬁé(x_; bdfinf%l r607 (glllp_ldro 5 alzn(l)l azo[1,2- ]1m1((1jﬁ§glg 3ecarboxg}1% acid

or K§/}-1- ()3 &(chdﬂ(ﬁrib ﬂhﬂ:ﬁ}ﬂﬁS&]ﬁEﬂmﬁé 0X0-5- (4 tnﬂuoromethoxy benzyl)-6,7-
pyrid @[1) cycl opr opﬁr car barmyl(} cycl opropyl } -am de

dihyidra- SIéﬂmtdaz il.2-@jinydazagy-Rrcagonylic aoid, pp Hptating margrial:y 0~
O/ OFHNOI\ I F NH QAF

Compound 309, m/z =751.1 M + 17"

Compound 311, m/z = 704.4 M + 17

Compound 312, m/z =727.5 [M + 1]* Compound 313, m/z =727.4 [M + 1]°

Compound 319, m/z =726.6 [M + 1]°

Compound 378, m/z 676.7 [M + 11"

Compound 410, m/7 682.46 [M + 1]*

Example 26. (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-alimidazole-3-carboxylic acid [(R)-1-carbamoylmethyl-2-
(3,3-difluoro-azetidin-1-yl)-2-oxo-ethyl]-amide.

228



H NZ N\ HZN O A solution of

(R -7-(3,5-dichl oro-phenyl)-5-net hyl - 6- oxo-5-(4-triflu
W@BMVM@S(y- PCT/US2008/084149

benzyl ) -6, 7-di hydro-5Hi m dazo[ 1, 2- a] i m dazol e- 3-car bo
D0,€§1¢t|1%0 981064<§ ECZfl {6-[bi s-(4- methoxy-benzyl) - ani noj

-pyridin-2-yl}-cycl opropyl car banoyl ) - cycl opropyl ]-am d

e (80 ng, 0.084 mml) in trifl uoroeedeireracid (2 nl)

was stirred at room tenperature £ og ¢ 234 WO

2009/ 070485 PCT/ US2008/ 084149 Dock No. 09-0446 PCT

The solvent was renoved under a streamof N2 and the,

residue was partitioned between &

€A~ 4 L) an@
saturated agueous NaHCO3 (4 ni). “ayers were
separat ed yare, the aqueous | ayer her exjxd
The gonbi ned or '
' t fieNtesi due was pur|f|

ifhoed 't Re .

¥ No gr oupTf it onaliT/li? oN

artridge 4prgl ¥, 31 1%

of the title compound as a white solid, mz 715.0

[ Mt2] +. The follow ng conpounds were prepared usi ng

simlar procedures as described & .l Conmpound 53,

mz 656.1 [ M+2] + Exanpl e 30.

(R) -5-(4- Q/ano benzyl)-7-(3, 5-di chl g§ro- phenyl ) - 5- et hy

| - 6- oxo-6, 3 3.dif tidine ydrachl .

di hydr o- 5I—I-r|Aﬂiu°°aze"Hr¥|rf &l m dazolﬁ-

{1-[1-(4-a

pyri di n-2-yl)-cycl opr opyI car WKM] c
clel clcl I N-~ NO _

»car boxylic acid

ropyl } - am de

2-Chlorotrityl resin (0.536 g, 0.75 mmol/g) was placed in a dry glass fritted shaker flask.
To the resin was added CH,Cl, (10 mL), diisopropylethylamine (0.522 mL) and Fmoc-L-
asparagine (0.265 g, 0.75 mmol) and the reaction was agitated on an orbital shaker for 14
h. The reaction solution was drained and the resin washed with CH,Cl,/MeOH/DIEA
(17:2:1; 3 x 10 mL), CH,Cl, (3 x 10 mL), DMF (3 x 10 mL), and CH,Cl, (3 x 10 mL).
The resin was swelled with DMF (2 mL) and the solvent drained. A solution of 50%
piperidine in DMF (10 mL) was added to the resin and the reaction was agitated on an
orbital shaker for 90 min. The reaction solution was drained and the resin washed with
DMF (2 x 10 mL), CH,Cl, (2 x 10 mL), DMF (2 x 10 mL), CH,Cl, (2 x 10 mL), and
DMA (1 x 2 mL). (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid (0.132 g, 0.30 mmol) and HATU
(0.285 g, 0.75 mmol) were dissolved in DMA (2 mL), and the resulting solution added to
the resin. Diisopropylethylamine (0.130 mL, 0.75 mmol) was added and the reaction
agitated on an orbital shaker for 48 h. The reaction solution was drained and washed as
described above. The resin was treated with 10% TFA in CH,Cl, and agitated on an
orbital shaker for 90 min. The reaction solution was collected and the resin washed with

CH,Cl, (4 x 3 mL). The filtrates were combined with the supernatant and the volatiles
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TFA\ HNO1 ~ NOY-17 CH2Cl, HNON NH y-17 NH N
HNYO NHZ O k To a solution of (2-{ 1-[(1-{

W(D@(R})/O’fm@ﬂ cyano- benzyl ) -7- (3, 5-di chl or o- phenyP(F/ES1088/084149
yl -

D%kﬁl\@ PIMHAYBES- 5H- i mi dazo[ 1, 2-a] i mi dazol e- 3- car bonyl ]
-am no} - cycl opr opane-

refi@fed R yhduo arimed - ane r@RTue s HishyliédinCH:CY @ehDYind veahdd
amc acid tert-butyl ester (45 235 WD 2009/ 070485

withGTiteIS2 60808 dddigineMd ekt Tho orgdficOdyee wRCTrigrygve0 atdrous

Nep Q3 Hieiluion dErdateledhd tay 5 Yeilﬂ?e%?oquf&éa%g%fgar{ﬂﬁénaw%

o, By R S S 3 o

5 HHne d oM atishi esle- %@mﬁun@ﬁcamlﬂcs}l adciandic démetﬁtdfﬁige@odnﬂ
vacuo. The residue was purified via reverse phase HPLC
to afford (R)-5-

- - = 7o (3B dicchl I
A ot AT RN e | RR P P Ser T s o
phagﬂ)ds el -b-dx4- mﬂm@m@tmhmmm[d ert]iinlﬁilzbieﬁyciuﬁ@ﬁ}ﬂpaﬁhmo}
car banoyl ] -cycl opropyl }-anide as a solid, mz 669.5
sudgcmamlc Erché @. @%/9 oW 074 el SURNEA (0 mLp wapaddsd tusselytion of 3,3-

dlfﬁ.] e Ocedciﬁ Cteﬂsglﬁ-g@[}ﬂ g,g(gi Ijngﬁ $M7A m(iﬁ gzs futlon of

HAAl @Jﬂlg é%g )'? g §1n{0?)' n D RIS mL) w%s addf(; to the reaf]tlon mixture,

or 0- pheny yl - 6- 0Xx0- 6
folloxvedl HwHﬂA&‘ﬁU\"Q@‘rOﬂr () @ia@@fnilno?.)-m 85 mmDMAO ITéle eacasibminthie was
cyclopropanec arbonyl) -am no cyclo r opyl

aggtatecb% aré@rhltaﬂ shylieréaryhl. ) Digsptoairicthyimiae {030- rbhxqf 07 mimol)

wag €§§6d§ng1 Ahecl)c;gﬁténgoigidﬂpp)vgg agl%ated on an orbital shaker for 14 h. The
vofaa1e'é wkCRhRL &t fh- Jabwmo pt‘seaﬂu ke QudEEd: Bd’llct @a@m@so@vea ifiDMSO

5H i m dazo[ 1, 2-a] i m dazol e- 3- carbonyl] -am no
(1 }nh) y\ndl opteo (jhhaﬁ;)ahxbp]griﬁedama 1w¢rse phase H;FLGW laftprd 0.020 g (45%)

IE)yr i di n-4-yl met hyl %

of (R)-5-(4-cyano- benzyl) 743, dlchloro phenyl) 5-methyl-6-o0x0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carboxylic acid [(S)-1-carbamoylmethyl-2-(3,3-difluoro-
azetidin-1-yl)-2-oxo-ethyl]-amide as a white solid, m/z 632.3 [M + 1]".

The following compounds were prepared using similar procedures as described above;
Compound 24, m/z 646.27 M + 11*

Compound 25, m/z7 660.34 [M + 1]*

Compound 26, m/z 734.31 [M + 11"

Compound 27 m/z 687.34 [M + 17"

Compound 28, m/z 722.32 [M +1]*
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acid tert-butyl ester, and (2-{ 1-[(1-{
[(R)-7-(3,5-di chl or o- phenyl )- 5- net hyl - 6- oxo-5- (4-
wo eooblomasd et hoxy- benzyl ) - 6, 7- di hydr o- 5H i m darOf/LSR0&H84149
i m dazol e- 3-carbonyl ]-am no }-
D%&@I%QB‘@%@BQ%OWI ) - ami no] - cycl opropyl } - pyri di n- 4-yl
met hyl )-carbam c acid tert-butyl ester were prepared
C jonad 39,m/t 860.83 pd g’res as in Exanple 12. 236 WO
2009/ 070485 PCT/ USZO 8/ 084149 Docket No. 09-0446 PCT
Exanpl e 31.

Cq@gﬁd §é%%9@ﬁﬂeﬁlﬂ'ﬁ* 7- (3, 5-di chl oro- phenyl ) - 5- met hy
-6- 0X0- B, /-

di hydr o- 5Hi m dazo[ 1, 2- a] i m dazol e- 3-carboxylic acid

COE‘}P@?’%%?éJpWy@ﬂéﬁMﬁ)%l ethyl]-amide HO 0 'N HC HATU

HHO NyO + 1 NNH2 TEA |l ~7TNNYNYO'~ H O CNOC C
cI l gC / NON ~NO N\ NHJd HOO HNON 0 HC
Copnpled@nd BONKZ: 686.8 M N1~ H HATU, DI PEA N N J \0 To

a suspension of the

(S)-2-tert-But oxycarbonyl am no-propionic acid (43 ng,
CapdandB®H i/ GIABY [V 1MICoBpAfadHADM);, 678184 M + 1] (R)-5-(4- Cyano-

1-Pyrimdin-2-yl-cycl opropyl am ne di hydrochl ori de (45
benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-SH-imidazo[1,2-

~

alimidazole-3-carboxylic acid {1-[1-(5-cyclopropyl-4H-1,2,4-triazol-3-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide (B100659245, Kd = ? nM, WB = 12x)

o) 0 20% Pd(OH) H ¢
) 8L : MK
07N NTTO HN N©o
H o H H, o)

W N NH NH
OH
NS0
C|\©,0|

J (P

o P 2

v/J§NH - HCI HN O{Q\
VT

N’-(1-Benzyloxythiocabonylamino-cyclopropyl)-hydrazinecarboxylic acid rert-butyl
ester (2.0 g, 5.72 mmol) was dissolved in MeOH (20 mL) and to this was suspended 20%
Pd(OH); (0.1 g). The reaction flask was sealed with a septum and purged with H. After 3
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0.22 mmol ) in CH2C12 (1.5 nL) was added triethyl am ne
(0.12 m., 0.87 mmol). The reaction was stirred at
w0 omant@sperature for 22 h, diluted wth CH2CLPCT/@S100$/084149
and then washed with saturated aqueous NaHCOB (2x 6
Dagkgt Nn@994mBCT1x 6 nlL). The organi ¢ phase was dried
wth MSO and concentrated to afford 54 ng of

daj(ipkdeLH( dnfdyptierd, eHenmiktiré way filtepd apyigharag®ydidtomaceous earth

et hyl ] - carbamc acid tert-butyl ester as white solid,
anthicorncedOedEd vatelp-give N -(1-amino-cyclopropanecarbonyl)-

hy&épssmr ol i e Bl e L YRl v lea Stbrth M
|isolved in CH2C12 (1 nL). HCl1 solution (4Min
di oxane, 1.5 nL, 6.0 mvol) was added via in one

portion via syringe and the reaction was allowed to
stl for

Ty glioRg! Hf@é S BIND ?%YW Rt %gﬁdgﬁeg&%?fg%}lﬂp@fwo 6.7-
R S R

(0. QSgQﬂéﬂéﬁmﬁQﬂ) ih®MF $D ) ivm a@ded HOAt (0.065 g, 0.48 mmol), EDC (0.092
Ré (] Cyano- benzyl )-7- (3, 5-di chl oro-4-fl uoro- phenyl
nweq h)DMAPdQ QO%gﬂ 41 mmol) Et;N (0.066 mL 0.48 mmol). The

rea(:g IY %goweg tq §t1 rﬁﬂbﬁ) L%%t meértlj&lﬁ) hrg 'ﬁp %\hlsr r?l?x)éIYre was a &Aeﬂ N-(1-

i

mrﬁddemii thATddc(@Dwnpheated 20 70® For 1650, Thevediktimy wls lREdled @ bbm
0.88 nmol). The reaction was stirred at

termaicaten ¥k vatrd e thdiORe vl i Bhe gombined

tream of N2 t he ure y
i P Sk Sanh i MEEE P GRS M S B e
miRARSHE ﬁl%&yﬁﬁ RneAghed AR 90’ QU@Nf Pﬁf(ﬁl{ggéli-@reé{bano—

solid phase extraction cartridge to give ng of the
betaylH B (LD dphlone phesnyd - Sokethg] -6 wka- 6674c‘ﬁh$(ﬂro{5%1’kﬂlidazol’hé
foI | om ng corrEJounds were prepared using simla
igpgrzalsut-enboy!lqmaiae | BE@%Wécafb@dHﬁéﬁ}ﬂ%ﬂ %f&@prqmecarbonyl}

hﬁ%ﬁlsgcakb&xx%lmﬁf‘) PRSI el ndehdl Sl g 21

[M@99.8 [M + 1]+ Conpound 440, m'z 697.7 [M+ 1]+
Compound 442, nlz 697.8 [M+ 1]+ Conpound 443, niz
768.8 [M+ 1]+ Conpound 291, mz 699.6 [M+ 1]+

N-{1-[(1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarbonyl)-
amino]-cyclopropanecarbonyl }-hydrazinecarboxylic acid rert-butyl ester (0.30 g, 0.42
mmol) was dissolved in 4 N HCl in dioxane (3 mL) and allowed to stir at room
temperature for 40 min. The resulting white suspension was diluted with Et,O and the
precipitate was collected by filtration. The solid was washed twice with Et,0 to give (R)-
5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazo-
[1,2-a]imidazole-3-carboxylic acid [1-(1-hydrazinocarbonyl-cyclopropylcarbamoyl)-
cyclopropyl]-amide hydrochloride (0.15 g, 52%) as a white powder, m/z 621.7 [M+1]",
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Compound 292, mz 698.6 [M+ 1]+ Conpound 293, mz
710.6 [M+ 1]+ Conpound 294, mz 709.7 [M+ 1]+
w@omouass 295, nriz 708.7 [M+ 1]+ Conpound 296PCTrI22008/084149
7097%M+1 mpound 297, mz 709.7 [M+ 1]+
B-024@1 sz 745.6 [M + 1]+ Conpound 388, mz
709 6 [M+ 1]+ Conpound 397, m/z709.7 [M+ 1]+

C Hﬁ&al‘bgﬁltrll@'ié% 56 89, 6.3[dvind1) Hat dosPaUNE @O resAlyZaturated
66 M+ 1]+ ound 404, mz 677.6 [M+ 1]+ 238 WO

w1tZd®©1/ ((2@ M&)Eand’mé/ erﬁZl@@ mlmsedmgtlr Doodwe tteyerat@@-fort Ush. HbE
Examl e 32. ) . )

Sol(va}tf%s (AR FANede drdurry Presse @ givchcloprRpatgcpibexr idicanid

et%@(%:t%%@% ?11@8 (Osﬁi%) asga‘tvzhéiefog ‘a] i m dazol e- 3-car boxyl i

c acid {1- [1 (1-oxy-

pyri dazi cycl opropyl carb | ]-cycl opropyl }-anj
Togopiten o K 1455 %y%-é/-@%d@mp%@-%w%%p%ﬂ

: O il I

g Qi s e ox M ol B P i
cy()lo@*oﬁﬁb:ﬁbitm@ylpxﬁi@ﬂp}ﬂi] :imrde aydbkhlomded@28) £10.22 &lmol) and

i m dazol e- 3-carboxylic acid
cy{lapipmgym b PYdic 81y Fiiolelesrpghleddes@rSie) 012 mmol) in DMF
(1 mL) was added Et;N (0.051 mL, 0.37 mmol). The reaction was heated in a microwave
at 140 °C for 45 min and then at 180 °C for 1.5 h. The mixture was cooled to room
temperature and purified via reverse-phase HPLC to give (R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic
acid {1-[1-(5-cyclopropyl-4H-1,2.4-triazol-3-yl)-cyclopropylcarbamoyl]-cyclopropyl } -
amide (0.022 g, 28%) as a white solid, m/z 670.8 [M+17".

Example 28. (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [1-(1-thiazol-2-yl-cyclo-
propylcarbamoyl)-cyclopropyl]-amide.

o

=(N

X

p=a

J HCI

0]
+ —_—
B"\)\ o0\ acetone

p=a

0

/_j.,NH
773

N

To a solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [1-(1-thiocarbamoyl-cyclo-
propylcarbamoyl)-cyclopropyl]-amide (92 mg, 0.15 mmol) in 1.5 mL of acetone was
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cycl opropyl]-am de (10 ng, 0.015 mol) was di ssol ved

in CH2C12 at 0 Cin an ice bath. nCPBA (7 ngy, 0.03
wonwb)7aes added as a solid in one portion. AfPEr/USD08/084149

mn the solvent was renoved under a stream of N2 and
Dacket Nae §M0¢4BCSol i d purified by reversed phase HPLC

(30->95% MeCN H20 + 0.1% TFA) to give 7 ng of the

adddddremefeRRieRddeasiedl REhH (OUSHenIR@Fbeahimol)hd HET n &idxane (4
[ MH1] +. 239 WD 20097 070485 PCT/ US2008/ 084149 Docket

M NB00209L. 0% mPET). BhangdcgoBBixture was heated at reflux for 15 h, and then
co§le% twéwg%gquth%ea% co%centrgtgd 15n \(fjalcC h '?he 1631d1f16|: \lfllgsr (?15 J())ﬁlveg n 25
m@épetﬁ}gzafgthiégf g/h%?d'vmhdﬁ)zqt b gﬁtﬂhfem%fsbﬁfﬁ%ﬁ‘.r 1i’f?é(&lglanic
phitwig hwaghday it Wytel Staizirie 31y hll-cayie)l Omsdopyt Na{SmnﬁNéréd Qxd

clopropyl)-amde trifluoroacetate F Cl \ C F Cl
congeaptesl - vacgo 1¢ Yixld gale bxpwon pit. Nheernd; pnelQuquwaHNuIdl@ by flash

chiSfStEARpy. oe{?a%% bl M i Gl odivid Ao iy mt e
ual:)co@g&ﬁfd Qre%@x/@fo%jn %/he/zﬁsrp ﬁHum dazo [ 1,2-3]
i'm onyl

-car am no
-cycl opropanecar bonyl ) - am no] -

The following compound was prepared using similar procedures as described above:
Compound 60, m/z 664.7 [M + 11

Example 29. (R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-o0xo0-5-(4-trifluoromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-alimidazole-3-carboxylic acid {1-[1-(6-amino-

pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide

C|\©/0|
N

A solution of (R)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-5-(4-trifluoromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-aJimidazole-3-carboxylic acid [1-(1-{6-[bis-(4-
methoxy-benzyl)-amino]-pyridin-2-yl }-cyclopropylcarbamoyl)-cyclopropyl]-amide (80

mg, 0.084 mmol) in trifluoroacetic acid (2 mL) was stirred at room temperature for 4 h.
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cycl opropyl }-pyridazin-3-yl)-1-nmethyl -ethyl]-carbamc
acid benzyl ester (64 ng, 0.075 mmol) was dissol ved
WO 200a/0ni48% ur e of MeOH (0.32 nL) and CH2CL12 ( 3. PCTriI$2008/084149
Pd/C (10 wt% 3 ng, 0.002 mml) was added and a H2
Daske¢tNw 91446 BETi xed to the reaction flask. The
reacti on was evacuated and flushed with H2 three

The isoRentand réh@rdshildraade MAGEN, hizd thé r@sﬁdﬁk W gaﬁitibnedTmWeen

suspension was filtered through a plug of diatonaceous
Et@ar (hmhndnd srioeted neuceds NeHGOy &4 enuhaill“ he layee! Wowseparaged and the

4P a@%w%s%ewﬁg%hﬂﬁéﬁﬁh s wois Mo Fiecrrwiedaraigios were
ev%:)() V\ﬁ&i 'xér?ﬁd Qﬁ}igl%%ﬁ%ﬁ Qﬁlﬁgéd&%@%@%{;gﬁ?%é Surified
mdtéeibl W&Q%ﬁ 34d thBoughadissit alNino &8 &1&@2@@@H@Fm584

1-{[(R)-7-(3, 5-di chI or o- phenyl - (4-i odo- benzy ? ne
extrapyion sar@xtge@o give 31 mg (51%) of the tltle compound as a white solid, m/z 715.0

MgL ydr o- 5H-i m dazo[ 1, 2- a] i m dazol e- 3-car bonyl ] - am no} -
[ 3 I opr opanecar boxylic acid allyl ester: CI C C cl
NN OONNH HdA HATU L DPEAN DW 0 OOOI HO

N Br g Br Il G C OVI/ NNO ~ Cul, Ligand, Nal
Thyfoltaytipgemmpounds were prepared using similar procedures as described above:

Compound 53, m/z 656.1 [M+2]"

Example 30. (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-aminomethyl-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide .

To a solution of (2-{ I-[(1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-
0x0-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino } -cyclopropane-

carbonyl)-amino]-cyclopropyl}-pyridin-4-ylmethyl)-carbamic acid fert-butyl ester (45
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HNO O~ 11;~1 /YOV/ To a suspension of
(R)-5-(4-brono-benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
w0 2890%@8H, 7- PCT/US2008/084149

di hydro-5Hi m dazo[ 1, 2- a] i m dazol e- 3-carboxylic acid
[XFkﬂ@@>Q9OQ4@ECﬁhDI) and 1-ani no-

cycl opropanecarboxylic acid allyl ester hydrochloride
mg, 430 mi®lol) 20 @B,ONS L) Vabadded TFA RITHeQ@¥tion mixture was

tenperature was added dii sopropyl ethylam ne (1.05 ni,
stiged@ roomltompeaatare foihkd Ir. eWater 6K mixway alded enchiire rmhmgyolutlon

exfieind Vi MedPTRON Barth Bhb ToF okl Pttt ¢ed and

cofRelfr M€ in'BRug T B i Wﬁsoﬁﬂ?ﬁeﬁ 25%%5& Véwjgh%séc ggLé %o Qf%foryﬁﬁ) -5-

reaction mxture was partition
(4etdnplbendpy as 8- cﬁaﬂo@%heﬁylpi ndetill {dko-GTNaihgd@as i ¢mplass e, 2-
was washed with satd. NaHOCO3 sol ution, water (2x),
m@zpkr%@arbmﬂle dcnd\{ édlmzmmmeﬂhylipémém ;2-plirdyclopropyl-

t ed. d d by fl h
cappmarne S ag Famide R iaaale BB S I 6 20% £t oac i n

hexanes) to furnish 1.16 g of 1-{
ng (4- brono-benzyl)-7-(3, 5- dlchloro phenyl )-5-meth

Thy| olgwargc@npounds were prepared using similar procedures as described above:

di hydro-5Him dazo[ 1, 2- a]|n1dazole 3-car bonyl ] -am no} -

cycl opropanecarboxylic acid allyl ester (93% as a

L4 YS

CRROR! Ry P gt by %@?Z?%&P AR
Cyhﬂ@bénz&l) 7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dihydro- SH 1m1dazo[1 2-

[ (R)-5-(4-brono-benzyl)-7-(3, 5- di chl or o- phenyl)

alipadazgle: %caékz@ly@ Jmigp hym@rgpw%rmbfaimm aﬂYF}ﬁPWBI yriglin-4-

clo o)
RN G e RN
(3,3-dlA1orBtoro gHény()lﬁ g 8- 18- Gmﬁﬂh}dro 5H-imidazo[ 1,2-a]imidazole-3-
(I'R 2R) - N, N- di net’'hyl - | ohexane-1;2-di am ne (24 g,
cafbofiyl]- mrmio)} cyalnpro@arﬁscmnomﬂ nminubnﬁglopaomlll peridin-&l ylmathyl)-carbamic
reaction was _heat ed at

aClidéM?ﬁs&tY% %ﬁtefl%}ldf@ ﬂ{él téBEY (A" %I&Qrew@e%kmqﬂ%ﬁéam 3-(4-

RS Bort @ Ry b S A gl PR ke iy eaigo -
cyéalﬁ}ﬁﬂé Qfe@zﬁ‘ﬁorgﬂj amlﬁﬁ}ac;l’c‘i‘cﬁir@ﬁi@i ﬁﬁ%%%ﬂﬁlaﬂﬁ?ﬁ cbfbafﬁWe@;(?tert butyl ester

| ter t hrough a smal lug of silica gel
wenagkpargd winhsimdr2@oduihas ol Emrnmﬂ dhge filtrat es were
concentrated to a pal e orange/yell ow foam The crude
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was purified by flash chromatography on silica gel (20
g, 15-40% Et CAc/ hexanes) to provide 271 ng (72% of

W.2¢09/070485 PCT/US2008/084149
R) - 7- 5-di chl or o- phenyl 5-(4-i odo- benzyl 5-nmeth
Dq[d({@)m @§ @136 pes phenyl ) - 5-( yl) - y

di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3- car bonyl ] - am no} -

Exauplopr. ompmc@aw béﬁzy@w 0} akﬁdﬂomqﬂkﬁyl)é&n@thyl 6-0%0-6,7-
col orl ess foam anpl e 1-{

dllgxd;z))-SH-(rmdazcdilQM]nnﬂamieawyb@yheanﬂ|[(Sa-leélepﬁlr(ndm-ziwm
triazol-1-yl- .

cyﬂ%ﬂrﬁp’fm@a}%‘&%%mi@'ﬂ? m dazo[ 1, 2-a] i m dazol e- 3-car bo
nyl ] - am no} - cycl opropane- carboxylic acid: C C C
,Cl I~1 N--(NONNCul, Ligand, KP4 N---fN O 11
\ \ NN N toluene H¢'0 H OVCICIyONN NO ~

(Rh3P) 4, nor N| neé' N HN O %a& OH N 242
H 0485 Woosmsmg Qﬂ gtkﬁo\[ro 0446
P -l vi al charged with
[(R) - 7 (3, 5-di chl or o- phenyl ) -5-(4-i odo benzyl) - 5-
net hyl - 6- oxo- 6, 7- di hydr o-5H i m dazo[ 1, 2-a] i mi dazol e- 3-
carbonyl]-am no }-

HATU, DIPEA

To a suspension of the (S)-2-zer-Butoxycarbonylamino-propionic acid (43 mg, 0.23 mmol),
HATU (99 mg, 0.26 mmol), and 1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride (45 mg,
0.22 mmol) in CH,Cl, (1.5 mL) was added triethylamine (0.12 mL, 0.87 mmol), The reaction
was stirred at room temperature for 22 h, diluted with CH,Cl, (7 mL) and then washed with
saturated aqueous NaHCO; (2x 6 mL) and brine (1x 6 mL). The organic phase was dried with
MgSO, and concentrated to afford 54 mg of [(S)-1-(1-Pyrimidin-2-yl-cyclopropylcarbamoyl)-
ethyl]-carbamic acid rert-butyl ester as white solid, m/z 307.56 [M+1]".

[(S)-1-(1-Pyrimidin-2-yl-cyclopropylcarbamoyl)-ethyl]-carbamic acid ter-butyl ester (54 mg,
0.18 mmol) was dissolved in CH,Cl, (1 mL). HCI solution (4M in 1,4-dioxane, 1.5 mL, 6.0
mmol) was added via in one portion via syringe and the reaction was allowed to stir for 1.5 h.
Solvents were removed in vacuo yielding (S)-2-Amino-N-(1-pyrimidin-2-yl-cyclopropyl)-
propionamide as a white powder, m/z 207.41 [M+1]".
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cycl opropanecar boxylic acid allyl ester (251 ng, 0.377
mol ), 1,2,4-triazole (39 ng, 0.57 mol), and
w@ 1R9ARMSN, N- di et hyl - cycl ohexane- 1, 2- di am ne PABURLP)S/084149
0.11 mmol ), K3PO4 (160 ng, 0.76 mmol ), and 0.5 nL of
Dokt NoR@-Odit@PClas purged with N2 and sealed with a
screw cap. The green reaction m xture was heated at
To' 2ol udon o8 (R 2 (L Cyditebene A1 (9 3-dikhibrdrLfludko SheRR)- S ehefyl-6-oxo-6,7-
_roomt enpc(::r)gt l(.ll‘ e?] dil Ut@gg VSI th 3 nL of %C@Lnd Y '
diffydlat-24 entidane[d Podl inaidgzrdd-B-cagblong icofcidd8b img 0. 1Rasmpin gndv S 12- Amino-N-
20 .m.of ethyl acetate, The filtra wer e, d wth
(1 SRR YRR BPY REPITRCC O B ﬁ-i?namlwwﬁiﬁfl-o AIL) and DMF
i d
(O 3 s ol FPE R RENCEREN3b e DATAE 15785 088 mmoD. The
red0ti S¥/avi Dre@HHR f5b2) tebiPeRtu@d ol €0 hl 0%e MK W&k mefedlurlder a stream of N,
é(R)-?-(S, 5-di chl oro- phenyl ) - 5- net hyl - 6- oxo-5-(4-1,2,4
and thejreaebibn mixthre wasmppyifipd By veisepgse . el gedfigd material was then

oy SRR H RGP P s oo

of QiR Ro a0 L2 PEPHEMIISITS ety - - oxo- 5- (4- 1.
2,4-triazol-1-yl- benzyl)-6,7-di hydro-5Him dazo [
1,.2-al.i m dazol e- 3-car bonyl ]. -amni. - :

The 5 G ARG n B3 PPt i e ke glensgibed ahgye:
mol ) and nor pholine (0.157 ni, 1.80 mml) in 1 nL of

THE was added Pd(Ph3P)4 (10 ng, 0.009 mmol ). The

Congmond o4, nini 36T Mwald” stirred at room tenperature for
3 h. The reaction m xture was then diluted wth 30 nL
of Et OAc and washed with 10 nL each of 10% HC

sol ut i nd.brine, dried over Na2SO4,
CQF?HOP@%Q),’ W%W?é’g]t]r ated to afford 114 ng of 1-{

[(R-7-(3,5-dichloro-

phenyl ) -5- et hyl - 6- oxo-5-(4-1, 2,4-triazol -1-yl -benzyl)
Confhodndli My dvo? B9 [Mi+ddZ o[ 1, 2-

a] i m dazol e- 3- car bonyl ] - am no} - cycl opr opanecar boxyl i c

acid as an orange oily solid that was carried to the

next i further purifjcat f.ol | owi ng
Coggj%%%%%js) %ﬁigq%tlve[ﬁr;lr]e &Y |0H5(h %Jluﬁ‘n”f/ %@qu? @Zgrdl res as

descri bed above: 1-{

[(R-7-(3,5-Dichl oro-PhenyI ) - 5- net hyl - 6- oxo-5-(4-1, 2,3
Contpousd &2, 1vy6S MW I)]- 6, 7-

di hydro-5H- i m dazo[ 1, 2-a] i m dazol e- 3-car bonyl ] - am no} -
COW@P%E%%@&@B\EW ilc acid 243 WD 2009/ 070485

08/,0 cket No. 09-0446 PCT 1- {

COF{%"'-‘&-%% %ﬁgﬁgﬂphenyl ) - 5-met hyl - 6- 0x0-5- (4-1, 2, 3
Conipoudd 292, 2y b 1t 6, 7- _

di hydro-5H 1 m dazo[ 1, g a] i m dazol e- 3- car bonyl ] - am no} -
Comypobop2dh arietlk b ilc aci d
Compound 294, m/7709.7 [M + 1]*
Compound 295, m/7 708.7 [M + 1]*
Compound 296, m/7 709.7 [M + 1]° Compound 297, m/z 709.7 [M + 1]° Compound 298, m/z
745.6 [M + 1]" Compound 388, m/z 709.6 [M + 1]* Compound 397, m/z 709.7 [M + 1]*
Compound 402, m/7 739.6 [M + 1]* Compound 403, m/; 663.3 [M + 1]*

Compound 404, m/7 677.6 [M + 1]*
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Exanpl e 36. 1-{

[(R) -5-(4-Chl oro-benzyl)-7-(3, 5-di chl oro-phenyl) -5- net
Wb 200907080 PCT/US2008/084149

6, 7- di hydro-5Hi m dazo[ 1, 2- a] i mi dazol e- 3-car bonyl ] - am
[Xﬁb@ﬁﬁy@géﬁﬂ@Bﬁﬁecarboxyl|c acid: 0 G C d C d

NN O NC2.6HRONNO NNO \N+ \N\Br DMV HN O I/
E 5-¥4-C4afo-bénzyBL7-B,3-dicdRloro-4f1y n{)-5Ghethlyl-6-

bl M ORESH LTl bl 2% diloro: M piinfh sSheik
0X0—6\7 Nhyﬂr@HM@dﬂzo[]@-a]ﬂnn@zoBﬂ -ca@foxylic acid{I-+(1HEyBOH

~Cl N 0. PdCl 2(dppf), K3P04

PYN“WE FY@@QPV‘@Q’WH'@C oproRyl}-gui \V/ OHN A

m crowave vi al was charged mﬁth 1-{

[ (R)-5- (4 bronD benzyl) 7- (3 5-di chl or o- phenyl)

3 oCB- car bonyl] -amino } - cl cl
cycl opropangcgr boxylic acid allyl ester (400 0. 647

mol ), N Cl H20 (231 ng, 1.22
N
N= 0 N=
%I;N ’ mCPBA %];
B ——
HN™ O HN
0 Sy 0
NH NH
NZ NZ
P 4\Il+ |
Na o™X

(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-
imidazo[1,2-aJimidazole-3-carboxylic acid [1-(1-pyridazin-3-yl-cyclopropylcarbamoyl)-
cyclopropyl]-amide (10 mg, 0.015 mmol) was dissolved in CH,Cl, at 0 °C in an ice bath.
mCPBA (7 mg, 0.03 mmol) was added as a solid in one portion. After 40 min the solvent was
removed under a stream of N, and the resulting solid purified by reversed phase HPLC
(30—95% MeCN/H,0 + 0.1% TFA) to give 7 mg of the title compound as an off-white powder,
m/7 675.64 [M+1]".
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244 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09-0446 PCT mmol ), and 1.5 nL of DMF. The vial was
wgeeabpm4and heated in the mcrowave at 170 C POT/UED08/084149
mn, and then for 1 h. The crude reaction m xture was
Dagk¢tNe@9-WMPED m. of EtOAc and 15 nL of water (the
solids were not soluble). The aqueous phase was
Ex@iiplés3. e(JR)AsJ(ah aflo- l’fbmg‘i) ft@qlchidiﬁ &ﬂﬁﬁ’ﬁ*eﬁ?ﬁnﬂ)g&ﬁéﬁﬁl-&
wer e washed vv|t 5% NaCl solution (2x15 nL) and
oxt6, Tadihydra-2H- IWMOB]aZZ@Mudefmleﬁecadboxﬁmwbﬁe{elﬁﬁﬁr(eltasnino-1-

t 2 a. clou , Iate as a
metﬁylletﬁﬁmw@am wﬁLEXF&QPYPBY %h%m ‘ﬁ‘ﬁ BF ?Ié}i )-amgle;

. of the crude allyl esters (299 ng, -0.25
trlﬁn@ﬁﬁ%gﬁg nor pholine (0.436 nL, 5.0 mml) in 3 nL of

THE was added Pd(Ph3P)4 (29 ng, 0.0259 mol). The
reaction mxture was stirred at roomtenperature for
2 h. The reactipn mxjure was then diluted with 30 nL

of EtOAc and wa with 10 nL each of 10% HC
sol ution, water, brine, dried over Na2S
filtered, and concentrated. The crude produ

pixt ure of chloro to brono ds
o-ft.ne next step without furthe
purification. The de brom de/chl oride aci g=m
(--0.25 mmol ) H ntratedlnamcrovvav Wi, .
To this m xbyr s adgded 3py£d/ch| boroni c atid (
nmy, O.37 ), VPdC12(dppfy) (20 fgZ, 0.024 o),
of DVE/ H20. (7/3/2), and aqueous K3P uti on N
(0.730 ni, M 0.73 nmmol ). The vial was $ea ed and N
heat ed |n"fh m crowave at 100 C for 152N fol |l owed
by heati ngy t 130 C for an additional 3Qmn. The

i solated as a -
and was carrie

reaction m re was thenfllteredthrough|a F|J_||O
silica ge' Washing with 10 mL of MeOH N
concentr . The residue was diluted w 30 mL 6f

wat e nd brine, dried over Na2SH, filtered, and
conc ated. The crude oil was dissolved in

DVMSQ CH3CN H20 (1:2:1, 1.2 nlL) and purified by
reverse-phase HPLC (40-95% CH3CN H20, 0.1% TFA).

(1 PTEIL ELON ClakE PN 9SS A AGHLONS DHHSRAEY Hethy1-6-0x0-6.7-

diyidtors B-iRenzyii - c?]nﬁﬁaz'iﬂéﬂ%%ﬁﬂb@ﬁﬁ] pRaTY Lcyclopphithrbbn@X mino]-
7-di hydro-5Him dazo[ 1

cyelppmpyldepotidazin-g abbbmethyl- aﬂw}i@al}bamacmct)bmpalrfetea(@anglﬂ @75 mmol)
was %5s(sjolvezd41?1 aVertzu(%g 8! 78%18(% 35%%) an %%?/C? %5 mL). Pd/C (10 wt%, 3 mg,

0.002 mmol) was added and a H, balloon was affixed to the reaction flask. The reaction was

Et OAc ind washed with 10 nL each of 1084\ sol uti on,

evacuated and flushed with H; three times and then stirred under H, (1 atm) for 6 h. The

suspension was filtered through a plug of diatomaceous earth and concentrated to give a pale
yellow oily residue. The residue was purified by reversed phase HPLC (30—60% MeCN/H-0 +

0.1% TFA) to provide, after lyophilization, 10 mg of the title compound as white powder, m/z
716.72 [M+1]",
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Docket No. 09-0446 PCT Exanple 37. Phosphoric acid
mono-[(S)-2-{ [(R)-5-(4-cyano-benzyl)-7-(3,5-dichl oro-
wd2doboores phenyl ) - 5- net hyl - 6- oxo- 6, 7- di hydr o- SPET/DETVEK/a84149
[1,2-a]im dazol e- 3-
DagkettNm PP 10446Pad} - 2- (1- net hyl - 1- pyri di n- 2-yl - propyl car b
anoyl )-ethyl] ester. FF C C C C NNOI i N_~
Exbinfple M. M \5-&chloto- 196 JiNi dd o=Be nZ Y1 s by 350X -5, 7-
Y me“m ﬁﬁa@,ﬁ%’ F>(;ﬁc N E’“?‘W Jl(lmc(?f:ﬁéél ﬂﬁ o) HHégl(\)l %_g’
dihydrptd Haindd azo[ N2-aYimidarl €3 +édriomyljeamino by opropaniecarboxylic
éiF% Eés[(ﬁ-'cyano- benzyl)-7-(3, 5-di chl or o- 4-fl uor o- phenyl
acyl AlyLestery| - 6- oxo- 6, 7-~ di hydr o- 5H i ni dazo[
1, 2-a] i m dazol e- 3-carboxylic acid
[(S)-2-hydroxy-I-(1-pyridin-2-yl-

cycl opxenyficar banoyl )-et hyl ] -ami de (99 ng, l)
and di - t-butyl-N, N diethyl phosphoram dite . 107
m, 0.359 mml) in 1 nL of THE at 0 C was addeg 1H

O, mpol). The reaction
M 8764 HATU, DIPEA

oo DMF

o s

N
N=(" =0
Cul, Ligand, Nal L, N—F e,
-_———-
toluene
HN™ ~O
@)
0

J

To a suspension of (R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid (1.00 g, 2.02 mmol) and 1-amino-
cyclopropanecarboxylic acid allyl ester hydrochloride (430 mg, 2.42 mmol) in 6 mL of
DMEF at room temperature was added diisopropylethylamine (1.05 mL, 6.06 mmol), and
the reaction mixture (became mostly clear) was stirred for 10 min, HATU (845 mg, 2.22
mmol) was then added, and the clear yellow reaction mixture was stirred at room
temperature for 21 h. The reaction mixture was partitioned between 150 mL of ethyl
acetate and 50 mL of 1 M HCI. The organic phase was washed with satd. NaHCO;
solution, water (2x), and brine, dried over Na,SQOy, filtered, and concentrated. The residue
was purified by flash chromatography on silica gel (50 g, 10-30% EtOAc in hexanes), to
furnish 1.16 g of 1-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid

allyl ester (93%) as a colorless foam.
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stirred for 3 h, The reaction m xture was cooled to O
C, and a solution of mCPBA (60 ng, 0.27 mol) in 1
workooof7@sT hl or onet hane was then added rapi dl y BPEDpS208€084149
The reaction mixture was warmed to roomtenperature
Dagket Nat. 0P1046 Ped’ 3 h. The reaction ni xture was quenched
wth 4 nL of 10% NaHSO3 sol ution and stirred for 10
Amg L \tlhmas%mrge@mﬂ tms I- g (RQSI(il—b@cfmch ?1)-7ng-di@nlgﬂﬂﬂﬂfenyl)-5-
phase was washed with each of d. HCO3
metlilt dxorh, 7-ettydro; SIdmmdam[ﬂné a]dnudezable Menbomdlza@ﬁm}
filtered

Cyepnrﬁea%%rb‘gmfw dlgle h rS?qtr ggiQt %%@8 C'él%%ﬂl@@ de (17015 mg, 1.13
T R RO P08 ol PPIRCER v ﬁ%ﬁet%“c% o s,

to afford product 101158-038-a. The isolated product

2Ha AR arrey cudBy 0GR phadu VL e Bosedonh Vo The resction
Wsﬂ?egtedg Sy If:cﬁ‘)rl St(lg)'@if_ ?acﬂgﬁ’ RRABfe Fasitefhd through a plug of silica

tert-but y est
gel tbﬁi)ed&mﬂflcel}ta,nambmg Znith)ethyl @etdie ding lhe@rooncbnirhta @ koa @di Bieen oil,
|')-5-nmet hyl - 6- oxo-6, 7- di hydro-5H-i m dazo {u
The r@uhl}a WS dasz@.iw@i B %Cﬁnmdl Jteresihisngh a gmelll plugef piyira gel, washing with

car bano este
crilone Sl fined @g%amewoa'fevnﬂ)ﬁ@dg% o ey roam. The erude
t [ :

w3 T T G0 S BEA s
27 MefgH 72 ef BIHRY7L(0, SailchlsmLphlenylb By4- 16'd®ebenlzﬁa%(5tmﬂhlyl 6-0x0-6,7-

m xture was stirred roomterrperaturefor 24
dl@ﬁmﬁHomlmq[l@a@llra@a@ﬂe 3zadonylivaming }- cgyial@empmteaarboxyhc acid allyl

formed, The.reaction mxture was filtered, washing
eSt\%%ShaCPEP ]r?ﬁ %)1& ether, to provide 67 ng of a pale

yel l ow solid. The product was purl fi ed by

rever se-phase HPLC (40% CH3CN H2 1% TFA) to give
EX@@%&Q@%(@M%@@W& phwevll-ﬁﬂeéhﬂmw -3, 4atrmpl-byl
be%%rg éllfggﬁ'o?stff- fjd%zo[lii-t;ﬁ{:n'%d% le-’3 carﬁony‘i]zamnloycyclo})ropane
caﬂ@xyl‘}c 44idR - 7- (3, 5-Di chl oro- 4-f | uor o- phenyl ) - 5- et hyl -

6- 0X0- 5- (4-

trifluoronethoxy-benzyl)-6, 7-di hydro-5H i m dazo[ 1, 2- a]

i m dazolg- 3-carbonyl | -

Cl Cl
ani no} - 4- @ st hyl -1 - pyri di n-2-yl - propyl caryl)-but
yric acid G ad dd N-~NON_~ NWYN HC

N
N=(N o H-n Cul, Ligand, K,PO, N=("
SN RN N
N toluene

HN O
YV
@]
J

@ )

N=(

Pd(Ph,P),, morpholine ™
THF
0]

HN

YV

OH

=z
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HNOFj HNOF O/ OFOOF TNHy ONHON Oer N,
CH To a sol ution of
W@ B)09474BI R) - 7- ( 3, 5- di chl or 0- 4-f | uor o- phenyl ) - BETrEs109$/684149
6- 0X0- 5- E 4-
Dacke¢tNa, P ReXy- benzyl ) - 6, 7-di hydr o- 5H i mi dazo[ 1, 2- a]
i m dazol e- 3-carbonyl]-am no }-4-(1- 247 WO 2009/ 070485
AIP@M%%Q%/CQ a4Qith EPO{({@W 1405 -dR AT ARenF G - (4-iodo- benzyl) 5-

met hyl - 1- pyri di n- 2-yl - propyl car banoyl ) -butyric acid
mdﬂarl{(» dwt@v ddlsfdmr SK- 111161212@1,1 20q]imidazoie B-caiban g |-aminog

cy RO PEA PRI ARE 1 TG HmPoel 2 it (39 me. 0.7

SRS RRASK by BRSSP Ch P . po.
(1602@g,t0. POmAiok), k0. Svael. StDNFedht @fal 4abp@ned WhBN, and sealed with a
concentrated to a colorless oil. The resi due was

scigwrcap. &be prgen @a@troglemlghmg was—macsd(@ e ¥IBCNT h@@actmn Tk ture

wat gibied ©Od Terber Ao Vign 5™ 8t KA SPRRHASS gyueh a sma
phf f'c%g&ensbageﬁgo@méo SofRil atetsle U?h@ﬁlt%le@'ngle?e’wshed yith 3x10

rocedures as descri ove.: n‘poun
mll M watdy andBXanPbebiBR:, dried over Na,SO,, filtered, and concentrated. The crude
(R)-5-(4-Cyano-benzyl)-7-(3, 5-di chl or o- phen}iII/%- 5-nmethy
was pgrisbysilash chromatography on silica gel (20 g, 0-3% MeOH/CH,CL,) to provide
10?' ?@é%ﬁﬁ ' TRY'328 s k&8 e Sa7 ! et G508 1 S Aot 1-y1-
b beneauiRsy i AMapo1RYA irgl'dﬂ o?e B’J li'bGM QRIHRY Car banoy
elrlE%I-Dcyclo ropyl } 1-arzrllgl@y] - Xo, Cf! F}) O HO N, ~
cy®Moprophrecdibdy yGalacid KB4 ter Mpﬁle bkahgé foaM. + O / 100C HN
OH2NS,OHN O \~V OY-7 NH NH

To a solution of 1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-1,2,4-triazol-1-yl-
benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino } -
cyclopropanecarboxylic acid allyl ester (109 mg, 0.18 mmol) and morpholine (0.157 mL,
1.80 mmol) in 1 mL of THF was added Pd(Ph:P)4 (10 mg, 0.009 mmol). The reaction
mixture was stirred at room temperature for 3 h. The reaction mixture was then diluted
with 30 mL of EtOAc and washed with 10 mL each of 10% HCI solution, water, and brine,
dried over Na,SQ,, filtered, and concentrated to afford 114 mg of 1-{[(R)-7-(3,5-dichloro-
phenyl)-5-methyl-6-0x0-5-(4-1,2,4-triazol-1-yl-benzyl)-6,7-dihydro-SH-imidazo[ 1,2-
alimidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid as an orange oily solid that

was carried to the next step without further purification.
The following compounds were prepared using similar procedures as described above:

1-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0x0-5-(4-1,2,3-triazol-1-yl-benzyl)-6,7-

dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid
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NNO NSO I H
(R)-5-(4-Cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
wo 2@90%@8%, 7- di hydro-5H i m dazo[ 1, 2-a] PCT/US2008/084149
i m dazol e- 3-carboxylic acid
Dochet[No. 02-04@BChyri di n- 2-yl ) -
cycl opropyl car banoyl ] - cycl opropyl } -am de (50 ng, 0.065
1- Tk 23, m&%l@%bﬁﬂpme@@l 6(&045@, 1,9,30vi82010L )1, benzyl) 6,7-
sarcosine (1.2 g, 3 nmol ), copper (I) iodid
ditydized; 1m1ctaz01042m1]um)dam31@@ltbasﬁ] amrmﬁas/plhpltoeal(ezabgmdxc acid
0.126 mmol ) were conbined in a Biotage m crowave tube
and flushed with Ar. The reaction was diluted with DWW
and seal ed. 248 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT The reaction was heated in a
Bi ot age m crowave at 100C for 1.5h. The reaction was

Exghl i {!ﬁj E‘{E\(ﬁ& IS (ﬁ)ﬁ‘ﬁhlﬁmb% Q@‘&g&lﬂ%g )P?-Fﬁﬁg-ganethylﬁ@oxo-

aqueous
6 fﬂi@?ﬂro 5Hﬂnﬁ@£ﬂ@[ﬁl‘i€i]nﬁﬁ(ﬁi’zﬁle€3 ba%b@hﬁl] \aﬁﬁﬂo}%}@l@ﬂowﬂebarboxyhc
water and brine, dried over MgSH4, filtered and
acidoncentrated to yield 36ng of a colorless oil. The oil
was dissolve in DMSO (1.0m) and purified via reverse
phase HPLC and yielded 13 ng of the title conmpound as

a whi € §d, mz 733.6 [ Mrtl+ Bxample 40. cl
(R -5-( ano- benzyl ) -7-(3, 5-di ¢hl or o- phenyl ) -

| - 6- oxo- -

di hydn ¢ m dazo 2-alim [ [
{1-[1% 3y ano- pyP‘%fﬁH if- 2- yl )qﬁ%d
cycl opro

N—fu,
r bamoyyk- cycl opr\py l.amde*Cl \ E
N N ZnCNz N Pdg a N HN O Hg
o) 0

0 0
J J J
C ; Cl N ; Cl

N

Pd(Ph,P),, morpholine N=(

THF

T
Z

Na
N=
PdCl,{dppf), K;PO, iﬁ
DME/H,O, EtOH

HAN™ "0

YV

OH

A microwave vial was charged with 1-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-
5-methyl-6-0x0-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino }-
cyclopropanecarboxylic acid allyl ester (400 mg, 0.647 mmol), NiCl,*6H,0 (231 mg, 1.22
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TNN NN \ \ \\N A solution of
(R)-5-(4-Cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
wo 2@90%@8%, 7- di hydro-5H i m dazo| PCT/US2008/084149
1, 2-a] i m dazol e- 3-carboxylic acid
DochetNo. 09-046@BCRyr i di n- 2- yI ) -
cycl opropyl car banoyl ] - cycl opropyl }-am de (0.1 g, 0.13

Iﬁmla}ld 115 Mot OMFLThenasl wedass adl Waled iRths fie@Waod atNZ0 °C
for 1h. ZnCN2 (0.015 g, 0.13 mml) was added fol |l owed

foryp) mind 2uibthen {0 100 {hg cn@ie@g_@tlmmm)tulawdas dippfed (V\Ot;h(ﬁﬁ)mL gf EtOAc
20C

an@ﬁé%”@?wﬁfg @bﬁofé a\?ﬁ‘tsr'a%?bs %ﬁﬁwg{lw Sf‘awaso%Xﬁr@ded with

1099 ¥R AL F‘ﬁl\é%gmgﬂl%@ of a[n%g %Fe‘iz%g&ﬁg‘ 5% 5@1 JofiFiof @blg mL)

was partitione etvve wat er

andrbjine, dHed 6Ved AALSS,, YikEied idd keskeniritBd tb”zifﬂﬁd a9gimgdrof @@loudy
over Na2SO4. The mixture was fil tered, concentrated

gregn@ilpigpliater @sla by: lreixane ef pradiss to-purdng ma@mb
(R) - 5- (4-cyano- 249 WD 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT

Tohesaritioh of the Infktedill ghdser OPH @tpy M) 25 nikdl iy ¢ Bo@keli, (0496 L., 5.0
dro-5H-i m dazo[ 1, 2- a]im dazol e-3-carboxylic acid

mmol) i § mlofdhtE Wiy addf:q‘h Pa(PyiBb)4 ezygng; &(Bég Inaelh aTﬁg,I]egtc.tloil mixture was

stng%cf :iltdgorrpnrt)%n urfq?ll\é-](i)] El?el @gg}ﬂljl' i"i € was Phen alluatec? wui’l"'}o mL of EtOAc
an§ Rhsird (w‘lth(ﬁHE ehR&MN0Ys Bl shimidh GHePRa BRfNYl  59¢TRDY0.,, filtered,

- OX - -
andl bdil}cdllitm{(%ﬂ-l-'fmﬂ cladeqirddudt whd Wolded ab &~ B arikhoxyf dhtoraes Bromo acids
1-[1-(4-azetidin-1-yl methyl -
ané)w eArriecdtoythg nwéwbw@pw f@ﬁhmﬁﬁﬁwqm@ycl opr opyl } - ani de
NCl I , cl ~cl N=NI/ ONO NN

The crude bromide/chloride acid mixture (~0.25 mmol) was concentrated in a microwave vial.
To this mixture was added 3-pyridyl boronic acid (45 mg, 0.37 mmol), PdCl»(dppf) (20 mg,
0.024 mmol), 4 mL of DME/H,0O/EtOH (7/3/2), and aqueous K3;PO, solution (0.730 mL, 1 M,
0.73 mmol). The vial was sealed and heated in the microwave at 100 °C for 15 min, followed by
heating at 130 °C for an additional 30 min. The reaction mixture was then filtered through a
plug of silica gel, washing with 10 mL of MeOH, and concentrated. The residue was diluted
with 30 mL of EtOAc and washed with 10 mL each of 10% HCI solution, water, and brine, dried
over Na,SOy, filtered, and concentrated. The crude oil was dissolved in DMSO/CH;CN/H,O
(1:2:1, 1.2 mL) and purified by reverse-phase HPLC (40-95% CH3CN/H,0, 0.1% TFA).
Concentration of the product fractions by Genevac afforded 52 mg (~40%) of 1-{[(R)-5-(4-
chloro-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-imidazo[1,2-

alimidazole-3-carbonyl]-amino }-cyclopropanecarboxylic acid.

245



HNOBrN-"Br NHNO NHD PEA O N DVANH N CH
NH2 N D CIHI1 N To the solution of
W@ R)09H7((445 Q/ano benzyl ) -7-(3, 5-di chl or o- phenyl Pe BURBDEYS4149
| - 6-0x0-6, 7- di hydro-5Hi m dazo[
[XEkQTﬁ]DH%HéQBCE 3-carboxylic acid {
1-[1-(4-am nonet hyl - pyri di n- 2-
Exainpl€YE! pﬁbmh@@bmmyd i(sy“-zq[(mrsqmydghnmﬂm)q-(s,s-dichlom-
di hydrochloric acid sal 60 mg, 0.081 nmol) in dry
4-fhamxo(pthenyl)-Svnethloosio- I617Rﬁhy(1ﬂ) -9 imidazo[1,24@Bmidazble-3-

carfipgpf-ing)-2 L nstly PR Ginel S onaleaEtprag Dofliif ster
m crowave at 100 C for 2x10 mn. Diluted with Et QAc

(50 nL). Washed with saturated NaHCO3 (2x25 nl).
Layers re separated. The organic |ayer was dfi ed,

filtef H concentrated. The resuitant © cr

pr oduct purified by prep-TLC using 5% M DCM as
the eluent. The prep TLC plate | ooked nessy,

pr esurngk e to the gni ficant exi stencgI

The prQaugt, fraction vva col | gct ed, asg redi

Et OAc ([50 , was wPt b walf e (3x—25 nl) , dr e
filtex conce trra\tﬁd TRk criife pro

pub%d b -TLCﬁJSl ng 5% MeOH DCM ag_the el «
tog affdrd 7.5 MYy of the title compound a¥y allight N
yéMNBWOSolid, mz 709.8 [M+1]+. 250 WO 5/ 076285
PCI{ US2008/ 084149 DocketgNo. 09-0446 PCI[ The& o
Bl lowi ng compound wasypr&paged using SN mj| arm
pracedures as descri bed dgve: Conpoun 25
725.7 [ M+1l] +. Exanple 42:
(R) - 5-(4-Cyano- benzyl )-7-(3, 5 di chl or o- phenyl ) - 5- et hy
| - 6- 0x0- 6, 7- N=("
di hydr o- 5H |_m_dazo[ 1, Nijm: dazol e- 3- carboxylic acid
(1-{1-[4-(acetyl am no- ngt
pyridin-2-yl]-cycl op}rmypca rmyl }-cycl opropyl) -

0 S

NH O. .0
IP\’
HO OH

To a solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid [(S)-2-hydroxy-1-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-ethyl]-amide (99 mg, 0.15 mmol) and di-zerz-butyl-N,N-
diethylphosphoramidite (0.107 mL, 0.359 mmol) in 1 mL of THF at 0 °C was added 1H-
tetrazole (21 mg, 0.30 mmol). The reaction mixture was warmed to room temperature and
stirred for 3 h. The reaction mixture was cooled to 0 °C, and a solution of m-CPBA (60 mg, 0.27
mmol) in 1 mL of dichloromethane was then added rapidly dropwise. The reaction mixture was
warmed to room temperature and stirred for 3 h. The reaction mixture was quenched with 4 mL
of 10% NaHSO; solution and stirred for 10 min, then extracted with 40 mL of EtOAc. The
organic phase was washed with 10 mL each of satd. NaHCOj; solution, water, and brine, dried

over Na,SO, filtered, and concentrated to furnish a clear oil. The crude was purified by flash
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cl ci ci ~cIl I~-NNONO N--( NOONH1 OOHN
ONTEAON NHDCMNH NCIH~ NHNz H CHNy amde

W@ R)09H7((445 Q/ano benzyl ) -7-(3, 5-di chl or o- phenyl Pe BURBDEYS4149
| - 6- 0x0- 6, 7-di hydro-5H i m dazo[ 1,2-a]

chh«ttdﬁzQPéMéé B@?fboxyl ic acid
{1-[1- (4-am nonet hyl - pyri di n-2-yl) -

ch@mluég@ ﬁbh%ﬂfc@@myb]g £¥% MROPIRYHICIAT dford product 101158-038-a. The
loric acid salt (40 ng, 0.0539 nmmol) was

180@J@b16ndl|atﬂ wiapn c@CNhihatediw)ith unkeacted pb@Phoamidite260 waspdpyrified by

rexi\%ya S 4h gb‘ﬁlgg ?ﬂk E(?(Pg Cﬁgﬁyﬁ Ct I]%Tglégtg)iél}eﬁp qgglg%'ﬂ:@cid di-tert-butyl
Y T i e

ditgMro- SN emsRzg @selitidbtolerSicahodPi-AR00} ACN. wedth ¢1- 1 -p$ridihe-yl-
gradi ent. Solvent was evaporated. The product was

proptiaghagioyB thyh estooss msolatbenibnd fil t er ed t hrough a
basic (NH2) cartridge. Solvent was evaporated to
afford 24 ng of the title conpound as a white solid,

A sdlationlok the fhivkptate estth -0l 18 heol)rig 1e0InpOUHES], was eated with HCl in
prepared using sinlar procedures as described above:

diqxgne {id 09ewio/ 4004860 FP@IWIUSQ @@Bdl@)aﬂgﬂlyeoﬁo\wéﬂdm to aid solubility. The

rea(c):tglor? f‘fléllx(sturg%s cs:t%[rrg(i) zld roorn erhperature for 4 h. [%11] (4'mL) was added, and a white

precipitate formed. The reaction mixture was filtered, washing with 10 mL of ether, to provide
67 mg of a pale yellow solid. The product was purified by reverse-phase HPLC (40%
CH;CN/H,0, 0.1% TFA) to give 33 mg (26%, two steps)of the title compound as a white solid,
isolated as the TFA salt, m/z 742.9 [M + 1]".

Example 38, (S)-4-{[(R)-7-(3,5-Dichloro-4-fluoro-phenyl)-5-methyl-6-o0xo-5-(4-

trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-

amino}-4-(1-methyl-1-pyridin-2-yl-propylcarbamoyl)-butyric acid

Cl al cl cl

To a solution of (S5)-4-{[(R)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo0-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[ 1,2-a]imidazole-3-carbonyl]-amino }-4-(1-
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Compound 427, mlz 747.6 [ M+1l]+. Conpound 433, m z
747.6 [ M+l] +. Conpound 436, nmlz 773.6 [ Mtl] +. Conpound
wWd 3009/0mi485 765. 7 [ M+r1] +. Conpound 438, m z 791. FCT/WEHDS/084149
Conpound 432, mz 712.7 [ M+1l]+. Conpound 428, niz
Dorligt No. 00446 PCExanpl e 43.
(R)-5-(4-Cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
méth —'18@8% th-Z-yl-propylcarbamoyl)-butyric acid ferz-butyl ester (116 mg, 0.142 mmol) in 2
dﬁﬁy ro-5H—wad£§o[l,2-§fiwydazole-B-cgrbox§lic %Cid )
ml[ of CH:>{14 was added HCl in dioxane (0.177 mL, 0.708 mmol). The reaction mixture was

s )RR e JEPEBABEY PPIRRFBBILL 11 Lognefpd7 L. 0708

' ' ", \
ot B R Doy iV e Mo £ RRE Honghy i oo
colorleds . The @redvepiRparfedbpexyisé-phae HPL(O200903CHLCN/H,0, 0.1%
0.108 mmol) and HATU (25.605 ng, 0.0673 nmmol) were .
T & give 48 mign(4dfoy oD tigle compoungt isplated ag the B Ansalt, mao/63.8 [M + 1]
this solution was added
(R)-5-(4-Cyano- benzyl)-7-(3, 5-di chl or o- phenyl ) - 5- net hy
The ‘f@}(ﬁwﬁ)% Eonfpaitinth Wak preblted ubin g sizti{at p@cedures as described above:
i m dazol e- 3-carboxylic acid
{1-[1-(4-am nonet hyl - pyridin-2-yl)-
p |41+ cycl opr opyl } - am de
CRy AP R T2

oric a alt (40 ng, 0.0539

Example 39. (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-alimidazole-3-carboxylic acid {1-[1-(4-

methanesulfonylamino-pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide,

Sok ok

N g N0
N= © HO ~ N=("
N =N Cul, K;PO,, DMF NN ZN
. 0o , 100°C
Sey T o
i e oy
vV
NH NH
I > | _ o's/
Z Z N0
H

(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-iodo-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl }-amide (50 mg, 0.065 mmol), methanesulfonamide
(7.4mg, 0.078mmol), sarcosine (1.2 mg, 0.13 mmol), copper (I) iodide 0.76mg,
0.004mmol) and potassium phosphate (33.9mg, 0.126 mmol) were combined in a Biotage

microwave tube and flushed with Ar. The reaction was diluted with DMF and sealed.
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mol ) followed by DI PEA (0.038 nL, 0.215 mmol).
Stirred at roomtenperature for 30 mn. Diluted with
WAaON9010488) and water (1 nmL) and filtered. ThePCT/US®08/084149
product was urified by reverse phase HPLC using
Dozbet%ﬁ/@%@ﬂ%vﬁegr as the gradient. Solvent was 252 WD
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
The Y&Ras2ivesheateden b B3éthgeamicrdwRdUet00f@For BSH, SEIRI ré&dioh Was
10% MeOH DCM and filtered through a basic (NH2)
dilgted trithdg©AcSot water. Whslageraporatcparated and fhoraduass layapwas

h | d wh lid, 737. 7 )
eX%ra\ﬁ?eﬁ "ﬁth gﬁ%&r Oggrépwaseég.%iﬁﬁ&esf%@ w"ﬁ%ﬁaw@a watst piyl brine,

o R A SRS SR Nt AR 0 v

discOInP GUDMISEBE . Onfll )Zand parified W&Hv’erse AR @ 4nd yielded 13 m:
(R)-5-(4- Czano benzyl ) - 7- 5-di chl or o- phenyl) 5- rretﬁ
the titG- qoxpogndras a white solid, m/z 7 3 6 [M+1]
di hydr o-5H-i m dazo[ 1, 2-a] i m dazol e- 3-carboxylic acid
[1-(1-{4-
[ (cycl opr opanecar bonyl - am no) - met hyl ] - pyri din-2-yl }-cy
cl opr opyl car banoyl ) F F G A d A Nzz(NON=- N

Ex@td}ile 40. Og() §(4£% Ao bt 3;@ T(ﬁs-ﬁ'lcﬂlo% é,h'éhT@) -5- mé\ih Ni'ogf'(i

propyl]-amd 2 'sol Ut ton of
dll(ya)reSH imidyzo] b, Zhﬂnmylhjolé’ 3{caroxylic htid{ d-] #-(4-cymroopyridiny2-yl)-
- 5- net hyl - 6-
CY@QBEO(P)’IFBEFPWIJCEHHFHP)ZI&%{!@ 2-a] i m dazol e- 3- car boxyl i
c acid [(S)-2-hydroxy-1-(1-

A solution of (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic  acid  {1-[1-(4-1odo-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide (0.1 g, 0.13 mmol) in DMF (5§ mL) was
degassed with a stream of N, for 1h. ZnCN, (0.015 g, 0.13 mmol) was added followed by
Pd,dba; (0.0012g, 0.013 mmol) and dppf (0.0072 g, 0.13 mmol). The reaction was heated
at 120C for 2h. The mixture was cooled to room temperature and the solvent removed
under reduced pressure. The residue was partitioned between EtOAc (400 mL) and water
(300 mL). The organics were washed with brine and dried over Na,SO,. The mixture was

filtered, concentrated and purified by reverse phase HPLC to give (R)-5-(4-cyano-
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pyri di n-2-yl -cycl opropyl car banoyl )-ethyl]-am de (4.6

nmg, 0.007 mmol) in DMF (0.2 nlL) was added sul fur
wo pooonrEes t ri net hyl am ne conpl ex (3.06 ng, 0. ORPAT/DRING/084149

The reaction mxture was stirred at 50C for 16 h. The
Dacketd¥a. 8h-0dé& Podured into ice water (20 nl) and

extracted with EtOAc (3x 5 nL). The organic |ayer was
beM\@i;)hEdB dich1 a6 -pRéyBE mehiyi-6x 6:6ET- dlmscsﬂ infitAR[1,2-

removal of the solvent in vacuo the remaining residue

a]imadnz0B3-Wb@Qle/ 030d 85 IPUTAUS2008)1084-248)-c yoberkestylddshamoyl]-

o SR80 B B0 Rarb e LB AT L
white solid (5 ng), mz 742 4 [ MF1] +. Exanpl e 45.

(R)-5-(4-Cyano- benzi; ;3 5-di chl oro- 4-fl uor o- phenyl
Expntplerdt. h(R)-$(4-Cyano enzyl)- -(3 S-dichloro-phenyl)-5-methyl-6-0x0-6,7-

d“&yﬁ%g&{ rr?@?%&iﬁ-aﬁﬁ*m'd%% 23St AR Easetain A e thyl.
pyfl_d pr O'B?)I' - a(l) :‘??‘%‘%Y]é%b@l'[’chg‘lw%%pg}'wb 8p L|o Sy INC i; ° agloy !

N-~ 2) formaldehyde N HNO O HNONON ~NI;~,,
H~NHN 1> 1 NOONNTI(S-3-{

[(R) -5-(4- Cyano- benzyl)-7- (3, 5-di chl oro-4-fl uoro-pheny
| )-5-nmet hyl - 6-0x0-6, 7- di hydro-5Hi m dazo [

1, 2- a]lmdazole 3 carbonyl] -am no }

-3-(1- pyrlm yI- _ o N
cycl opropyl ca noyl ) - propyl ] - carbam ¢ aci ert-butyl
ester (109 NQold mmol ) was suspended i nmL of
CH2C12 and Lof 4 MHQA in di oxane was,_ d. The
m xture was |st d for 2513/\The mxture S
concentrat a flow of N2 to prowd [te
A X
N7 NH
CIH |
N CHH N\ L 17

To the solution of (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-aminomethyl-pyridin-2-
yD-cyclopropylcarbamoyl]-cyclopropyl }-amide dihydrochloric acid salt (60 mg, 0.081
mmol) in dry DMA (5 mL) was added DIPEA (0.071 mL, 0.405 mmol) followed by 1,3-
dibromopropane (0.0415 mL, 0.405 mmol). The reaction mixture was heated in the
microwave at 100 °C for 2x10 min. Diluted with EtOAc (50 mL). Washed with saturated
NaHCOs (2x25 mL). Layers were separated. The organic layer was dried, filtered, and
concentrated. The resultant crude product was purified by prep-TLC using 5%
MeOH/DCM as the eluent. The prep TLC plate looked messy, presumably due to the
significant existence of DMA. The product fraction was collected and redissolved in
EtOAc (50 mL), washed with water (3x15 mL), dried, filtered, and concentrated. The
crude product was purified by prep-TLC using 5% MeOH/DCM as the eluent to afford
7.5 mg of the title compound as a light yellow solid, m/z 709.8 [M+1]".
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powder, some of which was bl own out of the flask. The
resi due was dissolved in 3 nL of 1% HOAc in EtOH and
WO b@opa@ee (24 nrg, 0.29 mol) was added, fol | peEUSIYS/084149
t he formal deh (0.1 m, 37%solution) and finally
chh@N(NQ@EIQSPr@Pé% my, 0.57 mml). The m xture was
stirred for 2.5h. The m xture was poured i nto NaHCO3
and extracted with Et OAc. The extract was washed with
water and brine, then dried over Na2SO4, was filtered
Tha hellayong eompaamne avas Prepancd giidg einvias progedufidsed detsyibedstmvee
phase HPLC. The pure fractions were diluted i n NaHCGO3
and extracted with 254 WD 2009/ 070485
ket No. 09-0446 PCT Et CAc. The
COe ?ﬁ%gom%&?gﬁm ine, then dried over Na2SO4, was
filtered and concentrated or provide 31 ng of the
title conpound as a colorless glass, nilz 704.5 [M +
1]+. The foll owi ng conpounds were prepared using

e [ ver 334
L R e T
dlK)‘ﬂ)é‘05H %héi@%lﬁﬂ@ 2kgindidhzole3(carBoxdlic hkid (0] P dedyl dminmdtfiythyl)-

0X0- -
pyuidin drybl- @Hﬂpmmpamgyﬁicydpml)e 3-carboxylic acid
{1-[1- (4- ani nongt hy! -
pyri di n- 2-yl]) -lcycl opr opyl car banoyl ] - cycl op?' FLam de
ci ci ci ~c NOTFANCIN~ NNN NNO NOI N

0 N NH, O,LI\I_( © (2-{ 1-[(21-¢

[(R-5-(4 Q- benzyl)-7-(3, 3-dichloro- ph
yl - 6- oxo0- 6% dr o- 5H-|:;idago [1, 2- Q]

- car bonylin”= } -¢ yclofirop anec arb

am no] @Wpr opyl Pupyri di n-ZI-yI'rret hyl ) Oc
tert- yh ester (45 ny, O. Q%M nmol ) ’\P aced in RBF
with Cl2 and TFA was added. The rea 6n was
di |yt e

CH X Nm/

amide o)

NH,

(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-aminomethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl }-amide dihydrochloric acid salt (40 mg, 0.0539
mmol) was suspended in DCM (1 mL). TEA (0.038 mL, 0.269 mmol) was then added
and the reaction mixture became homogeneous. Acetic anhydride (0.00624 mL, 0.0646
mmol) was then added. Stirred for 5 min. Solvent was evaporated. The resultant crude
product was purified by reverse phase HPLC using 30-100% ACN/water as the gradient.
Solvent was evaporated. The product was redissolved in 10% MeOH/DCM and filtered
through a basic (NH,) cartridge. Solvent was evaporated to afford 24 mg of the title
compound as a white solid, m/z 711.7 [M+1]".

The following compounds were prepared using similar procedures as described above:
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with 10 nL 10% MeOH CH2C12 and washed with water (2x5

nm.). The organic | ayer was separated, dried (MySH),
war@ooasent rat ed. Reverse Phase HPLC puri fi cap@DnS1088084149

- 100% CH3CN H20 as gradient) vyielded 66 ng of the
DacketiNo. 88#98d@RdTas a bis-TFA salt, mz = 669.5 [ Mr1] +.

255 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09- 0446 PCT The foll owi ng conmpounds were synthesized

fromeither (R)-5-(4- Lcyano- benzyl)-7-(3, 5-
Cadipobhd#dl, phery 1.y B+t hyl - 6- oxo- 6, 7- di hydr o- 5H i i dazo

[1,2-a]imdazol e-3-carboxylic acid {

1-[1-(4-iodo-pyridin-2-yl)-cycl opropyl carbanoyl ]-cycl o
Copipnid 12 aw/a®s7.4 R+ B ( 4-

cyano- benzyl) 7- (3, 5-di chl oro- phenyl ) -5-net hyl - 6- oxo-6

, 7-di hydro-5Hi m dazo[ 1, 2- a]|n1dazole 3-carboxylic

PR 23T S T B oyt 1
cycl opropyl } - am de,
C()}ﬂp?gu% fﬁ'@ yaj?(% ?ﬁ\q Y]L) C7ompound %80 %I/Zo J}901 7[ 1u]Qr Coel’li]peorl]l%{d
SR Y Rl s ool e 3-carbosy
2-yl)-cycl opropyl car ba;myl ] -cyclopropyl } -am de or
Bl R ot s enenl oS Srdivtiomy e Repetiuyry 67
dilgdrg-'sﬁ’-ﬂﬁfaa?&['l Y ARk ote-3-cafbdxFlif qéia [ Py Ry4ar boxylic
[(c&dlnf)ﬂopéﬁecaeﬁmmamlﬂopmaﬂwl])pﬁmhamppydlmbﬂWaInoyl)

cyclopropyl }-amde in a simlar manner as was
cydepropydeunifler (R) - 5- (4- cyano- benzyl ) - 7-

(3, 5-dichl groz4fl uoro-phenyl)-5-nethyl - 6-o0xo-6, 7-di hy

dro-5H i m da 1, 2-a]i m dazol e- 3-car boxyldc~ct d:

Compound 415 Yz 684.6 [M + 1] - Conpound 4n12

684.7 [M + 1}“,-npound 417, mnmz 702.9 [M+ 1]’

Conpound 448n—m z 761.9 [M + " DESCRI PTH
Bl OLOG CAL PRGRERTI ES The gi cal prope Eg of

qoounds of dhe fornula I, {
0

represent 4
investi@b{%ﬂ by n of the %}perlnentag Sy
descri Hbel ow. Assay to [mEerm ne | nhi
LFA-1 ENBi/?dl ng to ICAM1 PuPffose of As
|
x

i on of
256

CH N CH

2

Cyclopropanecarboxylic acid (0.00903 mL, 0.108 mmol) and HATU (25.605 mg, 0.0673
mmol) were dissolved in dry DMF (1 mL). Stirred for 5 min. To this solution was added
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-

imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-aminomethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide dihydrochloric acid salt (40 mg, 0.0539
mmol) followed by DIPEA (0.038 mL, 0.215 mmol). Stirred at room temperature for 30
min. Diluted with ACN (1 mL) and water (1 mL) and filtered. The crude product was
purified by reverse phase HPLC using 20-95% ACN/water as the gradient. Solvent was
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WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446

PCT This assay protocol is designed to study the
wal2ooeoto48ht agoni sm by a test compound, of thePCT/US2008/084149

interaction of ICAM1 with the Leukointegrin CD 18/ CD
DogletdNq. DFA44G PCTDescri ption of Assay Protocol: LFA-1 is

i mmunopurified using the TS2/4 antibody froma 20 g

eviphdied. Tie Ryt prodatt wat\VédiGelves  in Uk(% IMEMII/BCM and filtered
protocol previously described (Dustin, M J.; et al.

through anbpano I(NHz)lwmdgd@Mnms@@aporérﬁbtd_ﬁ/ﬁ@rgl 28sl mg of the title

urified from y immunoaffinity
CO@H?W&@Y%EWWSW?%@?? @I’—“ 1 mAb Sepharose and el uted
at pH 11.5 in the presence of 2 mM MO and 1%
octyl glucoside. After collection and neutralization of
fractions fromthe TS2/4 colum, sanples are pool ed
a pr.ecl eared with Prot |n G a ose. . A sol form
The 6l B GOTROUAGH B RETRBEF USRS BRI OGP 1 “eifhgt Bbove:
characterized as previously described (Marlin, S.; et
al ., Nature, 1990, 344, 70-72 and see Arruda, A et
Coatpound\hdQ, m/c 75! [M\gb]nts Chenot her. 1992, 36,
1186-1192). Briefly, isoleucine 454 which is |ocated
at the putative boundary between domain 5 of the
Co@qiogﬂ@m,m/@m_ﬁ +1]fansmenbr ane domain, is changed to
a stop codon using standard ol i gonucl eoti de- directed
nmut agenesi s. This construction yields a nolecule
Hst 453 am no acids of nenbrane
Cdnﬁ%ﬂ%&&@%?ﬁi ressi on vector is cr eated wth a
hanst er di hydrofol ate reduct ase gene,

”“%M&i%@i@?ﬁa&@éxssgﬂclh&%yéﬁe‘%éﬂ%s@e&%aﬁ”qxﬁgan-
Ay Rl P 2R irTiIRARE S co S RO MUBRERIAR | 20 0"
[(cwlapﬂf[ﬁﬁé@@boﬂl&nﬁhﬁ)-Myqqiﬁrﬁlml&l-)ﬂBcﬁdl@ﬁdpyldaﬂﬁhﬁiyl)m

phosphat e net hods. CeI |'s are passaged in selectiye
media ((418) and,c Iogn es secreting sl CAM1 are,

anplified using otrexate. sICAM1 is purifi

fromserumfree nra@g using traditional non- affl\*y
chr omat ogr aphi ¢ &e‘w b ques, including ion exch
si ze exclusion c |t ography.  dFA-1 binding t
| CAM1 is nonitored first |n¢u$)at img~s| CAM,1
g/mL in Dul bgcco's phate buffered sali rbﬁ%nth
cal ci um and Qﬁléel um additional 2 mM MCLXa doO 1
nM PNVBF (Di | 64 hg Buffer) in a 96-wel | platefor®

mn at room ntenperature. Plates are then hlocked by

cyb1Bfr I dnhial 2% (W v) bovine serum al burfks

.....

Mé

To a solution of (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-
0x0-6,7-dihydro-5H-imidazo[1,2-a]Jimidazole-3-carboxylic acid [(S)-2-hydroxy-1-(1-
pyridin-2-yl-cyclopropylcarbamoyl)-ethyl]-amide (4.6 mg, 0.007 mmol) in DMF (0.2
mL) was added sulfur trioxide trimethylamine complex (3.06 mg, 0.021 mmol). The
reaction mixture was stirred at 50°C for 16 h. The reaction was poured into ice water (20
mL) and extracted with EtOAc (3x 5 mL). The organic layer was washed with brine and

dried over Na2SO4. After removal of the solvent in vacuo the remaining residue was
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257 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09-0446 PCT in Diluting Buffer for 37 Cfor 1 h.
w@k@ekieags sol ution is renoved fromwells, and PEBUS2008/084149

compounds are diluted and then added follomed by the
DaglietiNg. 8A-0640 Bppr oxi mately 25 ng of inmmunoaffinity

purified LFA- 1. The LFA-1 is incubated in the

puifi@PeN§RcOdel hﬁﬁg 10% WIROM el D&M ad £ ¥heht & affofd ﬂ‘aeftﬁre cbnipound
Vells are washed 3 tinmes with Diluting Buffer.

as hoditd sliRNS g )s mdeti@ek M- By t he addition of a
pol ycl onal anti body directed against a peptide
corresponding to the CD18 cytoplasmc tail in a 1:100
dilution with Diluting Buffer and 1% BSA and al | owed
to incubate for 45 mn at 37 C Wells are washed 3
times with Diluti ng Buf fer and the bound pol ycl onal

Ex%ﬂ}tdle?ﬂjy( sd(ﬁt %1 1993 34644 ﬂ%r@gf-en Q%)-mée(t)lgl-@

I on e ra erOXI ase con

oxbmgmmghﬁbgmlmlde%[ﬁz:bﬁﬂumalen&&amhﬁidacld [(S)-3-

i mmunogl obulin. This reagent is allowed to incubate
dimethylknino-1 -@tpyramidd-2whcy dopnopyleadimybisprepyllanide t he
substrate for -the horse radish peroxidase is added to
each wel | evglop a quantitative coloriFmetric
si gnal propo onal to the anount of tiound to
slCAM 1. Solbb¥e ICAM1 (60 g/nL) is use S a
positive conrol for inhibition of the LF¥A-1/1 CAM 1
interaction ¥e®l ack of the addition of NLEA-1 to the
bi ndi ng as yxl {'s used as aHbIackground o_‘ﬁtrol for all
sanpl es. os espons e @ifafeyies obt "for all
present ative conpoun na hn the

above es s qsted in this as%hy %n ¢h

f ound oNh e a K < M Data fronfPyti assay foK

certai‘ayrepreasentati ve conpounds fHgilven bel ow
Lﬁ LFAM | CAML nunber Kd (nﬁi 107 28 129 45

.4 1114 32 NZN
0 J

[(S)-3-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-o0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-3-(1-pyrimidin-2-yl-
cyclopropylcarbamoyl)-propyl]-carbamic acid zerz-butyl ester (109 mg, 0.14 mmol) was
suspended in ImL of CH,Cl, and 3 mL of 4 M HCl in dioxane was added. The mixture
was stirred for 2.5h. The mixture was concentrated under a flow of N, to provide a white

powder, some of which was blown out of the flask.

The residue was dissolved in 3 mL of 1% HOAc in EtOH and the NaOAc (24 mg, 0.29
mmol) was added, followed by the formaldehyde (0.1 mL, 37% solution) and finally the
NaCNBHj; (36 mg, 0.57 mmol). The mixture was stirred for 2.5h. The mixture was
poured into NaHCO3 and extracted with EtOAc. The extract was washed with water and
brine, then dried over Na,SO,, was filtered and concentrated. The residue was purified

by reverse phase HPLC. The pure fractions were diluted in NaHCO; and extracted with
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215 39 259 120 13 2.4 55 10 9 4.6 60 13 286 100
258 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

WO 00424@88PCT 12 5.4 201 34 185 24 187 22 1¥GI1/032008/084149
160 5.9 37 6.6 38 8.2 62 7 109 28 105 24 270 420

DoakesdYo. 08-0Be¢ BEwi ne | nhi bition of Interleukin-2
Production in Wwole Bl ood Purpose of Assay: The SEB

EtOUeRThaEatRt tho@@lshwbﬁﬁd ek idied o (PER $UBwak Z)teid8 SAY
measures the ability of test conmpounds to inhibit the

cordeatvtecor pnvidé 31 mgofithe titlencompahod & béadattss glesh, avzd)4.5 [M +
fhrough the interaction of ICAM1 with the

It eukoi nt egrin CD 18/CD 11 a (LFA- 1), follow ng
stinmulation with staphyl ococcal enterotoxin B (SEB) ex
vivo. Description of Assay Protocol:

The following compounds were prepared using similar procedures as described above:

Compound 334, m/7 685.9 [M + 11"

Example 46. (R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid {1-[1-(4-aminomethyl-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide

@

(2-{ 1-[(1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-3-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino }-cyclopropanecarbonyl)-
amino]-cyclopropyl }-pyridin-4-ylmethyl)-carbamic acid zerz-butyl ester (45 mg, 0.06
mmol) was placed in RBF with CH2C12 and TFA was added. The reaction was diluted
with 10 mL 10% MeOH/CH2CI2 and washed with water (2x5 mL). The organic layer
was separated, dried (MgSO4), and concentrated. Reverse Phase HPLC purification (30 -
100% CH3CN/H20 as gradient) yielded 66 mg of the title compound as a bis-TFA salt,
=669.5 [M+1]".
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Test conmpound (15 uL, diluted in human serumto | [IXx

final assay concentration) is added to 96-well
w@oelogprapyl ene pl ates, followed by the additi orCDUSHI9084149

uL of freshly drawn heparinized human whol e bl ood.
DQ&thé\Io-Q@Oﬁ‘%éC@s at 37 C, 10 uL of SEB is added for a

final assay concentration of 300 ng/nL and the pl ates

are placed on an orbital shaker for 30 seconds to

ensure m xing, and then incubated for 18-24 hours at

Thg Tolowing cmnpouinchewblats'ynth¢512bd(§rqm_eidfer #BS-EeTyanpdesrjtle tt(3,5-
rqlgnph y&sidc L %8&37 fhgygq% t fﬁiglﬁ)l([f,?é{ {I]Igﬂztlzg% 3-carboxylic
amﬁt{ ggﬂ g? e%’éltdgf rénynﬁ d C%ﬁ; Oﬁg ?{Bnea %roﬁ?l ?]%HH é 50

cyiﬂ'@%dﬂ@jﬂ?ﬂ 8 rsqmmc:l;nqmbmﬁ) smmiét@id @m dﬁfyﬁﬁﬁﬁHQM[dé@@[l 2-
The maj ority of ng)ouns made i n the above

lee%caxmxe/h@ e@dédj [ilf tdiospyaidyayr yhregclopioppigatbempgle
cy%owp%&@w&s%%%?%? i eé@%b@%if@%ﬂ%ﬁ%ﬂhﬂ-
e e R 1R S0 B

2- ymhyowmpmruaemw -cykclopAvpd jaepida defR)-h@d tiy hliogo-4-fluoro-
aggregation of human [ ynphocytes and human _| ynphoc
Pheities 18 OPEARE qlﬂumge@ompw@o@mawémeﬂ@m@ﬁ

ut.i li on ofi

aiglderblelt bipdn e Rtk oy o TR st obropylgarbamoy -

r I -
eIIPABERICh s (AR LN e o8P bl

(3, 6lichl@pefilddre-phényd)- S arpeir6 dsodf 7-tihediordie inhidaro[ i@ya]ibgdazole-
used to treat certain inflanmatory conditions,

3- anquXMHWdeconm tions resulting froma response of the
specific immune systemin a mamual (e.g., asthng,
psoriasis, organ/tissue transplant rejection, graft

Co\‘rﬁ)ouﬁk%IS Wﬁ@géﬂ O +2N AR TR 8/ ESERPASH | ﬁ@brﬁﬁédﬁﬁ 417,
Raynaud' s syn rome, "autoinmune thyroiditis,

m/de00RfMt+ B nmultiple sclerosis, rheumatoid arthritis,

i nsul i n- dependent di abetes nellitus, uveitis,
i nfl arrmat ory bowel disease including Crohn's disease
it and system c | upus

CO% osUZ@ §@g+ 1(]ndl tions resulting froma
response of the non-specific i mune systemin a mammal
(e.g., adult respiratory distress syndronme, shock,
oxygen toxicity, nmultiple organ injury syndrone

DERIAPION JI°BIOLOGICAL PROPERTIES

The biological properties of representative compounds of the formula I were investigated

by way of the experimental protocol described below.

Assay to Determine Inhibition of LFA-1 Binding to ICAM-1

Purpose of Assay:
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septicema, nultiple organ injury syndrome secondary
to trauma, reperfusion injury of tissue due to
wa@ anodiooss nonary bypass, nyocardi al infarcti onPCHUS1088/084149
gl onerul onephritis, wvasculitis, reactive arthritis,
Dm@tﬁﬁw@ioé‘l&ﬂ?ﬁ acute inflammatory conponents, stroke,
thermal injury, henodialysis, |eukapheresis,

ThieGERtprétobd i LMsRNeE @ didyth@icecd ARRLINRGY, 119 a tédt AOHHHIOSE the
associ ated syndrone). Preferably, the conpounds of the

interavtemt afd0 Ad& voth the Sedkoirdegrme@D 1 YEBMiladits\-dhd nul ti pl e
scl erosis. Thus, another aspect of the invention is
directed to a conpound of formula | for use as a

De@@rﬁjtﬁ)ﬁ'&?%sa?'ﬂotoﬂ- a particular aspect, for use as a
nme

I canment for the treatnment of inflammtion or an

LEART isaimm@inopirifi@ndinel tTS2/1 aatitsydh €fonPa20 b pellcbf REPACLY or
the invention is directed to a conpound of fornula I
SKW3 celbseutdezing anpgfosalnpreriodsdy deshebad(Bastire M. Jofer any. btmunol.

b0 S8R SR L e 25
AT I RS O O T e

of daiMMgCIdraad 0¥ cetylgchsinetfter toliectibeaid atraationdf @myions
of the diseases or conditions listed in the previous

frapatha diSafahcolubiy Samplooiib @obolad pet precibartd eith Pvabini (® agarsse.
the provision of a nethod for the treatnment or
prophyl axi s of the above-described conditions through

t he .adm nst I on of therapeutic,or ..prophylacti.c
A SRR GAM-ER Gt TE o SRl PG ARk s,
pr@%ﬁ@ﬁ%%ﬂ)e@«mrlﬁb S.. PRHNAGnRE, Q990 et DY) T hend QY AMEIIOM, ; ef

t he novel conpounds of formula | may be adm ni stered
al.f burireictdbed gt pCigpryheact 92, 26, 118t H2e.uBrieflpusghosme 454 which

either alone or with other inmunosuppressive o

is IatFd HFthPHIEI S0P VBN PRV e BR 591 Heggetodomain and the
| [ [ 1. he, . 2SS )
o ot i g B o TSR ORI T A e

dirBéted MTRLOMBsHs ThisQ¥AIRIBon PEId9h ndlecuftliderficalSHie th Yirst 453
after the time of a relapse in nultiple sclerosis).

amifieacqptsay myendeiriedoanddCA N t.ahAn exprefsion veoopownsitadfwitthe
formula | serves to prevent or attenuate any )
hagstes@gydiptolats FaduFset S PS AESNTFHERCICA mpsker, ang the coding

AR BRRR AL B SRR T e
sig?glg,gﬂrr:lkig)so%yafé%{y%ﬁ%n kRnatdf enUSN £) @iy ré&dhalhd réd Tt ipRBmid
1s transfected into CHO DUX cells using standard calcium phosphate methods. Cells are
passaged in selective media (G418) and colonies secreting SICAM-1 are amplified using
methotrexate. SICAM-1 is purified from serum-free media using traditional non-affinity

chromatographic techniques, including ion exchange and size exclusion chromatography.

LFA-1 binding to ICAM-1 is monitored by first incubating SICAM-1 at 40 pg/mL in
Dulbecco's phosphate buffered saline with calcium and magnesium, additional 2 mM

MgCly and 0.1 mM PMSF (Diluting Buffer) in a 96-well plate for 30 min at room

temperature, Plates are then blocked by the addition of 2% (w/v) bovine serum albumin
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exanple, a relapse in nultiple sclerosis). Thus, in
accordance with the invention, a conpound of the
wo ecooob@sd can be adm ni stered either prior toPehes2008/084149
onset of inflanmation (so as to suppress an
DaghketiNg. P&10446 Paf| ammati on) or after the initiation of
i nfl ammati on. The novel conpounds of the fornula I
. . g |.
in Do ByBF TR PR R b0 USSRy g st
copbeia afeailugdd an@ BeRalddédratiewed By the Uildiebh 6f HpedxitXeBPS ng
for a conpound of fornmula |I would be in the range of
of ghmunoaffiitynpyrified LFA-b Pler Lidkal, is peebatedaiblthe prasenpeofrtasige
of 1 ng to 100 er day. In parentera
cofmpeungl aatliloAM-1 at b$€ &byl leh. dysHgyare waishedralymesowitla DilufingoButer.
0.1t ) of said c ounds, =~ whereas for. topjca
Thgaiid S GrteceE e SPBRROcbim o g oa dirgstid gedinst
ek RIRELERL CPYSTRR R AL Gl ind L 1ROy Diluing
BuffePMd PABSAindPloRRE 'toeim:uti@(ré flgr M?B%n A dhewds A86,a14 3
any particular patient w epend upon the
tin@s iwithddianing Hutidg enethe bowddpocldnali@gibady Bideteeted dy tieraddition
fixin proper dosage the size and condition of the

of pAtH0BAd AR prsa sk coeprgd-enonngass o 898 monpgobing,
i R PO B oo RUo R qeaRepC Tt AoRAEE FheuDRe for 20 min at

5L 50 B SO B et e BT 65V
dBRAD BRG] ©3ey AEFRYTAABAS colt iR PHBpG BRI ke

association wt onpat i bl e phar maceut carrier

ampahtesTildA-1 boueho GECAMEr. $ailge (@AMS Bb0he/@D) Isnséd as a positive

organic or inorganic carrier material suitable for
contraalfor inkihition of thetlifdh |/ IEANMblimeractons Uldie lackrof itheraddition of
LESPL bE b ot K Boaiaimb i 8o Yamp RE AR
re BRI CORaALY RPLR s PRI QMM o [y ~and The hi ke.

e pharmaceuti cal preparations can be prepared in a
conventional manner and finished dosage forns can be
solid dosage fornms, for exanple, tablets, dragees,

Repegpentatvs compaunds gnadg jkide abeve|exgmplgs worsdessed iorthis asspp and

o RTR B a8t B RS Sw TShE e
CO§%Q%§@E§Q?$é5&£mMentiOnal phar maceuti cal operations
such as sterilization. Further, the pharnmaceutica

preparati ons nmay contain conventional adjuvants such
j stabilizers, enulsifiers,

—as preservatives,
COMEQUIE - i Hfy /AGANT
number Kd (nM)
107 28
129 45
2 8.9
72 8.4
114 32
215 39
259 120
13 2.4
55 10
9 4.6
60 13
286 100
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wetting agents, buffers, salts for varying the osnotic

pressure and the like. Solid carrier material which
wae@am9e48sed i ncl ude, for exanple, starch, | acPOBES2008/084149

mannitol, methyl cellulose, mcrocrystalline
[k@@ﬁkaQg@44QBC§, silica, dibasic calcium phosphate,

and high nol ecul ar wei ght polyners (such as

polyet Hyl eng4gl y¢ol ). For parenteral use, a conpound

ofogf ornul a §4 can|be adm ni stered in an aqueous or non-

aqgeous sof grion,| suspension or enmulsion in a

pquuubeutizfiiy acceptable oil or a mxture of
zgluo 'wﬁﬁh—ﬁmy contain bacteriostatic agents,
au.:oxidantg rservatives, buffers or other solutes
td%ender thd s sollution isotonic with the bl ood,

t Bckeni ng @8ent§, suspending agents or ot her

phefr macleuti&al |y |acceptabl e additives. Additives of

t hé=s type i7nclude, for exanple, tartrate, citrate and

acepat ¢ buf pgers, |et hanol, propyl ene glycol,

quyethyleng4glycol, conpl ex forners (such as EDTA),

anh oxidantg(sugh as sodium bisulfite, sodium

metabisulfite,—=and ascorbic acid), high nol ecul ar

wei ght polyners (such as |iquid polyethyl ene oxides)

for viscosity regul ation and pol yet hyl ene derivatives

of sorbitol anhydrides. Preservatives may al so be
AssajdtedDétérmiae dslsibition of Unterleakineh Pooduction th Wik B¥ood

2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT

met hyl or propyl paraben, benzal konium chloride and

ernary amoni um conpounds. The conpounds of
Puﬁagggf%§§%tlon may al so be adm ni stered as sol utions

Tht SEBASR wiRIRPbloS@int@RuRIAG (SEB-IEWH-HI) aisdy %@aglﬁéscme lity
t he conpounds of this invention suitable buf ers,

of teshdomiptoyndsdp usttikit gie elmbonaubm af ILp2 by bumait whels blood, mediated
Bt a6 1B BB bt gt mgs BB bl
e e e

glycerin. Mcrobial preservatives added may i ncl ude
benzal koni um chl oride, thinerosal, chloro- butanol or
Deptrentiph of Aysaydiretoda! . Additionally t he conpounds

eg B:g\rlr)&)gﬁlﬁjc&,aﬁ pihglyjtgq\je L %‘15%?1& tg X 1rr?alnasssaty conéjentratlon) is added
to 96-well polypropylene plates, followed by the addition of 140 uL of freshly drawn
heparinized human whole blood. After 30 minutes at 37 C, 10 uL of SEB is added for a

final assay concentration of 300 ng/mL and the plates are placed on an orbital shaker for
30 seconds to ensure mixing, and then incubated for 18-24 hours at 37 C. After
incubation, 100 uL. of PBS-EDTA is added, the plates centrifuged to pellet cells, and the
diluted plasma removed for IL-2 quantitation by standard ECL, DELFIA, or ELISA
methods. Compound IC50 values are determined by nonlinear curve fitting of the data

from 11-point concentration-effect curves.

The majority of the compounds made in the above examples were tested in this assay and

found to have an ICsp < 10 uM and preferred compounds have an ICso < 1 pM.
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WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446

PCT CLAIMS 1. A conmpound of formula |l: R6 C R7
woRoodlo4sN HN 20 OR R3 RA.N.R5 | wherein: RIT/S2008/084149

selected from-CN, -QOCF3, hal ogen, heteroaryl,
DaglsetiNmQPi4eBEdt i t uted with hal ogen or C1_3al kyl

optionally substituted with hal ogen and phenyl,

optionally substituted with halogen; R2 is selected

from (A H (B) Cl_3alkyl optionally substituted

with one or two groups selected from a)

DE@@%%%IQ%M@%?@%E%E\% églgglRl o$o4g)5 SO )

PCT/ US2008/ 084149 Docket No. 09-0446 PCT
The novel small molecules of formula I provided by the invention inhibit the I[CAM-
1/LFA-1 dependent homotypic aggregation of human lymphocytes and human
lymphocyte adherence to ICAM-1. These compounds have therapeutic utility in the
modulation of immune cell activation/proliferation, e.g., as competitive inhibitors of
intercellular ligand/receptor binding reactions involving CAMs and Leukointegrins. To
be more specific, the compounds of the invention may be used to treat certain
inflammatory conditions, including conditions resulting from a response of the specific
immune system in a mammal (e.g., asthma, psoriasis, organ/tissue transplant rejection,
graft vs. host reactions and autoimmune diseases including Raynaud's syndrome,
autoimmune thyroiditis, dermatitis, multiple sclerosis, rheumatoid arthritis, insulin-
dependent diabetes mellitus, uveitis, inflammatory bowel disease including Crohn's
disease and ulcerative colitis, and systemic lupus erythematosus) and conditions resulting
from a response of the non-specific immune system in a mammal (e.g., adult respiratory
distress syndrome, shock, oxygen toxicity, multiple organ injury syndrome secondary to
septicemia, multiple organ injury syndrome secondary to trauma, reperfusion injury of
tissue due to cardiopulmonary bypass, myocardial infarction, acute glomerulonephritis,
vasculitis, reactive arthritis, dermatosis with acute inflammatory components, stroke,
thermal injury, hemodialysis, leukapheresis, necrotizing enterocolitis and granulocyte
transfusion associated syndrome). Preferably, the compounds of the invention can be

used to treat psoriasis and multiple sclerosis.

Thus, another aspect of the invention is directed to a compound of formula I for use as a
medicament and, in a particular aspect, for use as a medicament for the treatment of
inflammation or an inflammatory condition. In another particular aspect, the invention is
directed to a compound of formula I for use as a medicament for the treatment of any of

the diseases or conditions listed in the previous paragraph. In another aspect, the
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g) heteroaryl optionally susbtituted with G _2al kyl,

h) heterocyclyl, i) phenyl, ) -CO2R9, k) -COPQ(OH) 2,
w@r@9/014ss OS02(OH); (C) C3_6cycl oal kyl, (D) PCT/US2008/084149

heteroaryl, and (E) phenyl, optionally substituted
DogketiN 8P 04emPCTOR9, -CN or -CF3; R3 is H or

Cl 3alkyl; or R2 and R3, together with the carbon they

inRhorPREeeled @ thé Afenvfa cdafpuimt edofyidli PR ERANanufdchge of a 3
to 7 carbon atons and wherein one carbon atomin said

mdayadmestafobthn treitnenhefyany né thepliseasealol gondgpinadetdd bythe Preyious

-S-,.-5(0)-, -S2-, -NC(OR9- or -NR9-; R4 is selected
paggERh. (A) G _sal kyl substituted with one or two groups

selected from a) -CF3, b) -C(OOR9, <c¢) -C(O NRI9R10

d) -C(S)NROR10O e) -NRORi o f) -N(R9)C(0)R10 g)
Thu§abd ek dspet); OMEHRX A0, is the) prokiBn of 3 mRheAYor (RO tréAmahd of

substituted w th hal ogen, -NROR10, -OR9, ' '
pragdyBsigof dwldegve-deserilgid condlikgns thugvgh dierndgunsgra@n Gethgpeutic or

i tional |l ubstituted with -F - NRIR1O or -OR9,
prosByils SHoITF/oRsS! Pl CaRbBi GE AT B ket N,

09- 0446 PCT
In accordance with the method provided by the invention, the novel compounds of
formula I may be administered for either a prophylactic or therapeutic purpose either
alone or with other immunosuppressive or antiinflammatory agents. When provided
prophylactically, the immunosuppressive compound(s) are provided in advance of any
inflammatory response or symptom (for example, prior to, at, or shortly after the time of
arelapse in multiple sclerosis). The prophylactic administration of a compound of the
formula I serves to prevent or attenuate any subsequent inflammatory response (such as,
for example, a relapse in multiple sclerosis). The therapeutic administration of a
compound of the formula I serves to attenuate any actual inflammation (such as, for
example, a relapse in multiple sclerosis). Thus, in accordance with the invention, a

compound of the formula I can be administered either prior to the onset of inflammation

(so as to suppress an anticipated inflammation) or after the initiation of inflammation.

The novel compounds of the formula I may, in accordance with the invention, be
administered in single or divided doses by the oral, parenteral or topical routes. A
suitable oral dosage for a compound of formula I would be in the range of about 0.1 mg
to 10 g per day, preferably in the range of 1 mg to 100 mg per day. In parenteral
formulations, a suitable dosage unit may contain from 0.1 to 250 mg of said compounds,
whereas for topical administration, formulations containing 0.01 to 1% active ingredient
are preferred. It should be understood, however, that the dosage administration from
patient to patient will vary and the dosage for any particular patient will depend upon the
clinician's judgement, who will use as criteria for fixing a proper dosage the size and

condition of the patient as well as the patient's response to the drug.
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j) heteroaryl optionally substituted with hal ogen,
-NROR10, -OR9, C3_ scycloal kyl or G -sal kyl, wherein
wa@an0d/0gdi48sal kyl is optionally substituted w tPCFES2008/084149
-NROR10 or -OR9, k) -SO02NROR10 1) -SO2R9, and m
Dockadie 09-Odh@Peln Het is sel ected from heterocyclyl and
heteroaryl; (B) C3-6cycloal kyl substituted with one
or two groups selected from a) -C(OOR9, b)
-C(ONRORLIO ¢c) -C(S)NROR1O d) -OR9, e) phenyl
thplt the nrahmunéubfsthe pnsrtmd innentionha¢ wg:@rﬂdmlmmgﬁﬂ(by theapgl route,

cl oal kyl i sal k re said C . 5alk
thqygn%yf}? G re&&sgt fca@s%@u Ehﬁ\m & P%%naceutwﬁebmzﬁ%wm

STy SRR M A AR PR ENhi.

Suclkdarded didNRIRLBe arbihert Greagid| oty G ) IR suithble for oral

- Cl-2al kyINRIO(CO R9, 8) -Ci- kyl OR9, 9
adm@ast@apkyliwﬂgmmg sucm@ynermmls ari)vatec@lm)n tafcoytarch,

magnesugm stearagé, %urfl a%lc, Vegeta)t)le o(iﬁ, poﬁyaﬁkﬁene—gyéols, petroleum jelly
and the like.

The pharmaceutical preparations can be prepared in a conventional manner and finished
dosage forms can be solid dosage forms, for example, tablets, dragees, capsules, and the
like, or liquid dosage forms, for example solutions, suspensions, emulsions and the like.
The pharmaceutical preparations may be subjected to conventional pharmaceutical
operations such as sterilization. Further, the pharmaceutical preparations may contain
conventional adjuvants such as preservatives, stabilizers, emulsifiers, flavor-improvers,
wetting agents, buffers, salts for varying the osmotic pressure and the like. Solid carrier
material which can be used include, for example, starch, lactose, mannitol, methyl
cellulose, microcrystalline cellulose, talc, silica, dibasic calcium phosphate, and high

molecular weight polymers (such as polyethylene glycol).

For parenteral use, a compound of formula I can be administered in an aqueous or non-
aqueous solution, suspension or emulsion in a pharmaceutically acceptable oil or a
mixture of liquids, which may contain bacteriostatic agents, antioxidants, preservatives,
buffers or other solutes to render the solution isotonic with the blood, thickening agents,
suspending agents or other pharmaceutically acceptable additives. Additives of this type
include, for example, tartrate, citrate and acetate buffers, ethanol, propylene glycol,
polyethylene glycol, complex formers (such as EDTA), antioxidants (such as sodium
bisulfite, sodium metabisulfite, and ascorbic acid), high molecular weight polymers (such
as liquid polyethylene oxides) for viscosity regulation and polyethylene derivatives of

sorbitol anhydrides. Preservatives may also be added if necessary, such as benzoic acid,
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15) -cyano and 266 WO 2009/ 070485 PCT/ US2008/ 084149
Docket No. 09-0446 PCT 16) C _bal kyl, wherein said
w@R009abdegs is optionally substituted with hal BOEDS2008/084149
-CF3, -NROR10 or -OR9; (C heteroaryl optionally
DoskesNa. 00446 RETh one to two groups sel ected from  a)
-R9O optionally substituted with hal ogen or -OH, b)
met@%r R Igg% pakdten, befalkdNRHRChlofde A SI88 Ruatefnhry ammonium
0 g) -C(ONH(CH2)20H, h) -Cl_3al’kyl1NRORILO;
cofippundeO sal kyl het erocyclyl wherein the heterocycle is
optionally substituted with - C(O CH3, oxo, or
-Cl.3C(S)NH2, R5 is selected fromH, Cl _3al kyl,

a
e CE BRI, nAGHRARRS Ry s8safithyRpde FP AORAS et
appWitiatibn arldog ey &Uhtalﬂ\/lri dildidoa t@JtHeft%mpaﬁlﬁisl@@ﬂﬂ@ﬁv&lﬁmnfsﬁitdﬁka
eterocyclic ring, and wherein: a) one or two carbon
bugfersntenichy @fauﬁemem@mb@%l cprqscwatuwg atiexigairip argt viscosity-i lncreasmg
di substituted w one carbon atomin said

agEIY WABAIRGqUS VF}ilﬁlﬁ Féaragl{:% %fr?a%?ﬂw UpeHIP LS YISty ares
poIﬁfn& dlcotiol JRaloQ derlblgig\@s?dgyew ﬁrgﬁ‘l{i n?é'}@érﬁ%@@crr glﬁ%rm

ogen or - R8 1
Mib&ibixd pﬂ:serv@f\i;es aditdd Qrdy in€l0do) t@zalk@ﬁﬁﬁ@hloﬂdé;(tﬂ)rﬁ'&ﬁlﬁﬁlﬂero
_NRORL0, -C(0)NRORLO, -ON, -C(0)OR9, -N(R9)C(0)RL0,
butsaeler phgmilsihyl ajghol.

Additionally, the compounds provided by the invention can be administered topically or

by suppository.
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WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446
PCT and heteroaryl, wherein said heterocyclyl and

wahetenomsyl are optionally substituted with GPABUK3N0$/084149
-OH or -CF3; R9 is Hor G _salkyl or C3_4cycloal kyl,

Dogkgtd¥e. 69-0446 RGT i s optional Iy substituted with - OH;
R10 is -Hor -CH3; or RO and R10 constitute a
saturated hydrocarbon bricigewms 3 to 6 carbon atons
which together with the N they are bonded to, forma
het erocyclic ring, wherein one carbon atomin said
het grocycl i be optionally nonosubstituted

L wi % Q%H’OBPgﬁ#@ngFlg?yone carbon atomin said
heterocycllc ring may be optionally replaced by -0-,
-S-, -SO, - S2-, -NH, -NCH3-, or -NC(OCH3-; or a
phar maceutically acceptable salt thereof. 2. A
compound according to claim 1 wherein: Rl is selected
from-CN, -OCF3, -CF3, -d,RiBr and phenyl,
pyri mdinyl and triazol g what'ei n sai d phenyl ring
is optionally substituted -F;, R2is selected
from (A H (B) Cl 2alk pti onal |y substituted
with one or two groups selec¢ted from a) -OR9, b)
-S(OR9, c¢) -S02R9, d)N e) -C2R9, f)
-OPQ(OH) 27 0) OSOZ(C]—DS?‘E h) trlazolyl 268 WO

2009/ 070485 PCT/ US2008/ " Docket No. 09- 0446 PCT

wherein:

R' is selected from -CN, -OCF;, halogen, heteroaryl, optionally substituted with halogen
or Cj.salkyl optionally substituted with halogen and phenyl, optionally substituted with
halogen;

R* is selected from:

(A) H,

(B)  Ci.salkyl optionally substituted with one or two groups selected from:
a) Cscycloalkyl,

b)  -OR’,

¢ -NRRY
d  -SOR’,

e)  -SOR’,

f)  -C(ONH,,
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Doglseirg. R9-6%

i) imdazolyl optionally substituted with G _2al kyl,
and j) -NROR1O; R3 is Hor -CH3; or R2 and R3,

wo ogenhass with t he carbon they are bonded to, POT/ISZR08/084149

sat ur at ed ngrocar bon ring of 3 to 6 carbon atons and
Befbon atomin said hydrocarbon ring may

be optionally replaced by -0-, -SO2-, -NC(0)R9- or

-NR®) ;. Rfletb®asebgednally §usbfitutddAYitHE raldyky! substitut ed

with one or two groups selected from a) -CF3, b)

- C( 0) OR9heteryycld( O) NROR1O d) -C(S)NH2, e) -NRORi o

f) :N(R9LC$§LR10 g) -C(O NH(CH2) 20(CH2) 20H, h) -OR9,

[ b)heny },le d j) heteroaryl, optionally substituted

with -OH g C3-scycloal kyl substituted with one

gr oup selected from a) -C(OOR9, b) -C(ONRORLIO <)

- C( &) NRORIRO(Gind, gy het eroaryl optionally substituted

with: 1) -NROR 2) -NHC(OR9, 3) -NHSQ2R9, 4) -OR9,

5) 1Cl- 2dP%YANRIR10, 269

©
(D)
(E)

Cs.ecycloalkyl,
heteroaryl, and

phenyl, optionally substituted with halogen, -OR’, -CN or -CFj;

R*isHor Cialkyl; or

R* and R’, together with the carbon they are bonded to, form a saturated hydrocarbon

ring of 3 to 7 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -S-, -S(0)-, -SO»-, -NC(O)R’- or -NR’-;

R*is selected from:

(A)

Cisalkyl substituted with one or two groups selected from:

a) -CF;,

b)  -C(O)OR’,

¢ -C(ONR’R",

d  -C(SNRR™,

e)  -NRR",

H  NR’)COR",

g) -C(O)NH(CH,).0(CH,),0H,

hy  -OR’,

i) phenyl optionally substituted with halogen, NR’R', -OR’, C;.scycloalkyl
or Cysalkyl, wherein said C, salkyl is optionally substituted with -F, -
NR’R'"’ or -OR’,
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PCT 6) -Cl_2al kyl NRLO( CO) NROR10,  7)
wo ao9Aal4ky | NRLO(CO RO, 8) -Cl_2al kyl OR9, 9) PCT/US2008/084149

-Cl_2alky1NHSO2R9, 10) -CO2R9, 11) -COCH3, 12)
Dagk¢td¥eR?- 04463)’CT302R9 14) -G _2alkyl optionally

subst ituted with hal ogen, 15) -cyano and 16)

cychaalolil optidahll N abeti@edyWittolRildLA; aJNR?Réouttsm tyt ed
mnt one to two groups selected from
opt i onal boyclkoalst ontitseldtyinhbrenadasfensatiyl 18©|p|¢101tﬂ)11y substituted

- C(O NROR1 @) 20H, d) -NROR1
g(l éalkyiﬁﬁgﬁgﬁgr%%%él ogen; %D) °

;Sal kyd chy ng gocyclyl wherein the heterocycle is
optlonally Substituted with - C(O CH3, oxo, or
- C1]B3C(S)9WIR’ 439 i s selected fromH and Cl_3al kyl; or

R4 and R5 constitute a saturated hydrocarbon bri dge of
3 t )5 carubletathsren ki is Iaeleqt@b@@mélﬁtewco/hlyl el hegteropayl;

onded, .t for et er cI cr nd wherein:
(B} ° SreNePaEBEH e of eI RSdPEF ¢ r i ng
are, no @q’o 3ubst ituted with R8, and b) one carbon

ato eterocycllc ring nay be optionally
replb;iced GONRRG CH3-; R6 is H -For -d;

) -C(S)NRR',

d  -OR’,

e) phenyl optionally substituted with halogen, -NR’R", -OR’, C5.scycloalkyl
or Cy_salkyl, wherein said C;_salkyl is optionally substituted with -F, -CF3,
-NR°R" or -OR’, and

f) heteroaryl optionally substituted with:

1)  -NR°R",

2)  -NHC(O)R’,
3)  -NHSOR’,
4y -OR’,

5 -Cj,alkyINR’R",

6)  -CralkyINR'(CONRR",
7y -CialkyINR'Y(COR’,

8)  -CroalkylOR’,

9)  -Ci,alkyINHSO,R’,

100 -CO.R’,
11) -COCH;,
12)  halogen,
13)  -SO.R’,

14)  -Csscycloalkyl,
15)  -cyano and
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270 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09-0446 PCT R7 is -C; R3 is selected from-CH3, -F,
WO a9/070@8RCH, - SO2CH3, - N(CH3) 2, -C(O NRORLO -PCT/US2008/084149
C(O CH2ZCOREt, -CN, -C(O ORI, -N(R9)C(O R10,
Dagletd¥w 8)-OH46 Pehd heteroaryl, wherein said heteroaryl
is optionally substituted with C 4alkyl or -OH RO is

H G _5allgyl ofsa L%e@élﬁadlm alkfii tichalPaduytituded with
opt| onal |y subs% :ﬁfyut ed Wlt Sl ﬁg) Rloﬁfads H or

-CH3; or R9 ahﬂjog%no%nﬁRRutm‘ -GR&at ur at ed hydr ocar bon

ridge of .3 to rhon ataonms which her with the
<CK| ﬂ% redpd Opaby Syttt On?et%%&wp? eelqcfedgfrom:
in cycllc r|ng may
be %’St.o%ﬁp‘ﬁ@wﬁ* B L 3o S B CY Wherein® one
car bpn at©fy i n said heterocyclic ring may be
optionally yeplaced by -0-, -NCH3- or - NC(O CH3-; or
a pkar maceRiti cal |y acceptable salt thereof. 3. A

und d|ng to claiml wherein: R is selected
gﬁ? ﬁﬁ%ﬁﬁ -d, -Br, phenyl, pyrinmndinyl
and %rl aggbg@l V\,her e| n sai d phenyl ring is optionally
substituted mnth -F;, R is selected from (A H (B)
Cl ZalkyK]QpNR&mQIIy substituted with one or two
groups selected from a) -OH, b) -OCH3, c) -S(0)R9,
271800 2606)NdES. AT/ US2008/ 084149 Docket No.

09- G446 RCT_ ) iSRRI

(D)  -Co-salkylheterocyclyl wherein the heterocycle is optionally substituted with -
C(O)CHs, oxo, or -C;3C(S)NH,,

R’ is selected from H, Cyalkyl, -(CH,),OH and -(CH,),OCHs; or
R* and R’ constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:

a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®

and

b) one carbon atom in said heterocyclic ring is optionally replaced by -O-, -S-, -S(O)-, -

SO;- or -NC(0)CH3-;
R®is H or halogen;
R’ is halogen or -CFs3;

R® is selected from Ci.salkyl, halogen, -OH, -CH,OH, —C(O)Rg, SOR’, -
C(0)CH,COR’, -NR’R™, -C(O)NRR', -CN, -C(0)OR’, -N(R*)C(O)R?, heterocyclyl
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e) -C(ONH2, f) -C02R9, g) -OPQ(OH)2, h) -0S02(CH),

h) triazolyl, i) imdazolyl optionally substituted
wowdaob/odusRal kyl , and J) -NRORLIO R3 is H or - QPGr/Us1008284149

and R3, ether with the carbon they are bonded to,
[XKbﬂﬁWROQéHZQBCEd hydrocarbon ring of 3 to 6 carbon

atons and wherein one carbon atomin said hydrocarbon

and h&eroaRy, wHeeei @ pdidl ﬁét@ﬂob clylert deeebaby areboptionadZubstituted with
- Oa% or - NRO- R4y|£ sel ecte from (A) Cl_3al kyl

Cisukgt iQHioed v t h one or two groups selected from a)
-CF3, b) -C(0)OR9, c¢) -C(O)NH2, d) -C(S)NH2, e)
-NHC(0) CH3,, f) -OR9, g) phenyl, and h) heteroaryl

R So? @:354@%9@6 dyEféEﬂ%gl Wridh ¢Sk lyl( gbpﬁﬁﬁymgs%@m OH;

one group serec
b) -CONH2,  c¢) - CSNH2, and d) heteroaryl optionally
ubstituted with: 1) -NRORi o 272 WD 2009/ 070485
R'PETHUS20H8/084149

R’ and R'° constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom 1in said heterocyclic ring may be optionally monosubstituted with -OH or wherein
one carbon atom in said heterocyclic ring may be optionally replaced by -O-, -S-, -SO-, -

SO,-, -NH-, -NCHj3-, or -NC(O)CHj3-;
or a pharmaceutically acceptable salt thereof.
2. A compound according to claim 1 wherein:

R is selected from -CN, -OCF;, -CFs, -Cl, -Br and phenyl, pyrimidinyl and triazolyl,
wherein said phenyl ring is optionally substituted with -F;

R’ is selected from:

(A) H,
(B)  Cj.alkyl optionally substituted with one or two groups selected from:
a)  -OR’,
b -S(OR’,
¢ -SO.R’,
d) -C(O)NH,,
e) -COR’

fy ~ -OPO(OH),,
g) 'OS OZ(OH) s
h) triazolyl,
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Docket No. 09-0446 PCT 2) -NHC(O R9, 3) -NHSO02R9, 4)
-OR9, 5) -Ci-2al kyl NROR10, 6)

wo gioAal4ky | NRLO(CO NROR 0, 7) -G - 2al kyl NR1O(BQ/BS2008/084149
SL - Cl- 2al kyl OR9, 9) -Ci1-2al kyl NHSO2R9, 10) - CO2R9,

Dothgt NacO@1dd46 P€?) hal ogen, 13) -S02R9, 14) -G _2al kyl
optionally substituted with hal ogen, 15) -cyano and
16) iy C3- ﬁﬁM@i@ﬁldprﬁaugy@ﬁbéﬁmt&r KRk, 0pf @aal |y
substituted th one to two groups selected from a)
- R9j)opt i MNRIRY; substituted with -F or -OH b)
-C(ONRORLO c) -C(ONH(CH2)20H, d) -NROR10 e)
-G -3al ky1INROR1O, and f) hal ogen; (D)
3-0-3abkYlheterocycl yl wherein the heterocycle is

Réﬁai"gﬁgﬁ ’f?substitut ed with - C(OCH3 or oxo: R5 is
selected fromH and -CH3; or R4 and R5 constitute a

2sat(légat ed hydrocarbon bridge of 3 to 5 carbon atons
R whil Bh. togahps whdrthevbarbon they atetbhededds.domn adatrates, hytlmeanban

ISP ot SRS S SR w5 e
be SpEsRSY HipHEd bW.ON -§8,- -NC(O)R’- or -NR-;

R*is selected from:

(A)  Cjsalkyl substituted with one or two groups selected from:

a) -CF;,

b)  -C(O)OR’,

) -C(ONR’RY,
d)  -C(S)NH,,

e)  -NRRY,

H  -NR)COR",
g) -C(O)NH(CH,).0(CH,),0H,
h)  -OR’,
i) phenyl, and
J) heteroaryl, optionally substituted with -OH;
(B)  Csscycloalkyl substituted with one group selected from:
a)  -C(O)OR’,
b)  -C(ONR’R',
¢)  -C(S)NRR' and
d) heteroaryl optionally substituted with:

1)  -NR°RY

2)  -NHC(O)R’,
3)  -NHSOR’,
4 -OR’,

50  -CroalkyINR’R™,
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and 273 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09- 0446 PCT b) one carbon atomin said heterocyclic
wo 2ovg/oT@sdpt i onal |y replaced by -NC(O) CH3-; RBCT/BS1408/684149

or -C; R7Tis -C; R8is selected from-CH3, -F, -OH
DoclopH09-0d¢pPEE, - N(CH3) 2, - C(O)NH2, - C(O) N( CH3) 2,

-CN, -C(OOR9, -N(R9)C(O CH3, heterocyclyl and

het eroargj , WigrakpINRgh)Reteoaryl is optionally

substituted with G 4a|1(l)<yl of -OH RO is H, Cl_4alkyl

or C3_4cyrl oaltkyhlkyWR db'O0R ,4al kyl is optionally

substitu%ed W t h -%9 and R10 is Hor -CH3; or RO and

R10 consPl t ut &1k ated hydrocarbon bridge of 3 to

6 car bon9)31torr_sc\qgﬂigﬁ\{Hst(9@et her with the N they are
mh°a he

bonded to, for erocyclic ring, wherein one
carbon agom icORdj d heterocyclic ring may be
optionally nmonosubstituted with -OH or wherein one
carbon albm i °Q@Hd heterocyclic ring may be

opt i onal H re Ilaced by -0- or -NCH3-; or a

phar macelit) cald/{8Accept abl e salt thereof. 4. A
compoundjaccorghpg to claiml1 wherein: R is selected
from -CN,m)- OCIJ-S%,ZR-’CFB, -d, phenyl, pyrinidinyl and
triazolyll4) R islksledptionstly subaiuted AjthGaloged, Ky

opt i onal I%/ substituted with one or two groups sel ected
from a5k OHCyw)o andCH3, 274 WO 2009/ 070485

g)CT/ gggggg)/ OSﬁigyclo%gylﬁet No. 09-0446 PCT c) -S(O RO

(C)  heteroaryl optionally substituted with one to two groups selected from:
a) -R’ optionally substituted with halogen or -OH,
b)  -C(ONR°RY,
C) -C(O)NH(CH,),0H,
d  -NRR"
e)  -CraalkyINR’R' and
f) halogen;

(D)  -Cysalkylheterocyclyl wherein the heterocycle is optionally substituted with -
C(O)CH3, oxo, or -C;3C(S)NH,;

R’ is selected from H, and C;_;alkyl; or

R* and R’ constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:

a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®,
and

b) one carbon atom in said heterocyclic ring may be optionally replaced by -NC(O)CHs-;

RCis H, -F or -CI;
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e) -(QNH2, f) -Q2R9, g) -OPQ(OH)2, h) -OR2(OH),

i) triazolyl, j) imdazolyl optionally substituted
wowdab/odusRal kyl , and k) -NRORLO; R3 is H, or PR2I/asmo8/084149

, et her W|th the carbon they are bonded to, form

DQﬁk@é‘iQJ%ﬂioéébB(}Erocar bon ring of 3 to 6 carbon atons

and wherein one carbon atomin said hydrocarbon ring

may be opti onal 'y replaced by -0-, -S02- or

-NC(O R9-; R4 is selected from (A) C2. 3al kyl

R’$s#3t i tuted with pyridinyl, thiazolyl, or

pyrrol opyridinyl, and (B) C3-scycl oaI kyl substituted

wi th one group sel ected from a) -C(ONH2, b)

SRW@&MR@% n%%;gﬁ%% Sb@g ngg)}) CTOVRERR 12)

C(OMH A kY, LERO RI@)ORY, ﬁ@f)@ﬂbw? ﬂi%ﬁ&c@l"iﬁﬁﬁ%&romﬂ wherein
_Cl- 2al kleRlO(CO) RO, 8) -Cl-2al kyl OR9, 9)

said diptegeal Wy4 ogo0@Rgsubstitated wihAioalkgla® -@H; 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT

R’isH, Cisalkyl or Cs4cycloalkyl, which C_salkyl is optionally substituted with -OH;

and

RYis Hor -CHs; or

R’ and R'® constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom in said heterocyclic ring may be optionally monosubstituted with -OH or wherein
one carbon atom in said heterocyclic ring may be optionally replaced by -O-, -NCHjs- or -
NC(O)CHs-;

or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 wherein:

R!is selected from -CN, -OCF;, -CF3, -Cl, -Br, phenyl, pyrimidinyl and triazolyl wherein
said phenyl ring is optionally substituted with -F;

R’ is selected from:

(A) H,

(B)  Cj.alkyl optionally substituted with one or two groups selected from:
a) -OH,
b) -OCH3,
¢ -S(O)R’,

271



11) -COCH3, 12) hal ogen, 13) -SO2R9, 14) -C1_2al kyl

optionally substituted with hal ogen, and 15) -cyano;
werooonadsnzol yl optionally substituted with, -NRIBIDO8/084149

or RO wherein RO is optionally substltuted with -F or
Doclp Nad9i04@B€dI yI optionally substituted with RO or

-CF3i e) triazolyl optionally substituted with R9, f)

oxagpl yl SpR°onal |y substituted with RO or -CONH2, Q)

t hi azol yl opt| onal Iy substituted with RO, h)

t hi abi azeC@DNH) pyrimidinyl optionally substituted

W th -NR9 9j) pyridopyrimdinyl, k) pyrazinyl

optional T bstituted with Cl1_2al kyl, 1) pyridazinyl
opt | ?nal Loy {ff"ﬁ ituted with Cl_3al kyINROR1IO m)
napﬁ hyr i dll)n n) qui nazoli nyI optionally substituted
W t ) hal a@$m,(OH9) pyrrol opyridin-6-yl, p) quinolinyl,
q) triazinyl nono- or disubstituted Wi t h -NH2, 1)
oxahpl op&rtalZ@ﬂlyhyl s) benzooxazol yl, t) tetrazolyl,

g?:% USZOH%I% ﬁd’é 16%&55‘1’5% ed YS?Shé gf’élggé% 091070485

i) -NRR'
R’ is H or -CHs; or
R* and R, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -SO,-, -NC(O)R’- or -NR’-;

R*is selected from:

(A)  Cjaalkyl substituted with one or two groups selected from:

a) -CF;,

b)  -C(O)OR’,

¢)  -C(O)NH,,

d)  -C(S)NH,,

e)  -NHC(O)CH;,
fy  -OR’

2) phenyl, and
h) heteroaryl optionally substituted with -OH,
(B)  Csscycloalkyl substituted with one group selected from:
a) -CO,CHs,
b) -CONH,,
c) -CSNH,, and
d) heteroaryl optionally substituted with:
) -NRRY,
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R4 and R5 constitute a saturated hydrocarbon bridge of

3 to 5 carbon atons which together with the N they
wae@obonaged to, forma heterocyclic ring, and PIEUS2008/084149

one carbon atomin said heterocyclic ring is nono or
Dagkes N5 0P10d¢@BCRi th R8; R6 is Hor -F;, R7 is -d; R8

is selected from-F, -OH -CH2OH, -NHC(O CH3,

- C( C)) NH22) - CN,NH EP,! - CO2H, 3-

hydr oxy- 1H pyr azol - 5-yl,

5- 0xo0- 4, 8} di hyNH%OR 2, 4- oxadi azol - 3-yl,

5- ox0- 4, 5-di C\{@ép- 1,2, 4-thiadiazol -3-yl and

tetrazol ] ein said tetrazolyl is optionally

substituted with i ikyl; RO is H, Cl.4alkyl or
C3.4cyclggl kylélaﬁlgwg s Hor -CH3: or R9 and RLO

constitutp a sabukenaed’yyNeeRbon bridge of 3 to 6
carbon atons which tqgethe% with the N they are
bonded td) forlmalkidNRer(€€YBl.i c ring, wherein one

car bon &t om iégé\',?i&’]z)ﬂ@et erocyclic ring is optionally

monosubsti t ut *OH or wherein one carbon atom

in said heterqeyghimpgdmag’my be optionally replaced
by -0-; gjre ap ar n’gg\leust(?zcm |y acceptable salt thereof.

5. A conpound-Go®3rding to claim1 wherein: R is
selected from-CN and -OCF3, -CF3, pyrimdin-5-yl or
triazol yll) RLQGHsel ected from (A) G _2al kyl
opti onal ;é() S(’)lfﬁzﬁtitm ed with one or two groups sel ected
from ay®- oH™ 2% WO 2009/ 070485 PCT/ US2008/ 084149
Docket Ng3y 09:@4#8 PCT b) -OCH3, c) -SO2R9, d)
-C(O) NH2, ) -C02R9, and f) -OPQOH) 2,

14)  -Cj.alkyl optionally substituted with halogen,

15)  -cyano and
16)  -Csscycloalkyl;
(C)  heteroaryl optionally substituted with one to two groups selected from:
a) -R’ optionally substituted with —F or -OH,
b)  -C(ONR’R",
c) -C(O)NH(CH»),OH,
d)  -NR’R",
e)  -CrsalkyINR’R', and
f) halogen;
(D)  -Cysalkylheterocyclyl wherein the heterocycle is optionally substituted with -
C(O)CH; or oxo;

R’ is selected from H, and -CH3;; or

R*and R’ constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein:
a) one or two carbon atoms in said heterocyclic ring are mono or disubstituted with R®

and
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g) -OS2(0OH), and h) heteroaryl selected from

triazol-2-yl or imdazol-4-yl which imdazol-4-yl is
wopiwonasi y substituted with Cl-2al kyl; R3 is PCT/OR2002084149

and R3, ether with the carbon they are bonded to,
chb‘?trN(aOQi%Z@BC@d hydrocarbon ring of 3 to 6 carbon

atons and wherein one carbon atomin said hydrocarbon

b) bhdehrbdh at@ﬁﬁm Qi@hétyrob Rl 3:8 s Etionty re ﬁ@e%rb NC(0)CHs-;
-NC(0)R9-; R4 is seleﬁﬁed gro&n?( yCIZ) y ( g

substituted with pyridin-2-yl, and (B) q/cl opr opyl
6S ituted with one group sel ected from a)
R tﬁo&‘ 1b) pyridin-2-yl optionally substituted with:
1) -NROR10 2) -NHC(OR9, 3) -OR9, 4)
- Cl1- 2alky1NROR10, 5) - Cl-2al kyl NR1O( CO) NROR10 6)
R7i€12al kyINRLIO(CO)R9, 7) -Cl-2al kyl OR9, 8) - C02R9,
9) -COCH3, 10) hal ogen, 11) -Cl-2alkylNHSO2R9, 278
WO 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446

sPCT .1 - SO -} - G I kyd zonI
R SRt i s PR G S9:0ur kit or R
C(O)N(CHs3),, -CN, -C(0)OR’, -N(R*)C(0)CHs, heterocyclyl and heteroaryl, Wherein
said heteroaryl is optionally substituted with C;alkyl or -OH;

R’ is H, C,4alkyl or Cs 4cycloalkyl, which C,_alkyl is optionally substituted with -OH;

and
RYisHor -CH3; or

R’ and R'® constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom 1n said heterocyclic ring may be optionally monosubstituted with -OH or wherein

one carbon atom in said heterocyclic ring may be optionally replaced by -O- or -NCH3-;
or a pharmaceutically acceptable salt thereof.

4. A compound according to claim 1 wherein:

R' is selected from -CN, -OCFs, -CFs, -Cl, phenyl, pyrimidinyl and triazolyl;

R* is selected from:

(A)  Ciaalkyl optionally substituted with one or two groups selected from:

a) -OH,
b) -OCHs,
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d) im dazolyl optionally substituted wwth RO or -CF3,

e) 1,2,4-triazol-3-yl, optionally substituted with RO,
wo ooonamed yl optionally substituted with RO orPeZOBEdRS/084149

gk thiazol-z-él optionally substituted with RO, h)
Dacketdywm 094446 Popt i onal |y substituted with -CH3, i)

1,3,4-thiadiazol-2-yl, j) pyrimdinyl optionally

subgjitutgd)Rith -NH2, k)

pyri do[ 2, 3- d]9pyri m di n-2-yl, 1) pyrazin-2-yl

opt dbnal FSORIbstituted with CL 2al kyl, m

pyri dazi n@&h n) napht hyridin-2-yl, o)

qui fhzol i =y optionally substituted with hal ogen,

p) bH— pyre@lol 2, 3- (3] pyridin-6-yl, ) quinolin-2-yl,

r) oxazolopyridin-2-yl, and s) benzooxazol-2-yl; R5
is gl) or -GHO@MH, RS constitute a saturated hydrocarbon
bridge of 3 to 5 carbon atons which together with the
N t hey ar@S@gQled to, forma heterocyclic ring, and
wher.ei n 8ne cgrbon atomin said heterocyclic ring is
mond or Hi%0W5tituted with R8; R6is Hor F; R is

a ;279 }@ngz%?/ &9@3 ild2PORBCOSAAhngDocket  No.
oo, e Dt cBAdES edl/from-g,qz-lg—[ "ONHC( O) CHB,
- C( © NH2,NR®RY: - CO2H, 5- oxo- 4, 5-di hydr o-

1, 2, 4-oxadi azol -3-yl, and tetrazolyl, wherein

tetrazolyl is optionally substituted with G _ 4al kyl;

Rzli?SQHi, 8. H, Cl_4al kyl or C3_4cycl oal kyl and

R* and R’, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring may

be optionally replaced by -O-, -SO,- or -NC(O)R’-;

R" is selected from:
(A)  Cyaalkyl substituted with pyridinyl, thiazolyl, or pyrrolopyridinyl, and
(B)  Csscycloalkyl substituted with one group selected from:

a)  -C(O)NH,,
b) pyridinyl optionally substituted with:
1)  -NR°RY
2)  -NHC(O)R’,
3)  -NHSO,R’,
4y  -OR’,

50  -CraalkyINR’R',

6)  -CialkyINR'Y(CONR’R",
7y -CraalkyINR'YCOR’,

8)  -CraalkylOR’,

9)  -Cj,alkyINHSO,R’,

100 -CO.R’,
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R10 is Hor -CH3; or RO and R10 constitute a saturated
hydr ocarbon bridge of 3 to 6 carbon atons which
wo ogevhess Wi th the N they are bonded to, form BCT/US2008/084149
het erocyclic ring, wherein one carbon atomin said
Dmb‘tté\%@é@l‘m@PQTng is optionally nonosubstituted with
-OH or wherein one carbon atomin said heterocyclic

ring nmayibe omt@oHally replaced by -0-; or a
pharmaceutically acceptable salt ther eof. or a

phar macel?) cahdlggeaccept abl e salt thereof. 6. A
conpound ccorsﬁzgg to claiml1l wherein: Rl is selected
from - ON! 3 or pyrimdin-5-yl; R2is selected

o oup (1 2l b SRR Tk i1, o0
d) -OPQ O 2 gho;e) -OS2(OH); R3 is H or 280 WO

2009/ 070485 PCT/ U52008/ 084149 Docket, Ng. 09-0446 PCT
R2 ahd Rexadiazgh hetionaily BubtsmteciavlﬁorNR?Pey oaRe wheistely is

car BB S ATl L TGREl *ring i< ropl aced with
sty Shgsinge el
opt epnal trijazslybsjtiohil edhbwithied with RINHC( O) R9,  b)
PN oxz?zz)lyl ocgtllzo'?'lzlli(y bttutedaih 1%'\1%8001\%?3

2) thiazolyl optionally substituted with R’,

h) thiadiazolyl,

i) pyrimidinyl optionally substituted with -NR’R',

J) pyridopyrimidinyl,

k) pyrazinyl optionally substituted with C;_alkyl,

1) pyridazinyl optionally substituted with C_salkyINR’R'®,

m)  naphthyridinyl,

n) quinazolinyl optionally substituted with halogen,

0) pyrrolopyridin-6-yl,

p) quinolinyl,

q) triazinyl mono- or disubstituted with -NHa,

r) oxazolopyridinyl,

s) benzooxazolyl,

t) tetrazolyl, and

u) isoxazolyl;

5.
R 1s H; or
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d) -C®2H, e) -NROR10, or f) -OR9; (B)
pyridazin-3-yl, (O pyrimdin-2-yl, (D)
woapbogss di n-2-yl, (E) quinazolin-2-yl opti onetT/¥S2008/084149
substituted with chlorine, (F)
DotkptNa: PB106¢@PETp] pyri di n-6-yl, (Q
2-1sopropyl -oxazol -4-yl, (H)

R*hnél ROpSBAMIte d bhtirdicd ﬂymloca&boﬂ bride of B kd 5 thvbaF MomdwHih RS
isH REisHor F, R7Tis d; ROis H -CH3 or

togeghel wphmlpr thez@ie b@demagf@mlaﬁermhuszg@@ﬂ ®\81¢n.641190ne carbon
Docket . 09-0446. PCT R10Q

at%%lr%%@c‘gfﬁr?%ll? g}n%@a%waf)&d&uﬁ%ﬂtwaﬁ Wer&st 7. %A
conmpound according to claim1, which is provided in

the table below Li C C NNO N HN O OY X L2 NR2
ROGPH of -INR2 X L, L2

Ris -Cl;

R® is selected from -F, -OH, -CH,0H, -NHC(O)CH3s, -C(O)NH,, -CN, -CO,Et, -CO,H, 3-
hydroxy-1H-pyrazol-5-yl, 5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl, 5-oxo-4,5-dihydro-
1,2,4-thiadiazol-3-yl and tetrazolyl, wherein said tetrazolyl is optionally substituted with
Ciaalkyl;

R? is H, C)alkyl or Cs4cycloalkyl and

R isHor -CHs; or

R’ and R'° constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom in said heterocyclic ring is optionally monosubstituted with -OH or wherein one
carbon atom in said heterocyclic ring may be optionally replaced by -O-;

or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 wherein;

R!is selected from -CN and -OCF;, -CF;, pyrimidin-5-yl or triazolyl;

R* is selected from:

(A)  Ci.palkyl optionally substituted with one or two groups selected from:
a) -OH,
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NH57 N FCN NH2 --1--- NH 56 N F CN 282 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
W0 200940704881 59 N~ | F CN O\ NH 60 F CN Ns MN/USBOMS4149
F CN o' NH55 N FCN 4 HHOCF3 NN O -~"0 --1--
DogkegNg 89144@PETCN N N

b)  -OCH;,
<) SO.R’,
d)  -C(O)NH,,

e)  -CO,R’ and

fy ~ -OPO(OH),,

) -OS0,(OH), and

h) heteroaryl selected from triazol-2-yl or imidazol-4-yl which imidazol-4-yl

is optionally substituted with C;alkyl;
3.0
R’ is H; or

R* and R, together with the carbon they are bonded to, form a saturated hydrocarbon
ring of 3 to 6 carbon atoms and wherein one carbon atom in said hydrocarbon ring is

optionally replaced by -O-, -SO-, or -NC(O)R’-;

R*is selected from:
(A)  Coalkyl substituted with pyridin-2-yl, and

(B)  Cyclopropyl substituted with one group selected from:

a)  -C(O)NH,

b) pyridin-2-yl optionally substituted with:
D -NRR",
2)  -NHC(O)R’,
3  -OR’,

4)  -CpjalkyINR’R',

5)  -CraalkyINR'(CONR’R",
6)  -CroalkyINR'Y(CO)R’,

7y -CiraalkylOR’,

8)  -COR’,

9)  -COCH;,

10)  halogen,

11)  -Cp,alkyINHSO,R’,
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0 283 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
09-0446 PCT --1- N S HOCF3 rN, N, N NH--r N 1
W(N2(H9,@M48;NH NN --FNH48 HCN NS T 6 H CNeCHES200$/084149

--j--- NH 31 N HCN NH 43 N H OCF3 NH2
Docket No. 09-0446 PCT

12)  -SOR’,

13)  -Cioalkyl;
¢)  1,24-oxadiazolyl substituted with R®, -CHF,, Cy_,alkylOH or -NR’R'?,
d) imidazolyl optionally substituted with R® or —CF,
e) 1,2,4-triazol-3-yl, optionally substituted with R9,
f) oxazolyl optionally substituted with R’ or -CONH,,
2) thiazol-2-yl optionally substituted with R’,
h) thiazol-4-yl optionally substituted with -CHj,
1) 1,3,4-thiadiazol-2-yl,
j) pyrimidinyl optionally substituted with -NH,,
k) pyrido[2,3-d]pyrimidin-2-yl,
1) pyrazin-2-yl optionally substituted with C;.alkyl,
m)  pyridazin-3-yl,
n) naphthyridin-2-yl,
0) quinazolin-2-yl optionally substituted with halogen,
p) 1H-pyrrolo[2,3-B]pyridin-6-yl,
q) quinolin-2-yl,
r) oxazolopyridin-2-yl, and

s) benzooxazol-2-yl;
R’is H; or
R* and R’ constitute a saturated hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, and wherein one carbon
atom in said heterocyclic ring is mono or disubstituted with R®;
R®is H or F;

R’is Cl;
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--r N 7 HOCF3 (N ,1 NH Nc N 284 WO 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT N 8 ~-! H
w@boom7adss N, NH N 9 HH CN N HN, O-O N 10 O pCTOOFR08/084149

H~ NH 41 NJDVHCN~ N NH 45 NJVHCNI NH2 N
Docket No. 09-0446 PCT

R® is selected from -F, -OH, -NHC(O)CH3, -C(O)NHa, -CN, -CO,H, 5-ox0-4,5-dihydro-
1,2,4-oxadiazol-3-yl, and tetrazolyl, wherein tetrazolyl is optionally substituted with C;.
salkyl;

R’ is H, Cyalkyl or Cs4cycloalkyl and

RY%isHor -CH3; or

R’ and R*® constitute a saturated hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a heterocyclic ring, wherein one carbon
atom in said heterocyclic ring is optionally monosubstituted with -OH or wherein one

carbon atom in said heterocyclic ring may be optionally replaced by -O-;

or a pharmaceutically acceptable salt thereof.

or a pharmaceutically acceptable salt thereof.
6. A compound according to claim 1 wherein:
R' is selected from -CN and -OCF; or pyrimidin-5-yl;

R’ is selected from:

(A)  Cj,alkyl optionally substituted with one group selected from:

a) -OH,
b) -CO-H,
c) -CONH,,

d  -OPO(OH), and
e)  -0SO,(OH);

3.
R 1s H; or
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11 HOCF3 q )V OH N12 OHCN N H 285 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09- 0446 PCT
WO 200940704841 34 N HCN C Z NH 62 F CN NH NH PEBUBL008#084149

OCF3 NH 68 NHOCF3 N 13 HCN NH NH 39 N H OCF3
Dagiet Nig9-0446 PCT

R* and R, together with the carbon they are bonded to, form a cyclopropyl or cyclohexyl
ring wherein one carbon atom in said cyclohexyl ring is replaced with -NC(O)R’- or -

SO,-;

R*is cyclopropyl substituted with one group selected from:
(A)  pyridin-2-yl optionally substituted with:

a)  -NHC(O)R’,

b) -CH>NH,,

b)  -CH,NHC(O)R’,

¢)  -CH,NHSO.R’,

d) -CO>H,
e) NR’R", or
f)  -OR’;

(B)  pyridazin-3-yl,

(C)  pyrimidin-2-yl,

(D)  naphthyridin-2-yl,

(E)  quinazolin-2-yl optionally substituted with chlorine,
(F)  1H-pyrrolo[2,3-B]pyridin-6-yl,

(G)  2-isopropyl-oxazol-4-yl,

(H)  T-isopropyl-1H-imidazol-4-yl, or

@ thiazol-2-yl;

R’is H;

R®is H or F;

R’is CI;

R’ is H, -CH3 or cyclopropyl;
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WD 2009/ 070485 PCT/ US2008/ 084149 Docket No. 09- 0446
PCT NH 53 N HCN H2N N 14 0 O HCN N H~ NH HCN
W@00NoIMss 1 0° N 65 1X )v HOCF3 F F NH 50 PCHUSN0S/B4149

--i--- NH 3N HCNNH 30 N j HOCF3 287 WO
Dozkey i@ POAd46 BCT/ US2008/ 084149 Docket No. 09- 0446 PCT

R%isHor —CHs;

or a pharmaceutically acceptable salt thereof,

7. A compound according to claim 1, which is provided in the table below:
L1
CI\©/CI
N
N=(" PO
NN N an
Hll\l 0
on L,
NR,
de # NR, X L, L,
T
NH
57 N \ )V F CN
« g
NH,
e
NH
56 NZ | \" B F CN
\ ~

282



NH 35 HCN Ns NH 40 N HCN

WOREI/OMHA8Y9 '

~NNI

NJV 15 N H OCF3
NN N NN 16 OHOCF3 N,~H NH 27 N 0 HCN |

HCN 0 288 WO 2009/070485

PCT/US2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT NH 52 N, H

DogigrtNo. 91Q0444PCEL F CN

——
NH
59 N" N )V F CN
oYX ‘
I
o
NH
60 T F CN
N”"s N )V
\—/ \
—
NH
58 N . F CN
X O/ *
—
NH
55 v )\ F CN
g ¢
-
N
4 Q H )V H | oCF3
N ‘
0
-
NH
38 N0 )V H CN
=N
(‘N
o)
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N~SN/ N17 ~-- --- j HCN FFvV --1--- NH 2 H
CN NN 18 HOCF3 % N' N.N~ 19 HOCF3 N, N2NH
WO 20004070488 24 N- H CN CH 289 WO 2009/ 070485 PCT/US2008/084149

PCT/ US2008/ 084149 Docket No. 09-0446 PCT --i --- NH
DaogketiNacRO1Q446 PCliTo  NH 67 \ H OCF3 1
-
N
5 Q T OCF3
=N
N.. .NH
N
-
N
: SN . oN
T NH )\
=N
-
NH
48 A )V CN
p=
-
6 3Ng """ CN
FF *
—
NH
31 . Nl CN
N | \\
« .
-
NH
43 N | . : OCF3
XN NH, )
-
N .....
7 OCF3
O""I/ ~ N, \)\
V INH h
=N
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20N4 HOCF3 FNH 28 HCN O --r NH 42 . HCN N
NHNH 25 N HCN OH NH 46 NI HCN N' 290 WO
wQo9/0@A8x185 PCT/ US2008/ 084149 Docket No. 09-PAWESIET084149
2 OHCN NH2 NH 26 HCN NOO NH 32 HCN NH 54
DagkegNa4083Q44PCT

N
8 (_7 )V H CN

N
10 (_Z 5 T H | OCF3

-
NH
41 P~ . H CN
N—/
/
-y
NH
45 1 H CN
N/ | N
N NH, ‘
-
N | -
11 ¢ ) \ H OCF3
“OH ‘

N
12 § Z o . H CN

285



N 22 NJVHCN N N N --1-- 37 N ONHHOCN NJV

291 WO 2009/ 070485 PCT/ US2008/ 084149 Docket No.
w@20042@85PCT NH 49 HOCF3 N NH NI NH 69 HCUBES2008084149

NH2 N 70 0 HOCF3 HO -T- NH 64 FCNNO N NH 47
Dagket iNa@Bg9440PCT

e
NH

34 N l H CN
“ / Y/

0
|

NH
62 . F CN
N” e

66 - )\ H OCF3
N | S, .

68 T H OCF3
N/ | \\/—%
S .

r
N
o Qe | |u e

39 N | )V H | OCF3
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(N~ 23~ JVHOCF3 NNH 36 HCN N S NJ 292 WO
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
WO 200940704861 51 N HCN O NH N 320 1 F CN HN\MCT/O520h8/084149

394 N FTJ~ N NH294 N FCN N NH 296 N F CN i
Dagket No. 09-0446 PCT

53 o )V H| o©N

-
N
14 Q 0 )V H CN

33 NZ | . H CN

-
N el
65 N . )V H | OCF3

50 X s H CN
L\ <V

30 N L H | OCF3
< \
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NH 451 N FCN OOCH 293 WO 2009/ 070485
PCT/ US2008/ 084149 Docket No. 09-0446 PCT | NH 333
WOR0oB/0@Mss HN NH 353 F CN N N T NH 437 F CNeCMNBSIRS/084149

O - T NH N436G HCN NHOGCs O --i---
Docket No. 09-0446 PCT

]
NH
35 ] T H CN
v N

40 N )V H CN

N
15 <—7 )V H | OCF3

.
N
w0 T i | oo

27

NH | T
29 )\ H CN
N |
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NH ---- 359 N | HCN OOHNH 350 HCN N 294 WD
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
WA 200086704844 INS 1IN N p F CN NH 449 N p SOH FPCINUS2008/084149
NH 433 HCN 9% NH Qz' O NH 427 N, HCNH \ N Si

Dackgt No. @P-Ok6 B6F vV N F CN  NH

52 > )V H | OCFs

NH
61 T F CN
/ A

1
N
17 —oee H CN
L yu

-
O
18 8 )V H OCF3

N
19 % )V H | OCF3
_N N 7
N, .NH
N
-
NH
24 v . )\ H N
X | OH
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311 0 FCN INS IIN NH2 295 WD 2009/ 070485

PCT/ US2008/ 084149 Docket No. 09-0446 PCT ---1 -- NH
WQEZ@9M70485 CN | OH 4NH 342 N F CN o NH 416 N PAT/HSIONB/084149

N OOHNH 305/ NFCN N-NH 343 N~ FCN NNH?2
DackegN 08-0d6 RCE CN ¢ 296 WD 2009/ 070485

PCT/ US2008/ 084149 Docket No. 09- 0446 PCT

NH | T
44 H CN
N N

67 7 T H OCF3
| N

]
N —
20 . /% H | oOCFs
F ~
NH /H\
28 < H CN
N* | /p

42 g H CN
N/ NH \

46 NZ | )\ H CN
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NH 426 N~ HCN HNTr O NH 380 NOF CN HO OH NH
N438\ | v FCN NHGas O NH309 FCN NNSOu \
wW@2009/070M85 432 HCN NH Oj, NH2 --1--- NH 38RCT™MUSH008/084149

OCF3 O OH
Docket No. 09-0446 PCT

NH,
—_—
NH —
26 v JOS;O H CN
N 0
—
NH | o
32 )\ H CN
N/| \
NS
-
NH

54 N NH \)v H CN

22 ”” \-- _
=N s

%NH
37 y i H CN
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297 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09-0446 PCT --1-- NH 293 NINF CN N~ T NH 413 HCN
W@ebode704851 F CN N~ JN NH 428 N H CN  Nu NHECDUSZ008/084149

NH 410 N HCN O--r NH 48 HCN S 298 WD
Dozkey i POAd46 BCT/ US2008/ 084149 Docket No. 09- 0446 PCT

NH
49 )V OCF3
N” “NH :
N=/
T
NH |
69 ﬁ . OCF3
07 NH, <
70 (_7 T OCF3
'7:0 <
HO
-
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4 T N
6 N0 )V C
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NH
47 N N )\ OCF3
“ |
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",\\ M 4
N
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A/[NH
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--1-- NH 340 NHCNLOH NH 310 FCNN N NTO NH
405 FCN NNOOH NH415 N | ~HCN OHO NH 355
WOR0ob/0M4€N 1)v N NH 368 NN HCN O 299 WO PCT/US2008/084149
2009/ 070485 PCT/ US2008/ 084149 Docket No. 09- 0446 PCT
Dagket N3 OROH@BET | NH2 NH

51 N7 /b H CN
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384 NNHFCN Nr NH 425 OHHCN N NJ NH 387 ZN JV
HCN Br NH 331 NNHHCN FFFNH 429 N HHCN N
W@200M67@87 ZN )V H CN  Br 300 WD 2009/ 070485 PCT/US2008/084149
PCT/ US2008/ 084149 Docket No. 09-0446 PCT NH 11z 322 N

Dagket NonN0P-0444PCH NH 289 N o H CN

333 N | /lV F CN
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359 N7 /jv H CN

350 . )V H CN
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-1 NH 41 NJVHOCN ~ N --FNH 62 FCN NHNH 321
NOHOCF3 NNH 424 HCN ~ Nom 301 WO 2009/ 070485
weObBR8D8/ 084149 Docket No. 09-0446 PCT NH PADRSI00$/084149

CN N JN~~S- O NH 338 NHCN ONH 357 NF CN
DacketiNo. 09-0446 PCT
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NH 295 N~ FCN NH376 HN N N NNH 39 N H OCF3
NN, 1-1 302 WO 2009/ 070485 PCT/ US2008/ 084149 Docket
wWOR009020483146 PCT --1-- NH 403 N~ N F CN O OH peNHS88084149

N oHCN -NC 423 HCN rOLJ NNH 409 FCN N
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2009/ 070485 PCT/ US2008/ 084149 Docket No. 09-0446 PCT
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304 WD 2009/ 070485 PCT/ US2008/ 084149 Docket No.

09-0446 PCT --i--- NH 448 NF CNOH NH 411 .,~ HCN
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Docket No. 09-0446 PCT NH 430 NI HHCN N O NH 323
NNHOCF3 0 NH 349 N~ HCN | N --1-- NH 293 N~ IN
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or is a pharmaceutically acceptable salt of any of the foregoing compounds.

9. A pharmaceutical composition comprising a compound in accordance with claim

1 and at least one pharmaceutically acceptable carrier or adjuvant.

10. A compound according to claim 1 for use as a medicament.

11. A compound according to claim 1 for use as a medicament for the treatment of

inflammation or an inflammatory condition.

12. A compound according to claim 1 for use as a medicament for the treatment of
adult respiratory distress syndrome, shock, oxygen toxicity, multiple organ injury
syndrome secondary to septicemia, multiple organ injury syndrome secondary to trauma,
reperfusion injury of tissue due to cardiopulmonary bypass, myocardial infarction, acute
glomerulonephritis, vasculitis, reactive arthritis, dermatosis with acute inflammatory
components, stroke, thermal injury, hemodialysis, leukapheresis, necrotizing enterocolitis
or granulocyte transfusion associated syndrome, psoriasis, organ/tissue transplant
rejection, graft vs. host reaction, an autoimmune disease, Raynaud's syndrome,
autoimmune thyroiditis, dermatitis, multiple sclerosis, rheumatoid arthritis, insulin-
dependent diabetes mellitus, uveitis, inflammatory bowel disease, Crohn's disease,

ulcerative colitis or systemic lupus erythematosus or asthma.
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