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generally to a class of derivatives of

[ 6, 7-di hydr o- 5H- -

i m dazo[ 1, 2-a] i m dazol e- 3- sul f onyl am no] - - pr opi onam de
, the synthesis of these conpounds, their use in the
treatnment of inflamuatory di sease, and pharnaceutica
10 conposi tions conpDERDﬂfHVE&@Fconpounds

cAS AR CEMATLA o R B e Laplor

attend| ng cell--cel IPRORIGNAMIDIS i n the body,
especially those events involved in the novenent and

15 activation of cells in the i nmune system See
BAM@JNDOISM{EMNTENNature, 1990, 346, 425-434.

t%%ﬁc%&re ot eins, and especially the Cellul ar

' Adh Pes (" CAMS") and "Leukoi ntegri ns
bl el
MIM@A%ﬁm@ﬂolee%ﬁéfonylminy}pﬂowamnﬂarthee@pthesis #Tghege been
conp e Pl 1 o R T oot Seebtod opgoual

conppmummpnfmgthedeewp@n@g(travasati on to sites of
injury and |eukocyte novenent to distinct targets.

For exanple, it is presently believed that prior to
2. th@AmmMm@tN on, which is a mandatory
nponent of the inflanmatory response, activation of
Reww@gammg tb@hsttdecad@ hasdiegpeétqmmmmemoleeumymeatendmg

cell- 861 HcacRBE th g}g weyé ﬁ.%eﬂ?d]@p%f) volvgcg&%eglgcg\@% tegt%@gdor

I nteraction
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the CAMB with the LeuKol ntegri s a vi
nomenglatyrg ﬁﬁﬁm&/@ﬁéta, ERLBGDIb, tand Gmﬁmm Is,)asipedsﬁve]b()‘lmyﬂe

con B RA et HE Pt e en B REE o fevabaipeteviomm i

goal ﬂwquﬁewentmalm thle@rocaaesaﬁmd)@fe el Rhtash th¥itds %
1 interacti '}9} m th the %ukm ntegrins. See enera
eukoc € movemento distinct targets. For example, if is presently be 1eved that pnor to
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the leukocyte extravasatxon, which is a mandatory component of the mﬂammatory
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,
ICAM-3 or ICAM-4 which are expressed on blood vessel endothelial cell surfaces and on
other leukocytes. The interaction of the CAMs with the Leukointegrins is a vital step in
the normal functioning of the immmume system. Immune processes such as antigen
presentation, T-cell mediated cytotoxicity and leukocyte extravasation all require ceHular
adhesion mediated by ICAMs interacting with the Leukointegrins. See generally
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d EEPI nfla %e?r gents_in human di seases suc
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-1 WD 2004/ 041827 PCT/ US2003/ 033865 Kishinmobto, T. K. ;
Rothlein; R R Adv. Pharnmacol. 1994, 25,117-138 and
Di anond, M ; Springer, T. Current Biology, 1994, 4,

wo 268fe3177. A group of individuals has been pcgaRbdoiHBES
5

whi ch | ack the appropriate expression of

Leukoi ntegrins, a condition ternmed "Leukocyte Adhesion

Deficiency” (Anderson, D. C; et al., Fed. Proc.

1985, 44, 2671-2677 and Anderson, D. C; et at, J.

Infect. Dis. 1985, 152, 668- 689) These individual s
Kishiraotoyfia B ;R oftdeinurR- Adv.rifmrmedcol. 1994220781 D198 anidbigbond, M.:

L. ( nlnabllltyofthelrcells

Spth a hg?’és%?%?cgg 4 Jt‘?o%g f’lat es. These data show

t hat |rmune reactl ons are mtigated when | ynphocytes
fashi on due to the
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A o ot BN finls e e hatiBe i Bt prssoromia et IS
Le!ﬂ(aiiitdgﬂns Byondﬁioﬁlttétﬁleﬂf‘Lédﬁ@cﬁ@R&hehB@beﬁéﬁcg‘ag&f‘d@ﬁ&g@% et

annot nmount an I nflanmmtory spons

al. rFa d @é‘?q &304 RAT1-26 758 dindersast DCD); 28yl., LUyl DAM 985, 152,
668.6¥08 "Bifebd lﬁaﬁld%l\lshr %%tﬁe to ’%‘%ﬁ% rg mﬁu % %tPrytaI;?g)ér immune

response. een
respensels) 6w toan dfabilitseofi theiegedis tol adherb&;tdbﬂﬁlﬂr sub@raedMIh@p dath he
agents directed

shoty 44 R R e gt o iy et bt i
nonhﬁefaﬁ%ﬂﬂue wukdladiSof folictiona Meﬁioﬁ %h‘%cﬂies & thé CB%)S family. By

Le rins, such as for exanple
m”a‘iﬂLlL iE*IS’&n tW@@?@ES %{b‘hlaﬂ’s@w ¢annot mmbm Ihﬂwinnalhefse

U)_

In vitro nodels o 'on "an
inhibipypigHaemataniteippess. by anti bodi es to CAMs or
Leukoi ntegrins include antigen or mtogen- induced

| ynphocyte proliferation, honotypic aggregation of

Tt hais imqnlﬁamyﬂmted That th lantapehisat €fthe wdskRlidiPbetwadiidhe CAMs and the
ant.i quem fic.jinduced tol erance. The rel evance of

Leulapte gealizerthyagents direciadagrinst ethay gomponeit, Spseifictlys
b dg A
lookol O BOCA N A achor B RIG e AOMM pinRlerihl Sichas B3

exanpl e,
exanig/ioh-d, byrantibodies; waolﬁd)agaamﬂeqhmodrbnﬂ; o hebemblecuttd ogr af t

oo s oo (3RS 721 inrE AL gt agmmuie

respcdlsw mbibitell pgatibaties tCAMMs drawetkomitems fichide asieeh Brh fﬁhtyéénas

| ecul es,;
suppgted bytin wyo s’mdles wilhantibbdiesl d@ted dghihst HEM- 4G LF AN dFor

example, antibodies directed against LFA-1 can prevent thyroid graft rejection and prolong
heart allograft survival in mice (Gorski, A.; Immunology Today, 1994, 15, 251-255). Of
greater significance, antibodies directed against ICAM-1 have shown efficacy in vivo as
anti-inflammatory agents in human diseases such as renal allograft rejection and
rheumatoid arthritis (Rothlein, R. R.; Scharschmidt, L., in: Adhesion Molecules; Wegner,
C.D., Ed.; 1994, 1-8, Cosimi, C. B.; ef al., J. Immunol. 1990, 144, 4604-4612 and
Kavanaugh, A.; et al., Arthritis Rheum. 1994, 37, 992-1004) and antibodies directed

against LFA~1 have demonstrated immunosuppressive effects in bone marrow
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30 Kavanaugh, A.; et al., Arthritis Rheum 1994, 37,
992-1004) and antibodies directed against LFA-1 have
denonstrat ed i nmunosuppressive effects in bone narrow

WO 20@/0¥¥8272004/ 041827 PCT/ US2003/ 033865 t r amepluanbfisssas

and in the prevention of early rejection of rena

al lografts (Fischer, A ; et at, Lancet, 1989, 2,

1058- 1060 and Le Mauff, B.; et at, Transplantation,

1991, 52, 291- 295). 5 It has al so been denonstrated

th?t a reconbi nant soluble formof |ICAM1 can act as
transplantation syl dn fhe preventioniofedryrejeviion ofishilafiogvafid (FisEier, 1A ; ef

| i t t | st
o R (280, 7 Mk D60 B Mol nE) . e PRl Ton T 52, 291-
29%)nhibitory activity inin vitro nodels of inmrmune

response such as the human m xed | ynphocyte response,
cytotoxic T cell responses and T cell proliferation

It hb adso ibrpdidnStrqed themirscontdi ' -
inh%ﬁecql; r, anC.,; et . atr,, d\?{bu{aﬁnﬁdggﬁ%ﬁ(ﬁg%fgr?ﬁﬁf 319@765344!135
o gl}%;p 1-T fiiteragtion yfith LHAwhcSaluble IYOM-1 B4is 506t
hiS ' : Large .. . .
o A e D O e LR b R iy
vitrgpogels of immame raspaniseisuel ns the hinasemixbelyaphodyitcrenhant i al

. : (1. . b.Nf AL . [ | . |
e BT KRB ks T AR APk R nceanso st

cellsiéegkeat Oi; aralng Insnundif 1 BBTEI 07204 dhSREGEB: OLRVEY Bhncer,
deficiencies as therapeutic

r [ have significant
199%&%&1&’;’86).{ ncluding the inability to be delivered orally
and potential inmunoreactivity which limts the

utility of theses nolecules for chronic
Thug, df pstos et basidgmonstiated et targearotpin afoddcnleb avizd antagonize the

; [ rally expensive to.20 produce. It
bindidii BRCANE D ¢ EoRENeBhe Hox € HRERuRG PoeBd Pahirizating
inflagtghatry yndisiniumolpgical 1espRises BREREsICRA A tH pREIdeNesRDE
manigl ectivel %/j'nﬁnta onlée the binding of the CAN6 to th

BRI g tordiseasase Howeves protsins havesigniGicant ¢
defidd@eiat 5 thetipeat : Lok ri bed

) in. the Ii?era?ﬁgrcgisi%gita&g Fﬁgct t Ire |bﬁ{ﬁ é&%ﬁ%ﬁﬂﬁ%ﬁ CAMs

potenfizlimraynorsaetivity vyhieh linmits thewtditpofihestiSnblatdes fobcldatic 664
303 di scl.ose a.cl ass of

a ' 98/ 3
amBRfiol> PSR IRt meheliisiare fppaly prnensise @

=

e

smal | no
prodpashi bi t ors of

It follows that small molecules having the similar ability as large protein molecules to

directly and selectively antagonize the binding of the CAMs to the Leukointegrins would

' make preferable therapeutic agents.

Several small molecules have been described in the literature that affect the interaction of
CAMs and Leukointegrins. For example, US Patent 6,355,664 and the corresponding WO
98/39303 disclose a class of small molecule, having a hydantoin core, that are inhibitors of
the interaction of LFA-1 and ICAM-1. Of greater relevance to the present invention is WO
01/07440 A1, which discloses compounds that instead have an 6,7-dihydro-5H-
imidazo[1,2-glimidazole core. While the compounds that are specifically described by

3.




the interaction of LFA-1 and ICAM 1. O greater
rel evance to the present invention is WO 30 01/07440
' Al ., whi ch di scl oses conpounds that instead have an
WO 200404182%y dr 0- SH i mi dazo[ 1, 2-a] i ni dazol e cACEUSTWBNIBBEShe
conmpounds that are specifically described by -3 WO
2004/ 041827 PCT/ US2003/ 033865 WD 01/07440 Al have a
nore potent inhibitory affect upon the interaction of

CAMs and Leukointegrins than do the hydantoins of US
ondi ng, W9839303

55 664 an he.corr
W B0 B e F e et HGIE PR Ao B niepionge adts and
Leemtagsias thiveds tb dyddniody FIUS RaBay 6,95 R602Bh@ BRI coReohding
W@ﬁg@:}r@bl high. Thus, the problemto be solved by
eCErReveRickest figmot ideal Serappficoagents baspise theirels at Which
the} avé enef®bliA ivurdegdnlyihpi tory effect upon the
I nteraction of CAMs "and Leukoi ntegrins but that also

are netabolized at a rate that is not overly rapid.
BRI T | NTI ON The jnvention is a.
sut};ﬁgf’ orf seinelc ?cogrgﬁgp %'3’/ bEesgat dvRYy Sgﬂﬁdpﬁn?fii’b‘{@“?s
thatdipyemad gnlg lgesd izmm gg%egzggnp%t the adiéryction bf CAMsSRE Q{eﬁﬁd@rﬁ%ﬁrﬁﬂs
rioe VAl Ite surprisingly, the
but@%ﬁ%%’uﬁﬁ%@egﬁgizﬁ%%@rﬁe@ﬁtﬁIloh%"eF Vit on exhibit not

only good inhibitory effect upon the interaction of

and _Leukoi ntegrins but are netabolized nuch nore
B Mﬁgﬁgﬂm&nds that are specifically
de i : / " C nds o he
o9 b0 VRILOZHR o TRSSRTIAN e S -
a]imidazelsothatsmg gdnﬁﬁenfﬂﬁz ibu&ltot qlmpiﬁeﬂzy Cldebtﬁliﬁedobﬁgmoowbmd ﬁ'so
: n the formula . ) [ Q-~--
Q““%ﬁﬁgﬁ?g&ﬁ{é‘? @pppoun mqlgdegf*?'gngth% ingentigh griibiL ot onlR g0
inhibitokyeffecOaol @it inteRiFBon\bF (CAMS SndORbul i Tetdbblized
[ subst??{j)t ed with (r)mi eti eséti1 ndep@ﬁ%%‘?}%élby%?gé@ggmd
much mopg qlqyglyg}ag@vfp the compounds that are specifically described by WO 01/07440

Al. The compounds of the invention solve the problem of overly rapid metabolism.

In a first aspect, there is provided a compound of the formula I

N N 20
-
0 Oy
R Nfs“o
N ~
R3 R1 H R4 (I)
wherein
R is straight or branched alkyl of 1 to 3 carbon atoms which is optionally
mono- or disubstituted with moieties independenily selected from the group
consisting of: '

@ oxo0 and
(ii)  morpholino;




consisting of. (i) oxo and (ii) norpholino; -4 R2 and
R3 are each independently selected fromthe group
consisting of. (A) hydrogen, and (B) straight or
branched al kyl of 1 to 4 carbon atons which al kyl -

, groyp is nmono- or disubstituted wth noj eti&_s

R® andh B& p e nake sedhyindspendenthycpeleetshfomsthe giogp prnsshies &t i ng of .

(1) CO\IE%a L , or R2 and R3 together with the
ni t rogeh “at gﬁ;dﬁ)gﬁhé%(ﬁ_'t hem f orm a pi perazine ring; and
R4 is: (BY) oyaight orByanplyedialitydofiktosheadfeniatomeowigch efkyl group
di substjtuted w.th NH2, or C). trifluor t s a
phar nac’élﬂqneé?r}g?ug%’@gfﬂ wih Elg)é%]ﬁ m#@gp@ﬁ&ﬁﬁ%&gﬁé%%% ﬁ{(?
aspect, glotipéddsistingyrovi ded a pharmaceutical conposition
conprising a_ conpound as defined above and at | east
one phar macdilt i c&ONHadept abl e carrier, diluent or
exci pi ent. I(g)a {rd aspect, there is provided a use
of a compound’ as fined above for the preparation of
or RAaphir topethar twiith ahe mitvogen sitom betweartherh érrageperanine wig; and
L4 inflampation or an inflammtory condition in a
patient®™ In a fourth aspect, there is provided a
met hod {Qr rgkioNg a conpound of the formula | as
defined _above, which nethod con&gri ses r'eatg ing a
conpoun@)of PyHmidng wirkhismoner or disubgitutefwi
OX) (C) trflnoromethoxy;

or a pharmaceutically acceptable salt thereof

( ~

In a second aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and at least one pharmaceutically acceptable carrier, diluent or
excipient.

In a third aspect, there is provided a use of a compound as defined above for the
preparation of a pharmaceutical composition for the treatment of inflammation or an
inflammatory condition in a patient.

In a fourth aspect, there is provided a method for making a compound of the formula

I as defined above, which method comprises reacting a compound of the formula IX

Ch_z l cl
U

Ne=g™ \=0

.t

S0,Cl

R“(IX)'

wherein R* is as defined above,

with a compound of the formula X

' o]
NH,
Rz-..N
A 1

3 R
R ),

wherein R, R? and R? are as defined above, to obtain a coinpound of the formula j

-4a-
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wherein Ris as defined above, wth a conpound of the
formula X O\\ RNH2 AN R 1W(X), wherein R, R2
and R3 are as defined above, to obtain a conmpound of
wobdamafsor nula |. . -4a WO 2004/ 041827 PCTelpReadiex3a865
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention
conpri ses conpounds of the formulal avci NNO -~O
OR HRRa 5 wherein: Rl is straight or branched
al kyl of 1 to 3 carbon atons which is optionally
nono- or disubstituted with noieties independently
DE&’M&EMMON@O@TERHNVMONH ng of: (i) oxo and 10
hollno ar ach, independently
g vl OB GOsel iraoir B s g o () hydr ogen,
,and (B) straight or branched alkyl of 1 to 4 carbon
at ons ,ch al kfyﬁl group is nono- or disubstituted
wi t h noi €Syt idependent |y sel ected fromthe 15 group
consistingi) CONH2 and (ii) OH, or R2 and R3
together witjh the nitrogen atom between them forma

piperazins N and
e

Q Oy
2 > S\\
R\NJ\’_N’\ 0O
é3 R1 H R4
®,
wherein
R! is straight or branched alkyl of 1 to 3 carbon atoms which is optionally

mono- or disubstituied with moieties independently selected from the group
consisting of:
@) oxo and
(i)  morpholino;
R*and R? are each, independently selected from the group consisting of:
(A)  hydrogen, and
(B)  straight or branched alkyl of 1 to 4 carbon atoms which alkyl group

is mono- or disubstituted with moieties independently selected from the

15 , group conmstmg of
@ CONH: and
(i) OH,

or R? and R® together with the nitrogen atom between them form a piperazine ring; and
R* is:

(A}  cyano,

(B)  pyrimidine which is mono- or disubstituted with NH, or

(C) trifluoromethoxy.

Preferred compounds of the invention are those of the formula I, wherein:

R! is a methyl group;




R4 is: 20 (A) cyano, (B) pyrimdine which is nono- or
di substituted with NH2 or (O trifluoronethoxy.
Preferred conmpounds of the invention are those of the

wo 2i@nmgta |, wherein: 25 Rl is a nethyl gpepBsonis¥es
20041041827 PCT/ US2003/ 033865 R2 and R3 are each,

i ndependently selected fromthe group consisting of:
(A) hydrogen and (B) straight or branched al kyl of 1
to 4 carbon atons which is nono- or disubstituted
2vvi th noieties independently selected fromthe group 5
R’ et R st iargact, indepond @iysRlcaetiror o)z cordidling B 51 (A)
cyano or, 10 ﬁE(B% trif|uoromethoxy. More preferred are
conpoun&é‘) of NP dthul a | wherein: RLl is a nethyl

group; B2 angafZht &r&mﬁfﬁgdbu{f}g B?ﬁg&%ﬂfbﬁla}’omﬁ%@ﬁ{@&oﬁ&%

the group consisting o T ydrogen an
strai ght or ‘Eﬁ@ﬁ%@#@g wifhjxyaietigs indepeodently aslented fanotis group
5 whi ch is nmongg <ok . @i substituted with noieties

i ndependent |y sel écted fromthe group consisting of
" (i) CONH2 an@ 2CQNH)amd@H, and R4 is

trifluoronmethoxy....1t wll be appreciated that the

compounds of(f’}?he %raﬁ‘ﬁl a | have at |east two chiral
R* cent er sis: '

(A) cyanoor
10 (B) trifluoromethoxy.

More preferred are compounds of the formula I wherein:
R is amethyl group;
R’andR®  areeach, independently selected from the group consisting of:
15 : (A) hydrogen and '
(B) straight or branched alkyl of 1 to 4 carbor atoms which is mono- or
disubstituted with moieties independently selected from the group
consisting of:
(i) CONHzand
20 (i) OH;and

R' . istrifluoromethoxy.

It will be appreciated that the compounds of the formula I have at least two chiral centers.
25 In an uliimately preferred generic aspect, the invention includes compounds of formula I

with the absolute stereachemistry depicted below in formmla I*.




10

20

25 In an ultimately preferred generic aspect, the
i nvention includes conpounds of formula | wth the
absol ute stereochenm stry depicted below in formula P.

WO 20@/0¥¥22004/ 041827 PCT/ US2003/ 033865 Cl @Lridsiosdsades’' N

OO z S RANNO(1*) R Specifically preferred are

conpounds of the fornmula | selected fromthe group

consisting 5 of:

(S)-2-[(R)-5-(4-Cyano-benzyl)-7-(3, 5-di chl oro- phenyl ) -

5- et hyl - 6- oxo- 6, 7- di hydr o- 5H

i m dazo[@ dazol e- 3- sul fonyl am no] - propl onani de;

(S)-2-[(R , 5- Di chl or o- phenyl) - 5- net hyl - 6- oxo-5- (4

-trifluoro oxy- benzyl)-6, 7-

di hydr o- i dgzo[ 1, 2-a] i m dazol e- 3-sul fonyl ani no] - N-

(2- hydr €t hyl - propyl ) 10 propi onam de;

(S) 2-[( 316- Di chl or o- phenyl ) - 5- net hyl - 6- oxo-5- (4
| lﬂ?:f Oret hd

L 607 di h fdrg

I% Cﬁ] propi dgam. de; and
- (SN Car banoyl et hyf"< 2-[ (&)= 5- (4-cyan-benzyl)-7-(3, 5-
di chl or o- phenyl ) - 5- et hy1- )

0X0- 6, 7-di hydro-5H-i m dazo[ |, 2-a] i m dazol e- 3-sul fonyl a
m no] - propi onam de. The invention al so includes
pharmaceutically acceptable salts of the corrpounds of

SRR ol e DI P BB A e

of: t he fornul a | and at |east one pharmaceutically

SH i m dazo[ 1, 2-a] i m dazol e-3-sul fo

() PER 0 and By iR pR e SRS bt-oxcop it o- 578

m1dﬁq1ﬂ5a]mdhm£§\ﬂﬁnylﬁﬁﬂo ]%I‘apmﬂ&&delf t he conpounds  of
rnmula |_for the preparation of pharmaceutical

) %g@ﬁﬂg@tﬁ nglorquhenyl) 5-methy1-6—oxo-5 (4-tnﬂuoromethoxy -benzyl)-6,7-

d1hydro-5H—1m1dazo[1,2-a]mudazole—S-sulfonylammo]-N-(Z-hydroxy—2—methyl-propyl)-

propionamide; (S)-2-[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triffuoromethoxy-

benzyl)—6,7—dihyd1'o-5H—imidazd[1,2-a]imidazole-3-sulfonylanﬁn6]-propionamide; and

(S)-N-Carbamoyhnethyl—Z—[(R)-S-(4-cyano-benzy1)-7-(3,5~dichloro-phenyl)-5-'methyl—ﬁ-

0%0-6,7-dihydro-5H-imidazo[ 1,2-a}imidazole-3-sulfonylamino]-propionamide.

The invention also includes pharmaceutically acceptable salts of the compounds of the

formula L

The invention also includes pharmaceutical compositions comprising a compound of the

formula T and at least one pharmaceutically acceptable carrier, diluent or excipient.

The invention also includes the compounds of formula I for use as medicaments, and the
use of the compounds of formula I for the preparation of pharmaceutical compositions for
the treatment of inflammation or an inflammatory condition in a patient. Specific
examples of inflammatory conditions that may be treated are as described herein,




the treatnment of inflanmation or an inflammtory
condition in a patient. Specific exanples of
i nflammat ory conditions that naybe treated are as
wO 20Egeszbed herein. -7 WD 2004/ 041827 PCT/ YE200m6£33865
General Synthetic Methods Conpounds of the invention
may be prepared by the general nethods descri bed
bel ow. Typically, reaction progress nmay be nonitored
by thin layer chromatography (TLC) if -5 desired. If
desired, |nterned|ates and products may be purified by
chronatography on 8 yoghetic Method: recrystal i zation,
and characterized by one or nore of the follow ng
techni ques: NVR, nass spectroscopy and nelting point.
Congtoandsi of theriateptiorah sy werpdeparsd @gmhesgenaabnﬁhdch described below.

R R S S R S R R R
desifade M deired, intephediatéstand @&d@myﬁaﬁmm Bp Eﬁfuﬂnﬂograpﬁwmbe
S

prepar ed from.internediate | | ynt hesi s
silicp gl apdvermesiyaialiipation, and elaargcisyized by greor mgre of thg fol Ong

techﬂaﬁespm%aep@lec gﬁ&fﬂn@lﬁn Sint. N@amgqgété% a%&@ea@&ﬂs

Frutos et al. 441,18 both 1 ncorporated
are qn@creqomnwymal@f ae'm@blﬁear may be pregired by ondskilledin the ghusingd N

metl}\ghl?er 0"192;“? %Pen%cal!hglratﬁem Nsco = RR3 15 1L 1

e preepared by the procedure
illustrated in Schene I. 20 Schenel -8 WD 2004/041827

CompglrrédLsJ So’% 90(1)1%{1191:1‘; 1311%9 %e plge:lparga frgn m(%lennediate I. The synthesis of
_ intermediate IT is reported by Wu et al., U.S. Non-provisional application Ser. No.
09/604,312 and Frutos et al., U.S, 6,441,183, both incorporated herein by reference.

o \@

Intermediate I may be prepared by the procedure illustrated in Scheme I.

Scheme I




Br 1) BnNMe3COH | Base 50% NaOH \\|l~~ F3C~ N < THE
F3C-N 2) Acid 1" R\ 0O IIl IVVR{ Ow C C
IStir d /1 A ~NH \ NN/ 1) M0 z NI NHNSNO
wo2004Bu®H N HZN Base H 2) acid \ \ s R pcRas)bsddbdss
Cl/ ad ad d Niodination NN OO N \ 11\ Ra ~
RA& VIII Il As illustrated above, internediate Il is
deprotonated with a suitable base such as |ithium
bis(trinethylsilyl)am de at about -20 Cto -30 C, and
then al kylated with a substituted 5 benzyl hali de,

&bly a benzyl ~ broni de (1)@ Bduce V.
He gl ysis of the™ 1)BnNMe,OH

>[ ! Base ! 50% NaOH
iy, ( o + ——— ""-( O E—
i R e
Fe) o)
i \ v R

X
2NN R
n= =y
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icdination

0

Vil 1l

As illustrated above, intermediate III is deprotonated with a suitable base such as lithium
 bis(trimethylsilyl)amide at about -20 °C to -30 °C, and then alkylated with a substituted
benzyl halide, preferably a benzyl bromide (IV) to produce V. Hydrolysis of the
trifluoroacetamide group of V, for example by treatment with 40% aqueous
benzyltrimethylammonium hydroxide in dioxane/50% NaOH, followed by treatment with
acid, such as HCI, provides VI. Treatment of VI with thiocarbonyldiimidazole in the
presence of a base such as 4-(N, N-dimethylamino)pyridine provides VIL Treatment of VII




trifluoroacetam de group of V, for exanple by

treatment with 40% aqueous benzyltri net byl amoni um

hydr oxi de i n di oxane/ 50% NaOH, followed by treatnent
woO M4tolg2aci d, such as HCLl, provides VI. Tr gaiaeidsehssy!

wi th thiocarbonyldiimdazole in the presence of a

base such as 4- (N, N-di net hyl am no) pyri di ne provi des

VIl1. Treatnent of VII -9 WD 2004/ 041827

PCT/ US2003/ 033865 w th am no acet al dehyde

di nethyacetal and t-butyl hydroperoxi de sol ution,

withgminpaeataldshyde dxmthmmtal aid t{bhtylhydtop exoridic afletions Bllawedbyt h
ides, VLLI.

nesulfo ic ac
toftEhefil the St e iob B s e o loplh i e mrpides
VIHg tndinatiercdf VA%l wueamm ﬂﬁaalﬂﬁmgragsﬁt 6t%s N-m&)smﬁmmde
rr‘;tedt ﬁd used for preparation of internediate ,
PS5 ent of the amide formed from N-Boc- Dal anl ne
5 and 3, 5-di chl oroani line with trifluoroacetic acid to

renpve the Boc- @tg foll owed by treatnent with
Theymethodwsad fy gecpambion efdytemediate 1Hj tr@ahaeutesthleamrdg formed from

NBARIGRE MRS Wcldordahtibe YR BRRSIoaGRANN S rove fe Borr
grogmh doliviesd by a‘eaﬁnﬂlrt]tevlﬂtpwe&hldehlydéemd @E?@?J,ﬂthe ﬁea@% .2,

a
imidefBblone Ty BGOSR et A Gaoriied BH S ALE 15eiedgbore

10 andiﬁth@lcﬁ‘émzb@l‘it@tm@(l\l e, (Mg@e%‘ﬁiﬂ@r SRR N~ NY </N
' 2) SOz | STTQZC \ R4 3) N chiorosucci nim de i R4

11X 0d d NH2RLNI /
The synthesis of compounds of formula I from intermediate II is illustrated in Scheme I1.

Scheme I
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RRNNO 01 XNO O NH RZ-N/ RA R3 R-10 WO
2004/ 041827 PCT/ US2003/ 033865 As illustrated above,
treatment of Il with a Giignard reagent, such as

wo 20@k8pent yl - magnesi um bromi de or chlori @@ngﬁhj,@mgl
by treatment of the resulting magnesiumsalt with 502
and then N-chl orosucci nim de provides the sul fonyl
chloride I X. Treatnent of IX with the desired am ne
(X) in the presence of a suitable base such as
triethylamne, 5 provides the desired product of

As{liistiaiphiaboyy, treatmieniraflgvish ©Grighaat mageht, hem ag oyolapeatyal | y

e b o b Ot S G oA e sl

withiSO, afhien mcmmsuqamﬂﬂe profded @k Bikoayl chm@ﬁx f tichifeht of
known in the art to provide

f t
I Idgﬂﬁﬁ%@mmée Rreseptpeotiagyitabla epe sughe ssdtrighhylamine,
proeilﬂmé @@H@d’ odRE OMbAGT: (IJ|;4]£ di’ésl'}Fﬁr'e %ﬁl@f ARG 1a11

section. The desired ornmu oun
a"a%ﬂ%gtraqd#& grepgred &p@@pnrmnrcmﬂytamzama pmumglnait@ials by methods

koS8 ot 2t e ORAt B irnte LB er spefhe P Ryt

know iy e s @ proviidesdelitivadlicatmpourida vt Mg inRdntioa] BevckiNeRimples are

proBih biebfens Bl Shen chere 111 1

The desired R* on formula I compounds may be obtained by selection of the appropriately
substituted intermediate IV in Scheme 1. Alternately, intermediate VIII having R* being Br
(VIIIa) may be converted to intermediates having R? being CN or a substituted 5-pyrimidyl
group as illustrated in Scheme 17,

Scheme I1I
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WO 2004/ 041827 PCT/ US2003/033865 Cl , ClI CuCN 4z~ d
, O DMV N-- ~heat CN N- OVIIID\ Ni. Cd , C
Br Villa RN O6 NRN Pd catalyst ViIIc K2CO3 DM
WO 2dg/oaisi7ust rat ed above, the aryl brom de Vpdiasiossio3sses
treated with a cyanide salt, preferably CuCN 5 and
heated in a suitable solvent such as DMF to provide
the cyano-internediate VIIIb. Treatnment of Villa with
a pyrimdine boronate ester such as
5-(4,4,5,5,-tetranet hyl -
[1, 3, 2] di oxaborol an-2-yl)-pyrimdine in the presence

of a palladiumcatalyst such as gl, 1.1 ¢
bi s(di phenyl phosphi no) f errocene] di ropal | adi un(11).
CH2C12 (PdC12(dppf) CH2C12) and a e such as

pot assi um carbonate in a suitable sq]vent ( Suzuki

e, provides
‘Lernedlates VI1IDb
ed conpounds

reaction), for exanple 10 dimeth
t he pylmdlnelnt@[,madlate VI &N
t hepppe converted to

edd in Schenes |

@ by the}x{dures descr i
and I1. The Suzuki Teaghi on to convert RAGN Br to R4 =

an Opmd:\o‘ g0y substituted pyrimdijg nay al so be
carri puf, on a conpound of fornula I. The Suzuki
reaction al so be carried out |n the reverse

manner . om de Villa (or 15% und of formula
| with R4 =B rgimay be converted t boronate ester

for exaq,‘ma; \

Pd catalyst
K,CO,
DME

As illustrated above, the aryl bromide VIIIa is treated with a cyanide salt, preferably CuCN
and heated in a suitable solvent such as DMF to provide the cyano-intermediate VIIIb.
Treatment of VIla with a pyrimidine boronate ester such as 5-(4,4,5,5,-tetramethyl-

_[1,3,2]dioxaborolan-2-yl)-pyrimidine in the presence of a palladium catalyst suchas {1, '

bis(diphenylphosphino)ferrocene]dichloropalladium(IT)*CH,Cl; (PdCly(dppf) «CH.CL,)
and a base such as potassium carbonate in a suitable solvent (Suzuki reaction), for example
dimethoxyethane, provides the pyrimidine intermediate VIic. Intermediates VIIIb and
VIIc may then be converted to desired compounds of formula I by the procedures.
described in Schemes I and I. The Suzuki reaction to convert R* =Brto R* = an
optionally substituted pyrimidine may also be carried out on a compound of formula I.

The Suzuki reaction may also be carried ouf in the reverse manner. The bromide VIIIa (or
a compound of formula I with R*= Br) may be converted to a boronate ester for example
by treatment with bis(pinacolato)diboron in the presence of a paliadium catalyst such as
PAClx(dppf) and then reacted with the desired pyrimidyl bromide.

-12-
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by treatnment with bis(pinacol ato)di boron in the
presence of a palladiumcatalyst such as Pdd 2(dppf)
and then reacted with the desired pyrimnm dyl brom de.
WO 20R/0¥8272004/ 041827 PCT/ US2003/ 033865 The pcneubi/ez6s6s S
further described by the follow ng synthetic exanpl es.
5 Synt hetic Exanpl es Exanple 1: Synthesis of
(R)-5-(4-brono-benzyl)-7-(3,5-di chl oro-phenyl) -5- net hy
| - 6-
0X0- 6, 7-di hydro-5H i m dazo[ 1, 2-a] i m dazol e- 3-sul f onyl
chloride 0 / G C , C M C C \lI \I b NONS,

o BRERi0N 106 fler A by e WA Bbicaied B 10 A

(R) -3-(4-brono-benzyl)-1-(3,5-di chl oro-phenyl) - 3- net hy
| -1 Himdazo[ 1, 2- a]imdazol-2-one in THE (0.12M was

treated with N-iodosyccinipmgde (1.05 equiv) and
pyri di ni um p-t ol uené&&%ﬂi@(‘—@l equiv). The mixture
was stirred at roomtenperature 15 for 17 h, then

diluted with Et OAc and washed with 10% Na2S2C3
Examplef: | Symtlesig Oﬁﬁ%)eﬁ-ﬂ-bllnmo-lw@ﬁﬂ)-ﬁéﬂﬁifbwgr@hPW)ei@B&m-é-

t ]g%ﬁ N I ¢ phases were
0xo %ﬁ.ﬁ Sg{#“%??%lg\g]r @%‘5‘?@@@28@@ ?I tered and
concentrated. The crude oil was purified by silica
gel chromatography to prow de the,gesired iodide. 20 A

soft of the above®nef in TH (0.1 §' cool ed
at - C as c-pentyl esi um oride ( equi v)
ded d Om'n ter stlrrlmg at -40

r L Se over
C On, Sgg—\e-ﬁ wa éC|
T" ] ust above the ﬁ f«ace ofthm& rea f mxture
for 1. n. The bright y w m Xture V\aﬁ% dto

-20 C sl h and then ged at room tenp gir e
for 1 h. N2 (g) was bubbl ed through the mxtgllre for 25
20 mn followed by concentration and punpi ng under

hi gh vacuum for 12 h. The resulting vyell ow foam was

di ssolved in THE (0.1M and cool ed at -20 as
A solugipr,of B 3dfromo-benzyl)-1-(3,5- d1chloro—pheny1)-3-methyl-lH-1m1dazo[1 2~

alimidazol-2-one in THF (0.12M) was treated with N-iodosuccinimide (1.05 equiv) and
pyridininm p-toluenesulfonate (0.1 equiv), The mixture was stirred at room temperature
for 17 h, then dituted with EtOAc and washed with 10% Na,S,0; solution and water. The
combined aqueous layers were extracted with EtOAc. The combined organic phases were
washed with brine, dried over NaySQq, filtered and concentrated. The crude oil was

purified by silica gel chromatography to provide the desired iodide.

A solution of the above iodide in THF (0.12M) was cooled at —40 °C as c-pentyl
magnesium chloride (1.05 equiv) was added dropwise over 10 min. After stirring at —40
°C for 1 h, SO, (g) was added by placing an inlet needle just above the surface of the
reaction mixture for 1.5 min. The bright yellow mixture was warmed to -20 °C over 1 h
and then stirred at room temperature for 1 h. N (g) was bubbled through the mixture for
20 min followed by concentration and pumping under high vacuum for 12 h. The resuiting
yellow foam was dissolved in THF (0.1M) and cooled at —20 °C as a solution of N-

-13-
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chl orosuccinimde (1.2 equiv) in THE (0.3M was added
dropwi se over 5 mn. After stirring at -20 C for | h,
WO 206d894382%t ur e was poured over ice and extr @cirag2008/d3bess Wo
portions of EtOQAc. The conbi ned organic |ayers were
washed with ice-cold brine, dried over Na2SO4,
filtered and concentrated. Purification by silica gel
chr omat ogr aphy provi ded 5

o S S o s L L, T
sunin@aﬂ-%@gfogt Al thé@nﬁ@t?r@ s pousdd| VBNKL arfxBhdtEiBwiRSivwA portions

solid

of EfQ)c. 2T1{6(cpynb@mﬂ qxgemc Lepere weggyyaskadoyifh ise-goly biiesy dmd] ovgE (3,
NeSDEFRLPAR RSN Pisiony i gl topgopragy ol
5 (R)-5+(4-Bronwd-eon3yL-GH(3,6dh im0 - pbhy]DJ—S(ﬁetﬂ;d—6-oxo-6,7—dihydro-5H—

umd'g,;g{ DL i Rrop) anari de, (960 4. MHL): - C el -l o

~HNH HO ~ NH Br DWVAP, DVF Cl / CI NH, O O BrN
PdCtSAOf)NaIPdCI (dpp K2CO3 ({Z}
Exa@plg,-‘_’@ (S)-2-[(R)~5—[ ~(d-amino-pyrimidin-5-yl)- benzyl]- (3,5-dichloro-phenyl)-
S-methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-¢] imidazole-3-sulfomylamino]-N-(2-
10 hydroxy-ethyl)-propionamide (660.4, M+1):

0 0
IB“BI

PaCk{dee PdCl,(dppf), K,CO
—_— -
KOAc, dicxane DMEMH,0

-14-




10

15

20

25

30

KOAC, di oxane HO, "HJ~ /NH B--00\~*/' DVE/H20 i QO
C'(~C, ¢cjNN,,,.. O\ H 100=8=0 ~N HO~-~NN"NH N, HT
2 14 WD 2004/ 041827 PCT/ US2003/ 033865 To a suspensi on

WO 2064/081327 hydr ochl ori de salt of PCT/US2003/033865

(S)-2-am no-N-(2-hydroxy-ethyl)- propi onam de (0.53 g,

3.2 mol, 3 equiv) in 10 nL of DMF was added DVAP (4

equiv), s and the resulting m xture was stirred at

roomtenp for 11 To this solution was added (R)-

5- (4- Brono- benzyl )-7-(3, 5-di chl oro- phenyl ) - 5- net hyl - 6-

0X0- 6, 7-di hydro-5Hi m dazo [ 1, 2-

a] i m dazol e- 3-sul fonyl chloride (0.580 ng, 1.06 nnnol)

in 2 nil, of DM at roomtenp. After stirring at room
To d ﬁmniloﬁ oflihe hjfdilochldmde salvdf (8)e2 -mamodV-Esknidvg-eityl)Et OAC

proA (105 £t bAoA of DUAEaR e AP B

and GRAEAIME i Shlre Wislstifrdda tdoalteib f&ﬂwph crmg sPlug6teds dafed (R)-
silica gel chromatograph ave nf. of the
S-(AcRrempdgngytloti(F-d lcﬂoﬁQerP%%{)eg g;ethyl—6—oxo-6 7- dlhydro-SH—umdazo[l 2-

a]mé@zolg [-slg.lﬁ'énﬁ cﬁl%gﬁ’é 7@'3@0 Hl%nlz ¥ dino1)(iR 2 IS QNP LPoBR R, ) -

0XO0-

Afted ifryiolg mt-ram itemipcifor bf mt}apmmaald@s@vmm andi weshed\-

it i MO et REAPLP OB g%y ﬁ%@r@%‘fﬂ‘%‘

concghteORrifiGatibAQS the ctudd pddmrbl );lllbéﬂ g Shroinatopfapldi gax@0.805
was flushed with N2 for 15 min. PdCl 2(dppf) (0.039 g,

mf of thyApsirgdproduflas added, and the reaction m xture was
heated at 80 C for 36 h. After cooling to room
tenperature, the mxture was concentrated, and the

A mivge of8) Rel@R)e-(Adbrerto-banzy- 716 -dichloto-rheryl)5-metghe-gxanb{h
dlhy%tr-]%ﬁﬁa%oi%?- 1&%&&% ? {fl\foenr 1%1? %—#@%@&e&y —prg}nonalmlde
(0.31000¢, 0B agiiely Ibis(;im@awﬁh&raﬂ(@ 240 g( ©246 mmbl)fdnd Klﬁl#oc(ﬂdﬂ@ g
1.419 mmol) in 29 mL of dioxane was flushed with N, for 15 min. PdCly(dppf) (0.039 g,
0.047 mmol) was added, and the reaction mixture was heated at 80 °C for 36 h. After
cooling to room temperature, the mixture was concentrated, and the residue was diluted
with 150 mL of EtOAc, washed with water and brine, dried over MgSQO,, and
concentrated. The residue was purified by silica gel chromatography to give 0.204 g

N (62%) of the boronate.

A mixture of the above boronate (0.204 g, 0.295 mmo]), 5-bromo-2-amino-pyrimidine
(0.078 g, 0.443 mmol), and K,COs (0.122 g, 0.885 mmot) in 8 mL of dimethoxyethane and
1.2 mL of water was flushed with N; for 20 min. PdCl{dppf) (0.025 g, 0.030 mmol) was
added, and the reaction mixture was heated at 80 °C for 2 h. After cooling to room
temperature, the mixture was dilnted with EtOAc, washed with water and brine, and
concentrated. The residue was purified by silica gel chromatography and preparative TLC
to afford 0.062 g (32%) of the title compound (660.4, M+1): The following compound was
prepared by procedures analogous to those described in Example 2:
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A m xture of the above boronate (0.204 g, 0.295
nnnol ), 5-brono-2-am no-pyrimdine (0.078 g, 0.443
mol ), and K2C03 (0.122 g, 0.885 nmol) in 8 nL of

wo Winedsiroxyet hane and 25 1.2 nL of water wasauklodsiess
with N2 for 20 nmin. PdC 2(dppf) (0.025 g, 0.030 nmol)
was added, and the reaction m xture was heated at 80 C
for 2 h. After cooling to room tenperature, the
m xture was diluted with Et OAc, washed with water and
bri ne, and concentrated. The residue was purified by

OIS IR L &[4 AminoepyeinidinSpilybeanyd]- P B p-dichlotosphehldl 5-rhedhyl-6-

f . 9% ..0f. the title coQ und (.660. 4,
o Rt e P st s Tt Al oy 2 ety
propylppegionsside(G87dgpeg):t o t hose described in Exanple 2:
-15 WD 2004/ 041827 PCT/ US2003/ 033865
(S)-2-[(R)-5-[4-(4- Amino-pyrimdin-5-yl)-benzyl]-7-(3,
5-di ehl or o- phenyl) - 5- met.hyk:- 6¢;
0X0- 6, 7-di hydro- SHi m daz , 2-a] i mdazol e-3-sul fonyl a
m no] - N- ( 2- hydr oxy- 2- net hy propyl ) - propi onam de
(687.1, Mt1): C C N ONMmM HZN OO=S=ON HONNH N 5
FI Exanple 3: Synthesi $ 0
(S)-2-[(R-5-(4-cyan- bepzylym7- (3, Eml chl or o- phenyl ) -5
- 2

net hyl - 6- oxo- 6, 7- di hY @-6=8H- |

7 3 a] i m dazol e- 3-
sul f onyl am néio- NBnam de™a | I

~ cl ~cl i
-IN O Zn(CN) 2, zgba3d N\ N O 1) NI S¥ pets dppf, DW
5 N 2) MgCl b SOZ, then NCS E .

Example 3: Synthesis of (8)-2- [(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo[i »2-alimidazole-3-sulfonylamino]-
10 propionamide

Cl Cl

N

0 Zn(CN),, Pdd
&::g o i, t(” o 1) NIS, ppts
311
dppf, DMF S e ] 2——"") MaCl
: Br o
T - S D Y . s, teaNCs

Ci Ct Cl Cl
LA U o

N
=.-( o N 0]
Q\(N Hik __D.__MAP_._._ - \-—g iy
0=8=0 DMF
= = 0=8=0 o
él =N f:“"l =N
HN

3
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Cl gCl C ~CO H2N-NH2 HCl | i ~Np N DVAP~ ., np
----------------- DV OCIO/ "N QQQQ 0-8=0 1/ N
NNJ~NH S -16 WD 2004/ 041827 PCT/ US2003/ 033865 To a
WO 28@104x82n  of PCT/US2003/033865
(R) -3-(4-brono-benzyl)-1-(3, 5-di chl oro- phenyl) - 3- net hy
| -1H imdazo[1, 2-a]imdazol -2-one (3.0 g, 6.6 mmol)
in DM (60 nL) was added zZn(CN2) (0.47 g, 4.0 mmol).
The resul ti ng sol uti on was degassed vvith a strong
streamof N2 for 2 h. Pd2dba3 and dp wer e added and
To &Sﬁ@tlﬁlé%ﬂﬁbwar@ﬁmmq:bmk(ﬁm Ph?ﬂ}l etiélie h 5

{ WA o ' in
imiEHE, 2 o2 ne A OO 6 BRI BN ROT5 [ B THONS
(0.48g,i4lommel). Thé teeulting smhiion wes d@assdhmth\astrqmg istréameef Mpfer 2

[iS] af .t.he de
h. Bl B gon]Seerace®d s eacoBmut iR R B ST e 25
The Edé@dng dm4 bdrared f)ﬂai tﬁﬁﬁﬂ%ﬁi(l%solg@ ngtﬁFL@C@en was wellshed with

- 5. cyano- benz i.chloro n
Wate%@%%ﬂn@éh%{%as@wd aditeresl antiheresidus &[a&p‘zr? |°¥f?f&ﬂ%‘1ﬂé° 3-
affordyl ngmlmeafédgﬁoduw mselr&{abﬂmtﬁeﬁ Ry ﬁﬁd}hﬁﬂeﬁﬁrmlar to

was di ssolved i n an rous DAD

that ﬁibed)mblﬁxamlqlgtp pgoduge R D-(hreyane- Ma@l)a’ﬂ-(fe&d%éblomq@enyl)-s-
meth?iéls dhd 89:iofo- 58 RGH b Tafihutafiontd Suibdeyl ififiae®t T OOM

eratur
(R) 5- (4- cyano- benzyl )-7- (3, 5-di chl oro- phenyl ) - 5-

LA PrRrpisricals lo i hBog mepolfsies SSiediis baoion PR
DMAMD. M2 g, BeednbD v 8dded arht lubnX tTHE Ractidel nSikdutd @4h stifted

additional 10 min. The reaction sol ution was dil uted

at rogip tenperatyse foxdl. Whesh &a-Snidtayaneaeapyl)--(hb-dichloggphenyihon
=l )= = I .
mettffSho-f. Tty AT ATES MR S RAST S 90 D 084
mmqb)rm dmhytirmaDNﬁimasf dddell tbyhea'Bd,otlommgmlre emd sfinced for additional 10
Cﬂ%?&% tgso?lﬁl was d1 tcdo m'gh EtOAc and washed with water, 1 N HCl and
then water. The organic phase was dried over Na,SO, and concentrated under reduced
pressure. The crude product was purified by silica gel column chromatography to afford

0.211 g of the title compound as a white scaly solid (M+1, 547.2).

Example 4: Synthesis of (S)-N-carbamoylmethy}-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydroe-5 H-imidazo[1,2-a]imidazole-3-

‘sulfenylamino]-propionamide
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0.211 g of the title conpound as a white scaly solid

(M+1l, 547.2). 20 Exanple 4: Synthesis of

(S) - N-carbanoyl net hyl - 2-[ (R) - 5- (4- cyano- benzyl )-7-(3,5
WO 2004/041827 PCT/US2003/033865

di chl or o- phenyl ) - 5- net hyl - 6- oxo- 6, 7- di hydr o- 5Hi m dazo

[1,2-a] im dazole-3 25 sul fonyl am no] - propi onam de -17

WO 2004/ 041827 PCT/ US2003/033865 ClI | C C C 0 O

NHZ HCI NN O N~-O DMAP, DMF .~, 0=5=0 ~N 2. TFA
CHzCIZ 00=NH C HO Cd "OJL,NHZ HC Cd, HZN N
cl | DIPEA - /;, N O DMF 00=S=0 \ 9 PNNHN O H

- Al ani ne t-bUton ester hydrochloriidg¢ (0.88 g, 4.84
) was di ssol*yed n@gg%/ldrous DMF 110 nL) and DVAP
V@S

(g, 6.46 |'$ ed to the gbltion. The
\"r' agtion mxture was stirred at r gnperature for
h R) - 5- (4-®48¥ bepzyl ) - 7- (3,56 5
o=sdbchl nyl »-rps @RIchY! - 6- oxo- & F=Phyd 5Hsim dazo
q 1, 2-a]Tm dazol e-3-'sul fonyl chpor a8 (0.80 g, 1.61
mol ) in DVF was added to the reaction m xture. The
reaction
cl Cl
HzNJk,NHz HCi .
PyBOP, DIPEA N
DMF
00=5=0

HZNE/\ H,U\],NH
4
L-Alanine t-butyl ester hydrochloride (0.88 g, 4.84 mmol) was dissolved in anhydrous
DMF (10 mL) and DMAP (0.79 g, 6.46 mimol) was added to the solution. The reaction
nrixture was stirred at room temperature for 1 h and (R)-5-(4-cyano-benzyl)-7-(3,5-

5  dichloro-phenyl)-5-methyl-6-0xo-6,7-dihydro-5H-imidazo[ 1,2-a}imidazole-3-sulfonyl
chloride (0.80 g, 1.61 mmol) in DMF was added to the reaction mixture. The reaction
mixture was stirred at room temperature for another 10 min. The reaction mixture was
washed with water (x3), IN HCI and saturated NaHCO;, The organic phase was dried

-------------- woeeeeover NagS Qg and concentrated. The crude product was purified by silica gel column
10 chromatography using CH;Cl,-MeOH (98:2) as an eluent to afford 0.94 g of the
sulfonamide t-butyl ester. The resulting product was treated with trifluoroacetic acid (5
. mL}) in CH,Cl; (10 mL) at room temperature for 3 h. The reaction solution was diluted
with CH,Cl, and washed with water. The organic phase was dried over N2;SO, and then
concentrated to afford 0.67 g of (S)-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
15  methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-alimidazole-3-sulfonylamino}-propionic acid
as a white foam.
The above carboxylic acid (0.05 g, 0.091 mmeol) was dissolved in anhydrous DMF (2 mL)
and benzotriazol-1-yloxytris(pyrrolidino)phosphonium hexafluorophosphate (PyBOP)
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m xture was stirred at roomtenperature for another 10
mn. The reaction m xture was washed wth water (x3),
IN HCl and saturated NaHCO3. The organi c phase was

WO medi@tk27 over Na2SO4 and concentrated. The peradsoftnaghict
was purified by silica gel colum 10 chromat ography
usi ng CH2C12- MeOH (98:2) as an eluent to afford 0.94 ¢
of the sulfonamde t-butyl ester. The resulting
product was treated with trifluoroacetic acid (5 nl)
in CH2C12 (10 nlL) at roomtenperature for 3 h. The

(0.98a% 01137 myasilwas eddodde th irdagtierisolution N TEHRHan mibduremsled

R e T

mn(c&S) W@re{ddﬁ)te She(ndixtnyeafalovbsd iz N, N-disbptofyidhylithins 00.05w0RY, ) -

- 0277 e RY: dheRegetion misun s stied 3o amperabredpr oer b wi-
5 Thsmi:&ﬂBWaﬁﬂibmaﬂmﬁrvﬁﬂi ROIAC (B inf) aﬁﬁg%&%hﬁit%?), R%icy,

arboxylic acid (O 05 g,
@‘ggPﬁGGh i“ﬁly &xl.- or(gamqpr;ase wagidried over Na,SQ, and

e g

chrqrats gyahy0Bing SBB6- MeOH (913_.;?) gs alcldsat toiffotd) 00435 Fdistaglle! O
. SO [ e reaction mxture was
con%alaﬁt}cfrags%‘i%ﬂtl{%?%wmgﬁ,@t ure for 10 mn and gl yci nam de

10 hydrochl oride (0.015 g, 0.137 mmol) was added to the
Therfolidwingcdnidonmnrss mide MNpRick&REY ARKL S d&?ctni,
b nm., 0,227 mmol). Thgw})eactl on gtu?%!h\;\ags gdrﬁe)‘ggeat
aboyesFPkiper at ure for another 15 min. 5 The mixture was
then diluted with EtOAc (10 nL) and washed wi th water
X2 IN HCl, saturated NaHCO3 and then water (x 1).

)
(S}- i@)ér(dﬁum-bm;rs]lk7m§ CcllmiﬂoooLpbet@l) -SNa@f- @a)cbf d7-g1h dmISH_
u was purified by silica
15 i BB o P B A Sy B Bomi e P pigonamido:
OM+GHHG;2 NECH (95:5) as an eluent to afford 0.043 g of
the title conpound as a white foam (M1, 604.2). 10
The foll owi ng conmpound has Yead? by procedures
analogous to those descri in the above exanple:
)-7-(3, 5-di chl oro-phenyl) -
N Fh)15
onyl am no] - N- ( 2- hydr oxy-
M1, 619)

5- net hyl - 6- oxo- 6 7- dlhy

i m dazo[ 1, 2-a] i m dazol

2- et hyl - propyl ) - propi
0 0=8=0

]
N
K\H)%
20

. Example 5: Synthesis of (8)-N-((R)-1-carbamoyl-ethyl)-2-[(R)-5-(4-cyano-benzyl)-7-
(3,S-dichloro-phenyl)-s-methyl-6-0x0-6,7-dihydro-SH—imidazo[1,2-a]imidazole—3-

sulfonylamino]-propionamide
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C ~Cd NNO OGCS=01 ~ HONNH N H 20 Exanpl e 5:

Synt hesi s of
(S)-N((R)-1-car bam)yl ethyl)-2-[(R)-5-(4-cyan-benzyl)
WO 26041041827 PCT/US2003/033865

(3, 5-di chl or o- phenyl ) - 5- et hyl - 6- oxo- 6, 7-di hydro-SH i m
i dazo[ 1, 2-a] i m dazol e- 3- sul fonyl am no] - pr opi onam de
-19 WD 2004/ 041827 PCT/ US2003/033865 CI C C C O
H2NI NH2 HCI NN O TBTU, DIPEA NN O DW 0 / 1IN O 0=S=0
00i HO I NH HZNIIHAI/NH{ i1l

(S)| R) 5- (4- Cyang- enzyl) 7-(3,5-di @ Ciohenyl ) -
- 0X0- 6, 73&%%
|mda012a]|mel 0 gulfonylamno] opi oni ¢

acN e Exanpl e 14) (O 05 g, 0. 091 mml%x” )

017 was addmn#tothereactlon qu' The

€314 on & was stirred at ro
. wo 2§V n and D-al ani nami de hydr 017 g,
0.4137 mml ) was added to the mi xt IIovved by

N, N- di i sopr opyl et hyl am ne (0. 039 rrL O 2275mmol ). The
(S)-2-E@)HGCymnocbanzg)-T4(B,5-dixhloro-phicnad - Srmeshyltoernoed. iy dror b

he, m.xt,ure

imi S i ol g e a8 Pl o5 000
mm8IRivds @ikRtreNaHneRiren®NB enmbatet TBTI €.048 200 gahinmoﬁh?we

was dried over, Na2SO4 and concentrated. The crude
addgsh tg theareactignssolpiions ',l‘g%creactlon mixture was stitred at room temperature for 10
min and D-alaninamide hydrochloride (0.017 g, 0.137 mmol) was added to the mixture
followed by N,N-diisopropylethylamine (0.039 mL, 0.227 mmol). The reaction mixture
was stirred at room temperature for another 15 min. The mixture was then diluted with
EtOAc (10 mL) and washed with water, 1 N HC, saturated NaHCO; and then water. The
organic phase was dried over Na2SO4 and concentrated. The crude product was purified
by silica gel preparative thin layer chromatography to afford 0.035 g of the title compound

as a white foam (M+1, 618.2).

20

dihydro-5H-imidazo[1,2-alimidazole-3-sulfonylamino}-N-(2-hydroxy-ethyl)-

propionamide

«20-

Example 6: (S)-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-S-methyl-6-0x0-6,7- ...
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by silica gel preparative thin |ayer chromatography to
afford 0.035 g of the title conmpound as a white foam
(M+l, 618.2). 15 Exanple 6:

wo 26hasézd (R - 5- (4- eyano- benzyl ) - 7- (3, 5- di chLpf@mRARSNL ) -
5- net hyl - 6- oxo-6, 7- ---
di hydro-5Him dazo[ 1, 2-a] i m dazol e- 3-sul fonyl am no] - N-
(2- hydroxy-ethyl)- propionam de 20 -20 WO 2004/ 041827
PCT/ US2003/ 033865 O et hanolamne HO Ho yNyGc FD ED
t~ HO NrO 4N HCl in dioxane OCI—BCNHOCHZ Gz dC

Cl, / C( ~ €panoiaqie=" O 0:8-01 (~ . oad o

éﬁ?ﬂ Q HOPENIOBY NHao HEL, mwé -~N4NH¢H’hbbxlmbel DVF
er ﬁturecmfcm Boc- al aﬁ 76 I)

et hanol amine (0.15 nL, 2.54 mol) and " HoBt? (O 9 g,
2.11 mol) in anhydrous CH3CN (9 m.) was cooled to 0 C
and 1-(3 5 di medt Inopr opyl ) - 3- et hyl car bodi i m de
hydrochl ori de (E (0.49 g, 2.54 mmgl)_wag added to
the reaction m xture. The reaction m'x was al | owed
to warmto roony— rature and stlrrfor 19 h. The

reacti on m xtur As: di l uted with EtQA_%N
N g

0=8=0
cl =N
0 b 0 0-:?:0 .
HO\/\N NH, HCI MAP - HO\,/\N NH =N
H DMF H

6

A mixture of L-Boc-alanine (0.40g, 2.11 mmol), ethanolamine (0.15 mL, 2.54 mmol) and
HOBt (0.29 g, 2.11 mmol) in anhydrous CH,CN (9 mL) was cooled to 0 °C and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (0.49 g, 2.54 mmol) was
added to the reaction mixture. The reaction mixture was allowed to warm to room
temperature and stirred for 19 h. The reaction mixture was diluted with EtOAc and
washed with 5% citric acid. The aqueous layer was extracted with EtOAc. The combined
organic phases were washed with saturated NaHCO; and brine. The organic phase was
dried over Na,SO, and concentrated to afford 0.38 g of the coupled product as a colorless

oil.

------ The above alcohol (0.34 g, 1.45 mmol) was dissolved in CH;Cl, (3 mL) and 4 NHClin

dioxane (3 ml) was added to the solution. The reaction solution was stirred at room
temperature for 2 h and then concentrated to afford (8)-2-amino-N-(2-hydroxy-ethyl)-
propionamide hydrochloride.

To a solution of above amine salt {0.043 &, 0.254 mmol) in anhydrous DMF, was added
DMAP (0.037 g, 0.303 mmol). The reaction mixture was stirred at room temperature for 1
h, (R)-S-(4—cyano-benzy1)—7—(3,5~dichloro-phenyl)-s-methy1—6-oxo-6,7-dihydr0-5H—
imidazo[1,2-g]imidazole-3-sulfonyl chloride (0.036 g, 0.073 mmol) was then added to the
reaction mixture and stirred for another 2 h. The reaction mixture was diluted with BtOAc
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washed with 5%citric acid. The aqueous | ayer was
extracted with Et OAc. The conbi ned organic phases
were washed with saturated NaHCO3 and brine. The

WO 2004@aeC phase was 1o dried over Na2S04 apgr/us2003/033865
concentrated to afford 0.38 g of the coupl ed product
as a colorless oil. The above al cohol (0.34 g, 1.45
nmol ) was dissolved in CHC12 (3 nL) and 4 N HC in
di oxane (3 m) was added to the solution. The reaction
solutjion was stirred at room 15 tenperature for 2 h

andyieshedieith & bitECand saterdted SlaHCOgr Tthe orgamc phase was dried over

h
Na%‘@ roc or| g{éla(%g]a ggqx‘xuﬁset };‘ #byaﬁﬁ‘\? %ﬂ?@@%@n layer

ch?matcgraplg to QffGH0.088g o thie fitla boisLuad &s Dt MRS (AHEe91.1),
DVAP (0.037 g, 0.303 nmol). e reaction m xture vvas

stirred at roomtenperature for I 20 h.
(R) - 5-(4-cyano- benzyl)-7-(3,5-di chl oro- phenyl) - 5- net hy

Exdmyie QXQSE—@{?{)@ - dafs-B Fﬁzylé-?—gis-dlchlr)ro c]ﬁ]fen?dl) 3 erne(-tbyloﬁggxo—6 ,7-

i mdazo I mdazo fon
dihpdrg-A41-pmigngol ]lﬂw&zola-dewlfonxiamhm]ﬁnmxphum4m-s-bw.e
en for another 2 h. The reaction m xture was

pendiibicleldf duifle ' O A1 "'S1 W0 2004 041897
PCT/ US2003/ 033865 and washed with 1 N HCl and
saturated NaHCO3. The organi c phase was dried over
Na2SO4 and concentrated. The residue was purified by
si lti ga_gel prg@@ratlve t @rl ayer chro raphy to

aPtyr i ¥ 035 ok n”poumd asw i%e foam
CImTaE 00 T iy A

("8) 2-[(R)-5-(4- cyanog yI) 7- (3, 5- dr'ofiteor 0- phenyl ) -
5- net hyl - 6- oxo- 6, 7- o

di hydro- SHim dazo[ 1, 2-a] i m,dazgl e- 3-sul f onyl am no] - 5-
nmor phol i n-4-yl - 5- oxo- pent an acid am ® O O
~NOY\ DC~C, HOBI | O x0 H2 PE{HO O uO-~ irny-- 1 O

11011 gHck 11 HO O rN O riior’ Q) @iy
-E';:I.Eli e ?T \,< chaoAc H"'N? Og( - C%/N \ =N

oo
DMF v a i’H
o} DIREA, DMF HN
7
N™~0o
S

To a mixture of (S)-2-tert—butoxycarbonylamino—pentauedioic acid 1-benzyl ester (4.5 g,

134 mmol), morpholme (1.29 mL, 14.8 mmol), HOBt (1.89 g, 14.0 mmol) in CH,Cl, (18~

mL) at 0 °C was slowly added a solution of DCC (2.89 g, 14.0 mmol) in CH,CL, (18 mL).
The resulting mixture was allowed to warm to room temperature and was stirred overnight.
The resuliing precipitate was filtered off and then the filtrate was diluted with CH;CL. The
solution was washed with saturated NaH003, 1 N HC], and finally brine. The organic
layer was dried over Na;SO; and then filtered. Evaporation of the solvent afforded the
desired amide (5.42 g) as a white solid,

A mixture of the above amide (6.17 g, 152 mmol) and 10% Pd/C (0.52 g) in EtOAc (50
mL) was hydrogenated under atmospheric pressure for 24 h. The mixture was filtered and
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C\MGCC NN OQXQQN\ ~NV~ HATU, NH N N DI PEA p
HCUFAOACO=S- N O~50I CI rNONO
DIPEA. DM HaN NH 7 r_0O To a m xture of
WO 20@Bjo41B21 er t - but oxycar bonyl am no- pent anedi etE8MLIA33865
1- benzyl ester (4.5 g, 13.4 mmol), norpholine (1.29
m., 14.8 mml), HOBt (1.89 g, 14.0 nmol) in CH2Cl12 (18
nm) at 0 C was slowy added a solution of DCC (2.89 g,
14.0 mmol ) in CH2C12 (18 nL). 15 The resulting m xture
was allowed to warmto roomtenperature and was
consaniratedio pmm&a{S}gmw-buTmcﬂb@lﬂamngS-pmaﬂhbﬁ-ﬂa’ﬂ-é axers

ponielgit 55 80 L8 fopt e 8 bR R it "

NaHCC3, 1 N HCl, and f| naI I y br| ne. The organic | ayer
was, dried_over Na2804 and_t hen fi] tered. Eva 0
Amppnip gas veas byleled igloraselptign GG%WL%%PI ‘ﬁat Yéégl? Ens

6. 17
i g O A

hexwfh@romb@pmj%(ﬁ@t% (638 er 138 mﬁm%&@l (30 e wiith smng@r 3.

il AL SR D 3 N0 M o .1

mL,(28)5r@mélpvin siitizex Yivamixtny vanstined &'mdm r pitopématmesphe- oxo-

overpfay 06 e R R SR e A AT S 6 BB oc

resni(u@tv@s leﬁl’c}eﬂgﬂ %Igzcsli vdial@ )e«agﬁﬂ k\@mhmﬁteawaﬁoojat BN aad fiuely
g, nuno

bring). The-cagenisdpyen ves @*gegwypr_lg}arﬁom filtgred ppd concentrated. The resulting
rosidile wab ?etcfﬁﬁﬁltzgw fedth REOAMo provide the amide (1.16 g) as white solid.

The Boc group was removed with HCl in EtOAc and the resulting (S)-2-amino-3-
morpholin-4-yl-5-oxo-pentanoic acid amide hydrochloride was collected by vacuum
filtration and used without further purification. To a stirred 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-sulfonyl chloride (76 mg, 0.13 mmol) in DMF (4 ml) was added N,N-
diisopropylethylamine (60 uL, 0,39 mmol) and the amine hydrochloride (100 mg, 0.4

mmol). After stirring overnight the DMF was removed under vacuum and the resulting

~ residue was chromatographed over silica gel. The product was then purified by semi-
~ preparative HPLC to provide 32 mg of the title compound as a white solid (M+1, 674. 04)

Example 8: Synthesis of (S)-2-[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-
triflaoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-4}imidazole-3-sulfonylamino}-

propionamide
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hexaf | uor ophosphate (HATU) (5.25 g, 13.8 mwol) in DW
(30 mL) with stirring for 20 mnutes. To the
resulting yell ow suspensi on was added

WO b4t sopropyl et hyl ami ne (5.15 nl, 29. pcim@iohs/dsess

syringe. The mixture was stirred under a nitrogen
at nosphere overnight. The reaction was filtered and
concentrat ed under vacuum The resulting 1o residue
was di ssolved in CH2C12, was washed with saturated
NaHCC3,1 N HC1 and flnally brine. The organic |ayer

Fi ed over Na2SO4, ed and co# 'at ed. The
ting Esi due was yst aI &eg fr Et OAc to
i de th m_geing 1. 1ﬁ as V\ngbﬁao ol i gy The Boc

_L@ veg: Wi t h ,‘ln Ef@AC and w 0resultlng
am n 15 rmrp'T“Fﬁk(l “4<yl - 5- ox0- penfanoi ¢ aci d
am de hydrochl ori de was°colfl dct ed by vacuu
filtration and used wi t hout ~f fetsher purific
stirred solution of (R)-5-(4-cyano-
benzyl)-7- &3 5- ichI or ogphenyl ) - 5- met hyl - 6- oxo- 6, 7-di h
ydrp-5Him )‘%(LJDI\/F zoI Qul fonyl chloride
WDy 0.13 i (4 s added N, N-
iTi sopt opyksr bam ne v4u6d /LL 9, Molys,iafid t he
mot At er

ed under vacuum

6. To a

am ne hydroghllori de Nm ,
string ovethiagt tRE™BMVF vvas f elyt
and the result
silica gel. The prSduct was then pufi
preparative HPLC to provide 32 ng of the title
CIc:orrp?ciund Afgchl V\,hlte sol i d (MH1l, 674.04). 25 Exglmpl e 8:

esi s
or o- phe yI)l 5- met hy\@/oxo 5-(4
VADEL |ﬁydro 5H—

(- 2-[ (R\T- (3, 5- d|
Tl uor gget hoxy n? Nm dazo
-g A onylam nol - _pr opi Ye -23

[2- ] imi-daze
04/ 04887 PCT / 03 G w ~ |
BnNVe, OH N~‘{~*~§y vae%%%i%ﬁﬁbm YTEN 2)
RER 10 OCF, 0|\,.,<1°Fa\/oc1=, Y G s Cl

N

8

Lithium bis(ttimethylsilyl)amide (LiHMDS) (38.0 mL, 1 M in THF) was added slowly
dropwise over 25 min fo & solution of (23, SR) 2- rert-butyl—S -3, S-dlchloro-phenyl) -5-
methyl-1-(2,2,2-trifluoro-acetyl)-imidazolidin-4-one (10.0 g, 25.17 mmol) in 60 mL of
THF at —20 °C. After stirring at —20 °C for 20 min, a solution of 4-triflnoromethoxybenzyl
bromide (6.04 mL, 37.76 mmol) in 30 mL of THF was added dropwise over 20 min. The
mixture was stirred at -20 °C for 45 min, warmed to —5 °C over 1 h, and then poured over
50 mL of ice-cold saturated NH,Cl solution. The resulting mixture was exfracted with
EtOAc. The combined organic phases were washed with brine, dried over Na,SOy, filtered
and concentrated. The crude product was triturated with hexanes to afford 12.5 g (87%) of
(2R,5R)-2-tert-butyl-3-(3,5-dichloro-phenyl)-5-methyl-1-(2,2,2-trifluoro-acetyt)-5-(4-
trifluoromethoxy-benzyl)-imidazolidin-4-one as an off-white solid.
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2) p-TsOHVNOCF, I / OCF, C / C WMmC G / A b O
NENC C NHG OSO, Np HNNO then NCS | OYS=0
wO 20041827 CH, CI ~DMF p / OCF CI NH , OCF3 Hpdim§dohsossskd 8
Lithium bis(trinmethylsilyl)amde (Li HVWDS) (38.0 n_, 1
Min TIlF) was added slowy dropwi se over 25 mn to a
sol ution of
(2S,5R)-2-tert-butyl-3-(3,5-dichloro-phenyl)-55
methyl -1-(2,2,2-trifluoro-acetyl)-imdazolidin-4-one
To @ polufionyof thsabpye imiddzplidinong (6.0, BES miel) im40 mROf Goxab tvew

o s sl el o B4R 4L mpotroom

tempenphre.i As B0 mittmefwad Wermedso 401RIE,EG00 RRYIUS SodeTyd26kids 1.68
-2Q0 C for, 45 mn,

6 0By e e S on 5 5 o T
fori18 ;- thed Slschiion o858G oM 9k 95 nAof WG WaS Sl 510G1
m xture was extracted with 10 Et OAc. The conbi nec;(

dropisa AT 10 FER e Sheqaixtrs yasiverameod torS05C; and stirendiferdn@dditional 5 b,
j . t
thedBRAo rdonl {ofihEifhurciil cGRARRA 305t oo ol SIS

resifyeRangiRe Diphasic mixtire/ivas3ti(red Gigoliondly av Y inmanys redumbidrgkide

(5.0,8) e Bt bt B BB of e tinioss phase #10). Dheacseoug aver wes
extradtéd with {oR1e56)ahdlthe caibif¥d FRRM AR %er %%?g%%&gﬁﬁ6 S

.To. a_solution of the above in dazolidi none
bringflrigd s Nezpeh, Atiered andicomtiepixaterbtowdiord 42ftpel (RDYsmineei(3,5-
dicHR Kbty B YA (AR B B2 ) o Rl 22 Fighe BEERY:)

oil

NA, 11MeO~NHs \ SyN p t-BOOOH N_ N O NIH, PPTS DVAP H

To a solution of the above propionamide (4.24 g, 10.41 mmol) in 30 mL of THF was added
thiocarbonyldiimidazole (2.81 g, 15.77 mmol) and 4-dimethylaminopyridine (DMAP)
(0.127 g, 1.04 mmol). The mixture was heated at reflux for 17 h, cooled to room
temperature, and concentrated. The orange oily residue was dissolved in 50 mL of toluene
and treated slowly dropwise with 20 mL of 5% aqueous HCl solution. After stirring the
mixture for 10 min, the aqueous layer was separated and extracted with toluene. The

and concenirated to provide 4.48 g of (R)-3-(3,5-dichloro-phenyl)-5 -methyl-2-thioxo-5-(4-

trifluoromethoxy-benzyl)-imidazolidin-4-one as an orange foam.

To a solution of the above thichydantoin (4.47 g, 9.95 mmol) and aminoacetaldehyde
dimethylacetal (6.50 mL, 59.7 mmol) in 20 mL of MeOH was added 7.69 ml, (569.7 mmol,
70% in water) of t-butyl hydroperoxide solution, dropwise over 25 min, During the
addition and for about 1 h after, the internal temperature of the mixture was kept below 20
°C with an ice water bath. The mixture was stirred at room temperature for 86 h, and 25
ml of saturated NaHSO; solution was added slowly dropwise, maintaining the internal
temperature below 20 °C with an ice water bath. The resulting cloudy white mixture was
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tenperature. As the m xture was warned to 40 C, 50%
aqueous sodi um hydroxide (1.68 g, 21.0 nmol) was
‘added slowy dropwi se over 5 mn. The m xture was
wo 2864ia1sed at 40 C 5 for 18 h, then a sol ut ipefusiooHosdsss
of cone HO in 3.3 nL of water was added slowy
dropwi se over 10 mn. The m xture was warned to 50 C
and stirred for an additional 5 h, then cooled to
roomtenperature and concentrated. 50 nL of tol uene
was added to the residue, and the biphasic m xture .
concgassated. i Ta thelresidgowasrdilsd O AB0mudLbia stiure sies tarssIiiaisd gRBe

. d '
ey Bl RS O AR B e B
T R e S N TP
t J
wate] e by gV EaNeap Qo fiersd 38 soBhial oA 11k H S S
dic@r%ﬁ&&ﬂ?ﬂ?ﬁ)%i—hﬁn%ﬂﬁﬁi@bh?ﬁﬁhﬂﬁ Inhdifyl o eimioRaehaxipeny |

- propi onam'de as a Ilqh brown oil. 15 To a solution
benzyi)—qmtgfzdmvéom@mt@ﬁlam@Q@h. 24 g, 10.41 mmol) in 30
nmL of THE was added thiocarbonyldiimdazole (2.81 g,

15.77 mol ) and 4-di et hyl am nopyridi ne (DVAP) (0.127

A solpitioh o the mbode crudd heetalr{520g, . Aasmbig it ¥nk vf acetphaiwas torated 7

.. h, I t t d t
iSO o SHRSPAL S R P s 10
then@Bted f0988:8 tngeRnry ardicORoMnG el Th réQilitig dalk btz il eass

. HA solution, After stirring the 20, m xtyre for .
dissqfyad i O Bl BB anyelod sirs i e s e ol ek PEHLO:
| I : ' [ ardel endvashed
R b T O K
extravted ot tva pexdiotofFit@uie. dEheicondinpd ofganic layers were washed with

8),=.3- 5-dj.chl oro- phenyl ) - 5- | »2-.t 0] - (-1
satuipf3VAHGOs S DR P rhien cDE bl A oG5O e
and ét{qn@éiﬂﬁ g geﬁD The oiE&ZSTﬁl;avﬁ @gﬂgﬁb‘w si)llﬁcatghh:dhabmmaphy to afford
thig antqin . . . an \
158 A QB b ot ATk oy benad: o
. : gl 7.69 nL (59.7 mmol, 70%in
uma\}\hilabt[g’?)amg?&{z@%@fl Mﬁ?f’%’?&p@?oxi de sol ution, dropw se i
over 25 min. During the addition and for about 1 h

& soflebf b MO LBV E Bkt b

imids$1, Stlinidadol @ orie Gxantpin 1 54 @1 2:38 mmof6n B) mbnd TBH @6 ni

 treatg WiV oSTRSITRP (1 3G B 6 P Al DY OB e lfane,

(0.08%%, G 78 lrol R THe SR MRVESs sBAbdat rdbR tenfdkibiiré fo8 17 h aHeldituted
white mxture was -25 WO 2004/ 041827 .

with B¢YACSRDeahaReds )% NayS,0; solution and water. The combined aqueous

layers were extracted with 10 mL of EtOAc. The combined organic phases were washed

with 25 mL of brine, dried over Na;SO,, filtered and concenirated. The crude orange oil

was purified by silica gel chromatography to provide 1.27 g (65%) of (R)-1-(3,5-dichloro-

phenyl)-5-iodo-3-methyl-3-(4-trifluoromethoxy-benzyl)-1H-imidazo[ 1,2-a}imidazol-2-one

 as an off-white oil (582.0, M+1).

A solution of the above iodide (1.24 g, 2.13 mmol) in 16 mL of THF was cooled at -40 °C
as cyclopentyl magnesium chloride (1.17 mL, 2 M in diethyl ether) was added dropwise

-26-




10

15

20

25

concentrated. To the residue was added Et OAc, and this
m xture was concentrated again. The oily residue was
partitioned between Et OAc and water, and the aqueous

wo 2plhassnas  separated and extracted w th Be@RG2003638365

conmbi ned organic |ayers were washed with water and

brine, dried over Na2SO4, filtered and concentrated to

give 5.21 g of (R-3-(3,55

di chl oro phenyl)-2-[(E)-2, 2-di net hoxy-et hyl i m no] - 5-ne

t hyl - *&g trifluoromethoxy- benzyl)-im dazolidin-4-one
OV@SI OaninhAdkr sfigirgatv-45] C foal bt (gpwasaildéd tey ;ﬂhmgemdxﬂetdmdle

 fuspiieBlng S D pfine RaclnBiRinke 1.3 B grerighl plog nigire was

warme tp 20 @ over xmnemsurrmt RBmAEmp @At forl OF, R, (3) wast O

dtor omterrperature and concentrated. The
b“‘?t"’E%ﬂ ﬁbﬁaalﬂiﬁufs o7 & followed by papsentiption and PROIAS vader

mgﬁkz%ﬁmafeﬂliﬂ epae%isuﬁag £ttt %aﬂ’l‘v&%& dasoi&ld% he OJfT%zE%na

wat er gas ev 0
000(1.%13?5 ) °Q wea Sablu@@gfsl\f-phla@eumnsle ﬂhszatgea 58 ndnolbmtSrnaic od

B T T

potlr&dipmce mtrmfted/\aﬁeﬁwo ;mrtﬁmbbf RtOAcd Thecoribigdd dngadRMyers
oi,ly. resi due_was

I
e ORI T

Purtﬁc@lion by sﬂlca el chromatograﬁhy pIOVId%d 0. 975h§/ f83g4;) (of (E%)F7I ?’J‘I,Sl]c(l)l?hgcr)rrgi

1-(3,5-dichloro
Ph%% rw&w}@royc'm Stid mﬂm@z @:)yzlmaz}yl)uﬁ,adﬂwﬂmﬂbnmdmaaz-
a]ﬁma%’lef ﬁ%ﬁfsah%lltchﬁpg%mgﬁg@? 42 3R byl <3< (4-tri f1 uor onet
hoxy benzyl)-1H 20 i m dazo[ 1, 2-a] nni dazol - 2-one

Aol i tnotg et T 02 pombias o mb o5 GM R yrectod

mtlﬂméthpmnil (06MRL! DL VRARY W foafabe, a{Jerﬁtheo WrePstirAng/ fr 10 min,

ure was stirred roomtenperature for

The m X

2 soHON OF o 10V YL RGP £0-H47300 38 wimadai vk GFol s

t e A
A T ST 5
FOH@W itheead didioy o LD Ao this exgamie layenemsvedh 5vid Wditerz {hem‘nnﬁet

Na.2 t d t t

e AR I e
chronil%'agli@?g@rﬂgmhlt% H(80%) 8Ethd tilld cnpolRdds Ofhite sohd (606.3,

I C or o-

M henyl ) -5-io0do-3-nethyl-3-(4-trifluoronethoxy-benzyl)- . .= .

173- i mdazo[ 1, 2- a]lmdazol 2-one as an off-white oil
582.0, M+l). 30 A solution of the above iodide (1.24
The éﬂloznngssom@tmﬂ was plepanell bp & pioeiuremaligalsdd Batmpld8: C - as
cycl opentyl magnesiumchloride (1.17 nL, 2 Min
di et hyl ether) was added dropw se -26
(R)-2-[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0xo-5-(4-trifluoromethoxy-benzyl)-6,7-

dihydro-SH-imidazo[l,2-a]imidazole-3-sulfonylamino]-propionamide (606.4, M+1):
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5

WD 2004/ 041827 PCT/ US2003/ 033865 over 10 min. After
stirring at -40 Cfor | h, S02 (g) was added by
pl acing an inlet needle  just above the surface of the

wo 2o®aetseon m xture for 1.5 mn. The bright pyelkasosssss

m xture was warned to -20 C over 1 h and then stirred
at roomtenperature for 1 h. N2 (g) was bubbl ed
through the mxture for 20 mn foll owed by
concentration and punpi ng under 5 high vacuun1for 12
h. The resulting yellow foam was di ssolved in 16 nL of
THE and cool ed at -20C_ags  aCkol ution
of N-chl orosucci ni m de (0. g, 2.56 mmol) in 8 nL of
THE was added dropwi se ovey” 5 nmin. After stirring at
-20 Cfor 1 h, the mxturgywas poured over ice and
extracted with two por ? Et OAc. The conbi ned
organic layers were W th ice-cold brine, dried
over Na2SO4, filtere entrated. 10
Purification by siliga" mat ogr aphy provi ded
0.975 g (83% of YRyr—% e hlp@0-
phenyl) - 5- net hyl - 6- OXd- 5- (4 trlfluo?onethoxy benzyl ) -6
, 7-di hydro-5Hi m dazo[ 1, 2- a]im dazol e- 3-sul f onyl
chlorlde thick oil (554.2, Mtl). A solution of

t (0.097 0.782 I 6.5 nL
Exat RS S 2 s (4 Al F Bl B0t (.

oo ST A ol

N-(2- byttffw-gthm-psgnmmmidy inl nL of CH2C12 was added

rapi dly dropw se, and the cloudy m xture was stirred
at roomtenperature for 5 h. Follow ng the addition
of EtQAc, the organic |ayer was wasbegd-witih water,
then brine, dried over Na2SO4, filtwand
concentrated. The crude product was pulfified by silica
gel. 20 chromat ography to afford O. 1Q3§§ 81 % of the
title conpound as a white solid (6 Mt1). The
foll ow ng conpound was prepared by alpl otedur e

anal ogous to Exanmple 8: 25 p-g

Ho \(/tBZ\l ER) HEr didmD- D| chl or o phenyl ) - SC met -CﬁFSO‘XO- 5- (4

di Hyd 0-5H- i mi dazo[ 1, 2- aHi dazol e- Ket,SeH,dLomy | arﬁ noj - pr
opi onam de (606.4, M-1): -27 WD 2004/041827
PCT/ US2003/033865 Cl / Cl cSc 00=S=0

10

To a suspension of N-Boc-L-(NV -hydroxyethyl)alaninamide (0.188 g, 0.809 mmol) in 1 mL
of dioxane was added HCI (2.0 mL, 4 M in dioxane), and the resulting cloudy mixture was
stirred at room temperature for 2.5 h. Concentration of the mixture was followed by
addition of CH,Cl,, and this process was repeated twice. Final pumping under high

08




H2N O OCF3 Exanple 9: Synthesis of
(S)-2-[(R-7-(3,5-di chl or o- phenyl ) - 5- net hyl - 6- oxo-5-(4

WO 200Ns2ONEt hoxy- benzyl ) - 6, 7- di hydr o- 5H i medarsfoda@ssssi m

i dazol e- 3-sul fonyl am no]- 5

N- (2- hydr oxy- et hyl ) - pr opi onani de. { c¢": -cl \\/ Dboo

INNN O=S=OHC C | / NHOCF3 HO'" 01 'NH HC,

droxane HOOH?"/ Nz HNEt3, CHZO~-DMF CCd ~i
0=0 HO Nl /NHI / OCFg H9 To a

Va%@rf@n‘& hcﬁﬁﬂé#ﬂﬂlﬁsebﬂtss ol ThyemdsamsntiliC) seltarss dammaé inl.s
mI(d? Mﬂﬁ tregteg Qﬁm’ﬂ?&@%hﬂe 0 dﬁ% mT.I, 1q391f1m% 0%@ n ng fl ]ﬁ&m

added oxarie)
temppr@tmyfoni &mur @ solplionsif (R 2B, :’i’:tﬁlchlomnplteﬂﬁpeﬁﬁethy[-e—oﬁ(% @- 5

e b B vl rrmicesAlF peideale S o eorice

5 (0.126igc@225mal) ipdimdi of CHIOH &as Eﬂcﬂ@ rapidPdrdfv ROV cAAEB2 The
PCT/ US2003/ 033865
reaction ¢ was stirred at room temperature for 4 h, Following the addition of
EtOAc, the organic layer was washed with three portions of 5% NaCl solution, then brine,
dried over NaySOy, filtered and concentrated. The crude product was purified by
preparative TLC to afford 0.118 g (81%) of the title compound as a white foam (649.9,

10 M+1).

The following compound was prepared by a procedure analogous to Example 9:
(S)-2-[(R)—7—(3,5-Dioh10ro-pheny1)-5-methyl-ﬁ-oxo-5-(4—t1'iﬂu0romethoxy—benzy1)-6,7—

15 dihydro—SHwimidazo[l,2~a]1'midazole—3-sulfonylamino]-N»(2-hydroxy~2—methy1—propy1)-
propionamide (678.3, M+1):

20
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vacuum for 12 h afforded a colorless oil. The crude
amne HC salt was dissolved in 1.5 M of DW and
treated with triethylamne (0.157 nL, 1.13 mol).

WO 206sto@ms25t i rring at room tenperature for POTAKINOIEE3SGS
sol ution of
(R)-7-(3, 5-di chl oro-phenyl) -5-net hyl - 6- oxo- 5- (4-
trifluoronmethoxy-benzyl)-6, 7-di hydro-5H i m dazo[ 1, 2- a]
i m dazol e-3-sul fonyl chloride 5 (0.125 g, 0.225 mmvol)
in 3 nL of CH2A 2 was added rapidly dropw se via
cannula. The reaction mxture was stirred at room

Dgg. 5 RIS ... Followi ng the addition of EtQAc,
a8 3 & iGzica brg eltews washed with three portions of 5%
NaCl solution, then brine, dried over Na2SO4,
fi.lter oncentrated. The crude product was

d and c
ThsRivlogipal gropgriies oleprpsenialiee cpmpoyngs of the fomulaj prerejinyetiangd
by why sl dxpérier® PRASIBLIASIRI BabY,e foam (649.9, 10 Mrl).
The foll ow ng conpound was prepared by a procedure
anal ogous to Exanple 9:
Assavle 5 Yatetdeinn D Q8- ca-Jret hyl - 6- oxo- 5- (4
Pl erbioihe it B ERAR Bt R0 AnicA™
di hydro- SH i m dazo[ 1, 2-a] i m dazol e- 3-sul f onyl am no] - N-

Z y-2-met hyl - propyl ) - propi onam de (678. 3,
Puréﬂ%i@‘ggé%% C NN O O0=S=0 HOcNA /NH OCF t 3 20 -29
ThidSs23P0oté DI IR oRE T M&%ﬂlﬁéﬁﬁ&gﬁﬁégoniﬁl'%?ﬁf a okt c@ﬂlg@gjudf of the

. . Bi ol ogi.c Properties The biol ogical properties o

intefagiom o8 AL, K AN owi e Lekomérarin 6DISICD 1la i),
investigated 5 by way of the experinental protocol
descri bed bel ow. Assay to Determ ne Inhibition of

Desgriphion ofghgsely Prgtocel: | CAM 1 Pur pose of Assay: 10 This

a Is eshoned.,t tudy , t he direct
LSRR ARl uiy AE TSI SR Bt b e
SKWh ?llé;mﬂllizﬂlg:é\bi'oiodod provibligy degetied (nRgh, M. L 8/, GO Rumol.
1994, 776,2634-2660). The LFA-1 s purified from SKW3 lysates by immunoaffiity
chromatography on TS2/4 LFA-1 mAb Sepharose and eluted at pH 11.5 in the presence of

2 mM MgCly and 1% octylglucoside. After collection and neutralization of fractions from

the TS2/4 column, samples are pooled and precleared with Protein G agarose.

previously described (Marlin, S.; ef al., Nature, 1990, 344, 70-72 and see Arruda, A.; et al.,
Antimicrob. Agents Chemother. 1992, 36, 1186-1192). Briefly, isoleucine 454 which is
located at the putative boundary between domain 5 of the ectodomain and the
transmembrane domain, is changed to a stop codon using standard oligonucleotide-directed
mutagenesis. This construction yields a molecule identical with the first 453 amino acids
of membrane bound ICAM-1. An expression vector is created with a hamster
dihydrofolats reductase gene, a neomycin-resistance marker, and the coding region of the
sICAM-1 construct described above, along with the promoter, splice signals, and
polyadenylation signal of the SV40 early region. The recombinant plasmid is transfected
into CHO DUX cells using standard calcium phosphate methods. Cells are passaged in
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e

Description of Assay Protocol: LFA-1 is imunopurified
using the TS2/4 antibody froma 20 g pellet of human
JY or 15 SKWB cells, utilizing a protocol previously

wo 0esempbed (Dustin, M J.; et al, J. Imm[s@erszowoé?g\ﬁ/\sB

1992, 148, 2654-2660). The LFA-1 is purified from

| ysates by i nmmunoaffinity chr omat ogr aphy on TS2/ 4

LFA-1 mAb Sepharose and eluted at pH 11.5 in the

presence of 2 mM MgC 2 and 1% octyl gl ucosi de. After
n and neutralization of fractions from the

cql | ect,i
| Se“?ﬁ%&? *&ﬁ“i}% GHR) and caioniss seareting XM arechmplified mpetctitickate,
TCRMLY @ ) Le.formof |.CAM1 is .
i onst r%hgt@g(g%%% %‘raréls%%ﬁd% l(.lul‘sl i&g@hgﬁn%géﬁg& giremaipgraphic
techgiqugs, dnebidingderserchingd afd\dinel eicelnsiéh chréthatddraphyNat ur e,

1990, 344, 70-72 and see Arruda, A ; et aly,

Antim crob. Agents Chenother. 1992, 36, 1186-1192).
LE /B ibiiding, to IGANMELE fd@itdedbyMisGRcdbat e fher

i.ve boundary betmee%ﬂg%ﬁn%qbﬁﬂ?é?%gaect”g@n‘gﬁ n

Dullgie§ BROsEis ot Eeisienine i celcivm and risgrnasiuan sdititoal 2ubf 0p
e O ARl )R S S e P S i po

nmit agenesi s.
tempetiehine] Phtes WetthentbRkéd By5he 4RRiAMY h S vind} [ane
bound | CAM 1. An expre}idsni3 on vegfg%@)%é‘gg?seegﬁnaﬁ?ﬁm?m

Dilufipg/Buffer forc7iftfoo! hl Bloeking shlgions ErefoR8s frdhn wells, and test
and the coding region of

L A=Tr.esi stanc er,
oomPRARY b Bilsitand Fibradak ol by hoanddion of approgdngately hing h
N m..._.ﬁ Em ; . 3 . 1
lm:l%imnal e aydo aaeh o1 1SR R BRSO B fompound
aIk

Hati37 &C fordrts ﬂﬁﬁﬂs@cb washéds ﬁE@dM%ﬁﬂg%ﬂﬁf. Nfhe bound !
L. C Cl S at e net hods. S are passage
eSS G BTEeNe TELLOL s G i peteRs
fae (%. 1 i C - -
correspraiding (Chd 8D 18 BokopIasRAE 'ta@iiré t§ g :Cl'b@gi‘l%ﬁ ﬁ:ﬁéﬁ%ﬁg ?ﬁ{f%rdmd

. anplified using nethotre
1% BSAowmdstlowed t imeabate fir 45 ush 137000V 1sQRAashas AhEd Wi Y

i ncl udi ng i on exchange

. t hi t.echni
Dind L S 1RE o154 e el oot drgetechn Bnadisamafargio0e
dilutibiCANoselradifHye bd Blgol ReNEy fnei*0
e S el L B S e
rabbitzioyinaghvluiis. hignegentia Ao to 86 Bhte 2ot ¥ mB 2@ %élgall:

in.a 96-well plate for

PVEE (Dil ut f
W”h% ag/‘fs"er’é‘ﬂhelé{%%% E‘g& elré’?fsep’ﬂ%ifbe@nmi@sc iseddad) toedch e yo

develbeqiadiliatived]l@imeade &%ﬂ%o%?&ﬂ%ﬁg%ﬁ%uﬂ ﬁféﬂ%%} h{’]‘}“{}ﬁo is

. Diluting Buffer for.
AM&?DSP@@?Q‘ ICAMALD pg/md b usebsds a positive control for inhibition of the

LFA-1/ICAM-1 interaction, The lack of the addition of LFA-1 to the binding assay is used
as a background control for all samples. A dose-response curve is obtained for all test

compotunds,

All compounds made in the above examples were tested in this assay and each found to

have a K4 < 10 uM.
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10 conpounds are diluted and then added fol |l owed by
the addition of approximately 25 ng of immunoaffinity
purified LFA-1. The LFA-1 is incubated in the presence
WO 20d4/0s31 conpound and | CAM1 at 37 C for pgrkis:ofbdbssss
are washed 3 tinmes with Diluting Buffer. The bound
LFA-1 is detected by the addition of a polycl onal
anti body directed against a peptide corresponding to
the CD 18 cytoplasmic tail in a 1:100 dilution with
Diluting Buffer and 15 1% BSA and al |l owed to incubate
Assppio Determpine Metabplism by\Humand tger,Micresgrmal Enzymes wi t h
Diluting Buffer and the bound pol ycl onal antibody is
detected by the addition of a 1:4000 dilution of
Purpese ebAgsadi sh per oxi dase conjugated to goat
- lin di.cecte al nst _rabhi t
i fER RSP BB Rl P S 380 VPl iRt of st cpmaspmgisby
humpw tivét Givfosongsll eikymes. Theldhia callettedwrsdheldzadlo adlaNfe anglf-lifkee
A sub a%\&tse for the horse radi sh peroxidase is added to
(tu, IR feomBOws-Jevel op a quantitative col orimetric
signal proportional to the anmpbunt of LFA-1 bound to
sICAM1. Soluble ICAM1 (60 g/nlL) is used as a

- Desqaiptipy pRAssabProtogel: f or i nhibition of the LFA-1/1CAM 1

j i in 4t @ i 14 t he
The gﬁgﬁﬁs %‘S&%@gg? IS U ggssq%né bg&%ﬁ%gg‘ﬁ%egrﬂ’ﬁ% %d%% or all
NADEhpT et sambled omalisselsqidn seetaitrileefor 8 fimd) bghyanicdntmtial of 1 -

c ounds. 25 Al.l canmpounds de.in the above,.
10 i Frnp R ONRERBrrnfnf $ieiin oL B3I T el o tpion
of 1 mg'\peotéinifd.. <A 8kt o313 ;T3donMuR@ St 1RPI0 4L microsome
PCI/ US2003/ 033865 Assay to Deternine Metabolismb

suspsieRAre addest ioile Kb awmabution, Therropastion dxingbated ﬁm;:minrryw 8
57 RS o Rl SR UL KA il o
80 phieterrenoved| froomthy imewhatiTimm i 003,00 1L 0,d.61 20014@ mad 60wainyafiedtteo

late a.hal f-1jfe ti/ ] for test .co nds.
sart S el e At ic Loy Ty gelie St malen R RO s
and theh dehtrifilden 2dr338ih 430D 8RN ALD0 RIS oRine dTthe bugbritght & 5 MV
éo I\lADéD . Test sanples are dissolved in acetonitrile
transfegied ip 4.4 57 Bes Ryor BRI # coRBIzed for 3 min a 3000 pm.
Injection volumes of 10 L are typically added to Zorbax SB C8 HPLC columns with .

formic acid in water or acetonitrile at a flow rate of 1.5 mL/min. Percent loss of parent-

Compounds made in the above examples were tested in this assay and generally found to

have a t;,5> 50 minutes.
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10 M Human liver mcrosones are diluted in assay
buffer to a final assay concentration of 1 ng
- protein/nmL. A volume of 25 L conpound sol ution and 50

woO 2004@¥18270S0NME suspensi on are added to 825ptT/aSHR33865

buffer. The preparation is incubated for 5 mnin a

37 C water bath. The reaction is started by the

addi tion of 100 L NADPH. Vol urmes of 15 80 L are
renoved fromthe incubation mx at 0, 3, 6, 10, 15,
20, 40 and 60 mn after the start of the reaction
apauticdlse| acetonitrile. The sanpl es are

The ﬁ &Half 195%%1268 8:? %Il_mv ol(i Bfot‘}ﬁfé?l Bf o kv R %1{191'5 08 JEARL- at

e supernatant is

1/LHA—& dsrfeadmtahbrm@yr.@c pragatial cidsmén yephddyles end pinzndgnphodyte

cent r 5 mn at, 30 nj.ecti o ol urpes
adn ik o TEAIRT. T8ise Borbdindiinadeiersb S gl b adfppon oF°
immond cethastivatidtiprdRfefatibilie. , A€ tenpdiitiVeinRibit6rs ofmek@ulhy i | e
a flgm rate of 1.5 m_/mn Percent | pss_of parent

RASBI9RBnFias Fezrtions invalyme CiM¥is and Lepkomiggring, Te 4 BOfS ne
specHE' fRE c&ﬁ’poﬂﬁ&s‘ed'f 'fﬂeriﬁvehﬂﬁl B8 be dsbé & treaﬁ‘%ffﬁﬁ ManREe i 0

above exanp es were tested in this assay and
dﬁ@ﬁéﬁ%ﬂh@ﬂ&‘f@mhuonsaesuhm érom areppeng ! therngn-epeciipgmngme WO

syst igéy nQag’l‘?r?fﬁz {’%{uﬁ&ﬁ’&é g%?:;?r@s% yﬁ&f% Is (%ci(o ggér%tomcl

er apeut e nov snal

mult;pimgaﬂle.nj]uty;syhdreme secendaryol septiceial mulkiple Iof‘g%lhn]ﬂdy lsiﬁﬂ:tdme

secotd iy e PRI sty SRURAMED FETIRY TR,

myo@aﬁnmﬂﬁom\{ﬁemwjgfsfs biktd, iabute g1emtamm€ﬂdws,atakdmus

i mrune cell activation prollferatlon e.g.,_as
reactefé ﬁﬁhmti% depmatosin Wish aeitesing emmptosr qomippRANEs stroke, thermal injury,

hemcid‘u%ﬁsgb?fn tﬁﬁgﬁ&éﬂ u@bﬁ@%b%%ﬁ% ﬁ&&btg%}fgfén%}‘&i)t{] id¥hd 10%90 .

rins e COo
fransfulsion iassoeiaibd symdma:;eh) andusadition rbsuiimg fioar 4 zagspmnserﬁﬂﬂmupauﬁw y

i i (i DSpact. preao/tie e P L LERAf i Bt ve.
host 1¥BIHFRY arkiQuBinmasbdideades mluamg%ynﬁuﬁ Eyrfomes ) mdiﬁ:ﬁﬁ@w

shock, oxygen toxicity, 10 mnul ti pI e or‘ﬂan i nj

thyroidljieldesratisemuiiialersglerosisrhpnmateif prfritisy ingulipt pmd@rarﬁhabetes

e L e e R
colitisnpod wststmi Iupusteaytogmatosug)r The eompomhdstdf terirainiien mangenbes,

 used ity o pE B PP R b R Yooy imnthe

treatrGANPRABEES Tn Sérehi thesd J@ﬁfpﬁﬁids bihlyllbé ¥mployed in the treatment of
those diseases currently treatable through steroid therapy.

Thus, another aspect of the invention is the provision of a method for the treatment or
prophylaxis of the above-described conditions through the adminstration of therapeutic or

prophylactic amounts of one or more compounds of the formula I,

In accordance with the method provided by the invention, the novel compounds of formula
I'may be administered for either a prophylactic or therapentic purpose either alone or with
other immunosuppressive or antiinflammatory agents. When provided prophylactically,

-33-




10

15

20

henodi al ysi s, | eukapheresis, ulcerative colitis,
necrotizing enterocolitis and granul ocyte 15
t ransfusi on associ ated syndronme) and conditions
wo 20fMsi7 ng froma response of the specifi gcriBHWiBsses
systemin a manmal (e.g., psoriasis, organ/tissue
transplant rejection, graft vs. host reactions and
aut oi nmune di seases i ncl udi ng Raynaud's syndrone,
autoi mune thyroiditis, dermatitis, multiple
sclerosis, rheumatoid arthritis, insulin-dependent
the igimupesuppressivel dompornd(shete pravided imsdvanagef emyintaswpstory

reo i BRI UEL BBl 0P o SR AR b B

tissue aaysplantisut id adviaes ohamgmymptomaey oxghus Bjotion) U S Beiprophylactic

treating ast hma ,or.as._an junct to minimze toxicity
admy A A P HBO RN Sy I LHEVeR P ST SBF 8 fdor o, | n
subsSRReYiaflarh RS r&ﬁm@ eI adTBY eRBnRETRE SRS of i‘trﬁﬂﬁ%anted organ

treatnent of those diseases currently treatable
or tigsug, 6isgh The thempeptic pdmninisirationm Freompound 6F the foragijsd servesto

. . o s ; iy ;

aﬁ@%at%ﬁmg@ pr%‘?o dgflg\s%%?g%ﬁ%’ %ggéﬁpgﬁggfcari g%lﬁﬁed
orgag ortiHsud) o Abus, hragergdentdreitla theinventicat 2 compiund bthepeuela & coy

[, lactic amunts of .one or .noye conpounds of. t
be aQRy R iherer BER I oadtol Ao AR o RSB LPS or o
inflatnf@atibn)\og Aftéraly inkibgon v viflan@@ipeunds of fornula 30 |
may be adm nistered for either a prophylactic or
therapeutic purpose either alone or with other
The hdTRLEAARIBRIs®E fe Yinidla 15y inAbLRERRE Rtk 1RGRhion, ¥H1EN
provi ded prophylactical 'y, -33 WO 2004/04182 _
admipistereddn 508l 08&8KI8d dosheby panopieraberi torical onvirsu Ackuiigble
. ded | V9 f v 4 Nnf | aj
orsl s o B Tt RO b BTN hEPIOTR:
day. dh paentedabformiations, aanitabigdusagerunit intayotainimas@l son250mg of

_.,in advance of any .s tons of oqr .rejection). The
said SRR o ergis 51 Himioal SO P for BT Sa TR O do 1%

activé DipfBdledt dre PRIYRE. It ShdAEHERerood hbRBHR tBat B)oSage
subsequent " i nfl ammat ory response (such as, for

admipigtsation dion; patienstte patienfwill veryand fhealesasd fgagnpartiglarppiéeitie,
. . ' i 0. i f c of
will Epégspor i REEE il RN R LAl b B RS
dosagerthd sizanakdicomlifjeuntithegmiierft as welkanthé patichi’serespensedd thedrugf. a
transplanted organ or tissue). Thus, in accordance
with the invention, a conpound of the fornula | can

25

.30

i nflanmation (so as to suppress an anti ci pat ed

may beydpnistercr apmedipanamisdn thetfernt ofiphpanaceicalprenarationsigicton
o5 oSS ATl i s
catrier material can be an inert organic or inorganic carrier material suitable for oral
administration. Examples of such carrier materials are water, gelatin, talc, starch,
magnesium stearate, gum arabic, vegetable oils, polyalkylene-glycols, 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

-34-
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adm nistered in single or divided doses by the oral,
parenteral or topical routes. A suitable oral dosage
for a conpound of formula | would be in the range of
wo 200auis20. 1 ng to 10 g per 15 day. In parepbeigdoosesssss
formul ati ons, a suitable dosage unit may contain from
0.1 to 250 ng of said conpounds, whereas for topica
adm nistration, fornulations containing 0.01 to 1%
active ingredient are preferred. It should be
under st ood, however, that the dosage adn1n|strat|on
likef rdiqridaiosage forms, fonexagle splutipns, suspensions, @mglsmwlgéher

The@ M@éuhl:aﬁ ?l’a?ﬁraﬁ(ﬁﬁ 'nﬁi?'i)e %&éckedqf BSy gntﬂyﬂﬁg) h: .H'Faceutlcafl or

I'ni ¢l an use as teria
ope:fahmsrsgclaas ptedjizatio? OFwither g phivenassdutieal pregaretions inay contan

th t | th t { t he
cont iRl edjfiants S % BB TGS SRO R SYReERE TROERITaI S, o
wetiﬁ dpentS QuTfErs, Shiey eflvapying e ofhdtlc pr&@biir® and e like. rSdUD Carrier
m ni stered as medicaments in the form of

matw&wh% e heqised igpladea fos cxasmple. wiarakhlactesspmanmitol eyl n
ceulﬁés%%ic?dchemmewm%se%mmcmba@ia%a Eﬁﬁﬁmgg;@@e GAhigher

carrier materia e an |nert
molmu@amlghmolm(gmaspdacthylare ghemBrl al suitable for

oral admnistration. Exanples of such carrier
materials are water, gelatin, talc, starch, magnesium

- For petraﬂérﬂtlse, a@umpamdbif Grmidad eirotid nnibtered in an aqueous or non-
| kyl ene coI S etro| eum eI Ly and like.
aq“%’ﬁs 1°B*§HFR?B§ T CERsiqh R E:QL "ééﬁc‘i?BtablP Qﬁ SF e

ofI@u&so%i%ﬁ'iﬂa?B&lltalﬁﬁﬁUﬂ&fos@ﬂ«gagfeht@' a’inh@ﬂdan%o ﬁgﬁvafu%snsuffe@dbr
solid dosage fornms, for exanple, | ets, dra ees,

othec @qb@@ﬁ te gendeiribe sohwdion lsatpnmnﬂﬂbabbad, mvkemng agents, suSpendmg

ageng)%gﬁéégﬂ%g@%%ﬁtgcﬁgy aéscbé%ule aidyed uA&'dee% %9&1 t%frfﬁﬂuc{eofor

1 ons,
ex aﬂlﬂlk eartratd,vitrgdmdnpa sie boffad, eﬂmmﬂﬁirqiylm Sglymlypdiwthylene

elyoRh e b (Fhie EO Al PRAFOR Ghfd o5 R DB A

metaDisBHEY, ahd e%&%bi&%id? afphaidleculz® BRI ﬂo%ﬂﬁdrs Qaindghia such
as preservatlves stabilizers, "emulsifiers,

polwthﬂvnﬁrwadv@rfewmsmgemé@tton@gd pejuethdeneigrivaives ofsarbital f or
anhydRHE! @Qeséﬁﬁ%v%ﬂg)? él&v% ﬁé&&%ﬁ%e oy, hlak ﬁéﬁgm?'g.%;%‘rinemyl or

carrier can I nclude
propgiyambkg bewt kozinm dhba:rde)sml othen quateroiry ametoninm copglobmdsose,
m crocrystalline cellulose, talc, silica, dibasic
cal ci um phosphate, and .high nolecular wei ght pol yners

The Edifolindor B4 meédﬁrsh 13§ alb Y& Qindinistefbdm8 kolidine Frakal use,
a conpound of formula I can be adm nistered in an

appligafisasnd may copdgin n:aagld@@a $o e rerepaynds efdlip vention spifable
buffér?n%%érlg&dju&e&, RSB GRU AR, ¥ntR s 3R His@sity-MEredsing
agents in an aqueous vehicle. Examples of agents used fo increase viscosity are polyvinyl
alcohol, cellulose derivatives, polyvinylpyrrolidone, polysorbates or glycerin. Microbial

preservatives added may include benzalkonium chloride, thimerosal, chloro-butanol or

phenylethyl alcohol.

Additionally, the compounds provided by the invention can be administered topically or by
suppository.

-35-
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of liquids, which may contain bacteriostatic agents,
anti oxi dants, preservatives, buffers or other sol utes
to render the solution isotonic with the bl ood,

wo 2bddiogseni ng agents, suspending agents or petA8H03/033865

pharmaceutically acceptable additives, Additives of

this type include, for 15 exanple, tartrate, citrate

and acetate buffers, ethanol, propylene glycol,

pol yet hyl ene glycol, conplex forners (such as EDTA),

antioxi dants (such as sodium bisulfite, sodium

nmet abi sul fite, and ascorbic acid), high nol ecul ar
Fb“ﬁﬁﬁﬂgk pol ynmers (such as liquid polyethylene oxides)

or viscosity regulation and pol yet hyl ene derivatives
of sorbitol anhydrides. Preservatives may al so be

added j ec ar uch as.benzoic, acid, nmethyl or. 20
ConbiS ot e RREER 1 chLhe MRUHRLAT Beor o Sl BRap s s
of wajdaDefchpfiohs dNBEVEIaL Bl ERIPOMRATationd AR gtRABERdS of this

invention may al so be adm nistered as solutions for

nasal application and may contain in addition to the
Exﬂgganounds of this invention suitable buffers,

onicity adjusters, mcrobial preservatives,

anti oxi dants and viscosity-increasing 25 agents in an
Cmﬁggy&qgﬁé%ehicle. Exanpl es of agents used to increase

VISCOSI{y are polyvinyl alcohol, cellul ose

der i VEtampiesA-1pol yvi nyl{pyrr ol i doBgampflelysor bat es or

ghycer M-crobial ude

Yoo | —preservatives added-mayincl
bSREEHIRERI um chIQWREE | t hi nakgsediants chl or o-@ilRol or

Iﬂﬁﬁﬁ Ey, Al coigl 0 AT t tre unds
Cop ov?gg%ﬂ%ya?heq?ﬁ5n tigﬁ 3%ﬁ§g$ggﬁ$%ﬁstnggﬂg
-~ topPBtwhl y or by 160umpqsi Davalcium BloshiRt€ 004/ 060L8L 7
CT/ U / 03386 Forlmul at i ons ounds t he
N¢%%%ﬁ1 ggﬁE%n beg?gﬁnula gnﬁg?cgﬂggﬁbeutian%
SodianirBiatlsGlyssiaten i 00 mgnymber Ska@fackyS. Descgiptions of
several exenplary forrul ations are given bel ow.
M%ﬂﬁm@t%m%apsuléé%g or| Jedim StrcGligalate A- 1 1Bm8npl e A-2
Fuh8fias iR, QUantify 1in | nLity ound of
formila I 250 ny @%pdugﬁdﬁ%ég%p%gﬁggﬁ{i 50 nlgﬂg‘%t ar ch
160 nmg Di cal ci um Phosphate 160 ny

The compound of formula I is blended into a powder mixture with the premixed excipient

materials as identified above with the exception of the lubricant. The lubricant is then

capsules.

~36-




10

15

M crocrys.

Cellul ose 90 ng Mcrocrys.

Cel | ul ose 90 ng

Sodi um Starch dycolate 10 ng Stearic acid 5 ng
Magnesi um Stearate 2 ng Sodi um Starch d ycolate 10 ng

ng
powder

wo 2opRsk7col | oidal silica 1 ng Funed coll oi ﬁl@fm@imbi,og@ﬁgl

10 The conpound of fornula I
m xture with the prem xed exci pi ent

is blended into a
materi al s

as identified above with the exception of the

| ubri cant.

The | ubri cant

is then blended in and the

resulting blend conpressed into tablets or filled into

Ex gel atin

PCT/ US2003/ 033865

Ingredients Quantity Conpound of fornula I

Pareyg@alfoditions vol ume | ) _
-Mg{éﬁi(gﬁtgy vol une 5 The excjpient materials are m xed and

capsul es.

15 -36 WD 2004/ 041827

Sol uti ons

500 ng PEG
5% by volunme Saline

Exanpl e B Par ent er al
Et hyl Al cohol

en added to one ¢ “f'rﬁ’éycorrpounds of formula | in

Compiahid ¥Pfbo#iEa BS 1S NegEmgary 10r dissolution. Mxing is

tinued until the
PEéﬁ fillte!redinto
_Ethﬁrpgco%p_rl lized by

Suspension Ingred
Salingo nmy Citric aci

p solGtion is clear. The solution
e bupgdrmpri ate vials or anpoul es

ing. 10 Exanple C
%:bggéﬁ%‘ﬁtity Compound of formula I
15504 B golume

The excipient materials are mixed and then added to one of the compounds of formula I in

such volume as is necessary for dissolution. Mixing is continued until the solution is clear,

The solution then filtered into the appropriafe vials or ampoules and sterilized by

autoclaving.
. Example C
Suspension
Ingredients Quantity
Compound of formula I 100 mg
~ Citricacid 192
Benzalkonium chloride 0.025% by weight
EDTA 0.1 % by weight
Polyvinylalcohol 10% by weight
Water g.s. to 100mL

The excipient materials are mixed with the water and thereafter one of the compounds of

formula Iis added and mixing is continued until the suspension is homogeneous, The

suspension is then transferred into the appropriate vials or ampoules,
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Benzal koni um chl ori de 0.025% by wei ght EDTA 0.1 % by
wei ght  Pol yvi nyl al cohol 10% by wei ght Water g.s. to
100m. 15 The excipient nmaterials are m xed with the

wo 20|terszand t hereafter one of the conpoundscptisobiafzseds a

| is added and m xing is continued until the
suspensi on i s honbgeneous. The suspension is then
transferred into the appropriate vials or anpoul es.
-37 WD 2004/ 041827 PCT/ US2003/ 033865 Exanple D
Topi cal Fornmul ation Ingredients Quantity Conpound of
Exa!ﬂ@grﬂjl al 5%by weight Tefose 63 13% by wei ght
Labrafil M 1944 CS 3% by weight Paraffin Gl 8% by
wei ght  Met hyl paraben (MP) 0. 15% by wei ght
TopReldjpyhplatiaben (PP) 0. 05% by wei ght  Dei oni zed wat er
g.s. to 100 5 The proper anounts of Tefose 63,
Labrafil M 1944 CS, Paraffin oil and water are m xed
and thgadieds at 75 [ unt Qbamsity conponents have nelted.
] j C wth continuous
ampopndhef forguiad;| phr aléérPYa‘ﬁ‘?}glﬁr opy! par aben are added
Wi t b %iddg and the s cool ed to anbi ent
tenphrgéfﬂé%&l??e. The con%aound o%hﬁ‘ ormula | is added to the
TI@brafik Mit¥4&5d bl pndéth byevdight 15 - 38 WO 2004/ 041827

PCTRiRARGH 033865 CulliWRicight

Methylparaben (MP) 0.15% by weight
Propylparaben (PP) 0.05% by weight
Deionized water q.s. to 100

The proper amounts of Tefose 63, Labrafil M 1944 CS, Paraffin oil and water are mixed
and heated at 75 °C vntil all components have melied, The mlxture is then cooled to 50 °C
with continuous stirring. Methylparaben and propylparaben are added with mixing and the
mixture is cooled to ambient temperature. The compound of formula I is added to the
mixture and blended well.
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W Caim 1. A conpound of the formulal 5 C C N
NO NR~0O NO R (1), wherein: Rl is straight
or branched alkyl of 1 to 3 carbon atons which is
wo0@tusgal |y nono- or disubstituted wth ppr@kisssses
i ndependently selected fromthe group 10 consisting
of (i) oxo and (ii) norpholino; R2 and R3 are each
i ndependently selected fromthe group consisting of:
(A) hydrogen, and 15 (B) straight or branched al kyl of
1 to 4 carbon atonms which al kyl group is nono- or
di substituted wth noi e€-884%:ndependent |y sel ect ed
omthe group consisting of: (i) CONH2 and (ii) OH,
Bt R2 and R3 together with the nitrogen atom
between them forma piperazine ring; and R4 is: (A

cyano (B) di whi ch is nono- or disubstituted
L F%ﬁeénmﬂl"?n]fel uor omet hoxy; 25 or a
phar maceutl cally acceptable salt thereof -39

We

Na
&
_R-"—\ O 0¢_:S
bii:uﬁﬂ N\H a
"R )
wherein:
R is straight or branched alkyl of 1 to 3 carbon atoms which is optionally

mono- or disubstituted with moieties independently selected from the group
consisting of:
(i) oxoand
(i)  morpholino;
R? and R? are each independently selected from the group consisting of:
(A) hydrogen, and

is mono- or disubstituted with moieties mdependently selected from the

group consisting of:
@ CONH; and
(i) OH,

or R? and R? together with the nitrogen atom between them form a piperazine ring; and
R’ - is:

(A) cyano, .

B) pyrimidine which is mono- or disubstituted with N or

(C) trifluoromethoxy;

or a pharmaceutically acceptable salt thereof

-39-
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WO 2004/ 041827 PCT/ US2003/ 033865 2. A conpound of the
formula I, in accordance with claim1l, wherein: RL is
a methyl group; R2 and R3 are each independently

wo metesbed fromthe group consisting of. BcotAkdbyesgRgen
and (B) straight or branched alkyl of | to 4 carbon
atons which is nono- or disubstituted wth noieties
i ndependently selected fromthe group consisting of
(i) CONH2 and 10 (ii) OH and R4 is: (A cyano or
(B) trifluoronmethoxy; or a pharmaceutically
acceptable salt thereof. 15 3. A conpound of the

for a l,.i condan ' Al m . wher ei n:
2. Ry 4 €mPolng %t;}*ea%lr‘“glbl%ﬁ "%cyﬁ%&@ arcgglﬂéégﬁh%%%ependent ly

R! sel ect ek ffmamglghep,gr oup consisting of:  (A) hydrogen
and,20 (B) straight or pranched al kyl of. 1 ta 4 carbon
R e ik epenSise oo Semge Foth Wi et ot | o8

I ndepenggnt | Liegiged fromthe group consisting of
(i) CONHZ and  (ii) O4 and 25 R4 is trifluoronethoxy,
or a ph@)macssighiesibrapched aliyt efif) te 4sarben alpws hich iggmone- or
conpound of ey i 5anchal ,
2 or 3, havi%%ﬁf%@%@g@g&fﬂé&%?@g% gﬁhst ry glghl;
depi ct ed belcomsidiipgbbrnul a 1*: -40

() CONH;and
() OH;and
- r is:
(A) cyanoor

(B) trifluoromethoxy;
or a pharmaceutically acceptable salt thereof.

3. A compound of the formula I, in accordance with claim 1 or 2, wherein:
R! is a methyl group;
R*andR®  are each independently selected from the group consisting of:

(A) hydrogen and

(B)  straight or branched alkyl of 1 to 4 carbon atoms which is mono- or

 isubstituted with moieties independently selected from the group -
consisting of:
(i) CONHzand
- (i) OH;and

R? 18 friflucromethoxy;
or a pharmaceutically acceptable salt thereof.

4, A compound of the formula I, in accordance with claim 1, 2 or 3, having the

absolufe stereochemistry depicted below by formula I*:




WD 2004/ 041827 PCT/ US2003/033865 Cl C NNG VYNOO

~. R NNS*O R3 R H(l*) 5. Aconpound in

accordance with claim11, 2, 3 or 4, selected fromthe
WO 201327 S consi sting of (a) _ PCT/US2003/033865

(S)-2-[(R)-5-(4-Cyano-benzyl)-7-(3, 5-di chl oro- phenyl ) -

5- net hyl - 6- oxo- 6, 7-

di hydro- SH i m dazo[ 1, 2-a] i m dazol e- 3- sul f onyl ammi o] - pr

opi onam de; (b)

(S)-2-[(R)-7-(3,5-Di chl oro- phenyl ) - 5-net hyl - 6- oxo-5-(4

-trifluo - benzyl) -

6, 7- di hydr i m dazo[ 1, 2-a] i m dazol e- 3-sul f onyl am no
]-N-(2- hydr y-2-nmet hyl 10 propyl)-propi onani de; (c)
(S)-2-[( N(305- D chl or o- phenyl ) - 5- et hyl - 6- oxo-5- (4
- trifl metfthoxy- benzyl ) - 6, 7- di hydro- 5H i m dazo|

1, 2 a]d m H &¥'3- sul f onyl am no] - propi onam de; and

Rg\(a‘:j) S I\\Carb net hyl - 2-{ (R) - 5- (4- cyano- benzyl ) -7-(
r o-
H5- met hy -6, 7- di hydr o- 5Hi nmi dazo|

, R'a] i mi dazol e- 3-sul f onyl no] - propionam de; or a
phar maceutical ly acceptabl¥e “salt thereof. 15 6. A
phar maceuti cal conposition conprising a conpound in
accordance with claiml1l, 2, 3, 4. or 5 and at | east
one pharmaceutically acceptable carrier, diluent or
5. exaA gunivhmd 1h-acddrdaBEERA C |
2,.3, 4 or 5 for use ggamhm%?e{g@%l&%d%ﬁgm%@g of a
COH%%&@nd in accordance with claim1, 2, 3, 4 or 5 for

@ e BRE B oD Hen B PR TR RR o Ry -

_ dth@&ﬂH-tﬂmuiaZQ[h2—a]1}naiaztﬂﬂ8-.su]féﬁbrlammo]-propmnamldc,

10

) -(S)—2-[(R)-7—(3,5-Dichloro-phenyl)-S-methyl-6-oxo—S-(4—triﬂuoromethoxy—benzyl)-
6,7—dihydro-5H—imidazo[1,2—a]imidazole—S-sulfonylamino]-N—(2-hydroxy—2-methy1~
propyl)-propionamide; (c) (S)-Z—[(R)~7—(3,5~Dichloro-pheny1)-5-methyl—6~oxo-5—(4—
ttiﬂuoromethoxy~benzyl)-6,7-dihydro-5H—inﬁdazo[1,2-a]im1'dazole—3-su1fonylamino]-
propionamide; and (d)(S)~J\[-Carbamoy1methy1—2—[(R)—5-(4-cyano—benzy1)~7—(3,5 -dichloro-
phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-imidazo[1,2-alimidazole-3-sulfonylamino]-
propionamide; or a pharmaceutically acceptable salt thereof,

20

6. A pharmaceutical composition comprising a compound in accordance with claim 1,

2, 3,4 or 5 and at least one pharmaceutically acceptable carrier, diluent or excipient,
7. A compound in accordance with claim 1,2, 3, 4 or 5 for use as a medicament,

8. Use of a compound in accordance with claim 1, 2, 3, 4 or 5 for the preparation of a

pharmaceutical composition for the treatment of inflammation or an inflammatory
condition in a patient.
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WD 2004/ 041827 PCT/ US2003/ 033865 9. Use according to
claim8 wherein the condition to be treated is adult
respiratory distress syndronme, shock, oxygen

wo 200apki@2ty, multiple organ injury syndronepsggeiaehisiiket O

septicema, nultiple organ injury syndrome secondary
to trauma, reperfusion injury of tissue due to
cardi opul nonary bypass, myocardial infarction or use
with thronbolysis 5 agents, acute gl onerul onephritis,
vasculitis, reactive arthritis, dermatosis with acute
9. i nf Usaravedrding toodaip@elrntrain thetcomiition tb hetremdd is adullmyspiratory
S Ieuka her, | cerat.i ve oI|t|s
ais ST R U Ry ER T empnls S gy S e iderro
sepasama il gysle agmdmﬁ@synafbmeus@naﬁgw iR, tePerélsiin My 0{0

in the condition to be treated is psoriasis,

tissp E%m P crdiopimopasy, bynegsh puvpegrdie infgietionyprame with threvglaqlysis
agen@adchie en%neﬁlﬁt%‘ AR Ris AR 598 Stritis, dgﬁﬁé’f&js'lmm acute

Raynau s syndrone, autolmune thyroiditls
inflagpdiery eomponapts, strqmeihgmabmm bﬁmo‘ilﬁmlmiﬂuha;ﬂiemm huldetaitige

coltiE R EAIEASRARIL & dEERe Ml St rome

ul cerative coI itis or syst em c | upus erythematosus. 15
m 8 wherein the condition to

1 1...Us C d
0. po Yep Rk bl ta Sl s ndheroiind pongiba seheireaipdisprenagam &
orgadﬁt%ﬁ thanbpM@t fejﬁéﬁbﬁ, Iedft ‘tsohdéﬁreﬁcfti%ﬁé ijadtﬁmh{&ﬁe H@é@s&

effects of cytokine therapy. . A nethod for
inchyding Raynguds ome yfolmpang Is'lmdllas, 1161@@1@*@5 aiuliigletsoleroisiaj m

h l&li tm L] he

et s TSR LB Re LR W9y SRS Boyi

disegse, Qeohn's dideain ulckmiive dolitis wi dybtemicdapus enviiebrafosadie f or nul a
X -42 WO 2004/ 041827 PCT/ US2003/ 033865 0 NH

11. Use according to claim 8 wherein the condition to be treated is asthma.

12. Use according to claim 8 wherein the condition to be treated is the toxic effects of

cytokine therapy.

13. A method for making a compound of the formula I according to claim 1, which

25

method comprises reacting a compound of the formula IX

Cl; Cl

wherein R* is as defined in claim 1,

with a compound of the formula X

-42-




RAN 2 R Rl (X), wherein Rl, R2 and R3 are as defined
inclaiml, to obtain a conpound of the fornula I. 14.
A nmet hod according to claim 13, wherein the conpound

wo 0d408eul a | X is obtained 5 by a met hod pe@nRidoSésngs
reacting a conpound of the formula Il C C N---NO
~\.NI I \ R4 wherein R4 is as defined in claim13,
with a Gignard reagent followed by treatnent with
SO2 and N-chl orosuccinim de to obtain a conpound of
tIE)e formula I X. 10 -43

2 )\\(NHz
R
""--.‘\{ ;

R
R’ .

wherein R', R? and R are as defined in claim 1, to obtain a compound of the formula 1.

14. A method according to claim 13, wherein the compound of formula IX is obtained

5 by amethod comprising reacting a compound of the formula II

N

N= 8]

SN

Y
R,

wherein R* is as defined in claim 13, with a Grignard reagent followed by treatment with

| SO; and N-chlorosuccinimide to obtain a compound of the formula IX,

10
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