WO 03/ 050119 PCT/ US02/ 18284 Urea Substituted | m dazopyridines Field of the
Invention 5 This invention relates to i mdazopyridi ne conpounds that have
urea or twioamanse19functionality at the 1-position, and topghrarsones2edi cal
conpositions containing such conpounds. A further aspect of this invention
relates to the use of these conpounds as i munonodul ators, for inducing
cytoki ne biosynthesis in animals, and in the treatnent of diseases,

i ncluding viral and neopl astic di seases. The invention al so provides

met hods of 10 maki ng t he Creafinhstituteddmidazopyridingses useful in their
synthesis. Background of the Invention The first reliable report on the
1H i m dazo[ 4, 5-c]quinoline ring system Backman et al., J. Og. Chem 15,

1278- 1213145#% P InYEsEd bes the synthesis of 1-(6-methoxy-8 15

qui nol i -2Z2- yT - i m dazo[ 4, 5-c] qui noline for possible use as an
anfi mal ar i al ThisgeyentioStdaeniodmidazopyding eeraRoUsHs (hat haisdrepsthiovireed
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anti convul sant and cardi ovascul ar _agent. Al sq, B%{?jmov et _al .,

_ ) Chem Abs.
85, 943Bampgomediiayrs, fesrducBgsyiokinsRoBmARess 1p 2 'Scl&%tfh%-tfé?t&tﬁ“hgﬁi nes,
and Bergnyl et al s:vo J; | diea Qe Pne dventii3 A BARiA Wkhodshirve
reporte I%Aesf’ ’é?cﬁhﬁy%ig?lna?gtggé@%@-dlgﬁa%i nnigﬁei neeé1 . OerS t gi n1 o
1Hoi m dazein the chrapounds andt dhtanicdiates amefullin theidsyhtizulsst i t ut ed derivatives
thereof were later found to be useful as antiviral agents, bronchodil ators
and 25 i mmunonodul ators. These are described in, inter alia, U S. Patent

Nos. 4, gggké%%“d Oﬂ@@ﬁ?‘n& 929, 624; 5,037,986; 5, 268,376; 5,346, 905; and
5, 389, 620" ' i dazopyri di ne-4-am ne conpounds useful as
i mune r espofbe firstoeliableaeporape thgelddimisiagoiP-Janinekineging setamy tRaskmpag s

ot ont s S doOr BBk a7 A0 o oy e BB BIRARE, SRR 8 000,

Cart ai nq&iffoiiﬂa{lyléaﬁétﬂy15rf@1ﬂmaﬂqhimc]ﬁummiﬁeﬁortpb@ﬁbm asecasaum abeimatarlal onani de,
and urea functionality at the 1-position are described i.n PCJ. Publications

VO 00/ 76508, SWpeauyni5om eyl ysoons sguutedpHpningenl &z dUosrePEtEnt  No.
6,331, 5§egporfg‘ld.l 138}c e;gagﬁ)le??ﬁ}{ R ﬁ%ﬁt VRASEnBA! £ tpﬁ §sh (1968), synthesized the

compound 1-[2-(4-piperidyl)ethyl]-1H-imidazo[4,5-c]quinoline as a possible

anticonvulsant and cardiovascular agent. Also, Baranov et al., Chem. Abs. 85, 94362
20 (1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et al., J.

Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5-

c]quinolines.
Certain 1H-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted derivatives
thereof were later found to be useful as antiviral agents, bronchodilators and
25 immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338;
4,698,348; 4,929,624; 5,037,986; 5,268,376, 5,346,905; and 5,389,640.
Substituted 1H-imidazopyridine-4-amine compounds useful as immune response
modifiers are described in United States Patent Nos. 5,446,153; 5,494,916; and 5,644,063.
The compounds described in these patents do not have amine containing substitution at the
30 1- position. Certain 1H-imidazo[4,5-c]quinolin-4-amines that have amide, sulfonamide,

and urea functionality at the 1-position are described in PCT Publications WO 00/76505,



publ i shed patent applications are incorporated herein by reference. Despite
t hese recent discoveries of conpounds that are useful as imune response
nodi fi er swotohesmE19 s a conti nuing need for conpounds that RraerTaSohies2sbility
to nodul ate the 5 imune response, by induction of cytokine biosynthesis
or other mechani snms. Sunmary of the Invention W have found a new cl ass of
compou 6@/% SR IS Bhieht N 151939, Mt 6KihB@boR-ASHine@ phtenisanani mal s.
Accordi ngly, |s i nvention provides i m dazopyridine-4-am ne 10 conpounds
t hat haplmmh@hpamﬂ:nttappmmeas dra incoimenated heret b fegerengsosi ti on. The conpounds

whi ch have bgen.found to usef. ul S are
defined by PBRGIBeSErsCentfiscayelies Q cfltaC W’%ﬁlé% t’:ﬁ%t a%be&gﬂ? AR ?é ?8{? ormul a
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wherein X, Y, Rl1, R2, R3, R4, and R5 are as defined herein. The
coﬁpounnbsnmie llé@pqmt,aby(lnsﬂu@m ofi s¥tpkine Riosypthesie oF RBPLREDARSHSf i ers due to
their ability to induce cytokine biosynthesis and otherw se nodul ate the
i mmune response 20 when adnministered to aninmals. This nmakes the conpounds
usef ul  Simbiifviof ¢Ré Ivehtioh a variety of conditions such as viral diseases
and tundrs that are responsive to such@&tﬁn ges f{ﬁlthe i mune . response. The
I

i nvention fuMekave Spwid aieaw plsy ohcoBRPr s BeS Ty B RAUE S CXOX g t he
| mune h n(%ﬂéssgssl%ghflﬁik nﬂc&ﬁpﬂglynﬂﬁs 1n@9ﬂldﬁ3§r99ﬂ§s RhidhaPyading 4cathiaki ne

bi osynt n-an ani na reating a viral infection in an animal,
an@ or  téepdundg tat hewephas bi thiciredaseidnaligret svd bpbsitign.abied ¢ompogning a
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Formula (I), which is described in more detail infra. Formula (I) is as follows:

NH,
N
NT
P >R,
R; '}'
AKX
Y Ny—zR
F{5
15 . @

wherein X, Y, Z, Ri, Ry, R3 Ry and Rs are as defined herein.
The compounds of Formula (I) are useful as immune response modifiers due to
their ability to induce cytokine biosynthesis and otherwise modulate the immune response
20 when administered to animals. This makes the compounds useful in the treatment of a
variety of conditions such as viral diseases and tumors that are responsive to such changes
in the immune response.
The invention further provides pharmaceutical compositions containing the
immune response modifying compounds, and methods of inducing cytokine biosynthesis
25 in an animal, treating a viral infection in an animal, and/or treating a neoplastic disease in

an animal by administering a compound of Formula (I) to the animal.



In addition, the invention provides nmethods of synthesizing the conpounds
of the invention and internedi ates useful in the synthesis of these
conpoundswobawsilied Description of the Invention 5 As nentPCconsdzeasd i er, we
have found that certain conpounds induce cytokine biosynthesis and nodify
the i mune response in animls. Such conpounds are represented by Formul a

(1) bel ow '\ﬁ%gdf\loﬁ' the i’n\%%tlgﬁpf\éw&sﬁetl%d@of E%.ﬂZesEl I\% e cbﬁlpbhl)ds offiigy ein X is

al kyl ene or enyl ene; is - - is - -CO;

- NR6- SGawventimn an&lﬂiter,xnediiﬁeﬂseflé natlylsynuhe&lwﬂafsgﬂ COHH@P@@%cycI yl, al kyl or

al kenyl, each of which nmay be unsubstituted or substituted by one or nore
substituents independently selected fromthe group consisting of: -alkyl;

-al kenybetallg@l)e%r!étmrrM@flﬂ%ﬁﬁon -heterocyclyl; -substituted cycloal kyl;
- subst TyT; -substituted heteroaryl; subst i tut ed qgterocyclyl;
5 As mentioned earlier, we have found that certain compounds induce cyto

biosynthesis and modify the immune response in animals. Such compounds are

represented by Formula (I) below:

NH,
N
PRai
R; N
R X\
4
/N\Y—‘Z—R
R;
10 @
wherein X is alkylene or alkenylene;

Y is -CO-or -CS—;
Z is -NRg—; -NRs-CO-; -NRg-SO;-; or -NR7-;

15 R; is aryl, heteroaryl, heterocyclyl, alkyl or
alkenyl, each of which may be unsubstituted or substituted by one or more
substituents independently selected from the group consisting of:

-alkyl;
-alkenyl;

20 -aryl;

-heteroaryl;
-heterocyclyl;
-substituted cycloalkyl;
-substituted aryl;

25 -substituted heteroaryl;

substituted heterocyclyl;
-O-alkyl;



-0-al kyl; 3 WO 03/050119 PCT/US02/ 18284 -O (alkyl)0_1-aryl;

-O (alkyl )0 _1-substituted aryl; -O (alkyl)O0_1-heteroaryl;
-0-(al kylwO o3osubstituted heteroaryl; 5 -0-(al kyl)0_1-het (PC(FLI;SOI/;&M
-0-(al kyl)0_1-substituted heterocycl yI ;. -COOH, -CO0-alkyl; -COalkyl;

10 -S(0)0_2 -al kyl; -S(O)O 2 -(alkyl)0_1-aryl; -S(0)0_2

-(al kyl)0_1- substltute @ }ﬁ (O 02 - (aI kyl ) 0. 1- heteroaryl ;
-S(0)0_2-(al kyl)0_1-subs futed het eroar 15 -S(0O0_2
-(alkyl)0_1-heter ocycl-;ﬂ(alky&;)o(l@)lbﬁtlzute@m)ﬁyl) 1- substituted heterocyclyl;

- (al kyl') o-1- N(R6)2 b@/ 0,1- 0-alkyl; -(alkyl)o_
1- NR6- CO- al kyl ; ('&? }31%9 ﬁﬁ? aryl ; (aI Kyl )0_1- NR6- CO substituted

aryl; -(alkyl)O_ 1 N%@legﬂjof?fsﬁaﬁtﬁhtzd heteadaiyll ) 0_1- NR6- CO- subst i t ut ed
heteroaryl; -P(O) (Qalk 25 -N3; _-halogen; -haloal kyl; -hal oal koxy;
5 alkyl)o \-heterocyclyl;
-O-(alkyl)o.1-substituted heterocyclyl;
-COOH;
-CO-O-alkyl;
-CO-alkyl;
10 -S(0)o- -alkyl;

-S(0)o-2—(alkyl)o-1-aryl;

-S(0)o.2 —(alkyl)o.;-substituted aryl;
-S(0)¢.2—(alkyl)o.;-heteroaryl;

-S(0)o2 —(alkyl)o.1-substituted heteroaryl;

15 -S(0)g.2 —(alkyl)o.1-heterocyclyl;
-S5(0)o.2—(alkyl)o.;-substituted heterocyclyl;
-(alkyl)o-1- N(Re)2;
-(alkyl)o.1-NRe-CO-O-alkyl;
-(alkyl)o.;-NR6-CO-alkyl;

20 ~(alkyl)o.;-NRs-CO-aryl;
-(alkyl)o.1-NRs-CO-substituted aryl;
-(alkyl)o.;-NRs-CO-heteroaryl;
~(alkyl)o.;-NR6-CO-substituted heteroaryl;
-P(0)(Oalkyl);

25 -N3;

-halogen;
-haloalkyl;
-haloalkoxy;
-CO-haloalkyl;

30 -CO-haloalkoxy;
-NOg;

-CN;



- CO hal oal kyl ; 30 -CO hal oal koxy; -NO2; -CN, 4 WO 03/050119
PCT/ US02/ 18284 -OH, -SH, and in the case of al kyl, alkenyl, and

het erocycw9lo3/osmey R2 is selected fromthe group consi st iPag/uso2/58284

- hydrogen; -alkyl; -alkenyl; -aryl; -substituted aryl; 10 -heteroaryl;
-substituted heteroaryl; -alkyl-Oalkyl; -alkyl-S-alkyl; -alkyl-Oaryl;
15 -al kyl-S-aryl: -allggh- O al kenyl; -alkyl-S- al kenyl; and -al kyl or

al kenyl substituted by one or nore substituents selected  fromthe group
consi sting of: 20 - OH-SH;had oydn case-ofatey).2lkenybanfipeisiosyclyl. XN R6) 2; 25
-S02-N(R6) 2; -NR6-CO C1_10 al kyl;
R, is selected from the group consisting of:
5 -hydrogen;
-alkyl;
-alkenyl;
-aryl;
-substituted aryl;
10 -heteroaryl;
-substituted heteroaryl;
-alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
15 -alkyl-S-aryl:
-alkyl-O-alkenyl;
-alkyl-S- alkenyl; and
-alkyl or alkenyl substituted by one or more substituents selected
from the group consisting of:
20 -OH;
-halogen;
-N(Re)2;
-CO-N(Re)2;
-CS-N(Re)2;
25 -S02-N(R¢)2;
-NRg-CO-Ci.19 alkyl;
-NR-CS-Ci.10 alkyl;
-NRg- SO»-Ci.10 alkyl;
-CO-Cy.19 alkyl;
30 -CO-0-Cy.yp alkyl;
-N3;
-aryl;



-NR6- CS- C1- 10 al kyl; -NR6- SO2-C1-10 al kyl; -CO Cl-10 al kyl; 30

-COOCl-l1o alkyl; -N3; -aryl; 5 WO 03/050119 PCT/ US02/ 18284
-substit uwed3asoihy - heteroaryl; -substituted heteroaryl; pCThsomisasycl yl; 5
-substituted heterocyclyl; -COaryl; -CO(substituted aryl);

-CO heteroaryl; and -CO (substituted heteroaryl); 10 R3 and R4 are

i ndependent |y sel ected fromgf@nge®ugl;consi sting of hydrogen, alkyl,

al kenyl , hal ogen, al koxy, am no, al kylam no, dial kylam no and al kylthi o;
R5 is Hor ClL 10 al kyl, or fReteragtiyfoin with X to forma ring that contains

one or two hetero atons; 15 e LS. lhdependently Hor CI-t0 al kyl; R7
Is Hor C1L 10 al kyl which rfﬁk}bsglguqfxﬁﬁ%t%&&f tl’ed by one or nore heteroatons or

when Rl is alkyl, R7 and Rlpe®fodyeiyly to forma ring; or a pharnmaceutically
acceptable salt thereof. 20 Preparation qf the Conpounds Conpounds of the
i n'Wention can be prepared aseestigitpgheteroied¥ki on Scheme | where Rl, R2, R3,
R4, R5, X, Y and Z are as d_qf¢_?§q. above, Bn is benzyl and R is alkyl of
one to four carbon atons, per ot oal kyl of one to four carbon atons,
phenyl, or phenyl -CO-(substituted aryl);

-CO-heteroaryl; and
-CO-(substituted heteroaryl);

10 R; and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio;

R;s is H or C;.jpalkyl, or Rs can join with X to form a ring that contains one
or two hetero atoms;

15 each R is independently H or Cy.10 alkyl;

R, is H or Cy.10 alkyl which may be interrupted by one or more heteroatoms
or when R; is alkyl, R; and R; can join to form a ring;

or a pharmaceutically acceptable salt thereof.

20

Preparation of the Compounds

Compounds of the invention can be prepared according to Reaction Scheme I
where R, Ro, Rs, R4, Rs, X, Y and Z are as defined above, Bn is benzyl and R’ is alkyl of
one to four carbon atoms, perfluoroalkyl of one to four carbon atoms, phenyl, or phenyl

25 substituted by halogen or alkyl of one to four carbon atoms.

In step (1) of Reaction Scheme I a 3-nitropyridine-2,4-disulfonate of Formula X is
reacted with an amine of Formula R;-Z-Y-N(R5)-X-NH, to provide a 3-nitro-4-
aminopyridine-2-sulfonate of Formula XI. Due to the presence of two sulfonate groups
that could in principle be displaced, the reaction may provide a mixture of products that

30 can be readily separated using conventional techniques such as column chromatography.
The reaction is preferably carried out by adding the amine to a solution of a compound of

Formula X in a suitable solvent such as dichloromethane in the presence of a tertiary



25 substituted by hal ogen or al kyl of one to four carbon atons. In step (1)
of Reaction Schene | a 3-nitropyridine-2,4-disulfonate of Fornula X is
react ed wohisasoiadri ne of Formula RI-Z-Y-N(R5)-X-NH2 to pr@¢rdsozn1s2shitro- 4-
am nopyri di ne-2-sul fonate of Fornula XI. Due to the presence of two

sul fonate groups that could in principle be displaced, the reaction may

provi deanfﬁny}sa%% @ricthy Rk CASthe B@lford@ Gohp Rea femﬁelywmmaﬂm@ groupi ng

conventional techni ques such as col um cklromato graphy. The reaction is
pr ef er abé yeactor ¢anchequt abg reftetdigmppate{ WE) irpordests) Q?F‘ieéfr? ¢ amopRifound of

Fornul a sunt | e .s0] yent | 9k AHike- ngsence of
atert |“:§‘|‘yi951f)e %@(ﬁ‘fé ‘Lé??‘ﬂj@%%f%%%@&?ﬁhg‘% %gﬂ gﬁ%ﬂ as %ralcg%]ﬁ{/olgam ne. As
the sulfORAS®n GO b&readllye;brapamehyng ﬁmvlnesjmlmucngetmdsume fot ¢rampderct i on can
be run at a reduced tenperature (0C) in order to ﬁ'«sz ease the anount of

unflesi rlsddstormrek abt BS. BagnoNo -S40 3 and dhestedaenses 4 erein.

3-Nitropyri & dpFRmapar ed
usi ng knom%ﬁﬁpﬁ%?ogkg&luﬁgg%&@eeleg? ‘?11&‘(5;;2(‘;%6%3@&%1?{&' %ggltﬁg%] et al., US
Pat ent Xpis réac&%ﬁwﬁﬁalbaﬁ@zlmhm It@f)mv&iwez}dmenadamh@r%mhmpymdlgt%@n(@)of of

2 di bengl BRlne Al o Mé’ Hhide é‘u&msfiﬁetﬁhanﬁ% Munansft bolvaiieudteact i on i s
ou g

carrie py cONDI ni N conpound of Forrmula XI, dibenzylam ne, and a
teoti arbenammmlmmraglemelamhe;altlagmﬁeresuitlagﬂmxtéret sol vent such as 10

benzene, toluene ene t he res t g. In step (3)
of Reaction @c‘ﬁ@r@ Pﬁéﬁ%‘:t‘t‘?flgfge g&‘ﬁ o§ro§p ndzlg a% Hég

ni tropy fil'u%Fgmﬁnamrﬁﬁle%ff Fgﬁﬁlﬂh'bﬁl Klrbduicsd E&QU&ﬁﬁlotgio@’l 'Hmrﬂmoglbnunp The
reduction preferably carried out using N 2B V\/mch IS ergc{ed in situ

fr om soptieferatip canied ohtiesiegii-BriviiRie Is genpiia ESM&Pm@ i bk e angh ¢
reaction ef era carr | Il Yf Snbikit step (4)
of Reac‘?lic%% E ﬁr‘% A %n%%gfﬁ?n%tﬁggdﬁl I he- glytdf I an%ﬁltftle of ' Formula X1
i g5r eac{e%q)emtﬁre a carboxylic acid or an equival ent thereof to provide a 4-

di benzyl am no-1 Hi m dazo[ 4, 5-c] pyri di pe of Fqrmu ui tabl equi val ent s
to car boxyl Trestee (49 of ReRgiips %P?rﬁﬁéégé{]'%en&?iﬁm&n%’-ya’i k%4§ kanoat es.

The car poxy I%I %%agtgd Qith LA ﬁ@ beill %r §ﬁ"l3 {fﬁgntstH@rBoﬂtb%Tm\h@e al | provide

the destred trtuent 1n a npound Forrru a XV. For exanpl e,
triet hy&beﬁjhazﬁmbmﬂﬁnMam[4;5Fajpyrdhntaof:lfmpmlm&Verem@blﬁzqualentS to

carboxylic acid include orthoesters and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid

20 or equivalent is selected such that it will provide the desired Ry substituent in a compound
of Formula XV. For example, triethyl orthoformate will provide a compound where R; is
hydrogen and triethyl orthoacetate will provide a compound where R, is methyl. The
reaction can be run in the absence of solvent or in an inert solvent such as toluene. The
reaction is run with sufficient heating to drive off any alcohol or water formed as a

25 byproduct of the reaction. Optionally a catlayst such as pyridine hydrochloride can be
included.

Alternatively a compound of Formula XV can be prepared in two steps by (a)
reacting a diamine of Formula XIII with an acyl halide of formula Ro,C(O)Cl or R,C(O)Br
to provide a compound of Formula XIV and then (b) cyclizing. In step (4a) the acyl halide

30 is added to a solution of the diamine in an inert solvent such as acetonitrile, pyridine or
dichloromethane. The reaction can be carried out at ambient temperature. In step (4b) the

product of step (4a) is heated in an alcoholic solvent in the presence of a base. Preferably



hydrogen and triethyl orthoacetate will provide a conpound where R2 is
nmethyl. The reaction can be run in the absence of solvent or in an inert
sol vent swoh3asoiiol uene. The reaction is run with sufficiPemtushraifng to
drive of f any al cohol or water formed as a 25 byproduct of the reaction.
"Optionally a catlayst such as pyridine hydrochl oride can be included.

Al tern r&8n® GRAlexdedsdf tiethydigipe by (a)
reacti fl%éégg}ﬂa%f%fe%gggggornuxg@liﬂ%gnvmﬁ%r? acyl halide of forn%l a RRC(Od
or R2C(@)IB&tedtx@thphﬁhmdﬁcanmp@uAdtematlﬁiy sigb &b ogn dagatried ouf By healisgi zi ng.

In step (4a). the acyl halid dto f ne in an
i nert s9F PEMpCtQisisPAd2)18 &Y 6‘ nterl éep g&d??w&f naer?ieé %llaihgﬁﬂgirhoh%&ﬁg%?e@dﬂl'
reactiof, ?a?xne&)ﬁlt ‘B?'héht?r% Q¥ teadtioR fHEk @Y aftee AREYAS WkdEcatds phaatsep (49 t he
pr oduct step ( IS heated in an al coholic solvent in the presence of a

baSe. Recefidetabl y 7 WO 03/ 050119 PCT/ US02/18284 the product of step (4a)

is refluxed 'n et han in the pre C : i e or
heated wit h Eg?ﬁolléeaa‘fﬁ% Ecgg %fg 2 r(ﬁ%e?&zﬁ%ﬁ&? gﬁﬁ?@{)z)ot{%(r%}ﬂgghg?ro?l ed out
byt heat F&lﬂluéat KV 19[1 d]?{zeﬂ&@lprdﬁ@ the B- amdﬁo-le’-lﬂmdhio[é Seppyritine afas carri ed
out in pyridine,

can _be carried o atin he, reaction
m xt ur eFammIaRrafey@qlxt emrrnv@pe@fﬁ%ﬁm%%% léglﬁﬁte g’%}%ﬂ‘%’tneth In step (5)
of Reactl on Sc LAYHN p&zaolj t£Hle
For mul aP’X¥cE © ﬁ@%ﬁ‘g dﬁ% ‘é%ﬁ){; provi ghé ﬁdg% HhrHa b YAy HB)
44@m nOsdlﬂ'ﬂlbrlabid&thbHscﬁatsdﬁs&ngdomnubnalﬁwthusﬂlsa |. Preferably the conpound of
Formula XV is heated in formc acid in the presence of palladi um hydroxide
on carbon. The product or a pharnmaceutically acceptable 10 salt thereof can
be isol ated using conventional nethods. 8 WD 03/050119 PCT/ US02/ 18284
Reaction Scheme | R R O=S=O O=S=FO O N(Bn)2 NO2 (1) NL N2 (2) N02 R3
O -,0 RB NHR3 NH




RAO~SR 4x R4 X RS NRB XX I
NHR2 (4a) NNH2 R3 NHR3 NH R4 i

y X|

R4 NRS X1
NH N(Bn) 2w@ 0sRs01W NCR (5) N N2 2 RS NR3 N R4 x R4 |

yl I zz Kk (3) NBn2 0 NBn)2
NRS XIVYY | 1 (4b) (4)

NRPCHRE02/18284 XV y z

z 9 WD 03/050119 PCT/ US02/ 18284 Conpounds of the invention can be

prepared according to Reaction Schene I
as defined above,

Bn is benzyl ,RBEGon Schiedid F but oxycar bonyl

where R1, R2, R3, R4, R5 and X are
and Wis 0 or

S.
R N
=8=0 0=5=0
© 5 o N(Bn),
o o
NSO (1) NS @) N G
| P — | P _— | _
R; 0.-0 R; rilH R; rilH
’
F{4 0 \R' R4 )I( R4 )l(
ITIRS 'Tle
X X1 T Xl T
y4 y4
L L
(3)
N(Bn), j) N(Bn),
N7 R NH
N H 2 (48) N A3 2
| _ - P
Ry N Rg NH
R, )|( R, )l(
TRF’ X TRS
XV
T Y
|
i yA
1 L
l(4b) )
NH, N(Bn),
N 5) N
N ( N
| YR, =— i P >R,
R; N R; N
R, >|< R, >|<
NR, NR,
| XV



In step (1) of Reaction Schene Il the am ne protecting groups of a 1H 5

i m dazo[ 4,5-c] pyridine of Formula XVI are renoved to provide a

1H i m dazwps3ssoied pyri dine of Fornmula I1. Preferably a solratiusnz/of284a
conmpound of Forrmula XVI in a suitable solvent such as dichl oronethane is
treated with triflic acid at anbient tenperature. Conpounds of Formula XVi

can be prepatgHosis é@%ﬂﬂ&qn@éﬂﬁbﬁ@aﬂ&ﬁi@Fﬂ@@a@J@ﬁ@mgl&eRemonBemm Hn Schere | .
In step (1) a 2 4-di sul fonate of Formula X is reacted with an am ne of 10

f or mul avREERNAS, Rs NR2 Rs 80 pisarg asidefined ehee, Baris berryb RO @& Bdscri bed above to
provi de co a XVl which is a subgenus of Fornmula XV. In
step (zl&)to’ﬁlf’a‘iggﬁijt ng%ééﬁ){a a 1Himdazo[ 4, 5-c]pyridine of Formula |1
is reacted jig oﬂRh&bt@h@éhérﬂ@H@lﬁe faineprate RingQral® ofarlFAn aci d anhydri de
of formula R - O?I

-R1 to provide a 1Him dalzo[lz;.r gﬁg#_dl n-l1-yl
anbde otfrmﬁzmo{]ﬁhﬁ DWldIlne qfr‘ﬁe)rrnw?ﬁ‘éh@ﬁr@ﬁov%ltﬁrpé% QBT out by adding
th i f F I

° o fRb LR ER LR R @ obihan tomapmaand, of Tl e

Il suc e or acetonitrile in the
pr esencgit@bledohdfesusHal diﬂildrdimethhnel 1& meated withdriflesacid atrangaent beanpagafuigs a

reduced tenperature (0C)_ or at anb t tenperat c{. or a
phar nac@QmP@‘mdS)Pf Fappala el “eané%rlpﬁe UsHe tRa AV ethSIB?tE?% escréiff)j in

convent jof Pzn g‘éﬁ%}%y E: Iélzsq éJ Q}) %tZledﬁlﬁ@na%f of FRRGL1a0K isSeh@B® with an amme of

1H i mi da%’o Formul a Is reacted with an isocyanate of
f Qomul afdRnuNEBO-NR s-Ki-NE,a S teps 6t4mgdgear¢atr@dofut npdesgribedaboveteravids 2pr ovi de
a 1Himdazo[4, 5-c] pyri IR of Forrmula XVIII1 which

is a su%@?ﬂ)@dﬁFPHPﬂ]ﬁl)gbfwmfhéy? rgl?‘gr%rfﬁgrrﬁ?eferabl y carried out by

addi ng the {59gy ?BFRQ&Ctl'Oﬁ@EHérﬁ@Ma@@Hﬂnﬁ&hz@[zﬁﬁlk}ﬁylndﬁle@ff Farmuiarmmnd of
Formula Il in a 'suitable 25 solvent such as dichl oronet ha ]@%reduced

t enper ateacted (GtB)an abikcijendief formula Rlﬂ{é)r)ﬁh‘élé%’t gcigimhydgde g alt
ther eof R oSSy &P d df%%ﬁaﬁ‘lﬁ)(‘?ﬁ) T8
React i oﬁ%@%@@ O Byo ‘il azg%ﬁzgg Wrdln{c}?h}?%? eFor mula I'l is reacted
Wilsh a sdabdi@mg! ré'-’fBllaﬁgl (dz@nélf olft®yratiag Rie S{OHGHdoor aidaitydridetoanhydr i | de of
formula RI-S( )208( )2 Rl to pI’OVI de al?lH-l mda 4 5-C rIirl din-1I-
sul f onamltl@oroﬁf Fesppduad3d Prnwula g arsgg Ip o vert SH %ql BpiPmethane o out by
addi ng ¢ e S cﬁ%tﬁ f,0 Bk hyl A MiHE fedcBoR cabeiiub@na of a
corrpounaC g?m oF ﬁlunt}{l!: pﬁgkﬁ? a swget e sol vyent such as dichl oronet hane in
t he presgineal Rpardoas €0€) oh abantienté¢hpdramia eThempredwcs ge & Phamegentisally un 10 WO
03/ 050119 PCT/ USQ2/ 18284 d
acceptable salt thereof can be isolated using conventional methods.
20 In step (2b) of Reaction Scheme II, a 1 H-imidazo[4,5-c]pyridine of Formula II is
reacted with an isocyanate of formula R;-N=C=0 or with an isothiocyanate of formula R;-
N=C=S to provide a 1H-imidazo[4,5-c]pyridin-1-yl urea or thiourea of Formula XVIII
which is a subgenus of Formula I. The reaction is preferably carried out by adding the
isocyanate or isothiocyanate to a solution of a compound of Formula Il in a suitable
25 solvent such as dichloromethane at a reduced temperature (0°C). The product or a
pharmaceutically acceptable salt thereof can be isolated using conventional methods.
In step (2¢) of Reaction Scheme II, a 1H-imidazo[4,5-c]pyridine of Formula IT is
reacted with a sulfonyl chloride of formula R;-S(O),Cl or a sulfonic anhydride of formula
R;-S(0).0S(0),-R; to provide a 1 H-imidazo[4,5-c]pyridin-1-yl sulfonamide of Formula
30 XTX. The reaction is preferably carried out by adding the sulfonyl chloride or sulfonic

anhydride to a solution of a compound of Formula II in a suitable solvent such as

dichloromethane in the presence of a base such as triethylamine. The reaction can be run
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at a reduced tenperature (0C) or at anbient tenperature. The product or a
phar maceutically acceptable salt thereof can be isolated using conventional
met hods. Weaswsam Scheme |1 N(Bn)2 NH2 N N~-R2 (1) N N~RCZ/USRB1828R3 N X
RA INBOCRA ~NH XVI RS Il R5 (2a) (2b) (2c) NH2 NH2 NH2 N N>- R2 N N
>> R NN> R RBRNRRNRINXXX RANORI NRANS RR ~WR5 O\R
XV 5 B ERPtERSraafre ! MRe { f@d&ﬁﬁd)m can be prepared
accordldﬁéxggdéﬁggggeﬁﬁsec(ée%e@ata vvhergﬁgl R2, Rg 5, and X, are
as def i piedmateotieallyl accenttae ¢l theteoReartd isplaid Heims CPnYenélona thethods.
1H i m dazo[ 4, 5-c] pyri di ne of For reacted with a sul fanoyl
chloride of fornmula R1-N(R6) S(O)g]gfg(ft Ongrcg?/m%g[ a 1H
i mdazo[4,5-c]pyridin-1-yl sulfamde of Forrmula XXI. Preferably the
sul fanoyl chloride is added to a solution of the conmpound of Formula Il in
a suitabl e solvent ¥RW as 1,2- dichl ogpet hane in the presence of a base
such as triethylam e he reacti on can be run at an el evated tenperature.
The product or a \._lilcal I( \>e_RsaIt t hereof can be 15

na 2

i sol ated using co net hods | Ay
3 | 3 \
R, X g X
/N\ o 4 /NH
XVI R BO I R
5
%Za) ' (2b) \(20)
NH, NH, NH,
NN NN N
>R | >R >R
l 7 2 . N 2 | — 2
R; [}I Rs )I( R3 l}l
" fo R A8
XVil 5 R, XVill HN\ XIX o ™
R1

Compounds of the invention can be prepared according to Reaction Scheme III
where Rj, Ry, R3, Ry, Rs, Rg and X, are as defined above.
In step (1) of Reaction Scheme IIl a 1 H-imidazo[4,5-c]pyridine of Formula II is
10 reacted with a sulfamoyl chloride of formula R;-N(Re)S(O)2Cl to provide a 1H-
imidazo[4,5-c]pyridin-1-yl sulfamide of Formula XXI. Preferably the sulfamoyl chloride
is added to a solution of the compound of Formula II in a suitable solvent such as 1,2-
dichloroethane in the presence of a base such as triethylamine. The reaction can be run at
an elevated temperature. The product or a pharmaceutically acceptable salt thereof can be
15 isolated using conventional methods.
Alternatively a sulfamide of Formula XXI can be prepared in two steps by (a)
reacting a 1 H-imidazo[4,5-c]pyridine of Formula II with sulfuryl chloride to generate in

situ a sulfamoyl chloride of Formula XX and then (b) reacting the sulfamoyl choride with

11



Alternatively a sulfam de of Fornula XXI can be prepared in two steps by
(a) reacting a 1Himdazo[4,5-c]pyridine of Formula Il with sulfuryl

chl ori de woogesanate in situ a sul famoyl chloride of For wearassiXigsd t hen
(b) reacting the sul fanmoyl choride with 11 WO 03/050119 PCT/ US02/ 18284 an
amne of fornula RI-N(R6)H. In step (la) the reaction can be carried out by
addi ng g asBleWritomnai ReMNRYEY | InGRpa d)ihe irdncton bimtseosmertiddame by @ddingal ut i on of
a conpound of Formula Il in the presence of 1 equival ent of

4- ( di mesdlyticmetru sy ichloride indighlpeogpgthags tp @ sglugios oL p Fompeundaf Egrgpie e o
reduced. t I re(: } : -qihe b QR ete the
5 react }notﬁgﬁl?ef?‘ﬁflrée&c} aerﬁla@e e%? %%/\glcmlt%{ (%l Iy\l//\al/ﬁa][r11 %B%pghgfr?gi gﬁ?%agirlr%glrsg %@%@B{ n step
(1 b) a sativd barat agedicail rnngradwedi89a). edpsomily Riftei(iRe)dditeomds coraplgtethe ent s of
triethylarnine in dichlgronethane is added to the r a%ti&rﬁ m(g]byre from
st 8p ( 1regytionmixtuean by allpwed i veqray Qg blent IerReralylf ep (104 f sayuon

t enpera -7 . d . JVIRGRUS Mmimcigept abl e sal t

t her eof E%{g%ngl Z?észi;?‘étée}gs ﬁili@lﬁlge%())%vagﬁtz fggﬁgl nees'tghﬂ(;tggw 10 Reaction Schene 111
NH2 NH2dichlokbrfdthane il alitidd th tireadRonNmixtRe frodn ¥eR@la). The RactigniR4 | R 5 R5 N,

o u Xére?e]iablglzlcam(e%i)ou{ git abl)educl\elg %errl\llpergi’curl\elz> (—%&31“ ﬁ'e product or a pharmaceutically

acceptable salt thereof can be isolated using conventional methods.

10

Reaction Scheme II1
NN (12) "X N
>R, —— |

] s XX 5

]
(1) (1)

XXl

15
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X RANR | XXI 0=8= 0 NR6 I R1L 15 12 WD 03/050119 PCT/ US02/ 18284
Conmpounds of the invention can be prepared according to Reaction Schene |V
where R1,wB23/05819 R4, R5, and X are as defined above and B(E/USQZ/18284
tert-butoxycarbonyl. 1In step (1) of Reaction Schene |V a

2, 4-di hydroxy-3-nitropyridine of Formula XXII is chlorinated using

convent i onal CERpRAR 'tﬁbgina&ﬁ%%aﬁ Be prepiicd @ccordingt6 ReAttn®BceBerhe IV
nitropyridine of Fornmula XXIII. Preferably a conmpound of Formula XXII is

conbi nedhenaiR; hRpRasRhRsoasd X)@Qaﬂ dsfinedaboye and RQU is grgrigptoxycarbonyl.

2, 4-di hydroxy-3-n ridi r

readi |y prepﬁ“rséfa? Q@Pﬁﬁg Rﬁeg%?%tagcﬂﬁnggwx&g A eb &mlggxarrp ﬁa{]e[?ngg?o%e
et al., xtrfis cﬁﬁﬁ%dmnﬁioﬂé&ubﬁa ARGkt a@‘n@rter;made gDpedichilier®i n. 10 In
step (2) of Reaction Schene IV a 2,4-dichloro-3-nitropyridine of Formula

XX5I | Eropyaaﬂhtl@df Formtla X XdH rPéefé#aBchﬂrWEPUBée Regosda R i ofiiRidde a

2-chl or 0= 0 r|d| a

carri ed™d tph8§P 8'('100(55% ﬁ’éy‘f gné)ea%{:dﬁ{ee g g&%% 1@3&&0‘?@? 3@%\8 géﬁfelr:gflmzl a

é}f(' ;' tgf?ﬁmﬁélxbﬁbh& l@l@b&":\i@ﬁlﬂ omw@c?siehw&nqummhmg hmwzdeynﬂmtic he presence

i ary amne such as triet am ne heatin

st ep ( 3ynediodraeae farshampleekindsigmyetl cHiSoPategtaﬂf”cI'}L g‘b@ﬁ) %?fffgtll’8¥e TGRS g x|><|nv
reacI}' thh&defh phenol to provide a 3-nitro-2-phenoxypyridine of Formula
XXV. Ph&M reacted with sodiumhydride in a suitable solvent such as

dilgl yme or t gt siehin) roﬁRuacamm&cheme Ivhat2ye dishtmo:dt mitropsiding hefrsmivbeXXEI t hen

oo oL TSR LT AL I RRLLOAOLL 20 AL Al g1
nitropyridine of Formula XXIV. The reaction is preferably carried out by adding the
amine to a solution of a compound of Formula XXIII in a suitable solvent such as N,N-
dimethylformamide in the presence of a tertiary amine such as triethylamine, and
15 optionally heating.

In step (3) of Reaction Scheme IV a 2-chloro-3-nitropyridine of Formula XXIV is
reacted with phenol to provide a 3-nitro-2-phenoxypyridine of Formula XXV. Phenol is
reacted with sodium hydride in a suitable solvent such as diglyme or tetrahydrofuran to
form the phenoxide. The phenoxide is then reacted at ambient temperature, or optionally

20 at an elevated temperature, with a compound of Formula XXIV.

In step (4) of Reaction Scheme IV a 3-nitro-2-phenoxypyridine of Formula XXV is
reduced to provide a 3-amino-2-phenoxypyridine of Formula XXVI. Preferably, the
reduction is carried out using a conventional heterogeneous hydrogenation catalyst such as
platinum on carbon or palladium on carbon. The reaction can conveniently be carried out

25 on a Parr apparatus in a suitable solvent such as isopropyl alcohol, toluene or mixtures
thereof.

In step (5) of Reaction Scheme IV a 3-amino-2-phenoxypyridine of Formula XX VI
is reacted with a carboxylic acid or an equivalent thereof to provide a 4-phenoxy-1H-
imidazo[4,5-c]pyridine of Formula IV. Suitable equivalents to carboxylic acid include

30 orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is
selected such that it will provide the desired R, substituent in a compound of Formula IV.

For example, triethyl orthoformate will provide a compound where R, is hydrogen and

13



In step (4) of Reaction Schene IV a 3-nitro-2-phenoxypyridine of Formula
XXV is reduced to provide a 3-am no-2-phenoxypyridine of Formula XXVI.

Pr ef er ablwp oBlso119 eduction is carried out using a convent PORAIS02/18284

het er ogeneous hydrogenati on catal yst such as platinumon carbon or

pal | adi um on carbon. The reaction can conveniently be carried out 25 on a

Parr aQHﬂfeﬁﬁP%ﬂh&a@erﬁb‘ iRk &viGoA Y@mposidovheas Ry Bdmtyipiheatastibokan bol uene or
m xtures thereof. In step (5) of Reaction Sche

|V, .
3- anmi nouR imptherabsenpy of wlyaat of inFs iRt solxsaysuch & tPg‘gE?-e“dﬁ%ﬁaﬁu% EdMboxylic

acid or_.an ui val ent 1 hereo i oduct of the

i mi daz dY@’ %ffgflﬁg?ﬁe&ﬁ%%oo&‘%oérf%u&ﬂaawdégfEﬁgﬁlg&gﬁg%glbégt s to carboxylic
aci d i nehdiea. Q%ni@ﬁill}oﬁﬁdtﬂyﬁ,su&nﬁk fyridink laydcoohyarideydan dk limledades. The
carboxylic acid or equivalent is selected . such that it \/gl onrgyai de the
deSired R2 shbemitivebnsiephShcaadivsatrird QF bEp spcung yCompayniILRamta i ot hy|

or t hof e Wil ' BSatGER Gertyengng 310
03/ wo%ﬁﬁ%&?ﬁi@o@%@%@g%ﬁ%@ﬁmﬁﬁﬁé@?at e wll ﬁ@{bgej dg%a conmpound
wher e R @) the byl hallteis addat foarsobationtd a qompoimd eféorsivd Bfanggefent or in

an inert solvent such as toluene. T reacti on.i S_run it i ci.ent
heat i ngobsng pycheas gegtonifile. MG orcﬂlcnﬁ%rpg}eﬁ}ag?.gg %%&zlao %r‘%cféﬁefdo t he

reactiof. ' e BAsuchYE ptidige hydtoclablids ¢amebecan be
i ncl ude%.a@%t?%%%@%é@t@g%%a(%k?jygan Cbe.gggri.egydgut by (i) reacting a
c 00 ounigciofied ofmparta(ii) Fé\irodict hf part Y isihentgH inpyriting. ol sisPADRSBEOANCL or

R2C(O) Br apd then (i1i) .cyclizing. l.n_ par L.t he acyl halide is added to
a sol utPBHigs t}éFnéBéTﬁ'b%ﬁﬁgso(fanl%F‘%fﬂeg 1%%{1#1%%3%” sol vent such as
acetoni tril e Qo éé? biRe RAiofliSchdras VRl BOE. ordileis remotddoitornarcobmpovad of ed out
at anbient tenperature. Optionally a catalyst, sucr:fgl;as B%’lri dign?

hydr oc hFamiwa ¢ anpiowide d-pheapxitdH-imidazeld.o-cinyriineipd ForgitacY- Breigably aiy is
heat ed | ridine. | 1) ™ ' i di didiEstotnBtabhag St eps can
conbi ne%?q?'ﬁ%bo o %olnrlPé)IUIeld §§ g‘gm(‘*l%“é? %%E‘?%d)b%osfoq)%egggitciﬂgﬁ Schene N the BOC group
i 951 emopeded wamaflesometadcidfor hiFdronhlosic heitiat preswietbtemperature.

2 Conpound ofn es HRISBKRstion b 15 5 e SRt BB SRR o hane 15
15 trea glqnﬁﬁ'iat\histc?ﬁ\telr%gE&ng%thieﬁoy@}_ﬁiﬁ-iﬁﬁdﬁ%ﬂl{ﬁﬁ@bﬁﬂincl—?Détﬂfo&hmﬁier(ffduced

tenperature. I'n step ) of "React’i on Schene
4- phenoRyrohida Miusiag dfiedméthodl py stepl (20 o Reagtipnmgheme/Il s converted to a

4-phenoxy- I Hi i dag0k &St thel 1 4 plend -1 ORIBLR[L5-cIpyridin-1-y1
20 sulfonamide of Formula VI is aminated to provide a 4-amino-1H-imidazo[4,5-c]pyridin-1-
yl sulfonamide of Formula XIX.. The reaction can be carried out by combining a
compound of Formula VI with ammonium acetate in a sealed tube and heating (~150°C.).

The product or a pharmaceutically acceptable salt thereof can be isolated using

conventional methods.

25
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Formula VI using the nethod of step (2c) of Reaction Schene II1. In step (8)
of Reaction Schene N 4-phenoxy-|Him dazo[ 4, 5-c]pyridin-1-yl 20 sul fonam de
of For nulwoMWB/0fE 1M nated to provide a 4-am no-| H i m dazop¢T85S03}/mes4 di n- | -
yl sul fonam de of Fornmula Xl X.. The reaction can be carried out by
conbining a conpound of Forrmula VI with amoni um acetate in a seal ed tube
and heating (-150C.). The producReadtion Johamsd@veuti cally acceptable salt

t hereof can be isolated using conventional nethods. 25 14 WO 03/050119
PCT/ US02/ 18284 Reaction Schenme |V OH O Cl 0 11+ 11+ d N. N N.p- (1) N
N.p- (2) NO R3 OHR34Cy R3 NH 4 4 R¥ XXII XX IV.N R5 \BOC (3)
0 0O0OI1+ NN-R2 (5] N/NH2~ N N. p- XTR3 NH R3 NH I\?+R4XR4xIVF\"

XXVI N xxv N 5 BOCN “R5(1BOC NSO o2 @ R2 (@ Mo ( 8)
N NR R R XELRN = I _ L
R; OH R; cl R; NH
R4 R4 R4 )l(
XX XXl XXV R “BocC

o o o o
'\i A N\>-R2 <-£)— X (4) Nl ~cNVo”
Y !‘i % %
R, n': X " X
v RS o /N\Boc R{N\Boc

@ l(s)

O 2
(7) N 8 N
N R N
3 ]
X X
N

R, B
. /O 4 N O
/7 .87 XIX / a®
5 I:‘5 o) ’S\ RS O’,S\
R, R,
5 Compounds of the invention can be prepared according to Reaction Scheme V

where Ry, Ry, Rs, R4, Rs, and X are as defined above and BOC is tert-butoxycarbonyl.
In step (1) of Reaction Scheme V, a 4-phenoxy—1H—imidazo[4,5—c]pyridine of
Formula IV is aminated to provide an N-(4-amino-1H-imidazo[4,5-c]pyridin-1-
yl)acetamide of Formula XXVIII, which isa subgenus of Formula I. Preferably a
10 compound of Formula IV is combined with ammonium acetate at an elevated temperature

(140 - 160°C). Optionally, the reaction can be run in a pressure vessel.
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XRANHRIN pRAN O VRERVI RBBQ S\ XIXR S= 5p~ RRR 5
Conmpounds of the invention can be prepared according to Reaction Schene V
where R1,wB23/05819 R4, R5, and X are as defined above and BOT/US82/18284
tert-butoxycarbonyl. In step (1) of Reaction Schene V, a

4- phenoxy-| Him dazo[ 4, 5-c] pyridine of Fornula IV is amnated to provide
an N-(4-am no- | H itis@p79] ¢ Reactigiy$¢hdine-V.-anyN Y daatiaorl Handazbpr,Frul a XXVI 11,
which is_a subgenus of Formula |. Preferably a 10 conpound of Formula IV is
conbi ne@]wrtdw-gﬂ%ﬁﬂew%t@ﬁéulétx% ﬁie’rsévé‘f@éizqdew&@i %?E‘ﬁ? éoncﬁtﬂm 10 1600C) .

Opt i onal . r- i [ he run.i ’ r I / 050119
e/ Usodr g FHEREL0RRs SRR ARinCLIRRRATEN, rofi3615, o carip Lt

N- ( 4- aniFeemlila-X XVl zodomting] with hglieous Aydrgehlade tcidiethendfanBdeated.a XXVI 1| is
hydr ol yzed under acidic_conditiong to proyjde. 2 .

1H] mi dazo[ 4, 5- c] siemi(AL of Reaetian Sebegis, Yaf @1‘@‘?%9%‘?5éﬂ£81191?'”ﬁ“8&?&5und of
For mul a Féﬁ?ﬂﬂalﬂ 1ssco?@wcﬂfsﬁlgvzéoh{»emﬂﬁ%ahbmro%me@rni dhicasdadirgohamalr. and
heat ed. n step (3) of Reaction Schene V, a

1H i m d&poExarbple] pyomptivmd 4 Hoinmea & can b readterd with as isooyapetetad dforsilag

convent i_onal thods to a urea or ,thiour of, For mul . _Far e le, a
co rr\r; oun gz@;quf nﬁlileareﬁ‘fuo&la%% & c?%’ﬁét"é’%ﬁﬁ\f&ﬁ“%ﬁhq 135" %{aﬁ%{oea Soc?hﬁf—%l rmd m;
SF% :\l;tﬁ“fgﬁo@%uﬁ@@fcmrﬁm&ﬁ@n Beuitald dodebnOstichl cBIbEbME] difiohsibEmanat e to a

a conmpound of Fornmula Il in a suitable solvent such as
chl®r of eresenespafiadrat bychi as trigtbylaminss aswupkientgpmpesise AliRBat&lY. @i et hyl ani ne,

at anbi ent tenperature. A i M C | I, can be
react ed Cmpﬂ“‘én“o?f?ﬁ? |uga}:§11<'§ralltLl gé ge%&ll%fv&ﬁu aaﬁﬁf@g@g %gFgélaﬁ?[é%Téi:%o%yant e of
For mul a sRF&§1 290055 0 pFommia RESTMRN=CHD of b darbamokbehtaride of RbRGNG( O) CI . The
product or a pharmaceutically acceptahl e salt thereof can be i,s&l at.ed

usi ng cdReNCIQNA Thepresst orjasphapmasaulsallyarspRiaR/e sg thereof can be isolated

using conventional methods.
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Reaction Scheme V

NH, NH,
NN (1) N 2
| \>'R2 > N| TN R ———>() NT™S N\>-R
R Z N = 2 | 2
3 1 R | R N
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R N R 0 R,
/ \BOC * N 4  NH
" A ¢
\Y XXVHI 1l
(3)
NH,
x—N
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=
R; N
RX
4 N\
| R Y~z
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Nl-12 NI-12 NN (1) . ~N(2) NNR NI , \> R 31 N\} R RRXR3NRN
X3XRANANORE1 RSBOCR5 RRNHS5 IV XXVIITIT Il (3) N-12 NN j N>-
R2 R3 1 XWOoR4/o1 R5 Y--Z-R 16 WD 03/050119 PCT/ US02/ 1823AIS0T 8284

i nvention al so provides novel conpounds useful as internediates in the

synt hesi s of the conpounds of Fornula |I. These internedi ates have
structural Fameuhastiof hlsp providds)notlelsofipoents usefub neimanridiatdséh tw. One cl ass
of internediate conpounds has Formula (I11): 5 NH2 NN \> R2 R3 IV X

synthesis of the compounds of Formula I. These intermediates have structural Formulas
(ID - (VI) described in more detail below.

One class of intermediate compounds has Formula (1I):

5
NH,
N7 SN
PRa
R; N
s
NH
R/
(I0)
wherein: X is alkylene or alkenylene;
10 R; is selected from the group consisting of:
-hydrogen;
-alkyl;
-alkenyl;
-alkyl-O-alkyl;
15 -alkyl-S-alkyl;
-alkyl-O-aryl;
-alkyl-S-aryl;
-alkyl-O- alkenyl;
-alkyl-S- alkenyl; and
20 -alkyl or alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
-halogen;
-N(Re)2;
25 -CO-N(Re)2;
-CS-N(R¢)2;

17



R&A NHR5 (n) wherein: X is alkylene or alkenylene; 10 R2 is selected from

the group consisting of- -hydrogen; -alkyl; -alkenyl; -alkyl-Oalkyl; 15
- al kyl - S-wblogloso119 al kyl -O-aryl; -al kyl-S-aryl; -al kyl - Opcalusenyd2g4

“al kyl -S- al kenyl; and 20 -al kyl or al kenyl substituted by one or nore
substituents selected fromthe group consisting of: -OH, -hal ogen;

-N(R6) 2; 25 -CO-N(R6)2; -CIOURE,; 17 WO 03/050119 PCT/ US02/ 18284

-S02- N(R6) 2; -NR6-CO C1-10 al kyl; -NR6-CS-Cl-10 al kyl; -NR6- SO2-C1-10
alkyl; 5 -CO C1-10 al kyl ; -NR-E0c:-walkilkyl ; -N3; -aryl;

-NR-CS-Cyy0 alkyl;
-NRg- SO,-Cy.10 alkyl;
5 -CO-Cjy.10 alkyl;
~-CO-0-Cy_y9 alkyl;
-N3;
-aryl;
-heteroaryl;
10 -heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
R; and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
15 alkylthio; and
Rs is H or Cy.10 alkyl, or Rs can join with X to form a ring that contains one
or two hetero atoms;
each Rg is independently H or Ci.;0 alkyl;

or a pharmaceutically acceptable salt thereof.

20
Another class of intermediates has the Formula IlI:
: O
e
|
Fl3 Z ITIH
X
I:‘4 I
/N\ '
R5 BOC
g1y
25



-heteroaryl; 10 -heterocyclyl; -COaryl; and -CO heteroaryl; R3 and R4
are independently selected fromthe group consisting of hydrogen, alkyl,

al kenyl , Wwealoegsny9e al koxy, am no, al kyl am no, dial kyl am noPamaSod/ 8284

al kylthio; and R5 is Hor Cl1-10 alkyl, or R5 can join with Xto forma ring
that contains one or two hetero atons; each R6 is independently Hor Cl1_10

al kyl ; a. phar e acceptabl e salt thereof. 20 Another class of
"t or metapiE has@ﬁgﬁﬁorwﬂ% I1l: ao NQRZINH RX 4N R5 BOC (I11)

25 18 WO 03/ 05011X iRk 80 2f dBaB&knennerein: Qis NO 2 or NH2; X is al kyl ene

or al kenyl ene; and, R4 ar.e.ind ndent |y .sel ect f ald roup
consi sting of %? ﬁ“ a@llﬂilﬁp?nc%gﬁgﬁ F?te%gﬁogb@%,g?%pk%ﬁ% ttn{z%?’?f?\o,
al kyl am no, jsgddenl A NaRAA, hito@nkykbky, amiasdliBBamhBioltiaky@hid®asd kyl , or
R5 can join @thé%(’tgyformﬂg ri n%énthat contains one or two hetero atons;
5 alkylthio; and
R; is H or Ci.19 alkyl, or Rs can join with X to form a ring that contains one
or two hetero atoms;

or a pharmaceutically acceptable salt thereof.

10 Another class of intermediates has the Formula (IV):

15 wherein: X is alkylene or alkenylene;
R, is selected from the group consisting of:

-hydrogen;
-alkyl;
-alkenyl;

20 -alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
-alkyl-S-aryl;
-alkyl-O-alkenyl;

25 -alkyl-S-alkenyl; and

19



or a pharmaceutically acceptable salt thereof. 10 Another class of
internediates has the Fornmula (IV): ao NNI \> R RIN XR4 N R
\BOC (IWob3nsherein: X is al kylene or al kenyl ene; R2 isPsglusor/estsdrom t he
group consisting of: -hydrogen; -alkyl; -alkenyl; 20 -alkyl-0Oalkyl;

-al kyl -S-al kyl; -alkyl-Oaryl; -alkyl-Saryl; -alkyl-0Oalkenyl; 25

-al kyl - S-al kenyl ; and _}@ 1\@3@1%?5%&%%’%@@& @28 4ubstiticktslselected| kenyl
substituted by one or m)?’e subsfituents selected fromthe group consisting

of: -OH. -hal ogen; Sronh{teairoup cadSisiigBl2: - CS-N(R6)2; - S02- N(R6) 2;
-OH;
-halogen;
5 -N(Re)2;

-CO-N(Re)2;
-CS-N(Re)2;
-SO2-N(Re)2;
-NRx-CO-Cypo alkyl;

10 -NRg-CS-Cj.10 alkyl;
-NR¢- SO,-C;.10 alkyl;
-CO-C\.10 alkyl;
-CO-0-C;.10 alkyl;

15 -aryl;
-heteroaryl;
-heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;

20 R; and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, aminb, alkylamino, dialkylamino and
alkylthio;

Rs is H or Cy.10 alkyl, or Rs can join with X to form a ring that contains one
or two heteroatoms; and

25 each Rg is independently H or Cy_o alkyl;

or a pharmaceutically acceptable salt thereof.

20



-NR6-CO- C1_10 al kyl; 10 -NR6-CS-C1_10 al kyl; -NR6- S02-C1-10 al kyl;
-COCl-1o alkyl; -COOCl-1o alkyl; -N3; 15 -aryl; -heteroaryl;

- het er ocywbyB/05011€CO aryl ; and -CO heteroaryl; 20 R3 and RETArSe2/18284

i ndependently selected fromthe group consisting of hydrogen, alkyl,

al kenyl, hal ogen, al koxy, am no, al kyl am no, dial kyl am no and al kylthi o;
R5 is Hor er Y bi inrniRaiata had @k Fowhtla )10 forma ring that contains
one or two heteroatons; and 25 each R6 is independently H or Cl-10 al kyl;
or a pharmaceutically acceptable salt thereof. 20 WO 03/050119

PCT/ US02/ 18284 Anot her class of internediates has the Formula (V): ao NN

1\> R RBN X RANHR ( wherein: X is al kyl ene or al kenyl ene;
0O
N
N7 X
| >R,
Z N
Ry |
R, 1
* NH
R/
V)
5
wherein: X is alkylene or alkenylene;

R, is selected from the group consisting of:
-hydrogen;
-alkyl;
10 -alkenyl;
-alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
-alkyl-S-aryl;
15 -alkyl-O- alkenyl;
-alkyl-S- alkenyl; and
-alkyl or alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
20 -halogen;
-N(Re)2;
-CO-N(Re)2;
-CS-N(R¢)2;
-SO2-N(R¢)2;
25 -NRs-CO-Cy_yg alkyl;
21



R2 is selected fromthe group consisting of: -hydrogen; -alkyl; 10
-al kenyl; -alkyl-Oalkyl; -alkyl-S-alkyl; -alkyl-Oaryl; -alkyl-S-aryl;
15 -al kylwoosabkenyl ; -al kyl-S- al kenyl; and -al kyl or alPk&rgso2/sa2bst it ut ed
by one or nore substituents selected fromthe group consisting of. -OH;
20 -halogen; -N(R6)2; -CONRB)2; -CS-N(R6)2; -S02-N(R6)2; 25
-NR6-CO- C1_10 al kyl; 21 V\Qqﬁ?fg@S@ll_%glk@QT/ USO02/ 18284 -NR6-CS-Cl. 1o al kyl;
-NR6- S02-C1_10 alkyl; -COC. al kyl; -COOC1_10 alkyl; 5 -N3; -aryl;
-heteroaryl; -heterocycl yFNRs-$-Grplalkydnd 10 - CO het eroaryl ;

-CO-Ci.10 alkyl;

-CO-O—Cl-lo alkyl;

-heteroaryl;

-heterocyclyl;

-CO-aryl; and
10 -CO-heteroaryl;

R; and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio; and

Rs is H or Cy.10 alkyl, or Rs and X can join to form a ring that contains one

15 or two hetero atoms;
each R is independently H or Ci.10 alkyl;

or a pharmaceutically acceptable salt thereof.

Another class of intermediates has the Formula (VI):

20

(VD

wherein: X is alkylene or alkenylene;

22



R3 and R4 are independently selected fromthe group consisting of

hydr ogen, al kyl, al kenyl, hal ogen, al koxy, am no, al kyl am no, di al kyl am no
and al kywWohBosoiand R5 is H or Cl-1o alkyl, or R5 and X caaTjusonig2e4 f orm a
ring that contains one 15 or two hetero atons; each R6 is independently H
or C1_10 alkyl; or a pharmaceutically acceptable salt thereof. Another
class of internedi ate I 1IN ~~R2 RN X R4
| RS NOH 0/S\Rl (Sﬁhﬁs‘“v%g%é‘?ﬁ%@E&gél%yll’e@n‘%‘)g}rkyal kenyl ene: 22 WD

03/ 050119 PAT{j/a02h{I828H4 of Rthi¢tsmay Yt nnwbseéutedroy substisitted B 92¢ gl moel 20 al kyl

C2- 20 al kenyl, f which bstituted or. substituted b
or moro. subSBHEEH SUERICHRNAETY: Sor Rt aop FoMERE S oup consi Sting of -

-al kyl; 5 -al kenyl; _%ggﬁl; -heteroaryl; -heterocyclyl; -substituted
cycl oal kyl ;
5 -alkenyl;
-aryl;
-heteroaryl;
-heterocyclyl;
-substituted cycloalkyl;
10 -O-alkyl;

-O-(alkyl)o.i-aryl;
-O-(alkyl)o.1-heteroaryl;
-O-(alkyl)o.1-heterocyclyl;
-COOH;

15 -CO-0O-alkyl;
-CO-alkyl;
-S(O)o-2 -alkyl;
-S(0)o.2 —(alkyl)o.1-aryl;
-S(0)¢2 —(alkyl)o.1-heteroaryl;

20 -S(0)o.2 —(alkyl)o-1-heterocyclyl;
-(alkyDo-1-N(Re)2;
-(alkyl)o.1-NRs-CO-0O-alkyl;
-(alkyl)o.1-NRe-CO-alkyl;
-(alkyl)o.1-NRs-CO-aryl;

25 -(alkyl)o.1-NRg-CO-heteroaryl;
-N3;
-halogen;
-haloalkyl;
-haloalkoxy;

30 -CO-haloalkyl;
-CO-haloalkoxy;
-NO3;

23



10 -0-alkyl; -O(alkyl)0_1-aryl; -O(alkyl)0_1-heteroaryl;

-O (alkyl)0_1-heterocyclyl; -COOH, 15 -CO- O alkyl; -COalkyl; -S(0OO0_2
-al kyl; -wWOOpO5@19 (al kyl )0 _1-aryl; -S(OO0_2 -(alkyl)O0_1-rerarsozarsegs 20
-S(0O0_2 -(alkyl)0_1-heterocyclyl; -(alkyl)o-1-NR6)2;

-(al kyl)0_1-NR6-CO- O al kyl; -(al kyl)0_1-NR6-CO al kyl ;

-(al kyl' ) 0_1- NR6- COaryLCNZS (al kyl ) 0_1- NR6- CO heteroaryl -N3; -hal ogen;
- hal oal kyl ; - hal oal koxy; 30 -CO hal oal kyl; -CO hal oal koxy; -NO2; 23 WO

03/ 050119 PCT/ US02/ 18282H; - CN; O—I - SH; and in the case of al kyl ,

al kenyl , and heterocycl I consi sting
of 5 -hydrogen: -al kyrglli s ar X459 the (e bEalBf! BRESA, AR5 B BB,

R; is selected from the group consisting of:
5 -hydrogen;
-alkyl;
-alkenyl;
-alkyl-O-alkyl;
-alkyl-S-alkyl; ’
10 -alkyl-O-aryl;
-alkyl-S-aryl;
-alkyl-O- alkenyl;
-alkyl-S- alkenyl; and
-alkyl or alkenyl substituted by one or more substituents selected
15 from the group consisting of:
-OH;
-halogen;
-N(Re)2;
-CO-N(Re)2;
20 -CS-N(R¢)2;
-S02-N(Re)2;
-NRs-CO-Cy.g9 alkyl;
-NRg-CS-Cj.10 alkyl;
-NRg- SO»-Ci.10 alkyl;
25 - -CO-Cy.0 alkyl;
-CO-0-Cy.j0 alkyl;
-N3;
-aryl;
-heteroaryl;
30 -heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
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-al kenyl; -alkyl-Oalkyl; -alkyl-Salkyl; 10 -al kyl-Oaryl;

-al kyl -S-aryl; -alkyl-O alkenyl; -alkyl-S alkenyl; and -al kyl or

al kenyl swbggjsuted by one or nore substituents sel ected PC¥/UsPBm28he group
consisting of: -OH, -halogen; -N(R6)2; -CONR6)2; 20 -CS-N(R6)2;
-S02-N(R6) 2; -NR6-CO-CL1.10 alkyl; -NR6-CS-CA _10 al kyl; -NR6- S02-C1_10

al kyl; 25 CO Cl-1 g ahliy aren@@péﬁd@& Qe1@devteom thd\Bioup cahdidting ofhet er oar yl ;
30 - het erocycl yl; 300 aryl; and C% het eroarylé\§24pV\O 03/ 050119

PCT/ US02/ 1828wdrogen, aticyLRdkenyd Hakagep ekt iginoe pliylagdng, ety lpaingradp

consi sting of ro al kyl, al kenyl, hal ogen, al koxy, am no, al kyl am no,
di al kyl am no "Hﬁ%‘gl"ag‘k@| thio: and Y Y

Rs is H or Cy.10 alkyl, or Rs and X can join to form a ring that contains one
5 or two hetero atoms;
each Rg is independently H or Cy.1o alkyl;

or a pharmaceutically acceptable salt thereof.

As used herein, the terms “alkyl”, “alkenyl” and the prefix “alk-" are inclusive of

10 both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and
cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 20 carbon atoms,
with alkenyl groups containing from 2 to 20 carbon atoms. Preferred groups have a total
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl,

15 cyclopentyl, cyclohexyl, cyclopropylmethyl, and adamantyl.

’ The term “haloalkyl” is inclusive of groups that are substituted by one or more
halogen atoms, including perfluorinated groups. This is also true of groups that include
the prefix “halo-”. Examples of suitable haloalkyl groups are chloromethyl,
trifluoromethyl, and the like.

20 The term “aryl” as used herein includes carbocyclic aromatic rings or ring systems.
Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl. The
term “heteroaryl” includes aromatic rings or ring systems that contain at least one ring
hetero atom (e.g., O, S, N). Suitable heteroaryl groups include furyl, thienyl, pyridyl,
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl,

25 pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, benzothiophenyl, ‘carbazolyl, benzoxazolyl,
pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl, isoxazolyl,
isothiazolyl, purinyl, quinazolinyl, and so on.

“Heterocyclyl” includes non-aromatic rings or ring systems that contain at least
one ring hetero atom (e.g., O, S, N) and includes all of the fully saturated and partially

30 unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary
heterocyclic groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl,
piperidinyl, piperazinyl, thiazolidinyl, isothiazolidinyl, and imidazolidinyl.

25



R5 is Hor Cl_lo alkyl, or R5 and X can join to forma ring that contains
one 5 or two hetero atons; each R6 is independently Hor Cl1 10 al kyl; or
a phar macwotososiily acceptable salt thereof. As used herei RCTIUSE2/1828418

"al kyl", "alkenyl" and the prefix "alk-" are inclusive of 10 both straight
chain and branched chain groups and of cyclic groups, i.e. cycloal kyl and
cycl oal kenyl 7l 835256 MBERtSBEFIII %zleupstdaﬁ?o@ LEE PRI sabRitie@By 1 to 20
carbon atonms, w'th al kenyl groups containing from2 to 20 carbon atons.

Pr ef er r ent groopssubstireends indepphdensly sglscted fram ¢her gyowp eansisting ef/ekye groups can

be nonocyclic o ol ycyclic an r bl r t ' car bon
atons. - Ekenpia v B eSS ehashRivRL AIGIAR, BrissRB proaRb R IEoRa bl

cycl oheppbeert: Yttt By @YY, B0, yath,adestRp] okmyl] b1, taeyloxy, ayltad Kyl * i s

i nclusive of groups that are substituted b% one or .nmpre hal ogen atons,

i n&l udi axylabkey, avialkethiel hgteennsyl, hatprogrylexyajngigraapyibio, heigrsuPalsPrhkt i ncl ude

the prefix "hal.o-5... I . SUJ hal r | or omet hyl
trifl uof‘%’:ﬁfé’ﬁﬁa?l?y%‘h‘&%@gg ( al?@el%?g) q"h%%?%?"%%FWCQg’ use C}%[e(fdé%’ i ncl udes
car bocy glkiyeafoagBhikenyltabenydy alkoxygarbpayle haloalk fxabipihyd shadbdalkboxyicapooyips

I ncl ude enyl, naphthyl, biphenyl, fluorenyl and.indenyl. The term

"het er o yltthPﬁéP%Bde@Y%}P@ﬁ&Xli beteroagdcasbonyl.gyley et hat contain at | east
one rin : j t roups i ncl ude
furyl gﬁ?@%&ﬁ{)ﬁﬁ?}}r@g}/’ﬁ(’ ,E’"yg‘gfﬁf’ %‘3??’@9 108 é%]?o%lﬁ’ Pﬂ? Qk?‘?}dc%% . i soi ndol yI ,

t npazol yikangythi@lajitanoyleminez adyidarbdnyl akaz afyidarbopSthiny abybinyinosubivayll yi

t hi azolyl, benzaofuranyl, henzot hj ophenyl,. carbazaol yl .. benzoxazol yl,

pyri mi dAkylsulfgryly Sﬂﬁ‘i@l3!e,terﬁfi‘fp’irﬂiﬁ%‘ilﬁnWl,d?%éWio"?]f%%gm{g‘fmlﬁ%p ht hyri di nyl ,

! SOxaz0Msulfoh?ﬁhﬁﬁ@ZaﬂJleylsﬂﬂfdy[bﬂlino,%kﬂ@ﬁﬁbﬁﬂ&ﬁno?ﬂﬁerﬁ@ce@lﬁbnyi&ﬁh@l ocyclyl”
I ncl udes "non-aromatic rings or ‘ring systems that contain at |east one ring
het er o atybrarenylpminG, argalkiicarhed yiamshe deteredrylcgboptiaming, | y sat ur at ed and

parti al 30 saturat ed derivatives of t i oned het eroaryl
groups. Lé?wlg'%cﬁg?@ﬁmg’l 21118)18}1 ) ganin%%,l atrl}g%l?ggl\rf?nc}l | Clltnr?yl ,

tasr ahyQfgﬂpgﬁﬂlﬂ’oagzwinjnmmﬁylbmdnylatdﬁho,nmabmiyismfbnylarpjnperi dinyl, piperazinyl,
thi azolidinyl, isothiazolidinyl, and imdazolidjnyl. 25 V‘\g 03/ 050119

PCT/ USO¢tesmgylalkylsalfenyjamingealkylaminpcarbonylapmai Ae B pmogrRapd aiuse: pe

unsubst ialt‘}}fglﬁlqlo%rbgﬁjﬁﬁdn%%x?ﬂllgl:faminocarbonylanﬁno, heteroarylaminocarbonylamino,

heteroarylalkylaminocarbonylamino and, in the case of heterocyclyl, oxo. If other groups

are described as being “substituted” or “optionally substituted”, then those groups can also
20 be substituted by one or more of the above enumerated substituents.
Certain substituents are generally preferred. For example, Y is preferably
— CO —; Z is preferably— NRg -; and R, is preferably Ci.4 alkyl, aryl, or substituted aryl.
Preferred R, groups include alkyl groups having 1 to 4 carbon atoms (i.e., methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and tert-butyl), methoxyethyl,

25 ethoxymethyl, and cyclopropylmethyl. Rs and Ry are preferably methyl. One or more of
these preferred substitutents, if present, can be present in the compounds of the invention
in any combination.

The invention is inclusive of the compounds described herein in any of their
pharmaceutically acceptable forms, including isomers such as diastereomers and

30 enantiomers, salts, solvates, polymorphs, and the like. In particular, if a compound is
optically active, the invention specifically includes each of the compound’s enantiomers as

well as racemic mixtures of the enantiomers.
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one or nore substituents independently selected fromthe group consisting
of al kyl, al koxy, nethyl enedi oxy, ethyl enedi oxy, alkylthio, hal oal kyl,

hal oal koxyp odabswoad kyl t hi o, hal ogen, nitro, hydroxy, nercaprasoyyss,
carboxy, fornyl, aryl, aryloxy, arylthio, 5 arylal koxy, arylalkylthio,

het eroaryl, heteroaryl oxy, heteroarylthio, heteroaryl al koxy,

het eroaryl al kyl t hi o, am no, al kyl am no, di al kyl am no, heterocyclyl,
heterocycloalkyl alkylcarbon IJ alkenylcarbonyl al koxycar bonyl ,

hal oal kyRhermasehijcal Compesitions grdBiokogical AcHViEy| t hi ocar bonyl, aryl carbonyl ,
het er oaryl ca I I
arylthlocarbgﬁgﬂx&ﬁuﬁégSgééﬁgggggﬁg%%wgﬁhF ‘%@ﬁ%@ﬁﬁ%@ﬁg%%%hVﬁgﬁ%%Wﬁh.o

al kanoylaatouADoef zﬁcfc)thpkﬁfnb@ﬁlhd)myentﬁhyih deschibay bbuve,in abkpinaiomeshkf onyl |

al kyl sul f onyl | sul fonyl, heteroarylsul fonyl, aryldiazinyl,

al k¥ sulphamga %ﬂﬁ@%ﬁyacﬁﬁ¥4 @fFBAYI am no, aryIaIkyIsquonyIanino

al kyl car bonyl@g, “ﬂh‘é ht‘fcaaﬂlg SRy a% t %&r&%ﬁ%h@@ th@compound
arylalkylcarbony am no, etero carbon am no,

het er oarsyffitlidoy wmlducwdt drerarp@utuaéﬂcht sutH ax‘qyt@lnnmmduahdm mytitannblf anivitgymi no, 15

aryl sul f onyl am no | al onyl am no, teroar | sul lanlno
e o1 oar AT AT PERa AT Eh HE A Sranist BEf e RpHBoind (el

al kenyl ?ﬁbﬁ%@ﬁ@&m ¥b:3Pbdion ofthY LABLARERNPERY hatHr@9g to factors known to those
aryl al kyl am nocar bonyl am no, heteroaryl am nocarbonyl am no,

hel@r oarofIskillky Itenarh suehr &xothy Iphysicad aecheheniinaltnatire af e cpmipewnsk teyetwe of oxo. | f
ot her gr are scrl as hei.ng "subs |tu opt i onal |
substltdﬁ%gunm%ﬁ@% HB§8g3ﬂ$ H@rgﬁﬁg31§ et gﬂB@?ﬁ? %Vn%ﬂgﬂ%r nor e
of the apgoR WH@bﬁbﬁﬁkufEﬁk’QéﬁtlabWhgrcd@ﬂf irBvide Rslobd sfRdboat W0Mmepaner al | y
preferred. For exanple, Y is preferably . Zis preferably- NR6 -; and

R is praép@trii&)dngﬂ(gapmfeaabdy FtbOtar19|ug/1~zgrt0§h@sttﬁ maﬂfédomhy compmpdftaihced R2
groups i de e hyl ,
oty - Bt e SORURBONTUNAR. forsR oY R, BRI blesigme BN 1)
nelﬁoxyqiafanterala’érrﬁmlhﬁmmeyrhyé ,Creaﬂld di@hems, @thitﬁbhlydlatlm taandddrénadir e
preferablganeth yl. One or nore @% .these preferred substitutents, if

pr esent P& ﬁsﬁ@mﬁ3@§éﬂﬂ”WHm§ﬁ@i fk&unds of the invention in any

combi nat i on. ﬁl%eco bERE] ANthé ﬁw‘mﬂ?dn%%h%@ aelfmﬁlgt@refaod spehded herein
in any of their armaceutically acceptable forms, inc udlng i soners such

as di astagemonﬁlestremdelﬁﬁegmt mtiheccgnpcsmlds of tlson\mtles maw@lewdmmﬁsredamd t he
i.cu |f a co d,is tIC i nvention

like. [t tiv
speci 1 CaRryaREr ik teddnen PP eIE S ot pstR ettt MR hul epeRe
raggm c rHﬂpﬁh&H ©8difitrs. @i BRI hh SIS, antlbodles, proteins, peptides, oligonucleotides,

etc.

The compounds of the invention have been shown to induce the production of
certain cytokines in experiments performed according to the tests set forth below. These
results indicate that the compounds are useful as immune response modifiers that can

25 modulate the immune response in a number of different ways, rendering them useful in the
treatment of a variety of disorders. .

Cytokines whose production may be induced by the administration of compounds
according to the invention generally include interferon-ot (IFN-ot) and/or tumor necrosis
factor-ot (TNF-ot) as well as certain interleukins (IL). Cytokines whose biosynthesis may

30 be induced by compounds of the invention include IFN-o,, TNF-a., IL-1, IL-6, IL-10 and
IL-12, and a variety of other cytokines. Among other effects, these and other cytokines

can inhibit virus production and tumor cell growth, making the compounds useful in the
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26 WD 03/050119 PCT/ US02/ 18284 Pharnmaceutical Conpositions and Bi ol ogi cal
Activity Pharmaceutical conpositions of the invention contain a

t her apeutwoaBloyoied f ecti ve anount of a conpound of the i nPEmUSON18284
descri bed above in conmbination with a 5 pharmaceutically acceptabl e
carrier. The term"a therapeutically effective amount” nmeans an anount of

the co ”H%Hfén% Stfifal GisEREs hufl taBHE eA/@cgtrr&lgg}?pﬁe bhven@bi BRivides UGhetRSd 6/t OKi ne

i nduction, antitunor activity, and iviral actrvity. Although the
exact aimuningeftokirkibiasyothepie iman assdl ¢omprisinghadnninistening @al efigetiyeormneundn of

t he inveption wi || var\ﬁ accorpi ngnto.fagttﬁrs known to those 10 of skill in
t he art OF & GERPMAiqs comRoTien,pt the ynyeplips fofhe ‘e of the conpound, the

nature of tken&Albinbundtd thdBveMicAoe be@sfolfd tegkehtially iducattel ci pat ed
that the conpositions of the invention will contain sufficient active

i ngr edi exyressponpofdNete irpa dopdatidn efthsumtopodtia gelksgsuch as BBdEs Goripkgrlg

preferably about 10 g/ t o about kg, of the conpound to the subject.
Ay of blaedammpantss el assuiuts BPhe hls theediret denERERe2pe ) btk

| 0zengegy, bniRdf HolskRh Jf R @ht RS ofMildR$natdil@§i¥kinedl Nt ment s, aer osol
formul ations, transdermal “patches, transnucosal patches and the |ike. The

conmpounds of In hddifien/terihé abilityain ibducadir prioducsion @f gxtokines.heegrepauids abeut i c

t in the t i . the. f i i b
et i s Bgerien g ers R At RS AP Er e B Y 08
i nel udi ReeRdEl hitRR mdyBELlenA el eoRAREEhMELY bedss toapidkwaiatstioanThbi ot i cs,

anti bodi es, proteins, peptides, oligonucleotides, etc. The conpounds of
the i nvepmpomndsanay Oastiy e mAcCIePhiages. whichrR LR sHmEIates Seeretion e Rl

cyt oki nes.in eri . i S/ t rth bel ow
These lpélsdﬁlapg)&lper%?((ﬁ:{gcg Ee)ﬁt0 ﬁg@@%@g%ﬁ%gﬁﬁ}g}%ﬁégﬁﬁ as |n§(1 Cﬁg&r esponse
nmodi f i epsolifbation anit dfferendutiat ¢f B-hgnploeyes. response in a nunmber of different

ways, rendering themuseful in the treatnent of a variety of disorders.
Cyt oki nes mh&é)@lﬂﬁ%%ﬁftftth%ﬁwﬁ%twnd’gsq Pﬂi’ﬁé@&ﬁgg O[HH&G AeAnsrd P &¥PgRse:

cqripoun ' ' ' Ffast i I n-a
( lqu $or g}?&%{?ﬁé,%tﬂ&l AhtRSes hOMRBEI QN0 B Q%%{r%?(f)eff@@t AR ctIld ®IdiRED

N-a) an tunor nhecrosis factor-a ( as well as certain
i nt er | edkduetiof bLT celDyytokines sharodection @f yhet hbeper typy 1 §0h becyiokined&N-by

compounds, Qf e NS nL ] 1 oI HaS ok N Phetpy iy 2 (T2 eylokinds . b 7105 2nd
and IL-13 are inhibited upon administration of the compounds. This activity means that
the compounds are useful in the treatment of diseases where upregulation of the Th1

20 response and/or downregulation of the Th2 response is desired. In view of the ability of
compounds of the invention to inhibit the Th2 immune response, the compounds are
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma,
allergy, allergic rhinitis; systemic lupus erythematosis; as a vaccine adjuvant; and possibly
as a treatment for recurrent fungal diseases and chlamydia.

25 The immune response modifying effects of the compounds make them useful in
the treatment of a wide variety of conditions. Because of their ability to induce the
production of cytokines such as IFN-o and/or TNF-o., the compounds are particularly
useful in the treatment of viral diseases and tumors. This immunomodulating activity
suggests that compounds of the invention are useful in treating diseases such as, but not

30 limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis
B; Hepatitis C; Herpes Simplex Virus Type I and Type II; molluscum contagiosum;

variola, particularly variola major; HIV; CMV; VZV; rhinovirus; adenovirus; coronavirus;
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IL-12, and a variety of other cytokines. Anmong other effects, these and

ot her cytokines <can inhibit virus production and tunor cell growth, making
t he conpowods/osEef ul in the 27 WO 03/050119 PCT/ US02/ 1828<¢T/UuSoB 828Nt of
viral diseases and tunors. Accordingly, the invention provides a nethod of

i nduci ng cytokine biosynthesis in an ani mal conprising adm ni stering an

ef fecti vgrhaABiinhd pafa-RfIGeROMAGeHheHROPlatboOfMchlas bhvidahineatpitelikio t he
animal . Certain conpounds of the invention have been found to
pr ef er emeppipdig; HumepaaepillomavauedHy Bsaidassematedneaplasips giup s dissesesne- &1

cont af neLpeSRakS 1] By L sl B BBl ST UG HRAER o1 9)

conconi tcainopia) dbiey telhleakersiagRiagdst 8 Bircbay aknal bl catinamuasumony taki nes. I n
addition to the ability to induce the production of cytqkines, the
corpoun@arcsoma, RyelagrReis lererrs. apyltiplefayelampdpelangipa, nRg- i mune

Ki NIRRT ti mul at ed,
res ponSﬁmgﬁ(g{lg)r%g{/EB (glsd’f‘-@élij%ﬁ'lgg}gy%?, idd &ﬁﬁh&erﬁ%&ﬁ‘%ﬁ%i@%s%%s i nul at e

an effec ue t Ine In tion. compounds may al so
act i vat enemaooptiagsii, aptosporididsisy histoipl asuloais e x emasmmisisptrypdnoseme i ¢ - oxi de

and the production of addjtional cytokines. Further, the gonpounds may
cause _bli‘fSFti“?neP%‘{!T ARSI "I“fdg?aﬁ?f‘%‘;iﬁ‘??‘fﬁ‘oﬁ?’ eﬁc’!tya%ﬁﬁei}%’é'&.ﬁ Conpounds of the
I nventi %&Bﬁ&eﬁlﬁﬁ%vﬁﬁl.ez_fuflcﬁﬁéna@ﬁiste_gh%s BE BT RShs HTERAEDE BSNNSEng thS For
exanpl e, although there is not believed to be any direct effect on T cells

or10di r ecompomatisaifitominyéntionda¢thdecaatinid kesatosisiaszgmadasinopnligfessentiall hel per
type 1 ([Thl) cytokine IENy i.s inducedAndirectly and..the,production of
the T h ‘Pfﬁé‘b)ot’ aemiar IepisY; pIRIeFELTQSS, Pminpn's Sy%ér%‘c’lmF’L@‘%‘g’?%ﬁ‘gggnhi bi t ed
upon adiBgientd @kdR8 Blwdndel spiRRISNESpecld hsaaCthe HiliditioR ah Keloihformatien
compounds are useful in the treatnent of di seases where upregul atjon of the
Thl 20 réspansayandpther bpamelrpsi-surgisal wars: B adgifion.dhess semppeidseeplded. | n

yi ew of e%ﬁgnc%%ir lsf.il%lﬁla?é the %ng%?%ugas tun:qu 1H%9§R)h%r1w&u%d%n?hpé&n%%dgh2

i Mune response, e conpounds are éxpecte 0 be useful 1n the treatnent
of 1;t opimgayhesafid $or teealing tiRtappotumistidimtdctioss amisthinoes, thatadccer after al | ergi c
rhinitis; systemc |upus erythematosis; as a vaccjne adjuvant; andmgossi bly

as a tr SHPRETHON ofrcelldngriatedimmppioim. fir sxample. LanFPaRt RANRISACaNse PRHENS rmune

respons%ngq,gk,fa@/gti@gtseffects of the conpounds nmake themuseful in the
treatment o w de variety of conditions. Because of their ability to

i nduce the pkrogmotitarf acbmpyurskiffestive tecindaes dyRNkine kinsingresiENFamamopet
compou n%lslff?cric%t c? EzEung l(ﬂléa (r)rl thore cell types, such as monocytes, macrophages, dendritic cells
20 and B-cells to produce an amount of one or more cytokines such as, for example, IFN-o,
TNF-q, IL-1, IL-6, I.-10 and IL.-12 that is increased over the background level of such
cytokines. The precise amount will vary according to factors known in the art but is
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 pg/kg to
about 5 mg/kg. The invention also provides a method of treating a viral infection in an

25 animal and a method of treating a neoplastic disease in an animal comprising
administering an effective amount of a compound or composition of the invention to the
animal. An amount effective to treat or inhibit a viral infection is an amount that will
cause a reduction in one or more of the manifestations of viral infection, such as viral
lesions, viral load, rate of virus production, and mortality as compared to untreated control

30 animals. The precise amount that is effective for such treatment will vary according to

factors known in the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg,
preferably about 10 pg/kg to about 5 mg/kg. An amount of a compound effective to treat
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useful in the treatment of viral diseases and tunors. This i mmunonodul ating
activity suggests that conpounds of the invention are useful in treating
di seases woob/osmE 19 but not 30 limted to, viral diseases i RCTadonB2genital
warts; comon warts; plantar warts; Hepatitis B; Hepatitis C, Herpes
Sinmplex Virus Type | and Type Il; nolluscum contagi osum variol a,

particul rd thae Wi BM il HinoradRMP Y the's;
coronawa?ll%é]'yla%% C'\(/)\%&l gﬁd %ﬁ%bﬂﬁlﬁl Usoéf%{éggﬂfé&chfl uenza; and para-influenza,
i nt r aepintinbki @fltumenfiicas iAgsins tlwrpracsseca;mwr@ aill wmtyra@@mdnrmeqoufwtors KBoWR L a;

human papi | | omavi rus (HP 00| neopl asi s, e.g.
candi daalPea%b é‘??’?ﬂfgteﬁé%%}g 839&‘%55‘38‘& ght&a{b ﬁflgghﬁ %er% @g"}ges,
e.g., bapalneabhbowd @bmgme, hairy cell Ieukem a, Kap05| S sarcona renal
cell carcinoma, squanous cell 5 carcinonma, nyel ogenous | eukem a, multiple

nmyé oma, nel a"homenh@nwfﬁuﬂbﬁ‘i%S@Ibeﬂ)}@mhﬂ)f?élowé@ﬁ arfamles. Which are pipvidkdnm,  and
th t di i,
oty ot oo a8 isgPE oafy gt hEARRRIe Bl BBEIRE RS SN tome i nfecti on,

and | ei shmani asis; and bacterial infections, e.g., tuberculosis, and

mycobacterium avium Additional diseases or conditi ons that can b% treated
using t he 10 letwssamales Selovheomaidhe FIRPGURES WeEe Rificd by MePU#BENEh eczem;

eosi nophj iS;
Comen S el Moo RO LRSS HHERER g okl tuset i =
al gpeci ay@ématme ptdpeHPImi |fmctwmmcré amymMstrrgaMctromassaE@éIFOl@dS ged theand

ot her types of post-surgical d tion, éjhese ﬁ%gﬁounds could
enhance aBPf%’{l?tﬁﬁ‘laﬁF‘é“St‘ﬁ"éeﬁe’é’PW’? aB‘il C%ﬂ §CV?R?6;I“5 fHROUESM ¢ wounds. The
CorrpounQﬁﬂ&&oﬁ@Yat@?ale?fQﬁé’hesfn@H cbfnpaidd g:&ﬁa%nom&bhiéﬂeﬁmﬁa cré@estions and
tunors that occur after suppression of cell mediated immunity in, for
exanpl e SOtmmnS(phmrbn paticlersizs, 10 pere; ﬁamretnt@ mhAQin I\pnplaqqa@gmélentAn amount

of a co i.nduce t nt nount

suffici UOP ro&’%lé?é%ﬁé“h?%f e‘&gﬁﬁﬁa?%%gé Psuc agg%‘?loAclétO?é?qarracr ophages,
depyr i t igfiG&bhctic 40idANeBmaas {s90.05% prideite s tid hcRirRetdhitble; Gaeticr nore :
cytokines such as, for exanple, 1FN-a, TNF-a, IL-1, IL-6, IL-10 and IL-12
that is mH@qtl@a@e‘dn@Séﬁle@th‘@tﬂﬁéq‘(fgr&aund | evel of such cytokines. The precise
anount will vary according to factors known in the art but is expected to
be a dose of about 100 ng/ kg to about 50 ng/ kg, preferably about 10 g/ kg to
about 5 ng/kg. The invention also provides a nethod of treating a viral
infection in an

Example 1
20 N-[4-(4-Amino-2-butyl-6,7-dimethyl-
1H-imidazo[4,5-c]pyridin-1-yl)butyl]benzamide
NH,
NN

| P~

Z~N

l\\\\ O
N
H

Part A
25 Triethylamine (16.8 mL, 123.8 mmol) was added to a suspension of 4-hydroxy-

5,6-dimethyl-3-nitro-2(1H)-pyridone (7.6 g, 41.2 mmol) in dichloromethane (200 mL).
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25 animal and a nethod of treating a neoplastic disease in an aninal
conprising admnistering an effective anmount of a conpound or conposition
of the irwenBisnieto the animl. An anmount effective to tPeatusor/1828hi bit a
viral infection is an anmobunt that will cause a reduction in one or nore of
the mani festations of viral infection, such as viral |I|esions, viral |oad,

rate of THelrbisulOMbGhre Whs OB MPAN Reibith. aFxifti6 ARiRfdede ((03. MRALIL @atsadnﬁm)ntrol 30
animals. The precise anount that is effective for such treatnment will vary

accor di ripstadded ant e seagempixthre wies dirtedior 30 minase Menp-fei-be a dose of

mo/ ko, RSl ohd S (B aPRibill N A0 e st SbB Al R °
PCT/ USOZéaﬂoﬁaﬁ‘ﬂruxﬁlr@@@@illﬁﬁﬁdonmﬁhl tblaﬁibléns taﬁpewtmmntAﬂdﬁathou'r tHe reavtion a

reduction in tunor size or in the nunb tunor foci. Again, the precise
amsunt  WRREUIG ey washed viitheauegus b%ztsgglgmk%mpaﬁ(ﬂfﬂgo Bl digd 9veT expected to

be a dog@fﬁﬂgﬁgﬂfg@gd Rk Bnt A 2Pr e esg{u%ftg 3?@1& ‘E‘HQ%“M | 10 g/ kg

to abou e itnvention is turther scrl be oW ng
exanpl egprodutt.cThia heatqaiabwiasl didsolved in dithistonatthann amhlqadechdntaradaymtof silicended to

be limting.jin. any way. Jn ex s bel.ow sone of the.conpound were
o 1 ool s ol Ss ot LS BRI B bARR O CERY O FIPS SBITRS 489 e
Vaters 'fﬁél%itﬁ@ ﬂ%@?ﬁgﬁ&@e%@hﬁﬂclﬂklfdrﬁétﬁﬁfe't@ Recotdt tBY 848N tpmﬁlcprm HPLC

fractions were analy using a Mcromass LC-TOFMS and appropriate
f rifct i ofmctiensecantaiting enbdantjwctero:pmbﬁmegemé\ﬂaqmoacmated yndetiedecedipsessure

Cra(2) ST T8 Oh i el ni Ry s BB by Yo s T ar o: 25

L/ mn. ,m@g@yridhrngaﬂ tlﬂﬂlﬁﬂélﬁ&hm&hﬂémé@@agéﬁght@eﬁ&?ﬁoﬁ in 12 mn, then hol d_ at
95% B f or m n where A is 0.05% 15 trifluoroacetic amd/water and B is

0. 05% t MakiBor oactic aci d/acetonitrile; fraction col l ection by .
T et L B IR AR S S A B i o 1
15 dibenzylamine (4.8 g, 24.7 mmol), and toluene (150 mL) and then heated at reflux for 4
hours. The reaction mixture was washed with aqueous 1% sodium carbonate and then
concentrated under reduced pressure to provide crude product. This material was
dissolved in dichloromethane and loaded onto silica gel. The silica gel was eluted with 2-
20% ethyl acetate in dichloromethane. The fractions containing product were combined
20 and then concentrated under reduced pressure to provide ~13 g of tert-butyl 4-{[2-
(dibenzylamino)-5,6-dimethyl-3-nitropyridin-4-yl]Jamino } butylcarbamate.
Part C
Sodium borohydride (1.4 g, 36 mmol) was slowly added to a solution of nickel
chloride hydrate (2.9 g, 12.3 mmol) in methanol and the resulting mixture was stirred for
25 30 minutes. A solution of the material from Part B in methanol was added in a single
portion. Sodium borohydride was slowly added until the foaming was colorless. The
reaction mixture was filtered. The filtrate was concentrated under reduced pressure. The
resulting residue was combined with dichloromethane and the mixture was filtered to
remove salts. The filtrate was concentrated under reduced pressure to provide ~12 g of
30 tert-butyl 4-{[3-amino-2-(dibenzylamino)-5,6-dimethylpyridin-4-

yl]amino }butylcarbamate.
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O NH Part A 25 Triethylamne (16.8 nlL, 123.8 mmol) was added to a
suspensi on of 4-hydroxy- 5,6-dinmethyl-3-nitro-2(1H)-pyridone (7.6 g, 41.2
mrol ) i n wWooblsmnenet hane (200 nmi). 30 WO 03/050119 PCT/ UBOZ/uB8283284 The
resulting mxture was cooled in an ice bath. Triflic anhydride (13.7 ni,
82.5 mvol) was added and the reaction m xture was stirred for 30 m nutes.
Mono- t erparppt oxycar bonyl -1, 4-butyldiamne (7.6 g, 41.2 mol) was added in a
single portion and the reaction mxture was allowed to warmto anbient

t enper at ure. Ylewd chlordef3 phe 244 aemply wvas addlsd terasolgipon of sheapatpfialtfraigueous 1%
di
soc um gl Ak 90 AL 14160, B POROESL AU g AR e

mat er i alThmféadioﬁl&ﬁileﬁd wal cdn@htrmte@nﬁddraftﬁlcadlﬁrdsmﬁdemh@fe&ﬂuawiaayer of silica

gel . The silica gel was eluted first with dichloromethane to renmove sone

i pdir i t i @Ebipgd ngh é&hawlmdznqwémmﬂ( £ 89 gieok)n ThedpacHpp REXHERWaY o recover
the desigedqnk Qntjagdftﬁ CohQErafed MRt YeBkeR an?c%%%‘% "l"ﬁ? ?esﬁRﬁ&B' ned and
then concentrate uce pressure to provi go

4- ({4- [ (residbe bat pa«ymanéﬂi:rqﬂw&arﬂlcid])mmwﬁahaﬂnahw)a{éﬁ dhe idivhionythetBane layer
nitropyridin trifluor t hanesul fonate as._a light yel]l]ow oil. Part B
The o GV R Sthapi hend Ol ot NEHEHLO T DRSS S hted it 547

mol ), dgo. @'eﬁ@?%&’été’c@‘d‘i@ﬂ(ﬁrﬂnﬁthgne etfan® O he fractbnk %M%ﬁlg(pifé&c@kv)er@nd then

heated at refl ux hours. The reaction m xture was washed w th aqueous
1%8 odi mmdamdummtberamcmwed mahcmdumt wdssurediorprovdde6 8¢ @resduryd 4t o

oaded dacth g Pl amitggs TRPh Ao TRade R LR B PSSR DR GR et at o

i n di chl @ragngt hane. The fract| ons cont ai ni ng product were conbi ned 20 and
t hen concentrated under reduced pressure to provide -13 g of tert-butyl 4-{
[2 (di bty ani no) - 5, 6- di net hyI -nitropyridin-4-yl] am no }butyl carbamate.

Part C Sodi um borohydride (1.4 g, 36 mmol) was slowy added to a sol ution
of nickel
15 Triflic acid (16g, 107 mmol) was added to a solution of the material from Part D

(6.5g, 11.4 mmol) in dichloromethane (250 mL). The resulting mixture was stirred
overnight. Ammonium hydroxide (50 mL) and water (100 mL) were added and the
resulting mixture was stirred for 30 minutes. The layers were separated and the aqueous
fraction was extracted with dichloromethane (100 mL). The organic fractions were

20 combined, washed with 1% aqueous sodium carbonate, washed with brine and
concentrated under reduced pressure. The residue was combined with methanol (30 mL),
stirred for 30 minutes and filtered. The filtrate was concentrated under reduced pressure
and the resulting residue was combined with 1% aqueous sodium carbonate and stirred.
The mixture was extracted with hexane to remove organic impurities. The aqueous layer

25 contained an insoluble oil that was extracted with dichloromethane. The organic layer was
combined with magnesium sulfate, stirred for 5 minutes and filtered. The filtrate was
concentrated under reduced pressure to provide a solid which was recrystallized from
toluene to provide 1g of 1-(4-aminobutyl)-2-butyl-6,7-dimethyl-1H-imidazo[4,5-
c]pyridin-4-amine.

30
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chloride hydrate (2.9 g, 12.3 mmol) in nethanol and the resulting m xture
was stirred for 25 30 mnutes. A solution of the material fromPart B in
nmet hanol we3asided in a single portion. Sodi um borohydri decrasozisasd y added
until the foam ng was colorless. The reaction mxture was filtered. The
filtrate was concentrated under reduced pressure. The resulting residue
was corr?iﬁqu;d Wi th di chl oronet hane and the m xture was filtered to renove
salts. e filtrate was concentrated under reduced pressure to provide -12
g of 30 tert Thiathylamdne (0.0BmdnDSonto])dviserddsd tard sod)tiod, &-ldidramingbyli2di n- 4-

yl'] am no }butyl car te. 3 03/050119 PCT/.USO 8284, . Part D Val eryl
chl ori d&8v 6#1—_,1mgﬁq_yg?gl§igp51a@i@¥\§&% 1‘?‘%’@“@%&?&% 0?1 o) Mat erial from

Part C iiRnis6hOBhde (156 nfI30& hilractibh ik @ACHhPdboBdGh 4h8cdB@h SBEfzZogH at

anbi ent tenperature. The reaction m xture was concentrated under reduced

pr 6ssur ehlofide (0.@5indu0.5wamob veasredidedandhe reastiorambtturgrivias lemeved fremithe (5 g,

49 mml .) ., The_reaction .n xture s ,.heated a i t hen
concent }%w.ﬁmerpaqtjlgad@ghuﬁwgggv\éﬁqd W& “r’lgls‘l’}%tte% %{1;& %ﬁ)rérelgg l?g{r%éupa?t i tioned
bet ween r&iehd s, NERGeaNgnsRiue whd puaiiehbpflasfdhianeokaphy eluiag separ at ed
and then | oaded onto a silica gel colum. The colum was_ eluted with

9:90: 1 atithyl0%osthanel: igididhlgrpmethane frepropde BB ABY broempicsial | g i ni ng
roduct were 10 nbj_ne n : reto

Br ovi de V&S éllSégﬂg?(F ft%ear 1%1[}%%1%1% gﬂ(&lﬁﬁ % %Bﬂl%ﬁgljicﬁ ahe ﬂleﬂ %ﬁﬁﬁeglﬁfé)ﬂf\c%lcp@g%ﬂj'

[ 2:0but ylo:Fmbadibenztiedrivita stifring: ditrertdvyion Intikiurd dag afrddmat @jgbyent di n- 1- y1 ] but yl

carbamate as an oil, Part E 15 Triflic acid (16 ,%#87 nmol ) was added to a

sol ut i oferaperatHes fpnr bhown and thep hegtad hyeflydn Sﬁ?ndlli@ﬂg“ F¥eG@fedi chl or onet hane

(250 n 6S Utld QT4 L1158 Sk oK Rip@hire ARIRiZh Wi hy dr oxi de
(50 ni) )hgrr%E%nl@engui(‘%éo%%r%L @méeéraglo\gﬁgéﬁggﬂg@t he resztIJ)I tilﬁa m xture was
st i rr ed chitled 3Damica baths ThE hesultingeprecipitate wae pakatedhly Glitwationéo prguidodd] fracti on

Corbi nedtE LS P AIR Ao St i RaFRS AT S AR e w th brine and

concent r}lﬂbﬁﬂ{l]ﬁ&%ﬁﬂd@ﬂ%?@tﬂ'ﬁﬁé§él[c§m.?.fl@7f89§2'8381’€. was conbined wi th methanol
(30 mb),” " stirred for 30 mnutes and filtered. The filtrate was

concent ratadssisuGdienlaied far € Hhesky €. 70.20; %H, 7.94; %N, 17.80; Found: %C,
69.82; %H, 7.70; %N, 17.68.

20 Example 2
N-[4-(4-Amino-2-butyl-6,7-dimethyl-
1H-imidazo[4,5-c]pyridin-1-yl)butyllmethanesulfonamide

25 Triethylamine (0.07 mL, 0.5 mmol) was added to a solution of 1-(4-aminobutyl)-2-
butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine (150 mg, 0.5 mmol) in

dichloromethane (160 mL). The reaction mixture was cooled in an ice bath.
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and the resulting residue was conbined with |% aqueous sodi um car bonate and
stirred. The m xture was extracted with hexane to renobve organic

i mpuriti e80 03hs1agueous | ayer 25 contai ned an i nsol ubl e oPICTIUSAL/ 18286
extracted with dichl oronet hane. The organic |ayer was conbined with
magnesi um sul fate, stirred for 5 mnutes and filtered. The filtrate was
concent naétBahddidedic hRsldeiad (U BESOLE enth6l) Wa@wud@l AdSEY tedctidh @bktiveSyas
recrystallized from toluene to provide 1g of

1- ( 4- anireepved/frgmzheyige Ppthe The aeacHompixiure Was sised[far B3 minyics: iThedeaatigni ne. 30

32 WO Og%,%géa ng%lﬁe&ﬁgx%/ #ﬁ%@?ﬁthp\%t%r Eoiﬂe}nﬁ&%& hﬂﬁ@r@gdlfcgd Bl7es§{]re and5 ol )

was add 1 on am nab
butyl - ,tﬁmtwmlaMmmmd@mﬁéoﬁne&lpwdewm Theawiulting diyStalime s6lidwasol ) in
di chl or gnet hane The reaction m xture was cooled in an_ice bath.

Berzoy! isplatad by ff t{oa aofk thm dr@dan mbﬂewakd eie»%g AMPATAHEIOPERHE BHhME xt ur e
was remg) wj Apm];n!aez bﬁt th}h‘f Sﬁé&“{rplms washed twice with
g L {1 gt ed 8 uce pre

wat er concentr ure. The resulting residue
was pur|y11)|bacyl]myetndmsd1fombmmmhqgrlép#ﬂ;BOei°Gt| ng wth 10% net hanol in

di chl or onet hane, t o provi de ol ly b s rjal . This materi was
di ssol ve%‘aﬁwl%%:r#%m&ﬂ:ﬁﬁﬁg\%}ﬁ 2&%‘3’&% afn%4 4 9equ§‘tﬁ ‘!tija(%"gni c acid
(55 my, s53G0 o5 MRY.)g, e @glded with stirring. The reaction mxture was
stirred af anbient” tenperature for -1 hour and then heated briefly in a

sald bath until it becane honpbgeneous. The solution was allowed to cool to
anbi ent tenperature and then was <chilled in an ice bath. The resulting
precipitate was isolated by filtration to provide 111 ng of

N-[ 4- (4- am no- 2- butyl -6, 7-di rrethyl Hxbipe lazo[ 4, 5-c] pyridin-1 15

yl)butyl ] benzam de as a crystalline solid, mp. 127.8-128.8C Anal ysis:
Cal cul at ed f dY-[£BABIRGE-butgh-6, ﬁdlwhyl%ﬂ-lml@ao[%\rlpmdlsol YRR o,

69.82; %4, 7.70; 9N, 17.6
[ 4- (4- Ami no- 2-but yl -6, 7- dg' ﬂﬁo@‘%%ﬁf&‘ dide Hydrafe 1 byridin-1-yl)butyl ]
net hanesul f onanm de NH2

15 F

Triethylamine (0.07 mL, 0.5 mmol) was added to a solution of 1-(4-aminobutyl)-2-
butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine (150 mg, 0.5 mmol) in
dichloromethane (150 mL). The reaction mixture was cooled in an ice bath. 4-

20 Fluorobenzenesulfonyl chloride (113 mg, 0.5 mmol) was added and the reaction mixture
was removed from the ice bath. The reaction mixture was stirred at ambient temperature
for 48 hours. The reaction mixture was washed with water (2 X 150 mL) and then
concentrated under reduced pressure. The resulting residue was recrystallized from

methyl acetate and then dried in an Abderhalden drying apparatus to provide 50 mg of N-
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NN N HN, 00 25 Triethylamne (0.07 nL, 0.5 mmmol) was added to a

sol ution of 1-(4-am nobutyl)-2-

butyl - 6, Woiogesdiyd - | H i mi dazo[ 4, 5-c] pyri di n-4-am ne (150 mgT/WGoH18I8Dl ) in
di chl oronet hane (160 nlL). The reaction m xture was cooled in an ice bath.
33 WD 03/050119 PCT/ USO02/ 18284 Met hanesul fonic anhydride (90 ng, 0.5 mmol)
was addep-@ngnihbe-b@grb 7aimeihyl-UHEmiEo[4, S eRyeldid-1 3Mbhifyg-4-ce bath. The
reaction mxture was stirred for 35 mnutes. The reaction mxture was

washed t freebsnzepasul{pramidg hgdrateas aoenicraysdling sdid, peplddd-bBeECur e, and

triturat L] vgl X ad er e |ty i

cr yst ai 1 0okt e AT S RROR . HRyAC, RERS ke o r e 1o, Hopg:

Abder hal @€ 5699] %, Hs%N US.240 provi de 94 ng of

N-[4- (4-ami no-2-butyl -6, 7-di methyl -1 Hi m dazo[ 4, 5-c] pyri din-1 -

yl )But yl ] met hanesul f onam de, m p. 130-130.5C Anal ysis: Cal cul ated for
Cl7H29N502S: %C, 55.56; %4, 7.95; 9N, 19.96; Found: %C,  55.37; %, 7.89;
O, 18.03. 10 Exanple 3 N [4-(4-Am no-2-butyl-6,7-dinmethyl- |Himdazo

[ 4, 5- c] pyri di N{4~(34Athinpy2-butyl-8,7fdimethybéHzien ésol4,5edpyride- Hythbatyd-NH2 N N N
OHN, SO 0" 15 F Triethylam ne ( OrPi‘F , 0.5 mmol) was added to a sol ution
of 1-(4-am nobutyl)-2- butyl-6, 7-di'¥ Hb}lr-elal—l-i m dazo[ 4, 5- ¢] pyri di n- 4- ami ne
N

(150 ng, 0.5 mmol) in H

I/N\>M

HN};O
HN

10
Phenylisocyanate (0.056 mL, 0.5 mmol) was added to a chilled solution of of 1-(4-
aminobutyl)-2-butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine (150 mg, 0.5 mmol)
in dichloromethane (150 mL). The ice bath was removed. A white precipitate formed
after 5 minutes. The reaction mixture was allowed to stir for 30 minutes and then it was
15 concentrated under reduced pressure to provide an off-white crystalline solid. This

material was isolated by filtration using a small amount of diethyl ether to transfer the
material to the filter and then dried in an Abderhalden drying apparatus to provide 185 mg
of N-[4-(4-amino-2-butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-N'-
phenylurea, m.p. 195.8-196.8°C.

20 Analysis: Calculated for C,3H3oN6O: %C, 67.62; %H, 7.89; %N, 20.57; Found: %C,
66.84; %H, 7.71; %N, 20.54.
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di chl oronet hane (150 nlL). The reaction m xture was cooled in an ice bath. 4
20 Fl uor obenzenesul fonyl chloride (113 ng, 0.5 mmol) was added and the
reacti on woxBwosE19 was renoved fromthe ice bath. The reac®PCorusSot/x284 e was
stirred at anbient tenperature for 48 hours. The reaction m xture was
washed with water (2 X 150 nL) and then concentrated under reduced
pressure. The resulting residue was recrystallized from nethyl acetate and
then dried in an Abderhal den dryinquBBﬁqatus to provide 50 ng of N 34 WO
03/050119 PCT/ US02/ 18284

[ 4- (4- am no- 2%-putdyAnfind-2 diungtYHdithethlni danolado[d;5¢ Jpyridia hylbytyNbut y1 | - 4-

fl uor obenzenesul f onam de hydrsﬁe as whi créstalline solid, mp.
133.1-133.7C. Anal ysis: Cal cii-Beeiylt ISP%E%% N502S H2O 9%C, 56.75; %,
6.93; %\, 15.04; Found: 9%C, 56.&9& %1, 6.58; %\, 15.24. 5 Exanple 4

N[ 4- (4- Ami no- 2- butyl -6, 7-di net hyl - | 4 i m dazo[ 4, 5-c] pyridi n-1-yl ) butyl]-
N-phenylurea NH2 NN N HNO HN\\ ggnggéLLfocyanate (0.056 nL, 0.5 mml)
was added to a chilled solutig 1-4-

am nobutyl)-2-butyl -6, 7-di net hyl 41 H{ mi dazo[ 4, 5-c] pyri di n-4-am ne (150 ny,
0.5 nmmol ) in dichloronethane (150 nL)\ The ice bath was renoved. A white
precipitate formed after 5 mnutes. T reaction mxture was allowed to
stir for 30 mnutes and then it was 15 ggpcentrated under reduced pressure
to provide an off-white crystalline solid.»f8is nmaterial was isolated by

filtration using a snmall anount of diethyn ether to transfer the material
to the filter and then dried in an Abderhaf2§?7drying apparatus to provide

185 ng of
N- [#4- (4- ami no- 2- butyl -6, 7-di met hyl -1 H-i mi dazo[ 4, 5-c] pyridin-1-yl)butyl]-N -
phenyl urea, mp. 195.8-196. 8C.
Using the method of Example 4, 1-(4-aminobutyl)-2-butyl-6,7-dimethyl-1H-
imidazo[4,5-c]pyridin-4-amine (100 mg, 0.35 mmol) was reacted with
phenylisothiocyanate (0.041 mL, 0.35 mmol) to provide 97 mg of N-[4-(4-amino-2-butyl-
10 6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-N’-phenylthiourea hydrate as a white
crystalline solid, m.p. 160.0-160.8°C.
Analysis: Calculated for C,3H3NgS - H,0: %C, 62.41; %H, 7.74; %N, 18.99; Found: %C,

62.39; %H, 7.47; %N, 18.52.

15 Example 6
N'-[4-(4-Amino-2-butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-
N,N-dimethylsulfamide
NH,
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20 Analysis: Calculated for C23H32N60: %C, 67.62; %, 7.89; %\, 20.57;
Found: 9%, 66.84; %1, 7.71;, 9%\, 20.54. 35 WD 03/050119 PCT/ US02/ 18284
Exanpl e 5wWBH3f8014%- Am no- 2- butyl - 6, 7-di met hyl -1 H i m dazo PC#/US82/¢q284
pyridin-1-yl)butyl] - N -phenylthiourea Hydrate NH2 N N N HNS HN 5 0
Usi ng the method of Exanple 4, 1-(4-amnobutyl)-2-butyl-6,7-dimethyl-IH

i m dazo[ 4, 5- e Ry 1%%@0@3@ e, ()@@%Higl) v@as%'édé'ﬂ‘i‘é'a)so%ﬁ)nrﬁqcﬁed with

phenyl i sot hi ocya at e m., 0.35 nmmol) to provide 97 ng of
N- [ 4- ( 4anninotord)- Bt]xuyyl-G T-@imethyl-1H-imidazo[4,5-c]pyridin-4-amine (67 mg, 0.23 mmol)

7-di net | Himd D= ridin-.1- but t hi hydr at
as a whit g%hw%p@@qﬁ(ﬁg[ﬁé& 'Tyﬁp%@cﬁlon%t"% %’égc%)&éd IRnagllgeg@s{h Cialoglrjfgt eé 1[ gre
gi?z%%fg%?éﬂf%%oyﬁaﬂ&ﬂde 0025 tall 4. 29 Mmal BwaOiddE@UTHe ré¥lion HxtdQ; wadH,

N- [54- ( 41oandyesl fporh theyice barthB ahmaqvpn MR Waydlowed 1o piatiambient -y ) but yl | -
’IQIC'II\'I; (lelsgg‘;; éefgtzfl f%r fg&mllﬂam ggy(ﬁy&m@‘@ c%l:t:’ed (il tgfgeggé%g‘ge t o a solution
of 1- (4 complete. The dichloromethane was removed under reduced pressure. 1,2-

Dichloroethane (50 mL) was added and the reaction mixture was heated to 60°C. After 3
hours, more dimethylsulfamoyl chloride (2.5 pL) was added and heating was continued.
10 After 22 hours the reaction temperature was raised to reflux and the reaction mixture was
refluxed for 100 hours. The reaction mixture was extracted twice with water. The
aqueous fractions were combined and concentrated under reduced pressure. The resulting
residue was recrystallized from methyl acetate to provide 10 mg of N'-[4-(4-amino-2-
butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-N,N-dimethylsulfamide as an
15 off-white crystalline solid, m.p. 129.5-131°C. M/Z =397.1 M + H)*.

Example 7
N-[4-(4-amino-2,6,7-trimethyl-
20 1H-imidazo[4,5-c]pyridin-1-yl)butylJmethanesulfonamide
NH,

Part A
A mixture of 5,6-dimethyl-3-nitropyridine-2,4-diol (60.0 g, 326 mmol) and
25 phosphorus oxychloride (600 mL) was heated at reflux for 2 hrs. The reaction mixture

was concentrated under reduced pressure. The resulting residue was combined with ethyl
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am nobutyl)-2-butyl -6, 7-di nethyl -1 Hi m dazo[ 4, 5-c] pyri di n-4-am ne (67 ng,
0.23 mmol ) in dichloronethane (45 nlL). The reaction m xture was cooled in
an i ce bawb.o3/oBimet hyl sul f anoyl chloride (0.025 ni, 0.23 meolUsomasadded.
The reaction mxture was 5 renoved fromthe ice bath. The reaction m xture
was allowed to stir at anbient tenperature for - 113 hours. Analysis by

HPLC in g&éf r%brde 13%@ él%(bﬁleh?ﬁi%}édo Fl’h\é@ﬁtrﬁ@ twas GRRRLEY fh a &%uéjé&lmlﬁ ronet hane was

renoved pressure. 1,2- D chloroethane m.) was added and
the r eabidarhmmﬁexbmtienmﬁ"ile haymtsedere oeptDaBzd md a@uegus llaymrwsas emaCéed twice

A Ler 3PS Ay ARG BAsE Mo S AR ST LR G oA o

reacti 0'fhe'ﬁ'%h%n@ra%ndé?fe'dﬂ&%%rés@ﬁre199IJW(!H SbrowiSsoli@aThisQiatdHA itk € Was
extracted twce with water. aqueous fractions were conbi ned and

corfcent patified by daomatepraphy (plﬂle& gftlreéltlnghfelth e¢/d0 ethybacetase/hepgaes)dg provide

recryst d t I’OVI de 10 f N[4-(4- 2-
but yi - 6; %gcﬂzfﬁedf ?g{nr&%r#%% 38 §ICP| di n- 1-yl )ﬁtsl ]- N[ N-((jl ngrhglosul f ami

ye as ampgagpoff-white crystalllne SO|Id m p. 129 5-131C. MZ = 397.1 (M +
H) +. Exanple 7 N—4(4amn0267tr|rreth
1H i mi dazo[ 4,T8rtchysylr4- almmobusylt:ﬁihamq ﬁé@t&éﬁ%m@bw&w@wly Mdod tap N N NH

0=5=0 Fal xtturéb‘o%glﬁéh%r .‘Pg dﬁn&h =N %gn(?’ 8865(5 @%@hﬁgat hgdlghgi\l 1(160 09,

326 Mo osphorus ox réflux for 2
hr 0 Thannaagzltfmmmés(moanu\am tﬁ@ﬂh@ﬂnﬁn@(iﬂnﬂnﬁ}ﬂ‘mnﬁ)@ud&fl rq:nceelsur e. The
resulting residue was conbined with ethyl 37 WO 03/050119 / US02/ 18284
acet at e T30 ey aligied ReHr pYqraighiapd ﬂ?‘i"fblt fj3s cpageatpfgd u ﬁ%‘l’]lc PiSEtieous

o SURMPTAE Pl M NG AL o0 S ikonn, e
dried V\,iotganrmgmsvasr‘drmdldvat magmadlum sulfate and then concentrated under reduced
pressure to provide a dark oil. This material was purified by column chromatography
15 (silica gel eluting with 40/60 ethyl acetate/hexanes) to provide 64.5 g of zert-butyl 4-(2-
chloro-5,6-dimethyl-3-nitropyridin-4-yl)butylcarbamate as a bright orange oil which
solidified on standing.
Part C
A solution of phenol (18.50 g, 196 mmol) in diglyme (50 mL) was slowly added
20 dropwise to a chilled (0°C) suspension of sodium hydride (8.28 g of 60% in mineral oil,
207 mmol) in diglyme (50 mL). After 1 hr gas evolution ceased. A solution of zert-butyl
4-(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)butylcarbamate (68.95 g, 185 mmol) in
diglyme (200 mL) was slowly added dropwise to the reaction mixture. After the addition
was complete the reaction mixture was heated at reflux for 4 hrs. The reaction mixture
25 was concentrated under reduced pressure to provide a black oil. The oil was dissolved in
ethyl acetate and then extracted with 1N sodium hydroxide to remove excess phenol. The
organic layer was dried over magnesium sulfate and then concentrated under reduced
pressure. The residue was purified by chromatography (silica gel eluting with 30/70 ethyl
acetate/hexanes) to provide 40.67 g of tert-butyl 4-[(2,3-dimethyl-5-nitro-6-

30 phenoxypyridin-4-yl)amino]butylcarbamate as an orange oil.
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t hen concentrated under reduced pressure to provide a brown solid. This
material was 5 purified by chromatography (silica gel eluting with 60/40

et hyl acewetosfobEaxanes) to provide 55 g of PCT/US02/18284
2,4-dichloro-5,6-dinmethyl-3-nitropyridine. Part B Tert-butyl

4- am nobut yl carbamate (60 g, 339 mmvl) was slowy added to a m xture of

2, 4-di ci,qr9- 5, 6-di net hyl - 3-nitropyridine (50 g, 226 nmol ), anhydrous N, N
10 di met hyl f ormam de (500, niL) and triethylanm ne (50 m., 339 mmol). The
reacti on m xtlartbuidst-HP Pediswtityd-Sstifre-6cphenex ypiytidimé yDamindbutifgartba@ai€ent r at ed

d d t i d il,..-T i .dj I i hyl
hoet nt o Ol Hoh TR dotus (ot BFsoBRpghoLgs it s BRoflit diin ot N
magnesi Wi datin@hdthisiftSRaceat @rdg@gn Rekue ¢80 ﬁﬁd:s.s K@Y oeetndzhpr ovi de

y

a dark oifl. This material was purifie col um chromat ography 15 (silica
gel5 el utonraPani appazposse Thetcatalyshwes eamegvaé ¥ Aidisgtianang the fiHRtEwas g of
tert-butyl 4-(2- chloro-5.6-di nmet - 3- 10 Ll N 4 arbamat e as
a bri ghtcg’a?egﬁétgd gger (?uccﬁd pgegfllﬂgi ? ?{éeg%%lﬁhg?) g% lr)lfél WLE’;&P%% &H&A&éi ution of
phenol (vll&nﬁoto%;ro&iaé 700708 OF derr-litgl| AYIEB-afbiib-Si6) din@ehyd-Leplieyiomgpgirdin-20 dr opwi se
to a chilled S C) suspension of sodium hydride (8.28 g of 60% in m neral

oi |, 20hamiasllhutyleadpamatere (50 nl). After 1 hr gas evol ution ceased. A

sol uti ori,a&fEtert- but yl

4- (2-chloro-5, 6-di met hyl - 3-ni tropyridi n-4-yl)butyl carbamate (68.95 g, 185
mrg ) in  di gl pisgufc2d@herinptenabirem®attyD,ddelbgl] oitlupeetse (BS59tmhle 19&ct i on

m xture. After the additio S CO et he react] m xt.ur e s heated
at ref| (Rmphranhygoys to*‘F‘Fé‘er@%E‘ﬁ'S@ﬁ& Hg&pilhﬂ? §Y%g%§8%@@‘gg&\?%fgﬁateﬂﬁ er reduced
pressur g.f e R ?\ﬁiogpalﬁlt tﬁél?g&ldéhﬂrate&_ E@c};@ ?édu\é%ﬁgx@ﬁs%?@io\/{ﬁ'gviﬂe a bedvivdil.acet at e

W

and then extracte N sodi um hydr oxi 0 renove excess phenol. The
or gani ¢ Theydrwasakissdhieddn othyt acetagmarsi then washiedvathayater P63, weshedithat ed under

el ut  mg PR /o7Er Bpgpe o et B B e AU EAGR BB o7 Bty
4-14 2, 3-gbwiBd byk g@f@éﬁt—b 4?(Q,@h&ﬁ@éﬁﬂﬁ%—blﬁﬁnﬂxﬁ-—lﬁ-ﬂrﬂiﬁhm}f,bLtt]]?'yrmaf—h)am_ate as
an orange oil. 8 WD 03/050119 PCT/ US02/ 18284 Part D Tert-butyl 4
[ (2, 3- diybbupdartsmite a2 BroyHedibxypyri di n- 4- yl ) ani no] but yl car banat e
Part F
A solution of tert-butyl 4-(2,6,7-trimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-
yhbutylcarbamate (6.70 g, 15.8 mmol) in dichloromethane (50 mL) was slowly added to a
20 chilled (0°C) mixture of trifluoroacetic acid (60 mL) and dichloromethane (100 mL). The
reaction mixture was allowed to warm to ambient temperature and then left overnight.
The reaction mixture was concentrated under reduced pressure to provide a brown oil.
The oil was dissolved in dichloromethane and the solution was made basic (pH 14) with
5% aqueous sodium hydroxide. The layers were separated and the aqueous layer was
25 extracted with dichloromethane. The organic layers were combined, dried over
magnesium sulfate and then concentrated under reduced pressure to provide 4.50 g of 4-
(2,6,7-trimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl)butylamine as a brown oil.
Part G
A mixture of the material from Part F, triethylamine (2.0 mL, 14.6 mmol) and
30 anhydrous acetonitrile (450 mL) was heated until 2 homogeneous solution was obtained.

Methanesulfonic anhydride (2.54 g, 14.6 mmol) was slowly added to the reaction mixture.

The reaction was judged to be complete in 10 minutes. The reaction mixture was
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(9.17 g, 21.3 mol ), toluene (50 nm), isopropanol (5 nmL) and 5% pl ati num on
carbon (7.0 g) were conbined and nai ntai ned under hydrogen pressure (50
psi, 3.5 Wg/sw®)iiovernight 5 on a Parr apparatus. The catraltysn2/vss r enoved
by filtration and the filtrate was concentrated under reduced pressure. The
resulting brown oil was dried under high vacuumto provide 7.47 g of

tert- bu%% rilltrzl{tédgu fk(aug’ec%xgésﬁ}aé J&éﬂro%d@ﬁ%w BY.F THE &l 4ras dissolved in

yl)amn car A mxture of the material fromPart D,
triet hyﬂlcbromﬁahateaane wWa3 mhmthhg%&uemsto)d;unahmrdmdg:s Tthé lagleaoss [aysr m) and

ri di ne hydroch] or. s, heat reflux f our and then
(F:)gncentwa‘i }éi’a{ﬁ‘i‘?jje% gﬁfg‘éﬁcﬁfl%gﬂ&@]ﬂ?nﬁg dér hgofﬁagbmla erf’ 1’Vepal'he oil was
di ssol V@&lnb@e@tdﬁéh 0¥&ehAR stk AR NARERLEbneéitRteRiner f¥aged passhedton t h

brine, dried over magnesium sul fate and then concentrated under reduced
pr &ssur providelBbrpwowdlie BhiF magerpd wae ppmf;@pi by column chromatography (silica gel

5 SO SRl o b gac v

4- (2 6, Ehéxfdngl‘;lﬁ}ﬂndéz my% rd1ﬂ+1tynu$a§ap{1&hﬁmnpmmmamaslahgﬂtbmmmmr bamat e
(6.7 ind | oronet hane (50 nmL) was slowy added to a 20

chil I edP@Imdj m xture of trifluoroacetic acid (60 nL) and di chl or onet hane

(100 ni). ?f @e@?én? %HP&B;LT%BE?I}Q%&I I Iﬁi’(‘ﬁgo[ fR;hgq-anmbi ent tenperature

and then | ef n mxture S concentrated under

r ggucedypbhex aﬁﬂfeﬁlahésuﬁbﬁatmae (@20 gp 14 airhol) afdhanmiohiuwascettits 43 g)erkre n
di chl or onet i

dth | ut th 5%
Sodi um Ryabise? ded thenéered B &oHBd EBabi e 3 PP s 25
extract gf Wiy Qof %}‘[dotﬁé}{rft 'a solVB8 iPEHIGdE G, aMf%rs&d%th&Qm}h&&ﬂwuﬁ“ ed

over rmagnesium sultate an en concentrated under reduced pressure to
provi dei@ %qugzooi satium hydrox1de solution. The aqueous layer was separated and then

2,6, 7-t yl -4- d
br ow oPRraCiL IR B ELIgToTe e R TPy B paehitd SUgEhRE 1o
( 2150 mmaéﬂcs@urﬁ@ﬁffﬁte andndh c@ﬁd%ﬁﬁﬁ@ﬂ%n@&&%&f&b@ ptesguré 4bpronide amﬂoh&ﬁl. ed until

honogeneous sol uti on was obtai ned. Mt hanesul fonic anhydride (2.54 g,
14 6 iy oilasassliselved aunedane andeombiedivgh W)bﬁ’é‘f(@hlon?ﬁéldrléé]& Mn was

j udged tche:lr3 ?IOCZP Iq'R,l) eIl'ﬁe resul%lng Q;&’hnt'é ?@mplin?ée w5§f§81ta{e(a%yrﬁlﬁﬁ%r?aﬂéﬁtﬁleﬁgThe
solid was dissolved in water and the solution was adjusted to pH 10 with solid sodium
carbonate. The resulting white precipitate was isolated by filtration, washed with diethyl

20 ether and then dried in a vacuum oven at 80°C to provide 2.00 g of N-[4-(4-amino-2,6,7-
trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butylJmethanesulfonamide, m.p. 228-230°C.
Analysis: Calculated for C14H23NsO,S: %C, 51.67; %H, 7.12; %N, 21.52; Found: %C,
51.48; %H, 6.95; %N, 21.51.
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WO 03/ 050119 PCT/ US02/ 18284 concentrated under reduced pressure to provide
a brown oil. The oil was dissolved in dichloronethane and was washed with
5% aqueowwOl@suume hydr oxi de. The aqueous | ayer was separ @Cedsand28hen
extracted with dichloronethane. The organic | ayers were conbined, dried
over magnesi um sul fate and then concentrated under reduced pressure to 5
provide a brown solid. This materlﬁ anffis 8 gpurified by colum chromat ography
(silica gel eluting with 95/5 dichl oronmethane/ nethanol) to provide 4.49 ¢
of NN[4-(2,6,7-trimet HV—I{444 -amino-2-(ethoxymethyl)-6,7-dimethyl-

phenoxyIH-lmdazo t hanesul f opam de as a |ight
brown sol i d. Part 11‘(}-1 %8%24 gfpyngf Jﬁéﬁﬁ‘gﬁ} %8&6’ amidl ]

| Himdazo[4,5-c]pyridin- | 10 yhpiputyl] et hanesul f onam de (4.20 g, 10.4
mrol ) and amoni um acetate (42 Q) vveg\]e combi ned and then heated in a

seal ed tube at 150C for 36 hrs.NTh® xture was allowed to cool
and then it was dissolved in cpi m The solution was extracted with
10 % aqueous sodi um hydroxi de sol ution. The aqueous | ayer was separated and
then extracted multiple times with chihoroform The organic |ayers were
conmbi ned, dried over 15 magnesium sul fate and then concentrated under
reduced pressure to provide a yellow oil. The oil was dissolved in

met hanol and conbi ned with 1M hydrochl or| qgl din diethyl ether (10.4
nm). The resulting white precipitate was® | ated by filtration and dri ed.
The solid was dissolved in water and the solution was adjusted to pH 10
W tth solid sodium carbonate. The resulting white precipitate was isol ated

by filtration, washed with diethyl 20 ether and then dried in a vacuum oven
at 80C Partpyovide 2.00 g of N-[4-(4-am no-2,6, 7-

hyl -1 d di I | f .
é%lszg;o%/: ?ﬁ'g;gw kwéaﬁaﬁé' P 5&%@2&‘1&%%&; Lké‘@&m;;?% o o
2L oo B Pl Bl o Rk SOOI ORGS0 s,

1H i ni daixS[mmEL)(a}lpymhxﬂrﬂu51d1§/h1q>lbmeyhan]3 (2% mEheEorprail glorifg£2.76 & \ ~0-

10 22.5 mmol) was added. After one hour the reaction mixture was allowed to warm to

ambient temperatureand stirred for 2 hours. The reaction mixture was concentrated under
reduced pressure to provide fert-butyl 4-({3-[(ethoxyacetyl)amino]-5,6-dimethyl-2-
phenoxypyridin-4-yl }amino)butylcarbamate as a brown oil. The oil was combined with
pyridine (130 mL) and heated at reflux overnight. The reaction mixture was concentrated

15 under reduced pressure to provide a brown oil. The oil was dissolved in dichloromethane
and was washed with water. The organic layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was dissolved in diethyl ether and then
concentrated under reduced pressure to provide 8.21 g of fert-butyl 4-[2-(ethoxymethyl)-
6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]butylcarbamate.

20 Part B

Using the method of Part F of Example 7, the material from Part A was hydrolyzed

to provide 5.76 g of 4-[2-(ethoxymethyl)-6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-
clpyridin-1-yl]butan-1-amine as a brown oil.
Part C

25 Using the method of Part G of Example 7, 4-[2-(ethoxymethyl)-6,7-dimethyl-4-
phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]butan-1-amine (5.52 g, 15.0 mmol) was reacted
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N®6 NH 0=S=0O 5 Part A Triethylamne (3.3 nL, 23.7 mmol) was added to a
chilled (0C mxture of tert- butyl

4-[ ( 3- am wo-03/081dd et hyl - 2- phenoxypyri di n- 4-yl ) am no] but ylPcarnisanes2e4 ( 8. 60
g, 21.5 mmol) and anhydrous dichl oronet hane (200 ni). Ethoxyacetyl
chloride (2.76 g, 10 22.5 mvol ) was added. After one hour the reaction

mi Xt ur e WasyahhQWelodio MRYdAdeQ2. 78101 SNt S REpRY MRl 8t Mijugd- for 2 hours.
The reaction m xture was concentrated undef reduced prFessure to provide

t er t - but(gthoxiynidtByl)-0&+ dimeyimd et-phepary-hH}insd@oft . el piyidiirl- phenoxypyri di n- 4-yl
} am no) butyl carpamate as .a brown oil.. . .The oil was conmbined with pyridine
(130 rrL)V?]gHé'E}Wéeég Slgfonrag’fl&%% UM RisgHY: The reaction nixture was

concent rpgfgsl 15 under reduced pressure to provide a brown oil. The oil was
di ssol ved in dichloronethane and was washed with water. The organi c |layer

wass dri ed ovdfsingatyngsiarah weithpd péPahH af fxamplo hded i dtethoximaphyl-educed

pressure,. T esi due s djssalyed i i t centrated
nder r cica-pRey S Il a iR Sayidnd- Bt BelEhe bR G BRI L1 5
6, 7- di meBhyhnbPhaiatettd piodao] 58 HotNpyir j4dimind=-2{ctuxtyetghbimmat e. 20
Part B Using the method of Part F of Exanple 7, the material fromPart A
was hyd rd@ﬂnyt%@bl[:’ﬂ@l%lg[ﬁ,@-é]wmﬂgl- b—y}jbutyl}methanesulfonarmde as a white solid, m.p.

4-12-( etl%gg%qv(; hyl ) -6, 7- di net hyl - 4- phenoxy- | H i m dazol[ 4, 5-
c]pyridin<l-ylTbutan-1-am ne as a brown oil. Part C 25 Using the nethod of
Par¢ G Anabpsarplakulateddfol 2 L NaOabmedd) Bl )016 %H,di. 37k t79hy) 18195; Found: %C,

phenoxy-1 Him dazog{)4 5-% é)%[ri din-1-yl]butan-1-amne (5.52 g, 15.0 nmol) was
react ed 5148; KBLOBIBIN15-BET/ US02/ 18284 with met hanesul foni ¢ anhydri de
(2.74 g, 15.7 mol) to provide 6.26 g of N-{4-[2-

(et hoxynet hyl ) -6, 7-di net hyl - 4- phenoxy-1 Him dazo [4,5-c]pyridin- | -

yl ] but yl } met hanesul f onani de as a bixawmpkd id. Part D

N-[4-(4-Amino-2-butyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-4-
15 [[2-(dimethylamino)ethoxy](phenyl)methyl]benzamide

NH,

oaua
Z N
\\\\\ o)

Iz

20 Part A

Under a nitrogen atmosphere, 4-(2-butyl-6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-
c]pyridin-1-yl)butan-1-amine (122 mg, 0.33 mmol) was dissolved in dichloromethane and
triethylamine (0.093 mL, 0.67 mmol). The solution was cooled in an ice-water bath and 4-

25 [[2-(dimethylamino)ethoxy](phenyl)methyl]benzoyl chloride (106 mg, 0.33 mmol) was
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5 Using the general nmethod of Part H of Exanple 7,

N-{4-{2- (et hoxynethyl)-6, 7-

di et hyl -wopbhesaxy- | H i m dazo[ 4, 5-c] pyridin-1-yl ] butyl } meCharseywd2Bonam de
(5.86 g, 13.1 mmol) was aminated to provide 1.58 g of N {

4-[4-am no- 2- (et hoxynet hyl ) -6, 7-

di met hy| dikddlvarisharied & dchlbpyndtiint-ahdydiddhi et TRBeSWAORAIHRVES 281 Wi t e
sol i d, 165-167C. 10 Anéa}ég{m s:. Calculated for CI6H27N503S: 9%, 52.01;

o, 7. B%Q%@cug@wggstl g an 1t105q11 1gFrounsy {Therreagtiomgas q@ngiged Bab@he 9
N[ 4-(4- r | ) but yl
15[[[(2 (ﬁﬁea?sh%figﬁn%%%be oxy th %érS]y ne%%%ﬁz@n?#gx %\&iaﬁnl\‘ix ! u y ]
2) (N- go Fdracted wikhdbchlaromethange fT hatolnglflp:f'ltézgﬁons \Xere combined, washed with water
- (2- but X i m dazo
cl pyri di lfwfriz }’15:‘3{13?\%692%\’253]22%6%6 ds@ﬂﬁ%?@ﬂ touieldip selweid i n
di chl or opmifitanen Bﬁﬁasﬂd’dlﬁhﬂ%h%d@%ﬁ&%@w%sl 828 GidHiB odretnbiEmR a4 On was

cooled in an ice-water bath and
[[2-(di r@ﬂ@ymetm9ﬁé)@€fﬂgwy1}e(dpﬂmeh§l¢tbmmﬂmmqbemt@ymgaiﬁﬂ\bm -@Bb(ty06,77g, 0. 33

mol ) wa 2 03/05 284 i sso] ved/slurried in
di chl) or o(%{%nte[i.l k&P &ﬁ%“’%agédm&f %Lgéﬁyﬁ‘ﬁ@ ] édé ﬁﬁl E/IL%S relrjmvlad alnd t he
react i or(dimaahyltanﬁﬂo@ahém(;ﬁlenﬁﬁdeﬂqygnéﬂzal%ﬁiefh@ dipale By SAA! TR0 phRcdUenched

with 10% aqueous sodi um carbonate. The phasesS were separ at edPa
aqgtfeous W@Sa‘iﬁt‘?r&me\ﬂégbegﬁ‘?mlf@hy\ﬂﬂﬂc di chl or omet hane. The organic fractions

were co vmth water 5 followed by brine, dried (Na2SO4),
decant e evapora ed to yield a yellow oil.

N—[4—(2-Buty1—6,7—dimethyl-4—phenoxy-1H—imidazo[4,5—c]pyridin-1—y1)buty1]-4-
[[2-(dimethylamino)ethoxy](phenyl)methyl]benzamide (101 mg, 0.16 mmol) and

15 ammonium acetate (1.1 g) were placed into a pressure tube along with a stir bar. The tube
was sealed and heated at 150°C for 16 hours. The reaction was cooled to room
temperature and diluted with water. The resulting cloudy aqueous mixture was made
basic with 10% aqueous sodium hydroxide and extracted with chloroform (3 x 25mL).
The combined organic fractions were washed with water followed by brine, dried

20 (N2,80y), decanted and evaporated to provide a yellow oil. Purification by flash column
chromatography (silica gel, 95:5 dichloromethane/methanol gradient to 9:1
dichloromethane/methanol and finally 94:5:1 dichloromethane/methanol/triethylamine)
provided 14 mg of N—[4-(4-amino—2—buty1—6,7-dimethy1—1H—imidazo[4,5—c]pyridin-1—
yDbutyl]-4-[[2-(dimethylamino)ethoxy](phenyl)methyl]benzamide as a yellow oil.

25 'H-NMR (500 MHz, DMSO-dg) & 8.41 (t,J=5.5Hz, 1H), 7.76 (d, J = 8.3 Hz, 2H); 7.43
(d, J=8.3,2H), 7.37-7.31 (m, 4H), 7.26-7.22 (m, 1H), 5.84 (bs, 2H), 5.52 (s, 1H), 4.22 (t,
J=7.7Hz,2H),3.49 (t, ] = 5.8 Hz, 2H), 3.29 (dd, ] = 6.4, 12.4 Hz, 2H), 2.76 (t, } = 7.7
Hz, 2H), 2.58 (t, ] = 5.7 Hz, 2H), 2.32 (s, 3H), 2.27 (s, 3H), 2.22 (s, 6H), 1.73-1.65 (m,
4H), 1.61-1.55 (m, 2H), 1.35 (sextet, J = 7.4 Hz, 2H), 0.86 (t, J = 7.4 Hz, 3H);

30 C-NMR (125 MHz, DMSO-ds) & 165.9, 153.0, 148.1, 145.4, 142.0, 138.6, 133.5,
128.23,127.4,127.3, 127.1, 126.4, 126.1, 124.5, 103.0, 82.0, 66.3, 58.0, 45.2, 43.6, 38.4,
29.3,28.8,26.1, 26.0, 21.7, 21.0, 13.6, 12.2.
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Purification by flash colum chromatography (silica gel, 92:8

di chl or onet hane/ net hanol gradient to 95:5 di chl or onet hane/ net hanol )

provi ded WOb3tngsp1od N-[ 4- (2- butyl -6, 7- di net hyl - 4- phenoxy- PCT/US02/18284

| Him dazo[ 4, 5-c]pyridin-1-yl)butyl]-4-[]2-

(di met hyl am no) et hoxy] (phenyl ) net hyl ] benzam de as a pal e yellow solid. The
product HBM&E D et/ersvilngds (M+Hg, G7+37eucdcdior ARG NOHMAIN). 648 (MHH). Part
B .

N[ 4-(2-Butyl -6, 7-di et hyl - 4- phenoxy-| Hi m dazo[ 4, 5-c] pyridin-1-yl)butyl]-4
- [[2-(di met hyl am no) et hoxy] (phenyl ) net hyl ] benzam de (101 ng, 0.16 nmol)
and 15 ammoni um acetate (1.1 g) were placed into a pressure tube along with
a stir bar. The tube was seal ed aEElalhphtlé)d at 150C for 16 hours. The
t|on was ta r9 te e and diluted with water. The
resul ting cl oﬁ@&“ﬁ%ﬁ%‘ﬂ% rFFS@Pﬁ?‘ qul'B’Gglyl ggd’inéd%(’{415fdl%”§€fuéous sodi um
hydr oxi de and extracted Whbus]R6H8HM b d The conbi ned organic
fracti ons were washed V\/ltﬁ)qj\%/a?gr f% ) (ﬁ%y %élmrjlee dried 20 (Na2sO™4),

decant ed and evaporated to provi dédta yeI low oil. Purification by flash
colum chromat ography (silica 28 5 dichl oronet hane/ et hanol gradi ent
to 9:1 dichloronethane/ nmethanoljand fwfald-y~94:5:1

di chl or onet hane/ met hanol /tri et H) provided 14 ng of

N-[ 4- (4- am no- 2- butyl -6, 7-di net hyl - | Hdim dazo[ 4, 5-e] pyridi n-1 -

yl)butyl]-4-[[2-(di net hyl am no) et hoxy] (phenyl ) net hyl ] benzam de as a yel | ow
oil. 25 1HNWR (500 WHz, DVBO-d6) 8 8.41(t, J = 5.5 Hz, 1H), 7.76 (d, J =
8.3 Hz, 2H); 7.43 (d, J = 8.3, 2H), 7.3ANZ3L (m 4H), 7.26-7.22 (m 1H),
5.84 (bs, 2H), 5.52 (s, 1H), 4.22 (t, J =/7.7 Hz, 2H), 3.49 (t, J = 5.8
Hz, 2H), 3.29 (dd, J = 6.4, 12.4 Hz, 2H) D76 (t, J = 7.7 Hz, 2H), 2.58
(t, J =5.7 Hz, 2H), 2.32 (s, 3H), 2.27 (s, /3H), 2.22 (s, 6H), 1.73-1.65
(m 4H), 1.61-1.55 (m 2H), 1.35 (sextetQ™J = 7.4 Hz, 2H), 0.86 (t, J =
7.4 Hz, 3H); 30 13C-NWR (125 MHz, DMSO-d6) 8 165.9, 153.0, 148.1, 145.4,
142. 0, 138.6, 133.5, 128.23, 127.4, 127.3, 127.1, 126.4, 126.1, 124.5,
103. 0, ®art® 66.3, 58.0, 45.2, 43.6, 38.4, 29.3, 28.8, 26.1, 26.0, 21.7,
2%;1.90, 13.6, 12.2. 43 WO 03/050119 PCT/ US02/ 18284 HRMS (Cl) me 571. 3763
. (571. 3Bt of §-methylch niwrpye dine-2-diol (Hk&B?%mel) and phosphorus

oxychloride (500 mL) was heated at 90°C overnight. The excess phosphorus oxychloride
was removed under reduced pressure. The resulting black oil was poured into water (1.8
L) and ice. This mixture was extracted with chloroform (x 8, 3L total) and filtered to
remove black particulates and break up an emulsion. The combined organics were washed

15 with 10% sodium carbonate (x 2) and brine, dried and then concentrated under reduced
pressure to provide 52 g of an amber oil. This oil was recrystallized from heptane (115
mL) to provide 43.5 g of 2,4-dichloro-6-methyl-3-nitropyridine as large amber crystals.
Part B

A solution of ferz-butyl 4-aminobutylcarbamate (32.12 g, 170.6 mmol) in N,N-

20 dimethylformamide (200 mL) was added over a period of 90 minutes to a solution of 2,4-
dichloro-6-methyl-3-nitropyridine (35.09 g, 169.5 mmol) in N ,N-dimethylformamide (500
mL). The reaction mixture was stirred at ambient temperature overnight. The solvent was
removed by vacuum distillation using a 24/40 short path distillation head and warm water.
The residue was dissolved in ethyl acetate (700 mL), washed with water (3 x 100 mL),

25 dried over magnesium sulfate and then concentrated under reduced pressure. The crude
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5 N-{ 4-[4-am no-2-(ethoxynethyl)-6-nethyl- |Himdazo[4,5-c]pyridin- | -
yl ] butyl } norpholin-4-ylcarboxamide NH2Z N N N HN -0 ON O Part A 10 A
m xt ure oWodsmstiny| - 3-ni t ropyri di ne-2,4-diol (50 g, 0.29 morjusarnck2s4
phosphorus oxychl oride (500 nL) was heated at 90C overni ght. The excess
phosphorus oxychloride was renoved under reduced pressure. The resulting
bl ack oj -6 1 aphy) (58N045@ 8ym Jilits geliekitiug evithalk 1
extractﬂéédav%?talﬁ?@ﬁ%%o‘?}g%ﬂ]u}f@%g@%%ogtgogﬂgl and fil teredgto rgm)ve bl ack
part i.cUleatiesethyldicbined ko provide S99 sofaerz-brkd 4clé?ishivset6ureiBrrts were washed 15
wth 10% sodj um.c rbon(gﬁ)e Sx lngzwazend brine, dried and then concentrated
under rEHRBEYIID-ArY peloptylasy ¢ 52 g of an anber oil. This oil was
recryst ¢zed fromheptane (115 nl) to provide 43.5 g of
2,4-dichloro-6-nmethyl-3-nitropyridine as |arge amper. cr stalﬁ. Part B A
sobution of Rlenol©Outdyd, lﬁomﬂgb\@ﬁ?ﬁﬂ@émﬁﬁﬁp‘@‘(@?ﬁ YomiputesFa ghiligd y jn N N

20 dineg byl for mam d %OO ]g‘}‘il}‘e\l\ﬁi gg%?g 8V ehe ﬁ’éﬂ(% P89 mnutes to a
sol ut i o¢q %}SUQP%‘-SIO&HOEP? i Bydnde y?- = ni Prépyrl ine (35709 g, 169.5 mmol) in
N, N- di f@@%@&ﬁ%@@@&%%m Raktiod RExthRAGks DIdwekXs bireat 0aS fatI0rmmtteat

anbi en erature overnight. The solvent was renoved by vacuum
di sti | | atsbmionst rgr-buigi4-4Q-choot6-pathyl-gindtronyridin-éryaeaep Japylcakemaitat er .

The resi due was di ssgl.ved in ethyl acetat 70 S | ter (3 X
100 ni) {3358 giPtadaobrin AR %‘fﬁﬂ%@dﬁ?‘%ﬂr@ng%% ?’%‘%W%%%%@n@rgg% %%J}ngn er

r ggucedspr e s GhileAGnEHMAE thehdadlfon 33kREO 11P P UHeSRiohIRRre product was
purified by columm chromatography (50 X 450 mmsilica gel eluting wwth 1:1

hexane: gitdwdd taeelnatte hribienp taompedausand Stigedovarnight bafesg|being concentrated
4-T(2-chloro-6-nethyl -3 nitropyridi n-4-vl).am.n [ Part C5
ool pien g goedpotsra The et e daayed R TE R (S@T MENehed P27

chilledyim 1N sodium hydroxide (300 mL), dried over magnesium sulfate and then concentrated

to dryness. The crude product was purified by column chromatography (400 g silica gel
15 eluting with 7:3 hexanes:ethyl acetate to provide 25.4 g of tert-butyl 4-[(6-methyl-3-nitro-

2-phenoxypyridin-4-yl)amino]butylcarbamate.

Part D

A solution of the material from Part C in a mixture of toluene (300 mL) and
isopropanol (33 mL) was combined with catalyst (16.68 g of 5% Pt/C) and placed under
20 hydrogen pressure (30 psi, 2.1 Kg/cmz; recharging once) on a Parr apparatus for 5 hours.
The reaction mixture was filtered to remove the catalyst and then concentrated under
reduced pressure to provide 23.4 g of tert-butyl 4-[(3-amino-6-methyl-2-phenoxypyridin-
4-yl)amino]butylcarbamate as a dark oil.

Part E
25 The material from Part D was dissolved in dichloromethane (500 mL) and then

cooled under a nitrogen atmosphere to 0°C. A solution of ethoxyacetyl chloride (7.9 g,
63.5 mmol) in dichloromethane (200 mL) was added over a period of 40 minutes while
maintaining the reaction mixture at 0°C. The reaction mixture was allowed to warm to
ambient temperature and was stirred overnight. The reaction mixture was washed with
30 water (2 x 100 mL) and brine (100 mL), dried over magnesium sulfate and then
concentrated under reduced pressure to provide 26.4 g of tert-butyl 4-({3-

[(ethoxyacetyl)amino]-6-methyl-2-phenoxypyridin-4-yl } amino)butylcarbamate.
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(0C) suspension of sodium hydride (4.24 g of 60% 106 mmol) in anhydrous
tetrahydrofuran (100 nmL.). The reaction m xture was allowed to stir at 0OC
for 30 mMWwOtem®s011A sol uti on of tert-butyl PCT/US02/18284

4-[ (2-chl oro-6-net hyl -3-nitropyridin-4-yl)am no] butyl carbamate (33.92 g,
94.5 mmol ) in anhydrous tetrahydrofuran (250 nlL) was added over a period of
10 50 m es while maintaining the reaction mxture at 0C. The reaction

m xture was allowed to warmto anbient tenperature and stirred overnight
bef ore bei ngTicometerialifaine Part Enetes corebinedwith prddine £250mRE) prdPHiHNG\as

di ssol ved in_ethy etate (500 h | : I oxi de (300
m), drh@é"@‘%f’c{;r{é%gigi %@gﬂ aw%ﬁﬁ\é?ag{aeﬁﬂégﬁ%%%ég? %’gpét#g’k rg%]ess. The
crude pradyieh. WS bR dfth € gyiding ot el oyaLogRARIE0 Teattiloavgel 15
eluting wth 7:3 hexanes: e¥hy| acetate to provide 25.4 of tert-butyl

4-§ ( 6- nprtitioned-betvaen ety prasato KGR mLdprd waipr §308rﬁ’%]%19??53 ¥Famate. Part D

s opr optRBriad ey g e it X 30AE) ek 8y UaRGuet T, and

pl gced HIER! andaﬂer{cbﬂﬂégﬁﬁifedﬁlrﬁﬁ%_ﬁﬁdﬂcédﬁﬁemﬁ tO%r&fiﬂ@&dVr%ﬁfVI%ba%ﬂﬂ%“ once) on

a Parr apparatus for ours. e reaction mxture tered to renove

the cat @Mmﬁwhﬁm@bﬁa&wv%x-éﬁ-%&@f #'giiwﬁlgal‘b'\&@&‘ifr‘%ﬂ{a@ ¥ B\t de 23. 4
f tert:but - i na- -2 L 5, Rod; i

go ﬁ%rl%]o@uﬂﬁéggﬁﬁn% J8un \9{4 %dﬁlfs?élﬂequw( 154 Rodium hydroxide and

4-yl)a as a-dar . Part E 25 The material fromPart D
wag di saeh viedas sxtrditehivithemsi hestete (58S L)aThetehtacts wetst ednhingfedried ni t r ogen

t here to OC. A sol uti f eth tyl .chloride (7. §3, 5 ol

?n ngisghg{ﬁ?féﬂ%nﬁ%% SE‘%@%%‘%@%@H@G g\%g?%ﬁd‘%gpi%geés%F (t%B%r\r’l%r? ugt'esg\?\;ﬁi | e )
_archb . Ny S . . el | oved

mai ntal E![ggr%rlhgﬁnﬁetﬁ‘@%b%etﬂyw gﬁ&lcﬁkj 1QEimilgo[4 SagbyRiin Ti W] bita- Wamimd. | oned t o

warmto erature and was stirred overnight. The reaction
m xt ur ePwass washed with 30 water (2 x 100 nL) and brine (100 nlL), dried

g\r/g\r/i gg gggSIAf g]n%l lcl%l‘é‘%o?o an(%?/ &12 %%ﬁ%ﬁﬁéf&@g a'f;@ﬂ&ﬁ of SHAGEs B EhMn L0

[ G§t hoxypg&b YihGpnelyi fe HRdt L4-?h@mwwﬁmﬂhﬂi[4t-54~]wrid}in-1-y1]butan-1- _
am no) butyl'car barate.” 45 ) 03/ 050119 PCT/ US02/ 1828 qP]%;dS1 JlEhThe mat eri al
f r om Parmit® @6 g% dhbineldand tristpamiae ke 6 mizdn ﬁh‘?)r%fﬁangw e 1®

reaction mixture was allowed to stir at ambient temperature for 2.5 hours; it was washed

with 1N sodium hydroxide (50 mL), dried over magnesium sulfate, and concentrated
under reduced pressure. The crude product was purified by column chromatography (208

20 g silica gel eluting with 2% methanol in chloroform) to provide two fractions (2.2 g and
3.12 g) of benzyl 4-[2-ethoxymethyl)-6-methyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-
ylhbutylcarbamate.

Part H
The first fraction (2.2 g) from Part G and ammonium acetate (20.3 g) were

25 combined in a pressure vessel (75 mL). The vessel was sealed and then heated at 150°C
for 21.5 hours. The reaction mixture was diluted with chloroform (200 mL) and washed
with 10% sodium hydroxide (3 x 70 mL). The aqueous layer was extracted with
chloroform (6 x 100 mL). The combined organic layers were dried over magnesium
sulfate and then concentrated under reduced pressure. Analysis by LCMS indicated that

30 the crude product was a 50/50 mixture of N-{4- [4-amino-2-(ethoxymethyl)-6-methyl-1H-
imidazo[4,5-c]pyridin-1-yl]butyl }acetamide / benzyl 4-[4-amino-2-(ethoxymethyl)-6-
methyl-1H-imidazo[4,5-c]pyridin-1-yl]butylcarbamate.
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hydr ochl ori de (20.85 g, 180 mmol) and heated at reflux under a nitrogen

at nosphere overnight. The bul k of the pyridine was renoved by vacuum

di still atwore3/03theo r esi due was 5 partitioned between et hyl pagaisar/es28600 ni)
and water (300 nL). The layers were separated. The organic |ayer was
washed with water (2 x 300 nmL), dried over magnesium sulfate and then
concenty; a?l{]ﬁd under reduced pressure to provide 8.17 g of tert-butyl 4-[2-
(et hoxynet hyl) - 6- et hyl - 4- phenoxy-1 H i m dazo[ 4, 5- c] pyrl di n I -yllllbutyl car bam
ate as a daAIsohmtlbn oirﬁe mudtergfl fronePar Heloethang mJa)SW%ﬁJH 11 with 15%

sodi um hydr oxi de t he extracte {5 x 250
) Tiohes b oA S, P ek te RO Fonbip LY ??2%%‘&2%5 then
concentd.aj.g Qnﬁ ﬂgﬁrheﬁﬁg YESTP oL S HE@s! The &éh‘étldﬁnﬂxtﬂﬁ vgaso;foncéhtrated under

[2- (et hoxyrret ) - 6- et hyl - 4- phenoxy-1 Hi m dazo c] pyridin-1-yl]

bus an- I’educ&m;mﬁsurePamb r@uﬁewzq;sldmshlmd@i watm(H)O(IBL%aIrﬁ_t}EWH@S hedaadh over ” a
per| od of 2. m

n a_sol ution
4- [ 2- (hTR{RTEY Q%Y@Og&)re?ﬁ??q“&%%]@ﬁ%rx‘@’aﬁ @?Sﬁqddté)ng{ﬂ% c f)a}?‘% W 1 yl ] but an-
|- am ng b MoBide 2 RR bR With ehibpdrash (Ex (180 &Lyl Yhé Bxedtkowedeor m (100
m.). The reaction mxture was allowed to stir at anbi ent terrperature for

2.5 houwrmnbingd, deisd nasrimaagnesiimisulfatesadithen sopeenisaicdamndeoredyged RIgSSHE- over

magnesi um sul f at and co e crude

or oduct G PRmed i SO e R o AR HeR AR En B0 F U0, g
W')1¢) hf Zdeﬁiéaad}D&omrﬁn@Hﬂoﬁfaafg%m (29 g of sitica geltalatirfy eqténtinly ¢&h2% and 3. 12
g) of benzyl

4-[ 2- et mﬂm@ltlhyluqlﬂ@ométhﬁw with Bridh gy pming (4201 % methane) i dlopoform
yl)buty 5 icfisiim (50D Svide O3 of SOMPRBInFGHd
amoni U%ﬁgé@ ?%}Oﬁéttha lg\gl’a’ggfg CO{T‘bI %jamréa pressur erI{IESSFﬂ ?2
The VeS@%{ho\ﬁ@ﬁleﬂ@%&detaﬂdlHhﬁﬁahﬂétkdpmldm%ﬁmﬂws a20lid thoutQB- 11111@ react i on
m xture was diluted with chloroform 00 and gﬁgggd I¥M tsrb 1%% ydi um
hydr OXI HealysisxCaigulpteyt forfhetadu@a 0P §0@§ {7 w1208k or m (6
X ) c layers were dried over magnesium sulfate
ar t he C&é§2)§n%ﬁ'g’¥§egbe%ﬁlge aﬁeduced pressure. Analysis by LCMS indicated
t hat 30pik¢ crude product was a 50/50 m xt ure of
N—14[4 amnoZ(ethoxyrrethIi rrethh i m dazo a %, I‘Itdln
-yl ]butyl } Addomhphescartoayip orige[(A0%f-nb73 H(f%?lh W@%@F yP p-Sglu lﬂ’éPﬁ% .
I Him d&z a.minobutyf)] f %{ Io%fnr{et%yly(%—}r%%}}f—I?ﬁ{rﬁﬁ%[Q,S—cﬁﬁyndlnA -amine (0.435, 1.57
mmol) in a mixture of triethylamine (280 uL, 2.04 mmol) and chloroform (8 mL). The
20 reaction mixture was stirred at ambient temperature for 4 hours then it was diluted with
chloroform (20 mL) and washed with saturated sodium bicarbonate (10 mL). The organic
layer was dried over magnesium sulfate and then concentrated under reduced pressure.
The residue was purified by column chromatography (30 g of silica gel eluting with 1 L of
2% methanol in chloroform containing 0.5% triethylamine. The resulting glassy solid
25 was triturated with acetonitrile to provide 0.417 g of N-{4-[4-amino-2-(ethoxymethyl)-6-
methyl-1H-imidazo[4,5-c]pyridin-1-ylJbutyl }morpholine-4-carboxamide as an off white
powder, m.p. 156.5-159.5°C.
Analysis: C;oH3oNgO;3 ® 0.20 HCl: %C, 57.37; %H, 7.65; %Cl, 1.78; %N, 21.13; Found:
%C, 57.19; %H, 7.56; %Cl, 1.84; %N, 21.14.
30 'H NMR (300 MHz, CDCls) § 6.51 (s, 1 H), 5.46 (bs, 2 H), 4.71 (s, 2 H), 4.45 (bs, 1 H),
4.17 (t,J=7.5 Hz, 2 H), 3.68 (t, ] =4.9 Hz, 4 H), 3.57 (quartet, J = 7.1 Hz, 2 H), 3.32 (m,

47



WO 03/050119 PCT/US02/18284 Part | A solution of the material fromPart H
in ethanol (28 nL) was conbined with concentrated hydrochloric acid (18.3
m.) in a woesmsmed vessel (150 nmL). The vessel was seal edpramdiSohienrsheat ed
at 90C for 21 hours. The reaction m xture was concentrated under 5 reduced
pressure. The residue was dissolved in water (100 nL) and then washed with
chl or of ( 361 ted7t3ogpd pliosat urat ed
W th é) §4%I(dr|}gjé Jﬂtﬁhgﬁuzg?fsa%?ggq)w% (gﬁilngbrioform (8 X )100 m.). The
extract@.mevelﬁndﬂﬁ)ned dried over magnesi um sul fate and then concentrated
under reduced pr832§ﬁiﬂ The crude product was conbined wth crude product
from an¥Keb Wed en was 10 purified by colum chromatography (25 g of
silica gel eluting sequentially with 2% nethanol in dichloronmethane with
0.5%triethylamne (1 L); 4% nethanol in chloroform (800 nL); and 6%
meshanol in chloroform (800 ni) t&xpmpleilde 1.3 g of 1-(4-aninobutyl)-

106 1116 Mebr yaro e AR it P A B ™ ot

8.32; 9%\, 25.08; Found: 15 %, abbxafdile 8. 26; %N, 24.81. Part J

4- I\/brphol i necar bonyl chloride (2 2 L, 1.73 mol) was added to a solution of
1- (4-am nobutyl)-2-et hoxynet hyl N rret hyl -1 H 1 m dazo[ 4, 5-c] pyri di n-4-am ne
(0.435, 1.57 nmol) in a mxtugexs Ntrlethylamne (280 L, 2.04 mmol) and
chloroform (8 nL). The 20 reac{jio nPxture was stirred at anbient
tenperature for 4 hours then sNdiluted with chloroform (20 nL) and
washed with saturated sodi um bi carb te (10 nmL). The organic |ayer was
dri ed over magnesi um sul fate and then conce rated under reduced pressure.

The residue was purified by col um chro gr hy (30 g of silica gel
eluting with 1 L of 2% nethanol in chHd containing 0.5%
triethylamne. The resulting glassy SO|I 5 was triturated with

acetonitrile to provide 0.417 g of N-{4-[4-ami no- 2- (et hoxynet hyl ) - 6-

met hyl -1 H-i mi dazo[ 4, 5-c] pyri di n-1-yl ] butyl } nor phol i ne- 4- car boxam de as an
off white powder, mp. 156.5-159.5C. Analysis: C19H30N603 0.20 HO : 9%,

57037; Yt A7. 65; %, 1.78; 9N, 21.13; Found: %C, 57. 19 o, 7.56; %O,

1.84; 9N, 21.14. 30'HN|VR 300 MHz, CDC13) (?FéLs] I—%E46(b52
H), 4.71 (s, Azuppensipngg S(nglme;[hyhp n1tropyr1d1ne—2 4-diol (14.87 g) 1 phosphorous

oxychloride (150 mL) was heated at reflux for 2 hours. Excess phosphorous oxychloride
was removed by distillation. The residue was dissolx;ed in water, neutralized with
ammonium hydroxide, and extracted twice with ethyl acetate. The organics were

15 combined, washed with brine, dried over sodium sulfate and then concentrated under
reduced pressure. The residue was slurried with boiling hexane and then filtered while
hot. The filtrate was chilled. The resulting precipitate was isolated by filtration and air
dried to provide 6.8 g of 2,4-dichloro-5,6-dimethyl-3-nitropyridine as a white powder.
Part B

20 A solution of fert-butyl 4-aminobutylcarbamate (8.52 g, 45.24 mmol) in N,N-
dimethylformamide was added to a solution of 2 4-dichloro-5,6-dimethyl-3-nitropyridine
(10.00 g, 45.24 mmol) and triethylamine (12.6 mL, 90.5 mmol) in N,N-
dimethylformamide (320 mL). The reaction mixture was stirred overnight and then
concentrated under reduced pressure. The residue was partitioned between water and

25 ethyl acetate. The layers were separated and the aqueous layer was extracted with ethyl
acetate. The organics were combined, washed with brine and then concentrated under

reduced pressure to provide a brown oily residue. This material was purified by flash
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4.17 (t, J =7.5 Hz, 2 H), 3.68 (t, J =4.9 Hz, 4 H, 3.57 (quartet, J =
7.1 Hz, 2 H, 3.32 (m 47 WO 03/050119 PCT/US02/18284 6 H), ), 2.49 (s, 3
H, 1.86 wouwsmsaty J = 7.5 Hz, 2 H, 1.58 (quintet, J = 7P8THS02/P8289, 1.22
(t, J =7.2 Hz, 3 H; M5(C) me 391 (MH) 5 Exanple 11 N

[4-(4-am no-6,7-dinmethyl- | Himdazo [4,5-c] pyridin-1-yl)butyl]

mor phol (RrofarddreHy QUG 981 Muthg indtiall) withQ Ogbletiyl et iPaxbnda
suspensi or? oa %Qﬂ{yg met hyl 1%f{\gr;&;‘ztropygrll d}anZJWZ1 4-di ol (14? 8718 Xln

pﬂospﬂofﬁhﬂmsncreasmgﬂﬂhggrad@m 1605 Friand Ween th@a7a @ providerd. Lig of &7 t-Buthbinl@- Excess
0s or S
E ool v ahorerS ey AR iR Rl fle ¥ yellt S U0 2% e

tw ce wiphlk @t hyl acetate. The organics were 15 corrbl ned, vvashed with brine,
dried over sodium sulfate and then concentrated under ql ?ﬁf essure
©

Thé resi due Whaend (%164 P3P mmel) Penhelded aa A solihever gsTip e hot.
The 1i| tars%gpee ﬁoi; Bd; d.lxﬁﬁilgd%@eegfr %?%54W099? BIARDE (MBRL) SPhtebtidy

filtration an
2, 4- di chhigfide Szaﬁambmttbyhr for 30trniapies ildinnbe mateaawnom@amﬁ\mls addeﬁansta B 20

A
Soht o8 ke LB ST YL LRYIELS o S fn 7 BB 7
e O T
rect i Opréwidd oM Eilyesidaé.i Thetksiave wnis ghinbimed withenold watec ewd aliived tantier reduced
pressur %ver-lr_lrllgehtr l%tshly(fI gceetzyt\? gvag gcliéeldt E{n(c)lr‘}ﬁg laggrts V\x\%(raensevp%[a%d aﬂle aqueous layer was
extracted with ethyl acetate. The organics were combined, washed with water and brine,
dried over sodium sulfate and then concentrated under reduced pressure to provide a black
oil. This material was purified by flash chromatography (400 mL silica gel eluting with
15 25% ethyl acetate in hexanes) to provide 7.1 g of terz-butyl 4-[(2,3-dimethyl-5-nitro-6-
phenoxypyridin-4-yl)amino]butylcarbamate as an orange oil which later solidified.
Part D
A solution of tert-butyl 4-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-
yl)amino]butylcarbamate (7.32 g, 17.00 mmol) in a mixture of toluene (150 mL) and
20 isopropanol (10 mL) was combined with a slurry of 10% palladium on carbon in toluene.
The mixture was place under hydrogen pressure on a Parr apparatus for 24 hours.
Additional catalyst was added at 1.5 hours (2.2 g) and 3 hours (3 g). The reaction mixture
was filtered through a layer of Celite® filter agent to remove the catalyst. The layer of
filter agent was washed with ethanol (1 L), ethanol/methanol (1 L), and methanol (1 L).
25 The filtrate was concentrated under reduced pressure. The residue was combined with
dichloromethane and heptane and then concentrated under reduced pressure to provide
6.17 g of tert-butyl 4-[(3-amino-5,6-dimethyl-2-phenoxypyridin-4-
yl)amino]butylcarbamate as a sludgy brown yellow oil.
Part E
30 Diethoxymethy! acetate (2.76 mL, 16.93 mmol) and pyridine hydrochloride (0.037
g, 0.323 mmol) were added to a solution of the material from Part D in toluene (72 mL).

The reaction mixture was heated at reflux for 2 hours and then allowed to cool to ambient
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25 ethyl acetate. The | ayers were separated and the aqueous |ayer was
extracted with ethyl acetate. The organics were conbi ned, washed with

bri ne andwbheansaoncentrat ed under reduced pressure to pr@girasozifasown oily
residue. This material was purified by flash 48 WO 03/050119

PCT/ US02/ 18284 chromat ography (400 niL silica gel, eluting initially with
10% et hyﬂem@eﬂitla’e evemighe X @hereatiibn Iﬁlh&ﬂelvmroeﬁédnﬂgteﬂ hiederadiced prdsurd 2%@ and
then to 259 rovide 8.1 of tert-butyl 4-[(2-

chl or o- 51§l erFEfl Ve Was Hyies ingd Wltglt P?‘&rﬁﬁ%ﬂoﬁﬁﬁnyﬁ@dr Basaesulting il yay | ow
solid. PR R RS R d ver a
peri od o(fﬁggf(l)‘%r?‘lq RSP g)g&{togﬁz‘ggsg é% g’étr}]lgs %%1288@’5@5%}]um rgt?dgg%b%cggllnlée d§3&3
mol ) i nowdr glagnesi@iB4ulfity andthen cenahirated unﬂmtfadlmed/p&sairé ovpvide 537 g of or 30
m nutes then th terl |. from Par d a olid. The reaction
i ure GEIH Tyl piiRosd i ralen i Tonbiolrbwnie pos

anbi ent JepyRAEabiWE QVEIRI ght . The diglyme was renpved under reduced
pressure to 10 provide an oily residue. The residue was conbined with cold
wat er anfprigl | owed to stir  overnight. Ethyl acetate was added and the

The or gan o5 ns WG R R EPIRRY wib emriiue b epsige Hig) e Woer sodi um
sul f at e ERdub&eas c@MERITRERE aUISIEC forIY 668 PTRS RldEfort ﬁlﬂﬁ@wé%,oaregl ack

oil. This material was purified by flash chromat ography (400 ni silica gel
el Q] ng lmot‘ﬁat%alzb‘c%ﬁeﬁth paECH} with 10t Mmanhsdroxmlepﬂ“hvbamc Foldtien whs

tert-but

phenoxypeér i %Leh 4“’33@1%{ 0518](63? y?h%f’%%wg W& gitedrvaithsolidi sodipm eiMoridg er

solidifisd therP@{tfac@dAvﬁﬂilﬂﬁrbﬂﬂmOfTHlergatrﬁé’st\yére combined, dried over sodium
4-[(2, 3-di met hyl - 5-ni tro-6- phenoxypyridin-4- yl)am no] but yl car bamate (7.32

g, 17. ocﬁu}’ﬁma}ld thengcoppsitigied upler Hueadepr¢ssBE tarpyovidectr wilomdgprobidardde (10 nl)
was COM%'OH&@V Wd&s}goﬁeg ] {gﬁ'x&&re o:lw %%’o?@tlohﬁqha' me%ng,\a arngqg%bn tt(gjlh u({e YV§P 59The

m xt ure was ace un pressure on a a 4 hours.
AdHf t i onal of éiNdi}yiscbch\kz&fc aﬂdﬁﬁdhahyliletl‘ﬁ:rh Qe Solfent? wede ramdved Aaliths résaltmy. The

reaction.m xt sfllti hrouhalayer of Celite(r) filter agent to
remove tHeVEH 153 InFpgery b@rso loanf%SteéFra%%mthmlqm@ﬁ ng\x ), éltaﬁ%mol (1

L), et h%@ikg PEtIDZRGH 0% Mdaurﬁ'ﬂgdf&%dgaﬁﬁi thérteftracted witleHiblotd: &

concentrat ed under reduced preSsure e residue was co |ned W't
di chl or cyadivmagklogide whe pddedéo thechqubers sobrnivennd #tver eutraeed waﬂmhhﬂoﬁohﬁssur eto

provide (x 3). The organics were combined, dried over sodium sulfate and concentrated under
20 reduced pressure to provide a yellow solid. This solid was recrystallized from ethanol to
provide 2.62 g of a solid. A portion (500 mg) was dissolved in methanol, concentrated
under reduced pressure and then dried in a vacuum oven at 70°C over the weekend to
provide 0.46 g of N-[4-(4-amino-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-
yDbutyllacetamide as a solid, m.p. 217-219°C.
25 Analysis: Calculated for Ci4H21NsO: %C, 61.07; %H, 7.69; %N, 25.43; Found: %C,
60.87; %H, 7.75; %N, 25.43.
Part G
A solution of N-[4-(4-amino-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-
yl)butyl]acetamide (~2.1 g) in 6 N hydrochloric acid (30 mL) was sealed in a flask and
30 then heated at 100°C for about 30 hours. The reaction mixture was allowed to cool to
ambient temperature and then filtered to remove any particulates. The filtrate was made

basic (pH 14) with 25% sodium hydroxide and then extracted with chloroform (x 2). The
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6.17 g of tert-butyl 4-[(3-am no-5, 6-di nethyl -2-phenoxypyri di n-4-

yl )am no] but yl carbamate as a sludgy brown yellow oil. Part E 30

D et hoxyrwohwglosaeet ate (2. 76 ni, 16.93 mmol ) and pyri di ne Paydrsozd2es i de
(0.037 g, 0.323 mvl) were added to a solution of the material from Part D
in toluene (72 nL). The reaction mxture was heated at reflux for 2 hours
and t herrqabdwleykrivaascombirted vathhiodintm cHIBridO(T8¢)nA 1D RGALBO2h18284
t enperat ure pvernigh The reaction m xture was concentrated under
pr 665 ur S HTAROr @y e PRESRS B el OMARL SEoNS| W U RricopUe tedam
concent relfe@. andiBer @hbbrtaRd WRidbr ﬁé@§cedﬂﬂé§s§8}e%8$réx@decﬁh@g%ff‘i‘f(ﬁl washed w th

sat urated sodi um bi carbonate, water a rine; dried Bver ‘nagnesium

sul f at e aEEORHEN-CChATeathyldiEunidazids, Srdpyridid-4paraimeur e to provide 5.37 g of 5
terd - bufjlyalrt

4- (6, 7-di rreIfIhyI - 4- phenoxy-1 H i m dazo[ 4, 5-c] pyri di n-1-yl ) butyl carbamate as a
very thick bromorgidlinsedrbshyl Babtide T Rt ek shmbih 41 Baddd Fol@ss Ctﬁqb' ned

wi th amoni um acetate (47 % in atube. The tube was seal ed and heated at

150C f orSluny ¢folrf4aminebuybes{-dinethyx L drimidazs[4sDalpyddinip ainite 0\i@0 & 244 d

adj ust e i % sog] droxide., The basic sol uti.qn was
ext ract gﬁﬁl\%}) '? ﬁcﬁiﬁfag?%ﬁgﬁbgﬁ‘i ‘gﬁtgr"irﬁéurb%ail%sm' %@Sh\%@o%ﬁ @i th solid
sodi um chtamditdgraplanshotednbenttoogct atpleiidhl +MApRSIGERDLINE cAlofidd(G.So0er €

i ned,. dried over sodium sulfate and then concentrated under reduced

co . ) C ;

pr lg’ts)s ur kbW ited and thedpacpn SHxWE Was stirkrdl ovewligh. e refic somixsdre wasa

m xture r | s i Red. with 50 15 of 1IN
nydr ochiForice e B ST AT TRI AR suBll £ R BRI’ TEF Wb it ne
resul t i fde agidounsdayedivas extvaetbdi withnelileroforfi (x52)s Oihigtcombined reMidsandred Wit h

di chl or gnet han X, 3) de. basi H 10) with_ 50% sodi um hydr oxi de, and
t hen extwaéﬁetcg‘aﬁngf d (‘?mi gﬁ’&‘? %‘F?rﬁflﬁg 9§£f MG LHpisrand songeatralgd aadero t he
aqueous rédictd bRBsEA b provitea yeldw et qqle}[ﬁgﬁgbrll% %c)%; Qlfaggﬂﬁra(%l with solffin ©OF 9ani cs

wer e conbi ned, dried over sodiumsulfa ncentrated under reduced
pri@ssur €hlosidp pad thea extrgased with dishladomFthage 603)i Themstracewyst@idbized f r om

et hanol 4t. ' : a.solid. A portion, (500 s dissolved in
net hanold?lg%glﬁigl\ébgg égl%au“%t&gi;e Y%fﬁ]"ég albﬁl 85%93Pt§at8‘?1é“£eﬁée:&>ﬂ?(¥%85§u??-a vacuum
oven at TH Gesidierwdshmrifiee k¢ oolutm C_h@dilﬁét’tbgﬁtgﬁy 3 goPfilica gel eluting with 2%
N-[4-(4- ar’?l no: 6, /-di met hyl -1H-im dazogé}, -c] pyridin-|

methanol in dichloromethane containing 1% triethylamine and then with 5% methanol in

r educed

. dichloromethane containing 1% triethylamine). The residue was dissolved in
20 dichloromethane and the solution was diluted with hexanes. The resulting precipitate was
isolated by filtration and then recrystallized twice from acetonitrile to provide 0.283 g of
N—[4—(4—amin0-6,7-dimethyl-1H—imidazo[4,5—c]pyridin-1—y1)butyl]morpholine—4-
carboxamide as a pale yellow powder, m.p. 163.7-167.0°C.
Analysis: Calculated for C17Hp6NgO2: %C, 58.94; %H, 7.56; %N , 24.26; Found: %C,
25 58.66; %H, 7.69; %N, 24.22.
"H NMR (300 MHz, DMSO-de) 8 7.91 (s, 1 H), 6.51 (t,J = 5.5 Hz, 1 H), 5.73 (5, 2 H),
4.29 (t,J=7.1Hz,2 H), 3.51 (t, ] =4.8 Hz, 4 H), 3.20 (t, ] = 4.8 Hz, 4 H), 3.04 (q,J=6.8
Hz, 2 H), 2.36 (s, 3 H), 2.30 (s, 3 H), 1.70 (quintet, J = 7.4 Hz, 2 H), 1.35 (quintet, J = 7.4
Hz, 2 H);
30 MS (CI) m/e 347.2197 (347.2195 calcd for C;7H,NgO,, M+H).
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yl )butyl]acetam de as a solid, mp. 217-219C. 25 Analysis: Calcul ated for
Cl4H21N50: 9%, 61.07; %, 7.69; 9N, 25.43; Found: %, 60.87; %, 7.75;, 9\,
25. 43. PawO 0®0201$®| ut i on of PCT/US02/18284
N-[ 4- (4- ami no- 6, 7-di met hyl -1 H-i mi dazo[ 4, 5-c] pyridin-1- yl)butyl]acetani de
(-2.1 g) in 6 N hydrochloric acid (30 nL) was sealed in a flask and 30
then heated at 100C for about 30 hQymsle (Bhe reaction m xture was allowed to
cool to ambient tenperature and then Pi |tered to renove any particul ates.
The filt pqdthonyasethpdl6,7-diasityl{lpt2-ll4mapholir4deaseimyhpipgtidixt-sldethld- t hen
extracted with chloroform(x.2 T 50.WWO 03/ 050119 PCT/ US02/ 18284
aqueous | ayer was conbi nedf%ﬁgagﬁg%ﬁﬂpgrﬁ(?{%@% 20 g) and then extracted
with chloroform(x 3). The orgamigs were conbined, washed with brine,
dried over sodium sulfate and tbhen goncentrated under reduced pressure to
provide 1.44 g of 1 -(4- ani nobltyTy~- odtwethyl - | Him dazo [4, 5-c]
pyridin-4-amne. 5 Part H 4-M ~fecar bonyl chloride (0.250 ni, 2.14
nol ) was added drop wise to a s|urrly of
1- (4-am nobutyl)-6, 7-di net hyl -1 H 1 m daZo[ 4, 5-c] pyri di n-4-am ne (0.500 g,
2.14 mmol) in chloroform (10 nmL). Af 1 hour, analysis by high
performance liquid chromatography showed about 60% conpl eti on.
4- Mor phol i necar bonyl chl oride (0.200 I®“n.) was added and the reaction
m xture was stirred overnight. The reac}i@n m xture was poured into 5%
sodi um hydroxi de and stirred for 10 mputes. The | ayers were separat ed.
The aqueous | ayer was extracted withh chioroform (x 2). The conbi ned
organics were washed with water an ine then dried over nmagnesi um
sul fate and concentrated under reduced pressure to provide a yellow oil.
Thé aqueous | ayer was saturated with sodium 15 chloride and then extracted
wth di §h| aronet hane (x 3). The extracts were conbined, dried and then
conbi ned®kit h t he yell ow oil and concentrated under reduced pressure. The
resi due was puoiftidachrlay(2cahmpenhglricsmbagipartine (438, ¢5.2smholym YN- el uti ng
with 2% nethanol in dichloronmethane containing 1%¢tri % A a{R}’ES and then
wi t h 59%dimeethdfrsmaimide wreddsd drentissie asehttion ot @g‘-‘i’%llom-g 4}@8 18). The
resi due was_ diss i i : h Hopnwas di | ut ed
with heg »noggf_ldlv?ﬁii‘ﬁ@&ﬁ-%%’f%‘?lé?‘%%ﬁ*l?{é‘?feaﬂ&g‘i(w“ﬂ’ 505 3nibl) BN

10 dimethylformamide (320 mL). The reaction mixture was allowed to stir at ambient :

temperature for about 20 hours and then it was concentrated under reduced pressure. The
residue was partitioned between ethyl acetate and water. The layers were separated and
the aqueous layer was extracted with ethyl acetate. The organics were combined, washed
with brine, dried over sodium sulfate and then concentrated under reduced pressure to

15 provide an orange oil. The oil was purified by flash chromatography (400 mL silica gel
eluting initially with 10% ethyl acetate in hexane, then with 15% ethyl acetate in hexane
and finally with 40% ethyl acetate in hexane) to provide 11.00 g of N-[2~(1-
benzylpiperidin-4-yl)ethyl]-2-chloro-5,6-dimethyl-3-nitropyridin-4-amine.
Part B

20 Sodium hydride (1.196 g of 60%, 29.9 mmol) was added to a solution of phenol
(2.81 g, 29.9 mol) in diglyme (40 mL). The mixture was stirred for 15 minutes after the
cessation of gas evolution. A solution of N-[2-(1-benzylpiperidin-4-yl)ethyl]-2-chloro-
5,6-dimethyl-3-nitropyridin-4-amine (10.9 g, 27.2 mmol) in hot diglyme was added to the
phenoxide mixture. The reaction mixture was heated at reflux for 1.5 hours, cooled to

25 ambient temperature, and then concentrated to remove the diglyme (60°C bath, 21 Pa).
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isolated by filtration and then recrystallized twice fromacetonitrile to
provide 0.283 g of

N-[ 4- (4- aworews1Te di net hyl -1 H-i mi dazo[ 4, 5- c] pyri di n- 1-yl ) pemsusproszphol i ne- 4
- carboxam de as a pale yell ow powder, mp. 163.7-167.0C. Anal ysis:

Cal cul ated for CL7H26N602: %C, 58.94; 9%, 7.56; 9%\, 24.26; Found: %C, 25
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[4,5-9]§X%i din-4-amine NH2Z N M\~O~- NN ~- O ~-NO 5 Part AA
solutio £ 4-(2-am noet hyl ) - 1-benzyl pi peridine (9.88 g, 45.2 nmol) in N, N

di met hyl f or mggiidm Mﬁ&ly@ﬁq§§).¢2p Vi B nintol Pwadhddet dp@itions over a period of
2,4-dichloro-5, 6-di nethyl -3- nitropyridine (10.00 g, 45.2 nnpl) and

tT L i et hy2@mineteq tbaa ®lution of pidkeldyhjoride hexahydoate(1a? Bye- O rHaeH Be” (320 nL).
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methanol. The filtrate was concentrated under reduced pressure. The residue was purified
by chromatography (plug of silica gel eluting with 2% methanol in dichloromethane) to
provide 4.6 g of N*-[2-(1-benzylpiperidin-4-yl)ethyl]-5,6-dimethyl-2-phenoxypyridine-

15 3,4-diamine as an orange-brown oil which solidified on standing.
Part D

Ethoxyacetyl chloride (1.31 g, 10.7 mmol) was added dropwise to a solution of the

material from Part C and triethylamine (1.64 mL, 13 mmol) in dichloromethane (60 mL).
The reaction was stirred for about 20 hours and then concentrated under reduced pressure

20 to provide crude N-(4-{[2-(1-benzylpiperidin-4-yl)ethylJamino}-5,6-dimethyl-2-
phenoxypyridin-3-yl)-2-ethoxyacetamide. The acetamide was dissolved in pyridine (60
mL), pyridine hydrochloride (1.17 g) was added and the reaction mixture was heated at
reflux for 4 hours. The reaction mixture was allowed to cool to ambient temperature and
then the pyridine was removed under reduced pressure. The residue was diluted with 5%

25 sodium carbonate (100 mL) and water (50 mL) then partitioned into dichloromethane (300
mL). The organic layer was washed with water and brine, dried over magnesium sulfate
and then concentrated under reduced pressure. The residue was purified by column
chromatography eluting with 2% methanol in dichloromethane to provide 5.1 g of 1-[2-(1-
benzylpiperidin—4-yl)ethyl]—2—(eth0xymethyl)-6,7-dimethy1—4-phenoxy—1H—imidazo[4,5-

30 c]pyridine as an orange-red solid.
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with brine, dried over sodiumsulfate and then concentrated under reduced
pressure to 15 provide an orange oil. The oil was purified by flash

chr omat ogwepbgs0(1400 nL silica gel eluting initially w thPC@Ser/s8eB4 acet at e
in hexane, then with 15% ethyl acetate in hexane and finally with 40%
ethyl acetate in hexane) to provide 11.00 g of N-[2-(1-

benzyl pj idin-4-yl)ethyl]-2-chloro-5, 6-di net hyl -3-nitropyridin-4-am ne.
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3, 4- di amiaf8isedveahin% mgehdnobinrdictilbronteiteine sod icaidéd edoersilsngaildg g Part D
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triethylamine. The fractions were concentrated to provide 2.4 g of 1-[2-(1-
benzylpiperidin-4—yl)ethy1]-2—(ethoxymethyl)—6,7-dimethyl-1H—imidazo[4,5-c]pyridin74—
20 amine as an off-white solid.

Part F

The material from Part E was dissolved in a boiling mixture of 50/50
ethanol/methanol. The solution was allowed to cool slightly and then it was added to a
Parr flask containing palladiuﬁ on carbon (0.60 g) that had been wetted with ethanol.

25 The flask was placed under hydrogen pressure for about 40 hours during which time an
additional 1.7 g of catalyst was added. The reaction mixture was filtered through a layer
of filter agent and the filter cake was washed with methanol. The filtrate was concentrated
under reduced pressure. The residue was combined with dichloromethane and then
concentrated. The resulting solid was dried under high vacuum to provide 1.5 g of 2-

30 (ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1 H-imidazo[4,5-c]pyridin-4-amine.
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material fromPart C and triethylamne (1.64 nL, 13 mmol) in

di chl oronet hane (60 nlL). The reaction was stirred for about 20 hours and
t hen concwotosasEd under reduced pressure 20 to provide crPCUHAISHE/(8284

[ 2- (1-benzyl pi peridin-4-yl)ethyl]amno }-5, 6-dinethyl -

phenoxypyri di n-3-yl)-2-et hoxyacet am de. The acetam de was di ssolved in
pyri di ngal(t@ m.), pyridine hydrochloride (1.17 g) was added and the
reaction mxture was heated at reflux for 4 hours. The reaction mxture
was al | onwed Usingahd génera mimtient oft Bxapeplad U Part &k @-(ethoaymethe Dy FHlmaeylvlas
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from Part ammoni um acetate (51 g) were conbined in a pressure flask
(350 nL)p2.0BhéoH, |78l %Sl 8s¥al ed and t hen heated at 150C for 24 hours

fol | one e T e [ ool ed and
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to cool to 10 anbient tenperature overni ght and then it was concentrated
under reduced pressure. The resuln%;fn J(Sy resi due was di ssolved in water
(200 nL), extracted with dichloro ‘H’gﬁ’{ x 3) and then nade basic (pH 14)

W s 10% Sﬂd['s H‘a'ﬁiigé 98, AkimdAG1- BEUBNS 042 yHam- 1 oXbiop§tedrphotiftachl or of or m

(X 73). The conbi ned organics re washed w brine, dried over nagnesium
sul fate and then concentrated to peabpximide br own oil which solidified. 15
The solid was recrystallized fro etonitrile to provide 2.54 g of a tan
solid. The solid was dissolved in 2% nmet hanol in dichl oronethane and

| oaded onto a silica gel (130 g)NI N N\>__

Part A
20 A solution of tert-butyl 3-aminopropylcarbamate (121.39 g, 697 mmol) in N,N-

dimethylformamide (200 mL) was slowly added to a solution of 2,4-dichloro-5,6-
dimethyl-3-nitropyridine (110 g, 498 mmol) and triethylamine (104 mL, 746 mmol) in
N,N-dimethylformamide (900 mL). After stirring at ambient temperature for 20 hours the
reaction mixture was heated to 55°C. At 24 hours 0.1 equivalents of the carbamate was
25 added. The reaction mixture was allowed to cool to ambient temperature overnight and

then concentrated under reduced pressure. The residue was dissolved in ethyl acetate (3
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colum. The colum was eluted with 2% net hanol in dichloronethane with 1%
triethylamne. The fractions were concentrated to provide 2.4 g of 1-[2-(1-
benzyl pi paoiodiosn149 yl ) et hyl ] - 2- (et hoxymnet hyl ) - 6, 7- di net hyl PCITRESOmMistsy o
[4,5-c]pyridin-4- 20 anine as an off-white solid. Part F The material from
Part E was dissolved in a boiling mxture of 50/50 ethanol/nmethanol. The
sol ut i onbwakhegolwisadvasalidder ingd 3 gliquioys @nid eadmge NEhdh aMRyBoeREeHadhed dvitpPar r

flask on car bon (0. 60 t hat had been wetted with
et ﬁ:molco‘%tgll &h’P 9%5 ib &Qé’ BeALR045 ewasr \éﬁﬁeqotpe@s\ﬁirﬂépﬁé%ilabout 40 hours
duri ng Waitsdhatel 418 tBéh tha@ldblel e%ﬁ&te&w?thget@l TaE?'ﬂlEu%' >’A§fo F'%cﬁ%ateﬂ‘e reaction

m xture was filtered through a |ayer ter age We&r cake
was was &g RPIRingd: dripdoiver stidiurh ishifataned thes conmaentd ah@fd recume@ Erefsﬁ.ﬂé'@@d

pressur i ned with dichlor rret hane and t
cogj(s:ent at egglﬁ’ﬁg O(rijglglﬁlf: rorﬁlblcggt Bigymgiesialip poteciysig %Zeﬁfr@m Ygkomifrile © provi de
1.5 g ofpr@vid®138 g of ters-butyl 3-[(2- chloro 5 6-dimethyl-3-nit

% ( lm? ny4 9 roﬂ% ?151 1H i ni dazol[ 4, 5-c] pyri

(et hoxy&ﬁq&glg 6, 7- di et e&:l erid

di n- 4- aft BN BWWEWP@MM id2/ 18284 Part G Using the general
met hod ofyBxanple 11 Part H, 2- (et hoxynet hyl ) - 6, 7-di net hyl - 1| -

(2-pi peridin-4-ylethyl)-1H i m dazo[ 4, 5-c] pyridin-4-amne (0.304 g, 0.917
mol ) was  r éadtuedhydde (47. ﬁmgmif@b%)mrdmnad with h&dndero:8mb0d tHlmindr-917

1) to de 0.250
e% hoy/ %Bﬁr’ifgfi ) %nb}n‘?ﬂil‘%%ff ﬂl@ime —IPJJ:) (Wedeslaaliroged aythosphbiore mtpen din-4-y

I]ethyl}walgbblbm eI e id, mp.
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oN, 18. 9®PvHEunkhe I%EtlonGQXﬁﬂ: w%-lstu?ecﬁ%r 1598%indt8s &tbr tﬂé‘édMoﬁ%@g

DIVBOd6 4.34-4.29 2 10 3.54
H%:V(ﬁg? e Z’F%e fnjtzenlzj)fr%n ﬁiut Pzwpﬁ adcg:dl T(hp reagtion mmnq}:qzwamhelaged ROTA (t, J =

11 8 HZfor?se{TQrald s%ﬁer(t‘ﬁ te?n tufe gag% 2Ll
(m 2H), 1.14 a% N I—g&ag %lgﬁ}‘é gt 1%§o§alflﬁléh U‘(rh‘lfﬁg_géglie)“i cal cd
fdp 023me TMﬂd}iCtldﬁ)«ﬂﬁmre wh8 allowed to cool to ambient temperature, then it w .
N-[3-(4-a no 2 thyl -1 Hi m dazo[ 4, 5-c] pyri din-1-yT )propy?ﬁ nmor phol i
- v E%Hl c(lm{l water (4IB stirred for about 4.5 hours and thén allowed to stand
n y
overnight. The solids were dissolved in ethyl acetate and then filtered to remove
particulates. The filtrate was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate (~2 L), washed with saturated potassium carbonate (3 x 2 L),
20 dried over magnesium sulfate and then concentrated under reduced pressure to provide
152.3 g of tert-butyl 3-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-
yDamino]propylcarbamate.
Part C

A mixture of 5% Pt/C (85 g) and toluene (50 mL) was added to a solution of the
25 material from Part B in a mixture of toluene (1850 mL) and isopropanol (125 m1) in a
hydrogenation flask. The flask was placed under a hydrogen atmosphere overnight.
Another 22.5 g of catalyst was added and the flask was placed back on the hydrogenator.
After 6 hours catalyst (40 g) and isopropanol (50 mL) were added. The flask was placed
back on the hydrogenator overnight. The reaction mixture was filtered to remove the
30 catalyst. The filtrate was concentrated under reduced pressure to provide tert-butyl 3-[(3-

amino-5,6-dimethyl-2-phenoxypyridin-4-yl)amino]propylcarbamate as an oil. The oil was
dissolved in pyridine (1300 mL).
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NH2Z NN NNH ONO Part A 20 A solution of tert-butyl

3-am nopropyl carbamate (121.39 g, 697 mol) in N, N di net hyl formam de (200
nm) was swowBgsmdded to a solution of 2,4-dichloro-5,6- PCT/US02/18284

di ret hyl -3-nitropyridine (110 g, 498 mvl) and triethylam ne (104 nL, 746
mmol) in N, Ndinmethylformamde (900 nL). After stirring at anbient
terrperap%rtf)for 20 hours the reaction mxture was heated to 55C. At 24
hours 0.1 equival ents of the carbamate was 25 added. The reaction m xture
was al | oned Agpabal (G50 mhbofghe pyddipesdetioneiromdiani G as gpeled inparice babent r at ed
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recryst glilhiepené hIMIRA RbAGN et ndd? rediiced gﬂ:@su]r@B THe edsidue futas Bohpined
3-[(2-chloro-5, 6-dinethyl -3-nitropyridin-4- yl)an no] propyl carbamate as a
Kel | ow swithiethyl Restate 81 $o dndimatey dF L eTlelnt] 23 gdigsted 0od 2 Witk fé&smﬂﬂlw th
exanes. to renmove the mineral 10 0i | i | gl 50
) - ondteoR RS eyt RERsaralton dh Bitpl e RRRR Wrklots B VT G

phgnol  p3%ic8iRted and HenrooRtontrattddin@énteBuced peessiry. Was rasitledvasgurified bg. The
reaction mxture was stirred for 15 mnutes after the cessati of gas
evol ut i oWyl Fstatergvay ita PravidsndFhe of &r %@gyla%ﬂ%@7‘tq1ﬁ@t}¥yi‘éfﬁ CBYEYH AT ur e was

et e Wil SRuatte hufmbins d Insemeasiyteges, | ne ceocd (o 120c
to cool Pa@Banbi ent tenperature, then it was
The material from Part D was combined with ammonium acetate (410 g)ina2 L

15 flask. A wad of paper towels was stuffed into the neck of the flask. The reaction mixture
was heated with stirring at 145°C for 20.5 hours. The reaction mixture was allowed to
cool to ambient temperature, the pH was adjusted to 11 with ammonium hydroxide and the
mixture was extracted with chloroform. The extract was washed with 1% sodium
carbonate (7 x 1 L). The original aqueous phase and the first three washes were

20 combined, filtered to remove particulates and then concentrated to a volume of about 1 L.
This solution was run overnight on a continuous extraction apparatus with chloroform.
The chloroform extract was concentrated under reduced pressure to provide 27.1 g of an
off-white solid. This material was slurried with methyl acetate to provide about 16.5 g of
N-[3-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]acetamide. A

25 portion (0.5 g) was recrystallized from acetonitrile to provide about 0.3 g of the pure
acetamide as a white solid, m.p. 181.4-182.1°C. Analysis: Calculated for Ci4H,1NsO o
0.50 H,0: %C, 59.13; %H, 7.80; %N, 24.63; Found: %C, 59.08; %H, 8.00; %N, 24.73.
Part F

Concentrated hydrochloric acid (5 mL) was slowly added to a solution of N-[3-(4-

30 amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]acetamide (15.94 g, 57.9

mmol) in absolute ethanol (100 mL). A precipitate formed immediately and the mixture

thickened. Ethanol (50 mL) was added followed by the addition of concentrated
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conbined with water (4 L), stirred for about 4.5 hours and then allowed to
stand overnight. The solids were dissolved in ethyl acetate and then
filtered woosepave particulates. The filtrate was concentPCatusd2/is28er
reduced pressure. The residue was dissolved in ethyl acetate (-P2 L),
washed with saturated potassiumcarbonate (3 x 2 L), 20 dried over
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am no- 5, 6-di net hyl - 2- phenoxypyri di n-4-yl)am no] propyl car bamate as an oil.

The oi | vnder redicsd presetic heiasicuieryeasraapgaliigd fraw apgiopityiisse prayide 8.42 g
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et ke pindbby P28 PR LR hou bRl bt ok it | | O
mml , O ciis?ﬁlnﬁﬁmlh)i Mas 191.6vHoy . 98d1deﬂchad)ysesr Calcukaezrdl fod CofH;ENy» 6.3 ¢50: W
reaction m xture was renmoved fromthe ice and heated to 5 reflux. The

t enper ato@td; Fetd §%u I PX4; Fonwl:ahd. 6he0; r‘@dc% ?%’n%m #2dr’e was stirred

over ni ggg d’he pyri di ne was renoved under reduced pressure. The residue was
slurrie W|th hept ane and then concentrated under reduced pressure. The
resi due was chifettiyhanine @.V8 ndt, 15y macd) wheaddid to a soldtiovadfet-(3-dminoproplyd- pH was

The or gei-&-E5y T HHTmId0 Bk Al ehBerd W Or LU 68 ARCPRBRD
;glgf :?2 rﬂ*ﬁ?l;ﬁérbggﬁlgé g@:& %g&e@ E@%Siég%atih}{rﬁ? t%éﬁﬁy%?pm%e@i%éﬁﬂ gkloR¥e ethyl
3-(2, 6, 10156 Imt%wmmmdl Wditer id dumwfsiths resfcpgn mdktnrd wed ipmoypd fromr banat e
as ali qﬂt 1cg rbg'éﬁn and laH wed ?o stir at ambient temperature for 2 days. The reaction mixture
was diluted with water (30 mL) and the pH was adjusted to 11 with potassium carbonate.
The resulting precipitate was isolated by filtration and then recrystallized from
20 isopropanol/water to provide 0.61 g of N-[3-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-
clpyridin-1-yl)propyl]morpholine-4-carboxamide as a white solid, m.p. 128.9-129.7°C.
Analysis: Calculated for C;17HNeO2 @ 1.00 H,0: %C, 56.03; %H, 7.74; %N, 23.06;
Found: %C, 56.10; %H, 7.92; %N, 23.31.
'H NMR (Bruker 300 MHz, DMSO-ds) § 6.63 (t, J=4.9 Hz, 1 H), 5.56 (s, 2 H), 4.19 (t,
25 J=8.1 Hz, 2 H), 3.53 (t, J=4.4 Hz, 4 H), 3.25 (t, J=4.9 Hz, 4 H), 3.14 (q, J=6.2 Hz, 2 H),
245 (s,3H),2.35(s, 3 H), 2.29 (s, 3 H), 1.81 (p, J=7.4 Hz, 2 H).
MS(CI) m/e 347 (M+H).
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Part E The material fromPart D was conbined wth ammoni um acetate (410 Q)
ina 2L 15 flask. A wad of paper towels was stuffed into the neck of the
fl ask. Thworogastiion m xture was heated with stirring at PEFTSHDI8220. 5
hours. The reaction m xture was allowed to cool to anbient tenperature,
the pH was adjusted to 11 with ammoni um hydroxi de and the m xture was
extracted with chloroform The exigkampledas washed with 1% sodium carbonate
(7 x 1 Q The original aqueous phase and the first three washes were 20
conbi ned, f iN+{8¢[dehntino-2e(ethorympetby])cuT-direethinti imidezeldrcelnyrditedd to a vol ume
of about 1 L. This solution S Lun over i.ght _omn,a continuous extraction
apparatus w th chl or of or POy n&q{pgqglf— —ryﬂgagg(%ag%(%e was concentrated under
reduced pressure to provide 27.1ng, of an off-white solid. This material
was slurried with nethyl acetatelto provide about 16.5 g of

N-[3-(4-am no-2,6, 7-tri rrethyl-t\1||—|-\‘r Wc] pyridin-1-yl)propyl]acetamd
e. A 25 portion (0.5 g) was r lized fromacetonitrile to provide
about 0.3 g of the pure acetam ge aﬁite solid, mp. 181.4-182.1C

Anal ysi s: Cal cul ated for Cl14H21N50 . H2O %, 59.13; %4, 7.80; W\,
24.63; Found: 9%, 59.08; %, 8.00; 9%\ .73. Part F Concentrated
hydrochloric acid (5 nL) was slowy add 04 solution of N-[3-(4- 30
amno-2,6,7-trinmethyl -1 Himdazo[ 4, 5-chpyridi iy 1-yl ) propyl ] acet am de (15.94
g, 57.9 mmol) in absolute ethanol (100 nmL)™A precipitate fornmed

i medi ately and the m xture thickened. Ethanol (50 nL) was added foll owed
by5t he addition of concentrated 57 WO 03/ 050119 PCT/ US02/ 18284

hydrochi)%iiAc acid (119.5 nL). The reaction m xture was heated at reflux for
2 days. The solvents were renoved under reduced pressure. Water (250 ni)
was added t oUsing the gémbugd metlswl af Exaoipdes §3 Bant Eapipyridine solagornabiey-RnYli | t he pH

reached_7 at whi {i | orof orm. ..( 250, ni. j bonat e
addi ti o%-[%@nv@sﬁgré‘&“gtﬁé’@? ?{E’Xﬁwfﬂdééﬁl&“&%?ﬁgf%ﬁ%%g gsg%ﬁdﬁm‘ﬁﬁffdr oxi de
was addes pyRid) lwdshRarh wigpghedaddyl cHIQids (21181, WeSmeidut Eitk cridet produaidi t i onal
chl orof orm (500 nmL) and then stirred at anbi ent tenperature fg&nﬁzdﬁys.

t hen

THO or gams combiped witislicdpramethene (HF) ansl Wpieh Gyl Rifat P44tEd i
concent £ahaa SRSk Vhl@,ggo%gcg%%gﬁéﬁe%glp{t&re WlGiHEF PR MBRites SThY Sigahlcl zed from

acet oni ™}
1- ( 3- anpRapaRYEYarZed, diedioveEhigtesiubh sutfataaal thebemicpyirdtel wedér sditossl as an

off-whi }pr%ssure. The residue was diluted with hepfane and then concentrated to remove residual
pyridine. This procedure was repeated several times to provide 64.8 g of tert-butyl 3-[2-
15 (ethoxymethyl)-6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]propylcarbamate
as a brown tar.
Part B
Ammonium acetate (500 g) and tert-butyl 3-[2-(ethoxymethyl)-6,7-dimethyl-4-
phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]propylcarbamate (35.09-g, 77 mmol) were
20 combined in a 2 L flask. The neck of the flask was stuffed with a wad of paper towels.
The reaction mixture was heated with stirring at 150°C for 27 hours. The reaction mixture
was allowed to cool to ambient temperature and then it was placed in an ice bath.
Ammonium hydroxide was added until the pH reached 11. Sodium hydroxide (50%) was
added until the pH reached 14. The resulting precipitate was isolated by filtration and then
25 dissolved in chloroform (4 L). The chloroform solution was divided into two portions and
each was washed with saturated potassium carbonate (2 x 2 L). The organics were

combined, dried over magnesium sulfate and then concentrated under reduced pressure to
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10 crystalline solid, mp. 191.5-191.9C Analysis: Calculated for C12H19N50
0.25 H20: %, 60.61; %, 8.26; %\, 29.45; Found: %, 60.50; 9%, 8.28; %\,
29.57. Pawo ogoFuiet hyl am ne (0.78 nL, 5.6 nmol) was addedPCO/GS0B 02684 i on of
1-(3-am nopropyl)- 2,6, 7-trimethyl -l Himdazo[4, 5-c]pyridin-4-amne (1.00
g, 4.3 mol) in chloroform (50 15 nL). The solution was cooled in an ice

bath and fhemhqs EBE%% gﬂﬁﬁl@{ bﬂﬂyﬁa&ﬁwhgﬁuﬁgd%tﬁ%ﬂlﬁl deebai®lo) prvige added.

After 15 m nuteés e reaction mxture was renoved from the ice bath and

al | O\é\e|d 1B, Gd@hf’ iN-{ 3 4-anineat(etherpeethy 67 -fionetizyl oldd-smidane] 4/5edpyridinr 1ni xt ur e

was diluted with water (30 niL), and adjusted to 11 with potassium
car bonat/gpropyhacetaBide s Agray dpm%ﬁgfﬁgzﬁél ated by filtration and then

t gl | d
N 4R e o R e R 1L T P o FouRE 7

1-w ) pr Gp)@W]WﬁW@t Pie-22-1ar boxan de as a V\:hl te solid, mp. 128.9-129.7C.
Anal ysis: Cal culated for CL7H26N602. 1.00 H2O 9%, 56.03; 9%, 7.74; 9,
23. 06; Prgénd: %C, 56.10; 9%, 7.92; %N, 23.31. 1H NMR (Bruker 300 MHz,

DVSO-d6) b 6:
T 5% e Ujé?f%(the 'gémi‘aﬁné%od & Eﬂam;ﬁe 53313&&,1: 2 til[4 émih% 1- (ethox?;ﬁlje 21HZHz 22

H, 2. 45- ametts/mﬁ 8810 5, clayedin oy oyt acaispyide (15 & gL GPDAVAE . 5 H
1501 et LTS AR BTASS cmlAs |
ylepr Opﬂhméthﬁof}@hﬂidaﬂo[ﬁ,#kﬁﬁhbmmnﬂﬁ REbrown Ablidym.pl. 6.7 Z°Rart A
Analysis: Calculated for C14H,3N50: %C, 60.62; %H, 8.36; %N, 25.25; Found: %C,
60.49; %H, 8.38; %N, 25.33.
Part D
Using the general method of Example 13 Part G, 1-(3-aminopropyl)-2-

15 (ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine (1.00 g, 3.6 mmol) was
reacted with 4-morpholinylcarbonyl chloride (0.46 mL, 40 mmol) to provide 1.05 g of N-
{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl- 1 H-imidazo[4,5-c]pyridin-1-
yl]propyl}morpholine-4-carboxamide as an off white solid, m.p. 140.5-142.2°C.

Analysis: Calculated for C19H30NsO3 @ 1.00 HyO: %C, 55.86; %H, 7.90; %N, 20.57,

20 Found: %C, 55.60; %H, 7.87; %N, 20.59.
'H NMR (Bruker 300 MHz, DMSO-d¢) 8 6.64 (t, J=5.6 Hz, 1 H), 5.75 (s, 2 H), 4.62 (s, 2
H), 4.28 (t, J=8.1 Hz, 2 H), 3.54 (t, J=4.9 Hz, 4 H), 3.51 (q, J=6.9 Hz, 2 H), 3.25 (t, J=4.9
Hz, 4 H), 3.15 (q, J=5.6 Hz, 2 H), 2.36 (s, 3 H), 2.30 (s, 3 H), 1.87 (p, J=8.1 Hz, 2 H), 1.13
(t,J=7.5Hz, 3 H).

25 MS(CI) m/e 276 (M+H).
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Usi ng the general nethod of Exanple 13 Part D, a pyridine solution of
tert-butyl
3-[ ( 3- amwo-03/06M1d¢ et hyl - 2- phenoxypyri di n- 4-yl ) am no] pr oppcearsbanese (see
Exanple 13 Part C) was treated with ethoxyacetyl chloride (21.81 g, 178
mmol ). The crude product 10 was conbi ned wth dichl oronethane (2 L) and
water (2 Q The pH was adjusted t OEatnp witsh 50% sodi um hydroxi de and t he
m xture was stirred for 30 m nutes. The organi ¢ phase was separat ed, dried
over nagneé‘i—iﬁr(‘lsaﬂrﬁr@tkﬁaﬁdmeﬁé’ﬂrlébmémq{éﬁéﬂPﬁMﬂ Ystudlseprobpliséur e, The
resi due was diluted with heptane algd t hen. .concentrated to renove residual
pyridine. This procedure was repe% %rg éaé{}léiFal times to provide 64.8 g of
tert-butyl 3-[2 15
(et hoxynet hyl ) -6, 7-di net hyl - 4- phen - I+ i midazo[ 4, 5-c¢] pyridin-1-yl]propylc
arbamate as a brown tar. Part B Nnmopi u}m_acet ate (500 g) and tert-butyl
3-[2- (ethoxynet hyl) -6, 7-di met hyl >4~~~y
phenoxy-| H i m dazo[ 4, 5-c] pyri di n-1-yl ] propyl carbamate (35.09g, 77 mmol)
were 20 conbined in a 2 L flask. The neck of the flask was stuffed with a
wad of paper towels. The reaction m'xt was heated with stirring at 150C
for 27 hours. The reaction m xture d to cool to anbient
tenperature and then it was pl aced |n |ce bat h.  Amoni um hydr oxi de was
added until the pH reached 11. Sodi urrohy}roxi de (50% was added until the
pH reached 14. The resulting precipitate was isolated by filtration and
then 25 dissolved in chloroform (4 L). The chlorof orm sol ution was divi ded
into two portions and each was washed with saturated potassium carbonate
(2 x 2 BRIt Ahe organics were conbined, dried over magnesium sul fate and
t hen concentr r : US02/ 18284
provi de 30. 3'63%0 u%}?u e48§%%%8% G)Eilgﬁéwnlgst g&@&%@%@@{%@?}ﬁnﬁi nmet hyl
acet at e ahbydrooyNé-diddhylfgnmaiide (600 mL) was cooled to 0°C. Triethylamine (44. 8
N-{3-[ 4- am no- 2- (et hoxynet hyl ) - 6, 7-di hyI-IH— mdazo45c ri
yI | pr opynh-at28tmmolavas sddedfrqp vdss fo(ylowg&%y ’%ﬂ’lutg %’8?“13(@ % cuI at ed
C16 &: 7, 9,
7o ogt. 233 AR ot B el I%%lg?@%%fﬁé’fﬁ%agf’é%‘ gﬂ’%@%g% 3
N-{ 3- [ 4-teniedoe 802t Timxyamionyw gs- -heated at 60°C overnight and then it was concentrated

6, 7-di net hyl - 1H i m dazol 4, 5- ridin- | opyl 13.14 g, 4.1
nol ) ! W&gldgr reduceld press&re [to pI'OV(l; e a¥1 c|>rar|1ge o]ﬂ yTl‘le oil \BXS cllsso?ve% n e’ﬁlyg acetate (1g

L), washed with water (3 x 500 mL), dried over magnesium sulfate and then concentrated
under reduced pressure to provide a yellow oil. The oil was triturated with methanol
15 (~100 mL). The resulting solid was isolated by filtration and washed with cold methanol
to provide 72.3 g of tert-butyl 2-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-
yl)amino]ethylcarbamate as a solid.
Part B
Phenol (1.19 g, 12.6 mmol) was added in portions to a chilled (0°C) suspension of
20 sodium hydride (0.52 g of 60%, 13.1 mmol) in diglyme (4 mL). The reaction mixture was
then stirred for 30 minutes. A warm solution of tert-butyl 2-[(2-chloro-5,6-dimethyl-3-
nitropyridin-4-yl)amino]ethylcarbamate (3.0 g, 8.70 mmol) in diglyme (6 mL) was added
and the reaction mixture was heated at 90°C overnight. The reaction mixture was cooled
and poured slowly into water (100 mL). The resulting tan solid was isolated by filtration,
25 washed with water, dried and then recrystallized from isopropanol (25 mL) to provide 2.07
g of tert-butyl 2-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]ethylcarbamate as
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hydrol yzed and purified to provide 10.81 g of

1- (3-am nopropyl)-2-(ethoxynethyl)-6,7 10

di et hyl -wbkBosdaz o[ 4, 5-c] pyri di n-4-am ne as a brown sol i @¢CTMSP2/18284
126.8-127.2C. Analysis: Calculated for Cl4H23N50: %C, 60.62; %, 8.36; %\,
25. ﬁSd Found: %, 60.49; 9%, 8.38; %\, 25.33. Part D Using the general

met ho . e = ] St i i

(et hoxy?r’flelft%?@%sj ;ﬁ%%@:{t §/l %qsljffée%fe aerS 0 f@%%ﬁ;tﬁ%?gaﬁréa%t%%roz llde(?(()) '4g, 3.6
mol ) waef preiuct @dviitd teedlespmph db8119D¥@r bonyl chl oride (0.46 L, 40 nmol)
to provide 1.05 g of N -

3|-][4- arrPri@}QZ-(et hoxymet hyl ) - 6, 7-di met hyl - 1H-i m dazo [4,5-c]pyridin- | -
yl] propyl . y ' | bielsi :

105 a2, pCC AR Kot STRMATDE CuponARiduglithl Fafdfbfifomisg ugl o
%15 7. 90;[(2AdiREhHIZ5-nReb-Ephanbixypizidibst- Bilamidm]etirylShbardat: (3004 50in alH NVR

(Bruker 300 MHz, DMBOQ-d6) S 6.64. (t, J=5 ., 1 H, 5.75 2 H, 4.

|(4§’ 3 H:)l%tuae. ofgoluene QSQQ.%Lmd rpethgnol é‘?%WLSt ],f'ﬁ?l HH’F@W?S H{a‘iféi‘,s‘mé‘?rsib ( qfl ? 36. 9
, 2 5 0 , 3 H,

2.30 (s, y%‘%ﬁf%é p‘(f.gségéfﬁg?l%ﬁ’jg? X lﬁz ,Hll)z' %Dt%@lﬁ%éﬂr(o?e,@%@s.téz@ a%gdk%% 6 aleg NVB( E? )

m e 276 tieNiyidyogefittiM@dih0&DdvEeni BIgT/TH80e4ction Saix tuFs wapfikkered through a layer

N-[2-(4-ampno-2,6, 7-trinethyl -14imd z i di n- ¢ 1 i
4 éf LB o A Tk Al A R RSB TR e rorprot
, ic r.Q= . - i di WO 3dathi d
N i R PRt R A S AR I ol 20 for %?’.-1%“3{}’% e tae s
dimethyl-2-phenoxypyridin-4-yl)amino]ethylcarbamate as a white solid.

Part D
A mixture of tert-butyl 2-[(3-amino-5,6-dimethyl-2-phenoxypyridin-4-

yl)amino]ethylcarbamate (43.7 g, 117 mmol), triethyl orthoacetate (22.6 mL, 123 mmol),
15 pyridine hydrochloride (4.4 g) and toluene (440 mL) was heated at reflux for 30 minutes.
The reaction mixture was concentrated under reduced pressure to provide a brown oil.
The oil was dissolved in ethyl acetate (1 L) and washed with water (2 x 500 mL). The
aqueous washes were combined and extracted with ethyl acetate (2 x 500 mL). The
combined organics were washed with brine, dried over magnesium sulfate and then
20 concentrated under reduced pressure to provide 46.4 g of tert-butyl 2-(2,6,7-trimethyl-4-
phenoxy-1H-imidazo[4,5-c]pyridin-1-yl)ethylcarbamate as a white solid, m.p. 180-182°C.
Part E
A mixture of ammonium acetate (95 g) and tert-butyl 2-(2,6,7-trimethyl-4-
phenoxy-1H-imidazo[4,5-c]pyridin-1-yl)ethylcarbamate (9.5 g) was heated at 160°C in a
25 sealed tube for 24 hours. The reaction mixture was allowed to cool to ambient
temperature and then it was partitioned between water and chloroform. The aqueous layer
was made basic (pH 13) with 50% sodium hydroxide and then extracted with chloroform
(10 x 400 mL). The combined organics were dried over magnesium sulfate and then
concentrated under reduced pressure to provide a brown solid. The solid was dissolved in
30 warm isopropanol (80 mL) and then combined with 1M hydrochloric acid in diethy] ether
(23.7 mL). The resulting precipitate was isolated by filtration, washed with cold

isopropanol and diethyl ether, and then dried in a vacuum oven at 80°C overnight to
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m., 326 mmol ) was added drop wi se followed by tert-butyl

2- am noet hyl carbamate (52.2 10 g, 326 mml). After 30 mnutes the ice bath
was renpowwo oanshithe reaction mxture was heated to 60C. Pha/useat2BHn was
heated at 60C overnight and then it was concentrated wunder reduced

pressure to provide an orange oil. The oil was dissolved in ethyl acetate
(1 L), was i FRy_water (3. ( _18hBEh P 8! gl um sul fate and
t hen coﬁré)é’h({gr%g? éng%ﬂu[\r?g%r;{r?négu%%’zqgrrnes Lre 1t 0 B)(rPo’vic € a yellowoil. The oil

was tri ypsayRatentide Mpirbetotidelds A whiOsalid) m.prazs0°€s ulrtalysis: Selcuthtadefor:i sol at ed
by filtration and washed with cold nethanol to provide 72,3 f

Ler t - buCyHIENGQ 21 ORIHFIo T65 G2 rdkiyg 115 AN Foigprioush. 4Oy 53 25 Ho-81:

et hyl caw;g%tﬁ as a solid. Part B Phenol (1.19 g, 12.6 mml) was added in
portions®t:cachilled (0C) suspension of 20 sodium hydride (0.52 g of 60%

1351 myhy rdaBtich @hyBedtdd Midg 34 Bof k@AM MMenAlid previdass g bhe astthmided for 30
m nutes. A warm solution of tert-butyl 2-[(2-chloro-5, 6-dinethyl - 3-

ni t r opy hydophldridd jseadighttat s9fidear barmate (3.0 g, 8.70 Mol ) in diglyne (6 nl)
was addﬁgﬁﬁand the reaction m xture was heated at 90C overni ght. The
reactio i xture was cooled and poured slowy into water (100 niL). The
resul ting tam-pol4iAmivas?2 j6olrahahlylby-imldaofEtS-clpyridin- wgbbthglavetamidat er, dri ed

er L+ bubydioshlopde(18 & onee R eohauns 5k gt el 350 s
efalf(}y' carbapRtg aﬁc?h%’ceél%%aé %ggﬂngg%t.pﬁgé 1502418230k WiRialIBweEeM RS0 The
e 5 g 0

reacti on Was repea usi ng starting material to provide 50.4 ¢
of pr odygthicas tepetturd aadies, it wapdilukbBwitb@Ethyl Reret (200Galal Vit refiBtigg of 5%

| ati num on carbon) was added.to a rmsolution of tert-butyl. 5
2- [ ( I2 gPéﬁCiﬂtaWaSégq{?tFa BYéﬂ%ﬁ&i’@Wﬁ}%i VHFHiC-OAE 9‘%11)%‘3?111 aﬁé]“@%%@&?%ﬁ%%@ (50. 4
i i f ] loF G40 _ ks 3 t
o aced heRtet Rt yab Bl ah o AR BRI, R o LA e s e or e
cat al ystriféthg) 1 Masiaddpics-apgritined-hdhedyerahionlecs nhite mecdley ehmilydt: . The

16 111 slersconbaFhelinea SHE hob Th6r dndoce: G frasih 10t Fouias ™
SOF(an;%(;’gMg%i?ﬂ érr@?ﬁf‘} d%@%ﬁZﬁgisp;?. glr (r)IYIAfie/I )Afg-rrilng] gI hg/le(r:;; Eg%{ e as a
whi t e s@aitds
4-Morpholinecarbonyl chloride (1.42 mL, 12.2 mmol)) was added to a mixture of
1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine hydrochloride (4.0 g
20 of Part F, 12.2 mmol), triethylamine (85 mL, 610 mmol) and dichloromethane (400 mL)
and the reaction mixture was allowed to stir overnight. The next day more 4- |
morpholinecarbonyl chloride (0.25 eq) was added and the reaction mixture was allowed to
stir overnight. The solvents were removed under reduced pressure to provide a white
solid. This material was dissolved in water (200 mL), treated with sodium carbonate (5 g),
25 and then extracted with chloroform (5 x 500 mL). The combined extracts were dried over
magnesium sulfate and then concentrated under reduced pressure to provide a white solid.
The solid was dissolved in warm isopropanol, cooled and then combined with 12.2 mL of
1 M hydrochloric acid in diethyl ether. The resulting precipitate was isolated by filtration,
washed with isopropanol and diethyl ether, and dried to provide the hydrochloride salt of
30 the desired product. The salt was dissolved in water (50 mL) and then combined with
excess sodium carbonate (4 g). The resulting precipitate was isolated by filtration, washed

with water, and then dried in a vacuum oven at 90°C overnight to provide 2.3 g of N-[2-
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Part D A m xture of tert-butyl 2-[(3-am no-5, 6-di nethyl -2-phenoxypyri di n-4-
yl )am no] et hyl carbamate (43.7 g, 117 mmol ), triethyl orthoacetate (22.6 mi,
123 nmol )wo 0285y i di ne hydrochl oride (4.4 g) and tol uenePC4AGoIS28naS
heated at reflux for 30 m nutes. The reaction m xture was concentrated
under reduced pressure to provide a brown oil. The oil was dissolved in
ethyl age A7k MBS i[4,5- A1 3Det3thoRpholintiecarbsagags washes
wer e cgﬁb%ﬁ{eng éi%’gl&elglt%r é}f@lﬁlﬂ%@%i#[ét ﬁwggnet?tyg@ x 500 nL). The conbined
or gani cas awhite valghedp WM1PH28fCne, dried over magnesi um sul fate and then 20

concentrat ed under. reduced p S r OV 46. 4 f tert - hutyl

2- (2, 6, PoplypiserHgylated f‘ﬁﬂéﬁ%ﬁé\{/\ﬁéﬁ%ﬁi é’g§g'[ 4&%&% 8?1?%1F?)1‘1)de iyl car banat e
as a whi Sk 4, -182C. Part E A mixture of amonium acetate (95
g) and %%?%S%Hlt 3114g?%2,2é$§'-tri met hyl - 4-

ph&noxy-| H i m dazo[ 4, 5-c] pyridin-1-yl)ethyl carbamate (9.5 g) was heated at
160C in a 25 sealed tube for 24q. houis.16Th§6reacti on mxture was allowed to
cool to ambient tenperature and Pt Wa partitioned between water and
chl orof orm The agyeesphAMEin tHedsbl&BEBwhASE PrepRfdd Lsinguhé follo@hgodi um

hydr oxi de and then extracted with chloroform (10 x 400 nL), The conbi ned
or gani ceethode Theiappropriate ispapanass Uk eqy) Wat eddsd do @ frshtube 6pRIBHINER ed under

reduced pressu o_provide bro l.i I g ' in 30
warm 1 ssERaG BB P R D F ke P SR S

dijgt hy| EeaMigte 11( RS+ G) M-dhlorbfi@nt @swly.i Tig: eEtaabpwhsadappediand thoh ptaeel by a
filtration, washed wth cold isopropanol] and diethy] ether, and then dried

in a vashalien hasrbient taoreravie qyegHent; d hgsolienionasoseyes EYIusE/ 18284

provi de 5. - (:4-apl NO- 2¢ 6.1 7-1 1 = [Nae e =T} 15ddPwodi n-1 -
yl) et hyfejnélgfe"%gt%grhgr 41%3%@5%??“&? egisgyaﬁlj\%h ?It#g@slllél)slul!léd@h% p. >2ée(§%lwmal I;/,ésil S:
Cal cul atestolie the GEBbAANIAte sdlt 0DtheldesirddTonfiud®; ThéHabB. trlow showBe52;
Found: %, 52.25; 9%, 6.81; %Bl 23.41. 5 The reagléi was repeat ed using
34 g of StEqcAEioh fhenfzedhasand e operryefkacearale ppss (it 'e&ﬁW%Cturﬁ dFbchl ori de
aisa i E&firgféﬁb?’hiﬁMRp tdctbsd¥ply2- (4- Am no-2, 6, 7-trinmethyl - | Himdao

[ 4, in-1-y

5-c] pyri | Yethyl] acetam de
NH,
P
Z N
l\\\H\N\/¢o
8
R1
Example Ry Accurate Mass (obs.)
Number
16 1-methylethyl 319.2256
17 1,1-dimethylethyl 333.2404
18 butyl 333.2414
19 phenyl 353.2086
20 cyclohexyl 359.2569
21 3-cyanophenyl 378.2058
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hydrochl ori de (18 g), concentrated hydrochloric acid (231 nL) and et hanol
(350 m.) were 10 conbi ned and heated at 90C overnight. The reaction

m xt ure \Wa© oalokoowed to cool to ambient tenperature and theaTiuSowsssdi | ut ed
with diethyl ether (200 nL). The resulting precipitate was isolated by
filtration, washed with cold ethanol and with diethyl ether, and then

dri ed pnder—vacuunmmat 80C overyy gt~ to provide 17.3 g of
1- (2- api noet hyl )-2, 6, 7- trinethyl-|Him dazo[ 4, 5-c] pyri di n-4- aji ne
hydrochl ori de as mhite needl s H§Iy5|s 15 Cal cul ated for CILIHL7N5. 2.8
HC  0/25 H20: %C, 40.32; ol 7 9N, 30.83; Found: 9%, 40.pH4; 9%, 6.15;
o, 30/87. Part G 4-Morpholi ngcarponyl chloride (1.42 nL, 12.2 nmmol)) was
added to a m xture of
1-(2-am noethyl)-2,6,7-trinmethyl -1 H%a dazo[ 4, 5-c] pyri di n- 4-an ne
hydrochloride (4.0 g 20 of Part F, 1 ), triethylamine {85 nlL, 610
nmol ) and di chl oronet hane (400 nlL) an jfhe reaction mxture was allowed to
stir oyernight. The next day nore 4 noHphol i necarbonyl chloride (0.25 eq)
was added and the reaction mxture was allowed to stir overnight. The

sol venis were renoved under reduced presstre to provide a mhite solid.

Thi s ter-al—was—a-ssotveds+r—water—(200rnt) 1 b—sodi um

car bon F @e d), 25 and then extracted wifth ¢ OF% %ﬁﬁ%p%ﬁ 0p nL). The
conbin qmﬁﬁ&ﬁacts were dried over magnesjumsulfate and then concentrated
under neduced ipressure to praovide a whitel solid The solid was di ssol ved
in warh1i§@propanol ébomémmaﬁumwhen conbj ned wi t3$3220% m_ of |1 M
hydr oc iH-e+i-ec—aectd -—di-eth ULH Theresuttin T pitate Was isol ated
by fiItra@'on washed ﬁﬂP fopanol and dletﬁ¥¥:%$Zer and|dried to
provi d¢ Thg nydrochASIthngahﬁm eyl the [desired wemdaet. The salt was

di ssolyed in ter 0 MY and then conbilhed with excess sodi-m car bonat e
(4 g). ThéSresuI ting 3pamer§hxiﬂw)pbemahs i soljated by ¥I%1%8ati on, washed with
wat er , rard-—then—dried ayvacupgmoven—atT 90C overmrgit to provide 2.3 g of
N-[2 63 WB%03/|050119 LA PRI M3

(4-amno-2Z,6, 7-trimethyl -TH1 m dazo[ 4, 5-c] pyri di n-1-yl ) et hyl ] nor phol i ne-4-c
arboxam de as a white solid, mp. 219-221 C. Analysis: Calculated for
Cl6H24N602: 9%C, 57.81; %, 7.28; dgampde 28, Found: %C, 58.13; %, 7. 14;

AN, 25.56. D 14 (4-amino-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyljmorpholin-4-

ylcarboxamide
NH

5
Using the method of Examples 16 — 26, 4-morpholinecarbonyl chloride was
reacted with 1-(4-aminobutyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide
the desired compound. The observed accurate mass was 347.2214.
10
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Exanpl es 16 - 26 The conpounds in the table bel ow were prepared using the
followng nethod. The appropriate isocyanate (1.1 eqg.) was added to a test
t ube contwomBogpla® sol ution of PCT/US02/18284

1- (4-am nobutyl)-6,7-di nethyl -1 Hi m dazo[ 4, 5-c] pyri di n-4-am ne (25 ng, see
10 Exanmple 11, Part G in chloroform (5 nL). The test tube was capped and
then placed on a shaker at anbiengy ggature overni ght. The sol vent was
renoved by vacuum centrifugation. The residue was purified by ,porep HPLC
using the N{{ﬂh&dnﬁhﬁsé,ﬂidimldttazb@ﬁleinﬁtlmqﬁéi,édmidﬁmé-}tl)biutyllhﬂr’“Hé@e{»%s) -salt of

t he desired conmpound. The tabl beﬂo ShOﬁ@ the structure of the free base
and the observed accurate naséﬁfﬁy$yé&PKW' &% ructures were 15 confirmed by
'H NWR sprectroscopy. NH2 N N W, NHNrp HN RL Exanple Rl Accurate
Mass (obs.) Number 16 1-nethyl etlhyl \319.2256 17 1, 1-di net hyl et hyl
333.2404 18 butyl 333.2414 1N phegn 353.2086 20 cycl ohexyl 359.2569 21

3-cyanophenyl 378.2058 64 WO 19 PCT/US02/ 18284 NH2 NN N HN-f O
HN\léo
HN,,’
5

Using the method of Examples 16 — 26, trans-2-phenylcyclopropyl isocyanate was
reacted with 1-(4-aminobutyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide

the desired compound. The observed accurate mass was 393.2425.

10 Examples 29-31
The compounds in the table below were prepared using the method of
Examples 16 —26. The appropriate sulfonyl isocyanate was reacted with 1-(4-
aminobutyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired
compound.

15
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HN Rl Exanple RL Accurate Mass (obs.) Nunber 22 3-nmet hoxyphenyl 383.2204
23 3-acetyl phenyl 395.2217 24 4-(di nmethyl am no)phenyl 396. 2537 25
3- (et hylwbioepphenyl 399. 1985 26 2, 4-di met hoxyphenyl 413P232aK02/Beshpl e 27
N-[ 4- (4-am no-6, 7-di met hyl -1 Hi m dazo[ 4, 5-c] pyri di n- 1-yl ) but yl ] nor phol i n- 4-
yl carboxamde NH2 NN \> N HN'r-OCN O 5 Using the nethod of

Exanpl gs—16—- 26, 4-mor phol 1 nggar bonyl™ chiori de was reacted with
1- (4- ami nobut yl ) - 6, 7-di met hyl -]l B i mi dazo[ 4, 5-c] pyri di n- 4-ami ne|to provide
t he desired conmpound. The o H\accurate mass was 347.2214. |10 65 WO
03/ 050119 PCT/ US02/ 18284 28 N-[4-(4-am no-6, 7-di net hyl- | Him dazo
[4,5-c]pyridin-1-yl)butyl]-N -[[ (1K, 25*)-2- phenyl cycl opropylJurea NH2 N N
HN\/éo
HN
0=8=0
",
Example R, Accurate Mass (obs.)
Number
29 phenyl 417.1702
30 4-methylphenyl 431.1868
31 4-chlorophenyl 451.1338

Examples 32 — 35
The compounds in the table below were prepared using the method of Examples 16
—26. The appropriate thioisocyanate was reacted with 1-(4-aminobutyl)-6,7-dimethyl-1H-

5 imidazo[4,5-c]pyridin-4-amine to provide the desired compound.
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\> N

HN'7;,,-p HN 5 Using the nethod of Exanples 16 - 26,

t rans- 2- phenyl cycl opropyl isocyanate was reacted with
1- (4- am mMebuwspsnas, 7- di met hyl -1 H i m dazo[ 4, 5-c] pyri di n- 4- RETIES02/828¢ OVi de
t he desired conmpound. The observed accurate mass was 393.2425. 10 Exanpl es
29- 31 The conpounds in the table bel ow were prepared using the nethod of

Exanpl es—16—=26—The appropri gf sul fonyl— i socyanate was reacted with 1-(4-
am nobuityl ) -6, 7-di met hyl -1 Hi ni dazo[ 4, 5-c] pyri di n-4-ami ne to pfovide the
desiregd conpound. 15 66 WO I 19 PCT/US02/18284 NH2 NN |[\> N H\wO
HN O=5=0 Exanple R Accuraf (obs.) Nunber 29 phenyl 417.1702 30
4- met hyl phenyl 431. 1868 31 4-chl gr ophenyl 451. 1338 Exanples 82 - 35 The
conmpounds in the table bel ow were epared using the nmethod of | Exanpl es 16
-26. The appropriate thioisocyanate was reacted with
1- (4-am nobutyl)-6, 7-di nethyl -1 H HN
7
HN
\
R1
Example R Accurate Mass (obs.)
Number
32 methyl 307.1699
33 phenyl 369.1868
34 2-phenylethyl 397.2194
35 4-methoxyphenyl 399.1994
Examples 36 — 45
The compounds in the table below were prepared using the following method. The
appropriate isocyanate (1.1 eq.) was added to a test tube containing a solution of 1-(4-
5 aminobutyl)-2-ethoxymethyl-6-methyl-1H-imidazo[4,5-c]pyridin-4-amine (25 mg; see
Example 10, Part I) in chloroform (5 mL). The test tube was capped and then placed on a
shaker at ambient temperature for 16 hours. The solvent was removed by vacuum
centrifugation. The residue was purified by prep HPLC using the method described above
to provide the trifluoroacetate salt of the desired compound. The structures were
10 confirmed by 'H NMR spectroscopy. The table below shows the structure of the free base

and the observed accurate mass (m + H).
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5 imdazo[ 4, 5-c]pyridin-4-am ne to provide the desired conpound. 67 WD

03/ 050119 PCT/ US02/ 18284 NH2 N N
Accur at e WBg/08bs . )

2- phenyl et hyl
conpounds in the table bel ow were prepared using the follow ng nethod. The

~>
Nunber 32 et hyl
397.2194 35 4-net hoxyphenyl

N HN r-~S HN Rl Exanp

le R1

307.1699 33 phenylpC3aB02480284 34

399. 1994 Exanpl es

36 - 45 The

approprrateTsocyanate (1.1 eqyd, Was added to a test tube containing a

sol uti

n of 1-

(45

am nobut yl ) - 2- et hoxynet hyl - 6N ik dazo[ 4, 5-c] pyridin-4{am ne (25
ny; se Exanpl e 10, Part | § oroform (5 nmL). The test tube was capped
and then placed on a shaker at anpbient tenperature for 16 hours. The
sol vent was renoved by vacuum centmnifugation. The residue was|purified by
prep HPLC using the nethod descri bed ove to provide the trifluoroacetate
salt of the desired conpound. The strygtures were 10 confirnmed|by 1H NWR
spectroscopy. The tabl e bel ow shows t e\ffructure of the free base and the
observed accurate mass (m+ H). 68 WO G 050119 PCT/ US02/18284| N H2 N
M"off| N \R
;
Example R, Accurate Mass (obs.)
Number

36 1-methylethyl 363.2521

37 1,1-dimethylethyl 377.2675

38 butyl 377.2671

39 ! phenyl 397.2360

40 ethoxycarbonylmethyl 407.2418

41 3-cyanophenyl 4222313

42 3-acetylphenyl 4392477

43 4-(dimethylamino)phenyl 440.2787

44 3-(methylthio)phenyl 443.2253

45 2,4-dimethoxyphenyl 457.2559
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HNp HN Rl Exanple RL Accurate Mass (obs.) Nunber 36 1-nethyl ethyl
363.2521 37 1,1-dinmethylethyl 377.2675 38 butyl 377.2671 39 phenyl

397. 2360 wodseshiexycar bonyl net hyl 407.2418 41 3-cyanophemgii/usd2192843 42
3-acetyl phenyl 439.2477 43 4-(di et hyl am no) phenyl 440.2787 44

3- (nmet hyl t hi o) phenyl 443.2253 45 2, 4-di met hoxyphenyl 457.2559 69 WO

03/ 050119 PCT/ US02/ 18284 Exanple;ggﬂmﬁea64 [ 4- anino 2- (ethoxynethyl) -6

-nmethyl-1 Himdazo [4, 5 -c] pyridin- néz
[ (1R*, 2S* N-{zl—blhanmoegf@tb@rywyhy]lmwthsmﬂﬂ Mo c]wmmn*'lryllmltylw 5 Usi ng

ﬁggcggh\?\ﬁqt ﬁf Exanpl es 36 (18 F}S*)ti Sﬂeny?cyepo%?gpyﬁ(l%aom opyl isocyanate was

1- (4-am nobutyl) - 2- et hoxymet hyl - 6¢yet hyl - 1H-i mi dazo[ 4, 5-c] pyri di n-4- ami ne
to provide the desired conpound. IThe observed accurate mass was 437. 2666.
10 Exanpl es 47 - 48 The conpou s 3N §he\éabke bel ow were prepared using
the met hod of Exanples 36 Z~N

Using the method of Examples 36 — 45, trans-2-phenylcyclopropyl isocyanate was
reacted with 1-(4-aminobutyl)-2-ethoxymethyl-6-methyl-1H-imidazo[4,5-c]pyridin-4- .

amine to provide the desired compound. The observed accurate mass was 437.2666.

10 Examples 47 — 48
The compounds in the table below were prepared using the method of Examples 36
—45. The appropriate sulfonyl isocyanate was reacted with 1-(4-aminobutyl)-2-
ethoxymethyl-6-methyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired
compound.

15
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-45. The appropriate sulfonyl isocyanate was reacted with

1- (4-am nobutyl)-2- ethoxynethyl-6-nethyl-|Himdazo[4, 5-c]pyridin-4-am ne
to provi dwotohesdesi red conpound. 15 70 WO 03/050119 PCT/ ee@a/sassds NH2 N
M\,"O Ni HN-0 HN O=S=0 11 Exanple Rl Accurate Mass (obs.) Nunber 47
phenyl 461.1974 48 4-nethyl phenyl 475.2144 Exanples 49 - 52 The conpounds

i n thetabte befowwere prepangy Using the net hod of Exanples 36 -45. The
approprli ate i sot hi ocyanate was| reacted with
1- (4- ai nobut yl ) - 2- et hoxymet Ry IS5y o~
6- met hyl -1 H-i m dazo[ 4, 5-c] p § ~A-anmne to provide the desired conpound.
71 WO 03/ 050119 PCT/ US02/ 18284 NH2 N N\\~O~ N HN'7:~,-g HN |Rl1 Exanple
R1 Accurate Mass (obs.) Nunber
HN\/éo
N
0=8=0
J
Example Ry Accurate Mass (obs.)
Number
47 phenyl 461.1974
48 4-methylphenyl 475.2144

Examples 49 — 52
The compounds in the table below were prepared using the method of Examples 36
—45. The appropriate isothiocyanate was reacted with 1-(4-aminobutyl)-2-ethoxymethyl-
5 6-methyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired compound.
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49 et hyl 351.1976 50 phenyl 413.2144 51 2-phenyl ethyl 441.2240 52

4- met hoxyphenyl 443.2248 Exanple 53 N- { 4-

[ 4- ami no-woO(sawbxy et hyl ) -6-nethyl -1 Himdaz o [4, 5 -c] Poyrisd2/m284 -yl ]
butyl } - N (2-furoyl)thiourea NH2Z N NN\~O- NHNf S HN~ 0 5 0 Using
the nethod of Exanples 36 - 45, 2-furoylisothiocyanate was reacted with 1-
(4- am pobutyt)y=2-ethoxymethyt gg met hyl - T H i m dazo[ 4, 5-Cc] pyridin-4-amne to
provid the desired conpound.] FThe observed accurate mass was 431.887. 10
72 WO 03/ 050119 PCT/ US02/ 18284™ s~hR4 - 65 The conpounds|in the table
bel ow were prepared using t wi ng nethod. The appropriate isocyanate
(1.1 eqg.) was added to a test containing a solution of 2-
(et hoxynet hyl )-6, 7-dinmethyl - | -(2-pjiperidin-4-ylethyl)-1 Himldazo [4,
5-c]pyfidin-4-amine 5 (25 ng; see Ex le 12 Part F) in chlorofform (5 ni).
The test tube was capped and then d gn a shaker at anbi ent
tenperature for 16 hours. The sol vent mé?’ enoved by vacuum

centrifugation. The residue was purifiedN by prep HPLC using the nethod
descri lbed above to provide the trifluoroagetate salt of the desired
conpound. The structures were confirnmed By 1H NVMR spectroscopy. The table
bel ow shows—the—structure—1H—of thefreebase,andth pservedjaccurate
mass (fEFAmple | N K, A&Clrate Mrass (obs.)
Number

49 methyl 351.1976

50 phenyl 413.2144

51 2-phenylethyl 441.2240

52 4-methoxyphenyl 443.2248

Example 53

N-{4-[4-amino-2-(ethoxymethyl)-6-methyl-1H-imidazo[4,5-c]pyridin-1-yl]butyl } -
N’-(2-furoyl)thiourea
NH,

N
N YN0 ™
Z N

HN._ __8s
N

5 0]

Using the method of Examples 36 — 45, 2-furoylisothiocyanate was reacted with 1-
(4-aminobutyl)-2-ethoxymethyl-6-methyl-1H-imidazo[4,5-c]pyridin-4-amine to provide
the desired compound. The observed accurate mass was 431.887.

10
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NNW~O- Nii NH N O\RlL Exanple R1L Accurate Mass (obs.) Nunber 54
1- et hyl et hyl 417.3003 55 1, 1-dinmethylethyl 431.3138 56 butyl 431.3129
57 phenylwo3302849 58 cycl ohexyl 457.3306 59 ethoxycar beayluser/kszk4
461. 2898 60 3-cyanophenyl 476.2797 61 3-nethoxyphenyl 481.2950 62
3-acetyl phenyl 493.2955 63 4-(di net hyl am no) phenyl 494. 3234 64

3- (nmet hyl t hi o) phenyl 497.2724 6@Xgmﬂ,regi5nelgy)xyphenyl 511.3029 73 WO
03/ 050119 PCT/ US02/ 18284 Exanpl e 66 2-(ethoxynethyl)-6,7-dinmethyl-1-{ 2-]
1- (or phol i n-Bhegazapaywds in) b pabld bRlow aveps prepangt uping the fdllowingdnethod.[ The 5 - c]

pyridi n'szb%ﬂrﬁ?e i%anﬁe% \17383 wa'ghzgiddelﬂ t03 thSt tl%e containing a solution of 2-
(ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1H-imidazo[4,5-c]pyridin-4-amine
5 (25 mg; see Example 12 Part F) in chloroform (5 mL). The test tube was capped and then
placed on a shaker at ambient temperature for 16 hours. The solvent was removed by
vacuum centrifugation. The residue was purified by prep HPLC using the method
described above to provide the trifluoroacetate salt of the desired compound. The

structures were confirmed by 'H NMR spectroscopy. The table below shows the structure

10 of the free base and the observed accurate mass (m + H).
NH,
L o™
0O R,
Example R, Accurate Mass (obs.)
| Number
54 I-methylethyl 417.3003
55 1,1-dimethylethyl 431.3138
56 butyl 431.3129
57 phenyl 451.2849
58 cyclohexyl 457.3306
59 ethoxycarbonylmethyl 461.2898
60 3-cyanophenyl 476.2797
61 3-methoxyphenyl 481.2950
62 3-acetylphenyl 493.2955
63 4-(dimethylamino)phenyl 494.3234
64 3-(methylthio)phenyl 497.2724
65 2,4-dimethoxyphenyl 511.3029
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5 Using the nethod of Exanples 54 - 65, 4-norpholinecarbonyl chloride was
reacted with

2- (et hoxywetobysd116, 7- di net hyl -1 - ( 2- pi peri di n-4-yl et hyl ) - 1RCiIrnisdaraB4, 5-
c]pyridin-4-amne to provide the desired conpound. The observed accurate
mass was 445.2929. 10 Exanple 67 4-12-

[ 4- am no- 2- (et hoxymet hyl ) - 6, 7- di mgt,Aplheldd | m dazo[ 4, 5-c] pyridin-1-yl]ethyl
} -N- {( 1R*, 25%)-2-phenyl cycl opropyl [ pi peridine- | -carboxam de NH2 N
N\ ~p~  B-(dthoxjrhetByl)}-6, A8inmeghytl He { 2rEt-froorpbélirEs aigaireenybpiperiggi-4-yllethyl} -

ety 16 o e RIS BITA BT 1141 i o, 5
c]pyridin-4-amne to provide theNplggsi red conpound. The observed accurate
mass was 491.3139. 74 WD 03/050]1 CT/ USQ2/ 18284 Exanple 68 4- f

2-[ 4- am no- 2- (et hoxynet hyl ) - 6, Nl-d‘r '{ .ofAN mi dazo[ 4, 5-c] pyridin-1-yl]ethy
| }-N- net hyl - N-phenyl pi peri di arboxamde NH2 N N\>"-0 N NI1 M 5

01
N
N
o O
5
Using the method of Examples 54 — 65, 4-morpholinecarbonyl chloride was
reacted with 2-(ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1H-imidazo[4,5-
cIpyridin-4-amine to provide the desired compound. The observed accurate mass was
445.2929.
10
Example 67
4-{2-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1 -yl]ethyl}-N-
[(1LR,287)-2-phenylcyclopropyllpiperidine- 1-carboxamide
NH,
NN N
| » 0
Z N
N
N O
o v“.\“
15

Using the method of Examples 54 — 65, trans-2-phenylcyclopropyl isocyanate was
reacted with 2-(ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1H-imidazo[4,5-
c]pyridin-4-amine to provide the desired compound. The observed accurate mass was

491.3139.
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Usi ng the nmet hod of Exanples 54 - 65, N-nethyl-Nphenyl carbanoyl chloride
was reacted with

2- (et hoxywetobysg116, 7- di net hyl -1 - ( 2- pi peri di n-4-yl et hyl ) - 1IBCT/US02/18284

i m dazo[ 4, 5-c] pyridin-4-amne to provide the desired conpound. The observed
accurate 10 nmass was 465.3006. Exanples 69 - 70 The conpounds in the table
bel ow were prepared using the nethod of Exanples 54 - 65. The appropriate
sul fonyl isocyanate was reacted with 2-(ethoxynmethyl)-6,7 15

di net hyl -1 - (2- pi peri di n- 4- erthyI)ExmmpkW6&a20[4 5- c]pyridin 4-anmine to

provi de desired o /05011 N N\ ~p~
N6 N Hﬂg 4-angno - (gthogsy t?‘EQ 5-%‘18“?%&3% TG aéo (%‘%‘88]) %\PQE%V

phenyl 515.2443 70 4- cmkgﬁgph m%hmﬁﬂauﬁﬁﬁﬁcmﬁmaﬁﬁkes 71- 73 The conpounds
in the table bel ow were prepared usi ng the nethod of Exanples 54 - 65. The

appropriate isothiocyanate was ﬁ@hcted with

2- (et hoxynet hyl ) -6, 7- dlmathyl-N =

(2-pi peridin-4-ylethyl)-1Hi mgaz [4}5”\Ppyr|d|n 4-amne to provide the
desired conmpound. NH2 N N >

Using the method of Examples 54 — 65, N-methyl-N-phenylcarbamoy! chloride
was reacted with 2-(ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1H-
imidazo[4,5-c]pyridin-4-amine to provide the desired compound. The observed accurate

10 mass was 465.3006.

Examples 69 — 70
The compounds in the table below were prepared using the method of Examples 54
— 65. The appropriate sulfonyl isocyanate was reacted with 2-(ethoxymethyl)-6,7-
15 dimethyl-1-(2-piperidin-4-ylethyl)-1H-imidazo[4,5-c]pyridin-4-amine to provide the

desired compound.
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NNH N S\RL Exanple RI Accurate Mass (obs.) Nunber 71 phenyl 467.2610
72 2-phenyl ethyl 495.2918 73 4-net hoxyphenyl 497.2700 76 WD 03/050119

PCT/ US02/wB2a8Mso1iexanpl e 74 N-[ (4-{ PCT/US02/18284
2- [ 4- am no- 2- (et hoxynet hyl ) - 6, 7-di net hyl -1 Hi mi dazo[ 4, 5-c] pyri din-1 -
yl]ethyl }piperidin-1-yl)carbonothioyl]-2-furamde NH2 N N\ O-"" N/ -N
S 1,-0~—0 5 Using the methgg of Exanples 54 - 65, 2Z-furoylipothiocyanate

was reacted with 2- (ethoxyne

h¥/|
| - (2- pil peridin-4-yl ethyl)-lNl-l '

-6, 7-di met hyl -
“5>c] pyri din-4-amne to|provide the
desired conpound. The obser urate mass was 485.2357. 10 Exanpl es 75-
85 The|conpounds in the tabl e[beljow were prepared using the follow ng

nmet hod; The appropriate isocyanate, (1.1 eq.) was added to a test tube
contaiming a solution of 1-(3-
am nopnopyl )-2,6,7-trinmethyl -1 HinmM daao[ 4, 5-c] pyridi n-4-am ne (25 ng; see
Exanple 13 Part F) in chloroform (5nyiml). The test tube was capped,
vortexed and then placed on a 15 shakerid at, anbi ent tenperaturelfor 16
hours. | The solvent was renoved by vaCuung-centrifugation. The fesidue was
purified by prep HPLC using the nethodaledgyibed above

Example R, Accurate Mass (obs.)
Number

69 phenyl 515.2443

70 4-chlorophenyl 549.2064

Examples 71 — 73
The compounds in the table below were prepared using the method of Examples 54
— 65. The appropriate isothiocyanate was reacted with 2-(ethoxymethyl)-6,7-dimethyl-1-
5 (2-piperidin-4-ylethyl)-1 H-imidazo[4,5-c]pyridin-4-amine to provide the desired

compound.
NH,
NN N
| Y0
Z =N
N n
SN
s R
Example Ry Accurate Mass (obs.)
Number
71 phenyl 467.2610
72 2-phenylethyl 495.2918
73 4-methoxyphenyl 497.2700
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to provide the trifluoroacetate salt of the desired conpound. The table
bel ow shows the structure of the free base and the observed accurate nass
(m+ H. wWooss@asy 050119 PCT/ US02/ 18284 NH2 N N H N H POTNSo0/H28£EXxanpl e
R Accurate Mass (obs.) Nunmber 75 1-nethylethyl 319.2243 76 butyl
333.2394 77 phenyl 353.2086 78 cyclohexyl 359.2569 79

et hoxycar bonyl net hyl 363. 2152 80 gywaimephenyl 378.2023 81

3-met hoxyphenyl 383.2190 82 3-acetyl phenyl 395.2192 83

4- (di met hy | Niin) fhaminb-23@eh a5 aRthydus, 3-dimethiil L HimidaznEhRyrlpyodint g5 85

2, 4- di met hoxyphenyl 413,.2290 aml.e 86 [ 3-{4-amno-2,6,7-trinmethyl -
| Hi mi dazo [4, 5-c] pyryﬂtmhﬁ(- ler%'gpwk%%ﬁn%@é?é'ﬁgg?’“% e
phenyl cycl opropyl Jurea NH2 N NH,N

N™ N\ o/\
L N>/\

O

Using the method of Examples 54 — 65, 2-furoylisothiocyanate was reacted with 2-
(ethoxymethyl)-6,7-dimethyl-1-(2-piperidin-4-ylethyl)-1 H-imidazo[4,5-c]pyridin-4-amine

to provide the desired compound. The observed accurate mass was 485.2357.

10 Examples 75- 85
The compounds in the table below were prepared using the following method. The

appropriate isocyanate (1.1 eq.) was added to a test tube containing a solution of 1-(3-
aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine (25 mg; see Example 13
Part F) in chloroform (5 mL). The test tube was capped, vortexed and then placed on a

15 shaker at ambient temperature for 16 hours. The solvent was removed by vacuum
centrifugation. The residue was purified by prep HPLC using the method described above
to provide the trifluoroacetate salt of the desired compound. The table below shows the

structure of the free base and the observed accurate mass (m + H).
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HN ,~ H ON 5 78 WO 03/050119 PCT/ US02/ 18284 Using the nethods of
Exanpl es 75 -85, trans-2-phenyl cycl opropyl isocyanate was reacted with
1- ( 3- am mMoprospyii)e 2, 6, 7-tri et hyl -1 H i m dazo[ 4, 5- c] pyri di RCFA02/08L284 0
provi de the desired conpound. The observed accurate mass was 393.2393. 5
Example 87 N [ 3 -(4-amno-2, 6,7-trimethyl- | Himdazo [4, 5 -c]

pyridi nf-I-yI)ypropyl] N-methyINN- phenylurea NHZ NN N -\-HN ~-N Q
6"J 10 |Usi ng the net hods of npll@s 75 -85, N-nethyl - N-phenyl gar banoyl
chloride was reacted with N
1- (3-ani nopropyl)-2,6, 7-tri H-| m dazo[ 4, 5-c] pyri di n-4-anine to
provi dg the desired conpound. bserved accurate mass was 367.2263.
Exanpl es 88 - 89 15 The corrpounds |n t he tabl e bel ow were prepared using
t he netlhod of Exanples 75 - proprl ate sul fonyl isocyanate was
reacted with 1-(3-am nopropyl) 2 6 7-
trimethyl -1 Himdazo[ 4, 5-c] pyri d| n- 4-Gaim H@ to provide the desirled conpound.
79 WD 03/050119 PCT/ US02/ 18284 NH2 N R
Example R; Accurate Mass (obs.)
Number

75 1-methylethyl 319.2243

76 butyl 333.2394

77 phenyl 353.2086

78 cyclohexyl 359.2569

79 ethoxycarbonylmethyl 363.2152

80 3-cyanophenyl 378.2023

81 3-methoxyphenyl 383.2190

82 3-acetylphenyl 395.2192

83 4-(dimethylamino)phenyl 396.2512

84 3-(methylthio)phenyl 399.1985

85 2,4-dimethoxyphenyl 413.2290

Example 86

N-[3-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]-N-[( 1R* 28 *)—2-
phenylcyclopropyl]urea
NH,
N~ X
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Nj N ,-~HNH ONO O R1 Exanple R Accurate Mass (obs.) Nunber 88
4- met hyl phenyl 431. 1856 89 2-chl orophenyl 451.1318 Exanples 90 - 92 The
conmpoundswpr3ba14 abl e bel ow were prepared using the net hedrafSoEZxaspl es 75
- 85. the appropriate isothiocyanate was reacted with

1-(3-am nopropyl)-2,6, 7-trimethyl - 5 1Him dazo[4, 5-c] pyridin-4-anmne to

provi de the I a“gh'gﬁ odyaraeiiy € Rl
Accurat e l\/!asgJg gtgﬁed[?g@l ﬁ%@?x 7e§r\1|y%% é%%szi lggh}%g}'dlﬁo elrlléyl et hyl 39(73 2186
92 4- metdacteyt pithriy(3-28RopSPel)- Ba,mmr@mymaﬂimgd&@w @SMMSME(@WI e 93

provide the desired compound. The observed accurate mass was 393.2393.

5 Example 87
N'-[3-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]-N-methyl-N-
phenylurea
NH,
N

N
| >

/N
\\\\H
N

o//LN/

10 Using the methods of Examples 75 —85, N-methyl-N-phenylcarbamoyl chloride
was reacted with 1-(3-aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

provide the desired compound. The observed accurate mass was 367.2263.

Examples 88 — 89
15 The compounds in the table below were prepared using the method of Examples 75
— 85. the appropriate sulfonyl isocyanate was reacted with 1-(3-aminopropyl)-2,6,7-

trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired compound.
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N-[3-(4-amno-2,6,7-trinethyl-1 Himdazo
[4,5-c]pyridin-1-yl)propyl]-N-(2- furoyl)thiourea NH2 NN N 1-~-HNH S
N O O 5 weimgstine met hods of Exanples 75 -85, 2-furoyli seChiusoyss?st e was
reacted with 1-

(3-am nopropyl )-2,6,7-trinmethyl-1Himdazo[ 4, 5-c]pyridin-4-amne to provide
t he desired~—compound. The obSefMed accurate nass was 387.1608. 10

Exanpl es 94 - 106 The conpounds iln®t he table bel ow were prepared using the
foll ow ng|net hod. The appropri ?gyanate(l.l eq.) was added fo a test
tube containing a solution of N

am nopropyl ) - 2- (et hoxynet hyl )-6, 7-di pret hyl - | H i m dazo[ 4, 5-c] pyri din-4-am ne
(25 ng; s$ee Exanple 14 Part C) in c% form (5 nL). The test tube was
capped, vortexed and 15 then placed on haker at anbient tenperature for
-17 hours| The sol vent was renmoved by v//a,gulum centrifugation. Thejresidue
was purified by prep HPLC using the metdiod N descri bed above to provide the
trifluoroacetate salt of the desired conp The table bel ow shows the
structurejof the free base and the observed aBcurate mass (m+ H)| 81 WO
03/ 050119 |PCT/US02/ 18284 NH2 N NN =H N
Example R, ’ Accurate Mass (obs.)
Number
88 4-methylphenyl 431.1856
89 2-chlorophenyl 451.1318

Examples 90 — 92
The compounds in the table below were prepared using the method of Examples 75

— 85. the appropriate isothiocyanate was reacted with 1-(3-aminopropyl)-2,6,7-trimethyl-

5 1H-imidazo[4,5-c]pyridin-4-amine to provide the desired compound.

AR
S \ R,
Example R Accurate Mass (obs.)
Number
90 phenyl 369.1856
91 2-phenylethyl 397.2186
92 4-methoxyphenyl 399.1980
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H ON \R Exanple Rl Accurate Mass (obs.) Nunber 94 1-nethyl ethyl
363.2518 95 1, 1-dinmethylethyl 377.2673 96 butyl 377.2668 97 phenyl

397. 2366 wWOd3pyualiohexyl 403.2817 99 et hoxycarbonyl net hyl P¢OISEB8284 100
3-cyanophenyl 422.2321 101 3-net hoxyphenyl 427.2458 102 3-acetyl phenyl
439. 2466 103 4- (di net hyl am no) phenyl 440.2788 104 3-(nethyl thio)phenyl
443. 2204 105 4- trifluoronethylphegﬁhmﬁ@532205 Exanple 106 N {

3-[ 4- am no- 2- (et hoxynet hyl ) -6, 7-di met hyl -1 Hi m dazo[ 4, 5-c] yrldln 1-yl]prop
yl }- N, N-di MelBhiHaming- -2, OFirinetiyl- NE-inidzR4, 5-clyridin- 3(1)9&»31 9V’HeT/ US02/ 18284

Usi ng the method of Exanples 94 -_ 105 ..dimethyl carbanyl chloride was
reacted with “furoyl)thiourea

1- (3- ami nopropyl) - 2- (et hoxymet hyH) - 6, 7- di met hyl -1 H-i m dazo[ 4, 5-c] pyri di n- 4-
am ne to provide the desired co\\oq@d. The observed accurate mass was

N
349. 2340. I P \>_
N

I\Lg
)\H

Using the methods of Examples 75 —85, 2-furoylisothiocyanate was reacted with 1-
(3-aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired’

compound. The observed accurate mass was 387.1608.

10 Examples 94 — 106
The compounds in the table below were prepared using the following method. The

appropriate isocyanate(1.1 eq.) was added to a test tube containing a solution of 1-(3-
aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine (25 mg;
see Example 14 Part C) in chloroform (5 mL). The test tube was capped, vortexed and

15 then placed on a shaker at ambient temperature for ~17 hours. The solvent was removed
by vacuum centrifugation. The residue was purified by prep HPLC using the method
described above to provide the trifluoroacetate salt of the desired compound. The table

below shows the structure of the free base and the observed accurate mass (m + H).
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5 Exanpl e 107 N-{

3-[ 4- am no- 2- (et hoxynet hyl ) -6, 7-di net hyl -1 H-i m dazo[ 4, 5-c] pyridin-1 -

yl ] propylwp ogosq@hol i n- 4-yl carboxamide NH2 N N N ,-~H NrQ@/USaD18284 ng t he
met hod of Exanples 94 - 105, 4-norpholinecarbonyl chloride was reacted

wi th 1-(3-am nopropyl)-2-(ethoxynethyl)-6,7-dinmethyl-1Himdazo[4, 5-

clpyridin-4-amne to provide tfge desired conpound. The observed accurate
mass was 391.2465. 15 Exanpl e/ I N {
3-[ 4-am no- 2- (et hoxynet hyl ) - I FgJ/§| H i m dazo
[ 4, 5-c]{pyridin-1-yl]propyl (1R¥, 2S*) - 2- phenyl cycl opropyl Jurea NH2
NN N|,-~-HN O-IINH 83 03/|050119 PCT/ US02/ 18284 Usi ng |t he net hod
of Exanples 94 - 105, trans-2- phean opropyl isocyanate was |reacted with
1- (3-ami nopropyl)-2- (et hoxynet hyl)-6,~ydi net hyl -1 H i m dazo[ 4, 5-
c]pyridin-4-amne to provide the desi r;;d—l conpound. The observed accurate
mass was 437.2674. 5 Exanple 109 0o° N
N- [ 3- (4- ani no- 2- et hoxynet hyl - 6, 7- di met hyl FiH-i ni dazo[ 4, 5-c] pyri{din-1-yl)pro
1]-N
Pyl Example Ry Accurate Mass (obs.)
Number

94 1-methylethyl 363.2518

95 1,1-dimethylethyl 377.2673

96 butyl 377.2668

97 phenyl 397.2366

98 cyclohexyl 403.2817

99 ethoxycarbonylmethyl 407.2392

100 3-cyanophenyl 422.2321

101 3-methoxyphenyl 427.2458

102 3-acetylphenyl 439.2466

103 4-(dimethylamino)phenyl 440.2788

104 3-(methylthio)phenyl 443.2204

105 4-trifluoromethylphenyl 465.2205

Example 106
N’-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl]propyl } -
N,N-dimethylurea
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met hyl - N-phenylurea NH2 NN Ni ,-~-HN O--N 10 Using the nethod of
Exanpl es 94 - 105, N nethyl-N phenyl carbanoyl chloride was reacted with

1- ( 3- am maprogfpi1)e 2- (et hoxynet hyl ) -6, 7-di met hyl - | H i m daz ®@C#/U502/18284
c]pyridin-4-amne to provide the desired conpound. The observed accurate
mass was 411.2513. 15 Exanples 110 - 112 The conpounds in the table bel ow
were prepar egrs g nfefifd'Se EQQtnRE oEXa(gy Gfncltlyicabiry] chittiRRIMsIBALH €

sul fonyl i socyarrate was reacteg wi th 1-(3-amnopropyl) - 2-

( et hoxy mathhiy-(3-arfindpctipybi2hfethoxkriethyt)as, 3 dmbthy)- pifriinddazo i, 2waipyeidinedpr ovi de t he

desired 20 conpound, 84 WO 03/050119, PCT/ USQ2/ 18284 NH2 ,-~H N H
O NS - PGHE RN i PSR EORBRR Gt LD AR e b s 2402340,

5 Example 107
N-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-

yl]propyl}morpholin-4-ylcarboxamide

10 Using the method of Examples 94 — 105, 4-morpholinecarbonyl chloride was
reacted with 1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-
c]pyridin-4-amine to provide the desired compound. The observed accurate mass was

391.2465.

15 Example 108
N-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl]propyl }-N'-
[(1R",25")-2-phenylcyclopropylJurea
NH,

NN
N
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110 phenyl 461.1954 111 4-nethyl phenyl 475.2119 112 2-chl or ophenyl
495.1580 Exanples 113 -116 The conpounds in the table bel ow were prepared
usi ng t hewossisd1of Exanples 94 -105. The appropriate i s®Chiusoyssas e was
reacted with 1-(3-am nopropyl)-2 5

((jethoxgrrethyl) 6, 7- &Lérlet%yl-gl-l-i m dazo[ 4, 5-c] pyridin-4-am ne to provide the
esire rrggfﬂ IN_ 105 ~ehd¥-2Hph dpybipdyanitt Accurate
Mass (obs.) gb Y 11:-(3)d:3f Pl%lgamlno prop e°m0 30 7 1?2é henyl

413. 212%as &h&eawnhrbh’bhmnm@tdwl) %&mmsr&thﬂ)téudmﬂwbkﬁlplﬁéwpf)‘h&s 2236 85

WO 03/ 050119 PCT/ US02/ 182
N-[ 3- (4C]§Vﬁ1‘1%8 %a@fq?&??ﬁ%‘flﬁ?ﬁh?gfésﬁ icls;g{pﬁwlc_l-l}j}}? Absgays g[aﬁc%ate]mpﬁ? P& n-1-yl)pro
pyl1-N a3f2sfquroyl )thiourea NH2 NM-"O N '-~H

5

Example 109
N'-[3-(4-amino-2-ethoxymethyl-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]-N-
methyl-N-phenylurea

NH,

N

Ny

o)\N/

O

Using the method of Examples 94 — 105, N-methyl-N-phenylcarbamoyl chloride

10

was reacted with 1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-
clpyridin-4-amine to provide the desired compound. The observed accurate mass was
411.2513.
15
Examples 110 - 112
The compounds in the table below were prepared using the method of Examples 94
—105. The appropriate sulfonyl isocyanate was reacted with 1-(3-aminopropyl)-2-
(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired

20 compound.
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N H
2

-furoylisothiocyanate was reacted with
1- ( 3- am meprogfpsii)9e 2- (et hoxynet hyl ) -6, 7-di met hyl - | H i m daz@Ca/@Sov]§2$4 i di n- 4-
provi de the desired conpound. The observed accurate mass was
431.1846. 10 Exanples 118 -132 The conpounds in the table bel ow were

amne to

SN~O 5 0Using the nethod of Exanples 94 -

105,

prepared U
was added
1- (2- am ndg
15 see Ex4
vortexed 4
The sol ven

g the Tof fow ng MeNIRd.

to a test tube containilpng
ethyl)-2,6,7-trineth
nple 15 Part F)
then placed on a shake
vacuum cenuri

nd

t was renoved by

inc

ﬁ

The appropriate isocyanate

sol uti on of

”f4 5-c] pyri di n- 4- am ne
m ( The test tube was
t anblent tenperature for 4

gl

ugat i on.

The resi due was

|

by prep HRLC using the nethod describe bove to provide the
trifluorodcetate salt of the desired co d. The table bel ow sh
structure |of the free base and the obse@ve »gocurate mass (m+ H).
03/ 050119 |[PCT/ US02/ 18284 NH2 NN N O HdJM™N\R 1 Exanple Rl Accur
(obs.) Nunber Ry
Example R, Accurate Mass (obs.)
Number
110 phenyl 461.1954
111 4-methylphenyl 475.2119
112 2-chlorophenyl 495.1580

Examples 113 - 116

The compounds in the table below were prepared using the method of Examples 94

'—105. The appropriate isothiocyanate was reacted with 1-(3-aminopropyl)-2-

5 (ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired

compound.
NH,
x—N
N D YN0 ™S
N
\\LH
N
A4
N
\R,
Example Ry Accurate Mass (obs.)
Number
113 3-(diethylamino)propyl 450.3037
114 phenyl 413.2125
115 2-morpholinoethyl 450.2658
116 4-methoxyphenyl 443.2236
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118 1-met hyl et hyl 305.2086 119 1, 1-dinethylethyl 319.2244 120 butyl
319. 2245 121 phenyl 339.1935 122 cycl ohexyl 345.2392 123

et hoxycarwormglopathyl 349. 1994 124 3-cyanophenyl 364. 1876 PCTA%02/18284
3-met hoxyphenyl 369.2042 126 3-acetyl phenyl 381.2048 127

4- (di met hyl am no) phenyl 382.2352 128 3-(nethylthio)phenyl 385.1805 129
4-trifluoronet hyl phenyl 407.1812 130 benzoyl 367.1903 131 1-adanantyl
397.2716 132 4-phenoxyphenyl 431.2187 87 WD 03/050119 PCT/ US02/ 18284
Exanple 133 N Example 117

[2-(4-am n iethyl -1 Hjmd 5- di h ) i

y! urea g f?{l' WE[%“}&}W%iH]%H%q%g{?HM% ;?03 %Urdl@)éﬁ%ﬂré@q'%g N (iilgge '
di met hyl carbanyl chl oride was reqagheg)Wibuiea

1-(2-am noethyl)-2,6,7-trinmethyl -l Himdazo[4, 5-c]pyridin-4-amne to

provi de the de5|red conpound. Nhhe observed accurate mass was 291.1929.
Exanpl e 134 10

N-[ 2-(4-am no-2, 6, 7- trlnethyI|IH-|n§d”20fN\5 c] pyridin-1-yl)ethyl]norpholin

-4- ylcarboxanlde
‘\LH

N

P
et

Using the method of Examples 94 — 105, 2-furoylisothiocyanate was reacted with
1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl-1H -imidazo[4,5-c]pyridin-4-amine to
provide the desired compound. The observed accurate mass was 431.1846.
10
Examples 118 —132
The compounds in the table below were prepared using the following
method. The appropriate isocyanate (1.1 eq.) was added to a test tube containing a
solution of 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine (20 mg;
15 see Example 15 Part F) in chloroform (5 mL). The test tube was capped, vortexed and
then placed on a shaker at ambient temperature for 4 hours. The solvent was removed by
vacuum centrifugation. The residue was purified by prep HPLC using the method
described above to provide the trifluoroacetate salt of the desired compound. The table
below shows the structure of the free base and the observed accurate mass (m + H).

20
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NH2 NN NO HN O Using the nethod of Exanples 118 -133,
4- nor phol i necar bonyl chloride was 15 reacted with

1- (2- am nootobpsya®, 6, 7-tri net hyl -1 H-i m dazo[ 4, 5- c] pyri di nPETAISO2€E828D
provi de the desired conpound. The observed accurate mass was 333.2025. 88
WD 03/ 050119 PCT/ US02/ 18284 Exanple 135 N [2-(4-amino-2, 6,7-trimethyl- |

hyl ] - N- net hyl

H i m dgzo {4, 5=t pyridim-1I=yt g hyll -N - [(1 R 25)-2-
phenyl cycl opropyl Jurea NH2 N N 2 O HNH 5 Using the nethod of Exanpl es
118 -1B3, trans-2-phenyl cycl opr N\ Ssocyanate was reacted wifth
1-(2-am noethyl)-2,6,7-trine i mdazo[ 4, 5-c]pyridin-4-anine to
provi de the desired conpound. The pbserved accurate nass was 3[79.2235. 10
Exanpl ¢ 136
N—[2-(4-anino-2,6,7-trinethyl-lH—inida%d?4,5-c]pyridin-l-yl)et
-N- phenylurea N2 N N N HHN
“R,
Example Ry Accurate Mass (obs.)
Number

118 1-methylethyl 305.2086

119 1,1-dimethylethyl 319.2244

120 . butyl 319.2245

121 phenyl 339.1935

122 cyclohexyl 345.2392

123 ethoxycarbonylmethyl 349.1994

124 3-cyanophenyl 364.1876

125 3-methoxyphenyl 369.2042

126 3-acetylphenyl 381.2048 |

127 4-(dimethylamino)phenyl 382.2352

128 3-(methylthio)phenyl 385.1805

129 4-trifluoromethylphenyl 407.1812

130 benzoyl 367.1903

131 1-adamantyl 397.2716

132 4-phenoxyphenyl 431.2187
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OHN- 15 Using the nethod of Exanples 118 -133,

N- et hyl - N- phenyl car banoyl chloride was reacted with

1- (2- am nootobpsya®, 6, 7-tri net hyl -1 H-i m dazo[ 4, 5- c] pyri di nPETAISO2€E828D

provi de the desired conpound. The observed accurate mass was 353.2073. 89
WO 03/ 050119 PCT/ US02/ 18284 Exanple 137 diethyl {

[2-(4-am no-2,6, 7-trinmethyl -1 Hi njagﬁﬁdg[a%@-c] pyridin-1- yl)ethyl] amno }
car bonyl am dophosphate NH2 N N N N HO HNP,O /-O5 Using the nethod
of ExanpMNepR-@l8mind336,7 diinkﬁwkyblhkns'fiﬁﬁoﬁ&&d]midjmha’d)@thwﬁsN,Mém@guwt h
1-(2-am noet hyl)-2,6, 7-trinmet hyl -I[Ql-'l_-li m dazo[ 4, 5-c] pyridin-4-amne to
provi de the desired conpound. The plfserved accurate nass was 399.1926. 10
Exanpl es 138-139 The exanples iny bl e bel ow were prepared using the

met hod of Exanples 118 - 133. The Nropri ate sul fonyl isocyanate was

reacted with 1-(2-am noethyl)-2] -
trimethyl-1Himdazo[ 4, 5-c]pyridint4- [rri~\ne to provide the desired conpound.
NH2 NN N O N-C
ing
/N\
5 Using the method of Examples 118 —133, dimethylcarbamyl chloride was reacted

with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the

desired compound. The observed accurate mass was 291.1929.
Example 134
10 N-[2-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)ethylJmorpholin-4-

ylcarboxamide
NH,

S
()

Using the method of Examples 118 —133, 4-morpholinecarbonyl chloride was
15 reacted with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

provide the desired compound. The observed accurate mass was 333.2025.
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H-f HN. 0 1 Exanple RI Accurate Mass (obs.) Nunber 138 phenyl 403. 1559
139 2-chl orophenyl 437.1158 15 90 WD 03/050119 PCT/ US02/ 18284 Exanpl es
140 - 146wOhe/osnanpl es in the table bel ow were prepared uecmgsoties2set hod of
Exanpl es 118 - 133. The appropriate isothiocyanate was reacted with
1-(2-am noethyl)-2,6,7-trinmethyl - 1Him dazo[ 4, 5-c] pyridin-4-amne to
provide the desired conpound. 5 NgZ d]il;jel\ﬂ35N SNI HN\R 1 Exanple R1
Accurate Mass (obs.) Nunber 140 3-?m et hyl am no) propyl 392.2599 141
phenyl 35%-[BEFamind22,8;7frineityl-3 FBinid4[4,543pwidimd phistiyhbdt-KIR.2892: 2233 144
4- met hoxyphenyl 385. 1826
phenylcyclopropyljurea
NH

NN

| —

Z N
l\\ .
i
NH

s,

,

%,

’/i :

Using the method of Examples 118 —133, trans-2-phenylcyclopropyl isocyanate
was reacted with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

2

provide the desired compound. The observed accurate mass was 379.2235.

10 Example 136
N'-[2-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)ethyl]-N-methyl-N-
phenylurea
NH,
NN
| >—
Z N
l\\ .
N
HY{
av

15 Using the method of Examples 118 —133, N-methyl-N-phenylcarbamoyl chloride
was reacted with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

provide the desired compound. The observed accurate mass was 353.2073.
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145 benzoyl 383.1647 146 1l-adamantyl 413.2472 Exanples 147 - 164 Part A
10 Propanenitrile (120 nL) was added to mal onyl dichloride (100 g) and the
reacti on woiososred was stirred under nitrogen for 24 hoursPCDiuseam2s{ 200 nlL)
was added. The resulting solid was isolated by filtration, washed with

wat er and suction dried. It was dissolved in nethanol (-75 nL) and then
conbi ned wi th di oxane (300 nL). ThExmaplerms7 was reduced under reduced

pressure until adthlipjlié%h%t e precipitate formed. The resulting 15
precipitate was CSSPARET(BYmorEe-Artrimethylkd ShisaidegofhSdimsidie land dried to
provide 64.4 g of 6-chl = : pyri di n-2-one

hydr ochl ori de as a whi te%ggf@yaﬂg%&%bggﬁg@g%dfgoé US02/ 18284 Part B

6- Chl or 0- 4- hydr oxy- 5- et hyl - 1H p¥H: di n- 2- one hydrochl oride (64 g) was

di ssolved in sulfuric acid (32?1 phile cooling in an ice bath. Nitric
acid was added drop wise over |p perided-of 90 minutes. The reaction mxture
was allowed to stir for an 5 iZF1Tomal 30 mnutes and then it was poured
into ice water (2 Q The resulting b.L\e)ci pitate was isolated by filtration,
washed with water and then dried to providg 42.5 g of

6- chl or 0- 4- hydr oxy-5-net hyl -3-nitro-| I—ﬂb‘ﬁl Qj n-2-one as a |light yellow
solid. Part C Triethylamne (30.2 nL, 22MNtyiol) was added to a cooled (ice
bat h) suspension of 10 g %

6- chl or o- 4- hydr oxy- 5- net hyl - 3- ni tro-ll—l-{)yri di\1\2-one (5.0 9, 24.4 mol) in
anhydrous dichl oronet hane and the starting material went into solution.
Trif¥lic anhydride (8.3 nL, 48.9 mmvl) was added drop wi se. After 1 hour

tert-butyl 4-am ngbut *]ccﬂrtb}%anat added. After 1 hour the reaction was
al | oned to warma g]eeﬁ% Ehe ’@Hi?i"rs ré Santjetperphopritinyl dsasyaaghwas The
sol vent scavesdewite m%a@&@l)-a,%gﬂé&ﬁﬂetmﬁlﬁ%ﬁim,st-&ﬁyﬁ(ﬁﬁlﬂylgin%?o

chromat ographed to provide cru

4- ({ 4- [ Preide hadssiyedgommeyng.afhmolsouieylabamiteaass was 399.1926.

chl oro-5-methyl -3-nitropyridin-2-yl trifluoronethanesul fonate as a bl ack
oil. Part D The crude product fromPart C was conbined with toluene (2 L),

t ri0et hyl ami ne Examples 138-139

The examples in the table below were prepared using the method of Examples 118
— 133. The appropriate sulfonyl isocyanate was reacted with 1-(2-aminoethyl)-2,6,7-

trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the desired compound.

NH,
NN
N
P N>—
N O
H
Hor\l;sso
R,
Example R} Accurate Mass (obs.)
Number
138 phenyl 403.1559
139 2-chlorophenyl 437.1158

15
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(25.4 nL), and dibenzylamne (35.5 nL) and heated at reflux for 1 hour. The
reaction 20 mxture was allowed to cool to anbient tenperature, washed

wi th wat ew0(04/050119 L) and brine (200 nL), dried over nagne®curussulf2st e and
then concentrated under reduced pressure to provide 100 g of an orange
oil. Aportion (70 g) was purified by col um chromat ography (1200 nL of
silica gel eluting with 20/80 (—:% acgpicat eddhexanes) to provide 52 g of
tert-butyl 4- { [2-chloro-6-(di Iam no) - 3-met hyl -5-nitropyridin-4 25

yl ] ami no } bulyit exaryslesinahe sable H)ﬂlg\mwey@pﬂepwe@lwmg tiramethed sbBrampleot Bhydri de

0.40 g, w dded t f N hl d
hexahydrdea: 4B¢ PePgpas s ioIan e N e Risdor oy T2 ALy oAPELE e e o
sol ut i OQHQifijz?L'bEZF BLiWridfn-4-amine to lﬁowde the desired compound. _

[ 2-chl oro-6-(di enzyl am no) - 3- et 5-nitropyridin 30 4-yl]amno

} bt yli carbamate (3.25 g, 5 87 rrrml) di ssolved in a m xture of nethanol (25
nm.) ang—ei-entororrethane—{(26 |||_)N|_Yvaa added—tothe reactiom mxture. Sodi um
borohydride (0.93 g) was sl owy &dded. After 30 m nutes anal ys|s by high
per formance 92 WO 03/050119 U\ /18284 |iquid chromat ography indicated
that the reaction was conplete. Jhe/reaction was scaled up to|48.7 g of
the starting material using“the sa conditions. The small and||arge scal e
reacti on m xtures were conbi ned an iltered through a |ayer of Celite(r)
filter |aid. The filtrate was passedgﬁ@ugh a plug of silica gel and the

t

pl ug was washed with 50/50 5 dichlor hane/ met hanol. The filtrate was
concentjrat ed under reduced pressure N ovide 46.3 g of tertibutyl 4-{
[ 3- ami no- 6- chl or o- 4- (di benzyl am no) - 5- net Ayl pyri di n-4- yl]
an no} Byl gper bamate as a I{Rght brown ol Il Pagdcufatd MARS (Bﬂsi?m ng (12.2 niL)
was added t chilled (0C) solution of the material from Part E in

di chl or|a¥imhbsane (300 rrL) A soI ut| on of et hoxyacetyl chl or| de 10.8 g) in

di chl orlerethane {100+ WaS ded—ra—an—addit —The{reacti on was
alloned t &M wdrmto %@é@ﬁﬁn}“é@ﬁ@pﬁ{ ure operni ghtgbzﬁgpyy s indicated that
sonme staryjpg ateri al reReiyied so 0. 2 eq of thessmcigyy7chl ori de was added.
After 1 hour the reaction mxture was washed with water (3 x 500 ni),

dri ed qved4tragnesi um sul f&{fmoahd then concent r at e¥3184dnder reguced

a to nriovide ta ehero=—6=—dib 1 : 3\ _ _
Pressune—te proviaetgr oty e 12 o6 Pepmytam o)y 5- (2

d

144 4-methoxyphenyl 385.1826
145 benzoyl 383.1647
146 1-adamantyl 413.2472

Examples 147 — 164
Part A
10 Propanenitrile (120 mL) was added to malonyl dichloride (100 g) and the reaction
mixture was stirred under nitrogen for 24 hours. Dioxane (200 mL) was added. The
resulting solid was isolated by filtration, washed with water and suction dried. It was
dissolved in methanol (~75 mL) and then combined with dioxane (300 mL). The volume
was reduced under reduced pressure until a thick white precipitate formed. The resulting
15 precipitate was isolated by filtration, washed with dioxane and dried to provide 64.4 g of

6-chloro-4-hydroxy-5-methyl-1H-pyridin-2-one hydrochloride as a white solid.

91



et hxoyacet yl am no) - 3- net hyl pyri di n-4-yl ] am no} butyl carbanmate as a brown
oil. The oil was dissolved in pyridine (300 nL). Pyridine hydrochl oride
(40 g) wawoaddsdiand the reaction m xture was heated at Pefriusk2/isass 4
hours. The reaction m xture was allowed to cool to anbient tenperature and
then it was concentrated under reduced pressure. The 20 residue was

di ssol pn ethyl acetate (500 ni) and washed with water (500 nL). An

enul si on forned and was cl eared by addi ng sodiumchloride to the agueous

| ayer. The GChkne-¢-hydsosy-SnesthyllBdpyidin-2ranghedioghoside (@t 8 %#d concent r at ed

under reduced . pressure. r.Qvide 52..1 f. r Ky J is oil was
pur 11 GESBly e BHBE G dtgs U e elite 8 S oB5aE RGDL aga

acet at G‘dr{;;zmeo%)er 5 BerRIdfi e dte8. Thefedcabh mixting was dlowelltosta-for 25

(di benzyl'am no) - 2- (et hoxynet hyl ) - 7-net hyl -1 Hi mi dazo] 4, 5-¢c] pyridin-| -

y19 but ydddiidpah3Q miratesand gt ya$ peedintd igpgyater&2 )i fipgsrs9408t i ¢ acid (160
m.) was added over [ ] jol ; Lon of the
mat er i ATCHPHHE PP {so%tq%ﬁoyﬁ@rﬁﬁég,g&? rraes%gﬁﬁetﬁ(%%%% aﬁﬂ?@nT r%qrt%gg%vil%ﬁiwé%gm xt ur e
was al | gueshib@-Ahidro@y s nétait3-anch-1 Heyyridin-Dase evatightyeHowdolidder reduced
pressure. The residue was partitioned between dichl oronethane (500, ) and
10% sodfarté" hydr oxi de (500 nl). The base | ayer was extracted wth

di chl or onet hg{i‘egtrlf%laﬁ)&paﬁ%ﬁ 322%&%@8?%%%18(3&3{5} LIS AR ABh) sageRiibRdr

or gani cs wer er magnesi um ate and then concentrated under
r ggluc e ds-prIRES Mg dioay Srinwihetk3-aitbs-0Wpyridin-2Kive (201g. dhd ranel ¢h grltydrays

i | (100 m d th ined with 41 m. of . | or | i d
| G ot HoMommRdRnc Bl Ry E R BT SDE RS St alif)- atmbY B PRI o i

The respy §i LRich At Was. iagelatiedr Ryr-Butflid-tmatobaryicamshscwad t h et her
and dri%gdé?lﬁg%lp\(yg%@rﬁiov%n at 80C overrni ght %o ptovigﬂg 11. 25 of the

hydr oc haddeil d A feal hoaftht hracteswee dlgwedooraraso amhpgnt éenaperatare apgdhedy) j d was
di ssolved in wate 200 conbi ned w ' {15 g), and

t hen ex]teaafﬁ’?@dlg twirrm(ﬁS%V?ﬂ%@?ﬁeﬁgwgﬁ%u?cgr%%SW%?%@(@%& Ilcf"l%d extracts
wese dr élﬁgmﬁtb%fapﬁ@(gfé?ﬁbﬂﬁb cildb Hat[e-[apa-tuheycabang s edtylyadenor @duced
pressure to provide 10.2 g of 1-(4 10 .

am nobuehibio- NNt BenzgnyrBlieRnd tolveromehanssionaie #s ¥PREE AT -1 H- i ni dazo[ 4, 5-

c] pyridﬁgr-tﬁ-arri ne as a clear oil. Part H

The crude product from Part C was combined with toluene (2 L), triethylamine

(25.4 mL), and dibenzylamine (35.5 mL) and heated at reflux for 1 hour. The reaction
20 mixture was allowed to cool to ambient temperature, washed with water (4 x 1 L) and

brine (200 mL), dried over magnesium sulfate and then concentrated under reduced

pressure to provide 100 g of an orange oil. A portion (70 g) was purified by column

chromatography (1200 mL of silica gel eluting with 20/80 ethyl acetate/hexanes) to

provide 52 g of fert-butyl 4-{[2-chloro-6-(dibenzylamino)-3-methyl-5-nitropyridin-4-
25 yl]amino }butylcarbamate as a light yellow oil.

Part E
Sodium borohydride (0.40 g, 10.6 mmol) was slowly added to a solution of

nickel(I) chloride hexahydrate (0.70 g, 2.93 mmol) in methanol (75 mL). After 15
minutes a solution of zerz-butyl 4-{ [2-chloro-6-(dibenzylamino)-3-methyl-5-nitropyridin-

30 4-yl]amino Jbutylcarbamate (3.25 g, 5.87 mmol) dissolved in a mixture of methanol (25
mL) and dichloromethane (20 mL) was added to the reaction mixture. Sodium

borohydride (0.93 g) was slowly added. After 30 minutes analysis by high performance
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Under a nitrogen atnosphere, ammonium formate (13.7 g) was added to a
m xture of 10% pal | adium on carbon (10 g) and ethanol (200 nL). The
mat eri al WoosRane H was 15 dissolved in a mxture of hotrcatusanod2s{ 600 nlL)
and net hanol (400 nL) and then added to the reaction m xture. The reaction
m xture was heated at reflux for 4 hours and then allowed to cool to

anbi entli%@%ﬁoﬁ%aﬁﬁa@ﬁﬁﬁ%@kﬂ@& tha@”ﬂﬁlr)felfdtﬁmiv‘%@icgf}lb%-tﬂ%reﬁa%nr‘@@qch@ﬂ was

only abo one ete so catalyst (5 g) and ammoniumformate (5 g)
were agisedtsang of e staticg ineterial wding thewame lsenditidnsatThesfralbantidargd s¢pdeir s.  The

ti 1 Xt 20 al l, d .t t ' L .at ur dth [
vae. 11 TFRIAR e R PaalireD b A RE DT G RERTREN A, B ave v

hed w / H d und
washed w1 h. O éf%ts%f %?d(l}lglh greﬁﬁag]c 1 hcalgel %?ld %@%&ﬁﬁﬁ%a WA Sy/6@NOVed under

reduced pressur ar ol was partitioned between
di shl or gisEbhanehiredfetihyol afite filitsts wds uondestiated ingtter (2idOedpiessuTh® aqueous

I d with djchlor, . i.ned ic.l.
r e ovemdnhE b chiA-| BrahaRe Hen-SH ber RREY Trse e © "
pressur glg)érﬂirﬁl}}gﬁlzéyﬁﬁrb‘&mﬁg A aQi‘%hg-brown oil.

(4-am nobuty (et hoxynet hyl)-7-methyl -1 H i m dazo[ 4, 5-c] pyri di n-4-am ne
as a clBatF oil which partially solidified on standing. Part | The

conpounds in_the tahle ' t he. ] . t hod.
Ther appr opr | TtETRLERYEHRCERE VE* BB RALR I sl b e RSl 1
SQ{)Ut ! OparPE, in dichloromethane (300 mL). A solution of ethoxyacetyl chloride (10.8 g) in

1-(4- am nobut fl“j - ZT-%ne

thoxynet hyl ) - 7-met hyl -1 H'i m dazo[ 4, 5- c] pyri di n- 4-
ani ne (@Bhbrom}thame A0 orlgfvarsmd(&d vin)an attdision dennel. ube ipaeiimapiredlosied t¢ hen

| d 94 03/050119 PCT/ US02/ 18284 ..sh I t
P e, S8 S0P 0202 T IORA0RS Sl B BGPES PLL

wWas pur idufekdo (b 8§ ot GeidsihitideR s mibR dAdesCholret fboien mixoupvesi de t he
trifluoroacetate salt of the desired conpound. The table bel ow shows the

st ruct uweshed witle waice 6 »3eQ@mindlriedeovshBuagyesia seigad B oncgntatey 5 NH N

N 15 N1 uinder reduced pressure to provide fert-butyl 4-{[2-chloro-6-(dibenzylamino)-5-(2-

ethxoyacetylamino)-3-methylpyridin-4-yl]amino } butylcarbamate as a brown oil. The oil
was dissolved in pyridine (300 mL). Pyridine hydrochloride (40 g) was added and the
reaction mixture was heated at reflux for 4 hours. The reaction mixture was allowed to
cool to ambient temperature and then it was concentrated under reduced pressure. The

20 residue was dissolved in ethyl acetate (500 mL) and washed with water (500 mL). An
emulsion formed and was cleared by adding sodium chloride to the aqueous layer. The
organic layer was dried over magnesium sulfate and concentrated under reduced pressure
to provide 52.1 g of a dark brown oil. This oil was purified by chromatography (silica gel
eluting with 30/70 ethyl acetate/hexanes) to provide 24.8 g of terz-butyl 4-[6-chloro-4-

25 (dibenzylamino)-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c}pyridin-1-
yl]butylcarbamate as a light yellow oil.
Part G

Trifluoroacetic acid (160 mL) was added over a period of 15 minutes to a chilled

(0°) solution of the material from Part F in dichloromethane (500 mL). The reaction

30 mixture was allowed to stir overnight and then it was concentrated under reduced pressure.
The residue was partitioned between dichloromethane (500 mL) and 10% sodium
hydroxide (500 mL). The base layer was extracted with dichloromethane (x 2). The
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O N-~HHRExanple R Accurate Mass (obs.) Nunber 147 1-nethyl et hyl
363. 2528 148 1, 1-dinethylethyl 377.2666 149 butyl 377.2674 150 phenyl
397. 2359 wodYosoiee ohexyl 403.2818 152 et hoxycar bonyl met hpCTAGH2/2R88 153
3-cyanophenyl 422.2296 154 3-net hoxyphenyl 427.2459 155 3-acetyl phenyl
439. 2463 156 4- (di net hyl am no) phenyl 440.2787 157 3-(nmethyl t hi o) phenyl

443. 2259,mbaidbrEadids Wt aiBd Hydr $iudCRlf3Rd tHea%ohcar@aritner 455. 3117
160 3-(ethoxycarbonyl)phenyl 469.2549 161 (1l-naphthyl)ethyl 475.2790 162

4- phenoxgdvisethpies8e t@pRgide idsown pilt AP wHaras dissotvea i isamopaacd 6100184,
o SR S ST AT AR AR B R B B
pyri di n{3p0/il.) Rk ¥lowly adliddto eienixttyre UTEa reditdhgbrétipiblte was isolated by
5 filtration, washed with ether and dried in a vacuum oven at 80°C overnight to provide
11.25 g of the hydrochloride salt of the desired product as a white solid. The solid was
dissolved in water (200 mL), combined with sodium carbonate (15 g), and then extracted
with dichloromethane (3 x 500 mL). The combined extracts were dried over magnesium
sulfate and then concentrated under reduced pressure to provide 10.2 g of 1-(4-
10 aminobutyl)-N,N-dibenzyl-6-chloro-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-
c]pyridin-4-amine as a clear oil.
Part H
Under a nitrogen atmosphere, ammonium formate (13.7 g) was added to a mixture
of 10% palladium on carbon (10 g) and ethanol (200 mL). The material from Part H was
15 dissolved in a mixture of hot ethanol (600 mL) and methanol (400 mL) and then added to
the reaction mixture. The reaction mixture was heated at reflux for 4 hours and then
allowed to cool to ambient temperature overnight.. Analysis indicated that the reaction
was only about one half complete so catalyst (5 g) and ammonium formate (5 g) were
added and the reaction mixture was heated at reflux for 4 hours. The reaction mixture was
20 allowed to cool to ambient temperature and then it was filtered through a layer of Celite®
filter aid. The filter cake was washed with 50/50 ethanol/methanol (1 L). The solvents
were removed under reduced pressure to provide a clear oil. The oil was partitioned
between dichloromethane (500 mL) and 10% sodium hydroxide (200 mL). The aqueous
layer was extracted with dichloromethane. The combined organic layers were dried over
25 magnesium sulfate and then concentrated under reduced pressure to provide 4.30 g of 1-
(4-aminobutyl)-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c]pyridin-4-amine as a clear
oil which partially solidified on standing.
Part I
The compounds in the table below were prepared using the following
30 method. The appropriate isocyanate (1.1 eq.) was added to a test tube containing a
solution of 1-(4-aminobutyl)-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c]pyridin-4-
amine (23.5 mg) in chloroform (5 mL). The test tube was capped and then placed on a
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ONA HN 5 Using the nmethod of Exanples 147 - 164, dinethyl carbanyl
chloride was reacted wth

1- (4- am rwbwsps)12- (et hoxynet hyl ) - 7-met hyl -1 Hi m dazo[ 4, SPeEjrfsn/di2ss 4- ami ne
to provide the desired conpound. The observed accurate mass was 349.2334.
10 Exanple 166 N- { 4- [4-am no-2-(ethoxynethyl)-7 -nethyl- | Himdazo [4,
5 -c] spykerdi ambieyt febipeyaturp ford hdufsl RISl @wnphes woywel byvepyinl urea  NH2 N N
N ON HNH_ 15 Using_ the mat,hoﬁ(ﬂ of %}g@ﬂses. 147 - 6&, . )
t r ans-censiiesaiony dibe sPLA WASTUEiSh by are Sing e Taetid described above

1-(4- aggi,nabit ik hadtadBhditaty Wi dpthd ackibB Lbiotid: | THeAARE béiobrsabwY tiedi -

-amne‘to provi the desired conpound. he observed accurate mass was
437. 26HGctuftofthe Bi2é Baklihd tRCIYSEISOR AdBR84 maSx mH B). 167 N - {

4-[4-am no- 2- (et hoxynet hyl )-7-methyl - | Hi m dazo[ 4, 5-c ridin-1-yl]butyl
-N methyl-N-phenylurea NH2 NN% N O M [ 1Py yiTbutyl ]

NH,
NN
| N\>/\o’\
A
i
H R
Example R, Accurate Mass (obs.)
Number
147 * 1-methylethyl 363.2528
148 1,1-dimethylethyl 377.2666
149 butyl 377.2674
150 ' phenyl 397.2359
151 , . cyclohexyl 403.2818
152 ethoxycarbonylmethyl 407.2393
153 3-cyanophenyl 422.2296
154 3-methoxyphenyl ' 427.2459
155 3-acetylphenyl 439.2463
156 4-(dimethylamino)phenyl 440.2787
157 3-(methylthio)phenyl 443.2259
158 4-trifluoromethylpheny! 465.2206
159 1-adamantyl 455.3117
160 3-(ethoxycarbonyl)pheny1 469.2549
161 (1-naphthyl)ethyl 475.2790
162 4-phenoxyphenyl 489.2589
163 4-methylphenylsulfonyl 475.2126
164 2-chlorophenylsulfonyl ‘ 495.1571
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Hj - 5 Using the nethod of Exanples 147 - 164, N- nethyl-N phenyl carbanoyl
chloride was reacted with

1- (4- am MobuBws)11®- (et hoxynet hyl ) - 7- met hyl -1 H-i m dazol[ 4, 5Pcirssoz/cizn4
4-amne to provide the desired conpound. The observed accurate nass was
411. 2532. 10 Exanples 168 - 175 The conpounds in the table bel ow were
prepare using the nethod of Exanples 147 - 164. The appropriate

i sot hi ocyanate was reacted with é-(4- aqi obutyl) - 2-

(et hoxymet hyl ) - 7- met hyl - | Hi mi da %Tﬁm8-8$pyridin-4-aniné to provide the

desi red,: EPAR R 3h( - inNHA Ity NN 1-~ S
R o B R S RS e S

3- (di et hyl anmi no) propyl 450. 3007 dibthyhweayl 413.2129 170 2-furoyl 431.1870
171 2-nor phol i noet hyl 450. 2653,,,172 4- net hoxyphenyl 443.2240 173 benzoyl
441.2090 174 1-adamantyl 471. 502 175 4-sul fanoyl phenyl 492. 1848 CYTOKI NE
| NDUCTI ON I N HUMAN CELLS 5 Ay tro human bl ood cell systemis used to
assess cytoki ne induction. A tty %?V/QO/\\

Using the method of Examples 147 — 164, dimethylcarbamyl chloride was reacted
with 1-(4-aminobutyl)-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5 -c]pyridin-4-amine to
provide the desired compound. The observed accurate mass was 349.2334.

10
Example 166

N—{4~[4-amino-2~(ethoxymethyl)-7-methyl-1H—imidazo[4,5-c]pyridin—l—yl]butyl}~N‘—
[(1R,2S5)-2-phenylcyclopropyl]urea
NH,

N
N™ ™~
N

15
Using the method of Examples 147 — 164, trans-2-phenylcyclopropyl isocyanate

was reacted with 1-(4—aminobutyl)-2—(ethoxymethyl)—7-methyl-1H—imidazo[4,5-c]pyridin-

A-amine to provide the desired compound. The observed accurate mass was 437.2668.
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is based on the neasurenent of interferon and tunor necrosis factor (a)
(I'FN and TNF, respectively) secreted into culture nmedia as descri bed by
Test er manweto3/osi119 | n " Cyt oki ne I nduction by the | nmunonoaaiTatSoz/s3284ri qui nod
and S-27609", Journal of Leukocyte Biology, 58, 365-372 (Septenber, 1995).
10 Blood Cell Preparation for Culture Wole bl ood from healthy human donors
is collected by venipuncture intBx@pal6Yacut ai ner tubes. Peripheral bl ood.

nmononucl ear cells (P ar epar at e g Lty

gr adi entV; c@%mﬁg&-%wg}eﬁgﬁh@%ﬁﬂ%%%."]@P%‘%’gqi@mﬁ?ﬁ?’éd 1:1

wi th Dul becco's Phosphat e Buf fiesiigd NSphdnyturéDPBS) or Hank's Bal anced Salts
Solution 15 (HBSS). The PBMC | ayer is collected and washed twi ce with DPBS
or . HBSS and 98 WO 03/ 050119NPBECT/ US02/ 18284 resuspended at 4 x 106
cells/m in RPM conpl ete. N MC suspension is added to 48 well flat
bottom sterile tissue cultyre eSo(Cest ar, Canbridge, MA or Becton

Di cki nson Labware, Lincoln NJ) containing an equal volune of RPM
conplete nmedia containing test ound. 5 Conpound Preparation The
conpounds are solubilized in dinmetRhyl sulfoxide (DVBO). The DVBO
concentration should not exceed a final Qoncentration of 1% for addition to
the culture wells. The conpounds ar n;@y tested at concentrations

rangi ng from 30-0.014 M Incubation 10 N ution of test conpound is
added at 60 Mto the first well contai n(ng conplete and serial 3
fold dilutions ~ are nade in the wells. The PBMC suspension is then added
t®the wells in an equal volune, bringing the test corr;f%und l;%?cent,r ations
to the desiyggh thaneenddSHkadiblesNk7 —Tite, NimethyleNrenylcabpoaylehlqERC
suspensi on i s?ﬁ% x 106 cells/n. The pl Et 23 arﬁ lc?%er e%zv\fgtshc %&S{liin'-e

pl ast iSOG/Ndsk@isb;edméptleaj(@@ﬁunqb%ﬂgh(ﬁéﬁxg o @; gaet gﬁ;lé?m-i 413 ng agws ?L 37C
In a car 0on Al oXIBE 4 &S . Ridsk&vePiccthte Rakdgad 1on €

pl at es ‘fé?r’é‘nﬁg%l)‘?()lvf gtg%d%yrga%g ﬁl&ﬁnl?t es at 1000 rpm (-200 x g) at 4C. The

cell-free culture supernatant is renoved with a sterile pol ypropyl ene pi pet
and transferred to sterile pol ypropyl es. Sanples are nmaintained at
_Hm to -70C %gamgl\e/s ?gg—tl]fg)

The compounds in the table below were prepare using the method of Examples 147
— 164. The appropriate isothiocyanate was reacted with 1-(4-aminobutyl)-2-
(ethoxymethyl)-7-methyl- 1H-imidazo[4,5-c]pyridin-4-amine to provide the desired
compound.

15
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20 until analysis. The sanples are analyzed for interferon (a) by ELISA and
for tunmor necrosis factor (a) by ELISA or I GEN Assay Interferon (a) and
Tunmor NecwodB®sHazt or (a) Anal ysis by ELISA Interferon (apcararsommsati on is
determ ned by ELI SA using a Human Mul ti-Species kit from PBL Bi onedi cal
Laboratories, New Brunswick, NJ. Results are expressed in 25 pg/nL. Tunor
necrdsis factor (a) (TNF) Miencentration is determ ned using ELISA kits

avai llabl e from Bi osource LAteryational, Camarillo, CA Alternately, the TNF
concgntration can be def\'ler n i gen0 M Series |Inmmuunoagsay and read
on an| | GEN M 8 anal yzer f N Tnternational, Gaithersburg, MD. The

| mmunjpassay uses a human O TNF capture and detection antibqdy pair from
Bi osource International, Camarillo, CA. Results are expressed in pg/nm. 99
WO 03f 050119 PCT/ US02/ 18284 The bl & bel ow |ists the | owest] concentration
found, to i nduce interferon and the N-e@vest concentration found to induce
tunmor| necrosis factor for each conpbumidgA "*" indicates that no induction

was sgen at any of the tested concent thtibdns. 5 Cyt oki ne I ndyction in Human
CB' | sl—Exan n‘hl el owest Cffapt

Necro:E’saIﬂﬁ%t or 1 0. lzuli A ZUO%BZEHBI oL %g %HX%M%@%%I gt irzf grgg Tgrmr
0.01 Ppdidipef|0-01 0.01 7 0.37 * 8 0.04 10 16 * * 17 30

168 3-(diethylamino)propyl 450.3007

169 phenyl 413.2129

170 2-faroyl 431.1870

171 2-morpholinoethyl : 450.2653

172 4-methoxyphenyl 4432240

173 benzoyl 441.2090

174 ‘ 1-adamantyl 471.2902

175 4-sulfamoylphenyl 492.1848

CYTOKINE INDUCTION IN HUMAN CELLS

5 An in vitro human blood cell system is used to assess cytokine induction. Activity
is based on the measurement of interferon and tumor necrosis factor (o) (IFN and TNF,
respectively) secreted into culture media as described by Testerman et. al. In “Cytokine
Induction by the Immunomodulators Imiquimod and S- 27609” Journal of Leukocyte
Biology, 58, 365-372 (September, 1995).

10 Blood Cell Preparation for Culture
Whole blood from healthy human donors is collected by venipuncture into EDTA

vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole

blood by density gradient centrifugation using Histopaque®-1077. Blood is diluted 1:1
with Dulbecco's Phosphate Buffered Saline (DPBS) or Hank’s Balanced Salts Solution
15 (HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and
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18 * * 19 10 30 20 30 * 21 * * 22 * * 23 * * 24 10 30 25 * 3.33 2
30 30 27 * * 28 * * 29 * * 30 * * 100 WO 03/050119 PCT/ US02/ 18284 °
Cyt oki ne wodaosiion i n Human Cel | s Exanpl e Lowest Effecti ve@cCarsorm2sati on

Nunmber Interferon Tunor Necrosis Factor 31 * 32 * 33 3.33 3.33 34 *
35 3.33 30 36 1.11 30 38 3.33 30 39 3.33 10 40 3.33 * 41 10 30 42 10
10 43 QufAddédOat 44410°.c38Bs/id). in RPMI complete. The PBMC suspension is added to 48

well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson
Labware, Lincoln Park, NJ) containing an equal volume of RPMI complete media
containing test compound.

5 Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO

concentration should not exceed a final concentration of 1% for addition to the culture
wells. The compounds are generally tested at concentrations ranging from 30-0.014 pM.
~ Incubation
10 The solution of test compound is added at 60 uM to the first well containing RPMI
complete and serial 3 fold dilutions-are made in the wells. The PBMC suspension is then
added to the wells in an equal volume, bringing the test compound concentrations to the
desired range (30-0.014 uM). The final concentration of PBMC suspension is 2 X 10°
cells/mL. The plétes are covered with sterile plastic lids, mixed gently and then incubated
15 for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere.
Separation
Following incubaﬁon the plates are centrifuged for 10 minutes at 1000 rpm (~200
x g) at 4°C. The celi-free culture supernatant is removed with a sterile polypropylene pipet
and transferred to sterile polypropylene tubes. Samples are maintained at —30 to -70°C
20 until analysis. The samples are analyzed for interferon (o)) by ELISA and for tumor
necrosis factor (o) by ELISA or IGEN Assay
Interferon (o)) and Tumor Necrosis Factor (o) Analysis by ELISA

Interferon (o) concentration is determined by ELISA using a Human Multi-Species
kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in
25 pg/mL.
Tumor necrosis factor (c) (TNF) concentration is determined using ELISA kits
available from Biosource International, Camarillo, CA. Alternately, the TNF concentration
can be determined by Origen® M-Series Immunoassay and read on an IGEN M-8
analyzer from IGEN International, Gaithersburg, MD. The immunoassay uses a human
30 TNF capture and detection antibody pair from Biosource International, Camarillo, CA.

Results are expressed in pg/mL.
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45 3.33 10 46 3.33 10 47 * * 48 * * 49 3.33 30 50 0.37 3.33 51 3.33
10 52 0.37 3.33 53 0.37 3.33 54 1.11 3.33 55 3.33 10 56 1.11 -3.33 57
0.37 1.1iwo38/0813¥ 3.33 59 1.11 10 101 WO 03/050119 PCTPUSARNLE284

Cyt oki ne I nduction in Human Cells Exanpl e Lowest Effective Concentration
(M Nunber Interferon Tunor Necrosis Factor 60 0.37 1.11 61 0.37 1.11

62 0.37 1. Ifhe e DeRbists thk 1o@dstQomcénttatich fofifid @ idduck. ihterfefl abd e 10 67 1.1
| 3.33 68 0.37 1.11 69 3.33 * 70 10 )
~ lowest concentration found to induce tumor necrosis factor for each compound. A “*”

indicates that no induction was seen at any of the tested concentrations.

i Cytokine Induction in Human Cells
Example Lowest Effective Concentration (uM)
Number Interferon Tumor Ne;:rosis Factor

1 0.12 1.11
2 0.0046 0.01
3 0.01 0.37
4 0.12 0.37
5 0.01 0.12
6 0.01 0.01
7 0.37 *
8 0.04 10
16 %k %
17 30 *
18 % %
19 10 30
20 - 30 *
21 * %
22 * *
23 * %
24 10 30
25 * 3.33
26 30 30
27 ® *
28 * *
30 ® *
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71 0.37 3.33 72 0.37 1.11 73 0.12 1.11 74 0.37 1.11 The present

i nvention has been described with reference to several enbodinments 5

t her eof . Wbasfsriegoi ng detail ed description and exanpl es raTaSbres28provi ded
for clarity of understanding only, and no unnecessary limtations are to
be understood therefrom It wll be apparent to those skilled jn the art

that many[changes can be Oyslend hdubkordadhmdreCellsenbodi ment s wi t hout
departing|fromthe spirit and scope of the inventi-on—Fhuss—thel scope of
the inventi ('?Examlptml i not be |hewestBifediveKonesaieiondidi s of the
of The. cl i MIBRER { ol | ow 08D 05/ 050110 PO, RIS LEIRT EAT 1S
CLAII\/EDI:: T31A comound of the formula (1): NH2 *N NI \>R2] RN 3 X
R/ Y-Z-RL_a NAS RS (1) wherein X islalkylene or alkenylenel Y is -CO
or -CS-; 10 Z¥s - NRS-; -NR6- CO-; - NR6-S2-; or -NR7-; R is afyl,
het er oar yl=—hetereeyet-yi—alkyl—or—atkenyts—eact 013 ggnl ch—may be
unsubstit it ed Br substituted one or npre

34 * *

35 333 30

36 1.11 30

38 3.33 30

39 3.33 10

40 3.33 *

41 10 - 30

42 10 10

43 0.041 10

44 3.33 10

45 3.33 10

46 3.33 10

47 ¥ ¥

48 * ¥

29 333 30

50 0.37 3.33

51 3.33 10

) 0.37 3.33

53 037 3.33

54 1.11 3.33

55 3.33 4 10

56 1.11 -3.33

57 0.37 1.11

58 0.37 3.33

59 1.11 10
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ingt : tuent_s I ndependent|ly selected fromthe group consisting of -alkyl;
! l—a IkEnyI , ~-aryl; -heteroaryl; -heterocyclyl; -substituted 1
hgfe?gcyzsfvglozmsmgmglsy ][ut eg ?rlylk; -substituted heteroarylPCT/tS0bs8284 ut ed

. - y - al kyl)o-l-aryl; 25 -0O(alkyl)O0_1-substi
aryl; O (alkyl)O0-1-heteroaryl; O (alkyl)0-1-substi f.mgé_ﬁepepigrif I'tlif)gd

VO 031 eOKTS P TS0 TR ndaionl Sizipéiabosy oyl ..
1S(9,0:21 aByhple §(0) 02 - (a|1¢aw%EffeCéW9|dm°@%5’Wd' Ty - oallyly
oyt [k T e g
A o oL RO Y iy e a0 M subsililt ut ed het ef ocycl yl ;

61 0.37 A N

62 037 1.11

63 0.014 111

64 0.37 1.1t |

65 0.37 111 |

66 111 10

67 111 3.33

68 0.37 111

69 333 *

70 10 *

71 037 333

72 037 111

73 0.12 111

74 0.37 111

The present invention has been described with reference to several embodiments
5 thereof. The foregoing detailed description and examples have been provided for clarity
of understanding only, and no unnecessary limitations are to be understood therefrom. It
will be apparent to those skilled in the art that many changes can be made to the described
embodiments without departing from the spirit and scope of the invention. Thus, the
scope of the invention should not be limited to the exact details of the compositions and

10 structures described herein, but rather by the language of the claims that follow.
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-(al kyl)0_1-NR6- CO-al kyl ; -(al kyl)0. 1- NR6- CO aryl ;

-(al kyl ) 0_1-NR6- CO-substituted aryl; -(alkyl)0_1-NR6-CO heteroaryl;
- (al kyl ) OW0O-0Bi@s01CO- subst i tuted heteroaryl; 20 P(O) (Gal kyl PZT/USONBR284
- hal ogen; -hal oal kyl; -hal oal koxy; 25 -CO hal oal kyl; -CO hal oal koxy;

-NO2; -CN, -OH 30 -S_H; and in the case of al kyl, alkenyl, and
het er opeA YIS COMMEDRES:i s sel ected fromthe group consisting of: 104 WO

03/ 850119 PCT/ US02/ 18284 - hydrogen; -al kyl; -alkenyl; -aryl; 5 '
-substjtuteg . nd 6f16L r%ljy -substituted heteroaryl; -alkyl-0alkyl;
-al kyl - S—al%?ﬁ%% E FéOary -al kyl -S-aryl: -alkyl-O al kenyl; Y
NH,
N
N~
| R,
8\
R; )I(
R, \N
/' Y—Z-R
5 s
@)
wherein X is alkylene or alkenylene;
Y is -CO- or —CS—;
10 7. is -NR¢—; -NR¢-CO-; -NR4-SO-; or -NR7-;

R; is aryl, heteroaryl, heterocyclyl, alkyl or
alkenyl, each of which may be unsubstituted or substituted by one or more
substituents independently selected from the group consisting of:

-alkyl;

15 -alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-substituted cycloalkyl;

20 -substituted aryl;

_substituted heteroaryl;

substituted heterocyclyl;

-O-alkyl;

-O-(alkyl)o-1-aryl;

25 . -O-(alkyl)o.j-substituted aryl;

-O-(alkyl)o.-heteroaryl;

-O-(alkyl)o.1-substituted heteroaryl;
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-al kyl -S- al kenyl; and -al kyl or al kenyl substituted by one or nore
substituents selected 15 fromthe group consisting of: -OH  -hal ogen;
-N(R6) 2; WOGROMIRE) 2; 20 -CS-N(R6)2; -SO2-N(R6)2; -NR6- ECOICTBhodms284 kyl ;
-NR6-CS-Cl - 10 al kyl; -NR6- S02-C1-10 al kyl; 25 -CO Cl-10 al kyl;
-CO-OCL_10 alkyl; -N3; -aryl; -substituted aryl; 30 -heteroaryl;
-substitut ed heteroar yD;(alkyhei-betemyegtlyl;; 105 WO 03/ 050119 PCT/ US02/ 18284

-substituted heterocyclyl; -COaryl; . -CO (substituted aryl);
-CO heteroaryl; and 5-bééky9w§@?%ﬂ{t@bh%f?§°§5r yl); R3 and R4 are
i ndependent |y sel ect edcfp the group consisting of hydrogen, alkyl,

al kenyl , hal ogen, al koxy, am no, al kyl am no, dial kylam no and al kyl t hi o;

R5.is Hor Cl_lo al kyFCOeD-a¥ylcan join with X to forma ring that contains

one _CO-alkyl;

-S(0)o-2 -alkyl;
-S(0)o.2—(alkyl)o-1-aryl;

-S(0)p.2 —(alkyl)o.;-substituted aryl;
-S(0)o-2 ~(alkylo.1-heteroaryl;

10 -S(0)g2 —(alkyl)o.i-substituted heteroaryl;
-S(0)¢.2 —(alkyl)o-1-heterocyclyl;

-S(0)o.2 —(alkyl)o.;-substituted heterocyclyl;
-(alkylo-1- N(Re)2;
-(alkyl).;-NR¢-CO-O-alkyl;

15 -(alkyl)o.;-NRe-CO-alkyl,;
-(alkyl)o.-NRe-CO-aryl;
(alkyl)o.1-NRg-CO-substituted aryl;
-(alkyl)o.;-NR¢-CO-heteroaryl;
-(alkyl)o.1-NRs-CO-substituted heteroaryl;

20 -P(0)(Oalkyl),;

-N3;
-halogen;
-haloalkyl;
-haloalkoxy;
25 -CO-haloalkyl;
-CO-haloalkoxy;
-NO2;
-CN;
-OH;
30 -SH; and in the case of alkyl, alkenyl, and heterocyclyl, oxo;

R, is selected from the group consisting of:
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10 or two hetero atons; each R6 is independently Hor Cl1 10 alkyl; R7 is H
or C1 10 al kyl which may be interrupted by a heteroatomor when Rl is
al kyl , Rwend/oRiliizcan join to. forma ring; or a pharnmceutcraishyisgscept abl e
salt thereof. 15 2. A conpound or salt of claiml1l wherein Yis -CO. 3. A
compound or salt of claim1 wherein Yis -CO and Rl is alkyl, aryl or
substituted aryl. 20 4hydfogsmnpound or salt of claim2 wherein R2 is .
al kyl -0-al kyl. 5. A cq{gy(pund or salt of claim2 wherein R2 is H or alkyl.
25 6. A conpound or sat b claim1 wherein Yis -CS-. 7. A conmpound or
salt of claim®6 whereifjkhyis -CS- and Rl is alkyl, aryl or substituted
aryl. 30 8. A conpound or “salt of claim6 wherein R2 is al kyl-0-al kyl. 9.
A conmpound or salt of -myhim6 wherein R2 is Hor alkyl. 106 WO 03/050119
PCT/ US02/ 18284 10. A ¢ rﬁpo%%dmﬁr. salt of claim9 wherein R is alkyl,
aryl, or substituted éﬁ"\?’?.ltu AN conpound or salt of claim1 wherein X is
-(CH2)2.4-. 5 12. A cpimeunRe or salt of claim1 wherein Rl and R7join to
forma ring. 13. A conpound’or salt of claiml1l wherein Rl and R7join to
form a nor phol i ne ri ngsubstivtetlhetesoarghpound or salt of claim1 wherein R5
and R6 are both hydro . A5, A conpound or salt of claim1l wherein R3 and
" T8ER-03tsna o

R4 are both nethyl. 16: nd or salt of claim1l wherein R3 and R4 are

i ndependent |y H or al kykyl-S-&fkyk7. A conmpound sel ected fromthe group
consi sting of:

N 4- (4- Ani no- 2- but y| ~8kyl-@iai¥s hyl - | H-i ni dazo[ 4, 5-c] pyridin-1-yl)butyl]
E\ZDEGQ%/:O;; Iegl N III- yI[ ?b&é{?ﬁ]%'qmz butyl -6, 7-di net hyl -1 Hi mi dazo
-alkyl-O- alkenyl;
-alkyl-S- alkenyl; and
-alkyl or alkenyl substituted by one or more substituents selected
15 from the group consisting of:
-OH;
-halogen;
-N(Re)2;
-CO-N(Re)2;
20 -CS-N(Re¢)2;
-S02-N(Re)2;
-NRg-CO-C). o alkyl;
-NR6-CS-Cj.p0 alkyl;
-NRg- SO,-Cy.19 alkyl;
25 -CO-C.yp alkyl;
-CO-0O-Cyp alkyl;
-N3;
-aryl;
-substituted aryl;
30 -heteroaryl;
-substituted heteroaryl;

-heterocyclyl;
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phenyl t hi ourea; 20

N-{4-[ 4-am no- 2- (et hoxynet hyl ) - 6- net hyl -1 H-i mi dazo[ 4, 5-c] pyridin-1 -

yl ] butyl Wwormnophet i n- 4-yl car boxam de; N-[4-(4-am no- 6, 7- diPCEtlisy2/18284

| Him dazo [4,5-c]pyridin-1-yl)butyl] norpholin-4- ylcarboxam de;

2- (ethoxymet hyl)-6, 7-di methyl -1- { 2-]

1- (nor phol i n-4-yl car bonyl )-pitettutet Hetékoyydlgt hyl }- 25 1 H-im dazo

[ 4, 5-c] pyridi n-4-am ne;

N-[3-(4-am no-2,6, 7-tri rret“ﬁzﬁ‘allYFI-i m dazo[ 4, 5-c] pyri di n-1-yl) propyl ] nor phol i
n-4- ylcarboxamde; N-{ _~n. : .

3-[.4- am no- 2- ( et hoxynet hyl )COG(S]}b%}lmrlrtgflﬁrﬂl)l H i m dazo[ 4, 5-c] pyridin- |-

yl ] propyl } norphol i n-4-yl-Co-heazmarydeand30

N-{2-[ 4- am no- 2- (et hoxynet hyl ) - 6, 7- di.net hyl - | Hi m dazo[ 4, 5-c] pyridin-1-yl]-
15 1- dimethylethyl } -N pﬁ«‘\{ﬁhiﬁug?fétateﬂggt%ﬂdg/ 050119 PCT/ US02/18284 N-{
2-[ 4-am no- 2- (etRo t i It [c8ndstidegfr 1 din-1-yl]-1,1
- di et hyl et hyl }ﬁﬁoé%ﬁp o%}ixéladﬂfeg ei%gﬁlggilgﬁlb%g?bandgﬁg i w

N[ 2- (4- ani nhe@gef, Akylr ilkexyiytialoges; alitbxia 2mino, alkylamino, dialkylamino and
[4,5-c]pyridin-1-yl)ethyl]norpholin-4- ylcarboxanm de; 5 or a

phar maceut ifé]é]’my(’;accept able salt thereof. 18. A pharnmaceutical conposition

conprising a thegapaubi € lavky® ot ®Gtdak foia WK toform a iy thaticwhtails edeai m 1 in
conbi nation with a pharnaceutically acceptable carrier. 10 19. A
phar mearawboi hegdro e@nppsi tion conprising a therapeutically effective anount of

a conpound of clajm 2 in conbi.natd w phar maceutical |y acceptabl e
carrier. 20. A p??&b?ﬁd%{?pf: eé’gg%tgynfﬁfo(gi lil%]‘r;llﬂzlgnpri sing a therapeutically

ef fective amount Rofs B or CRERMN & IAEN plagbeidtdriptedynibetetoatymn of wheraR,
pharmaceutically acceptable carrier. 15 21. A method of inducing cytokine

bi osy nisfadgil,Ri andd canjeiato EBMRA 118%ng admini stering a therapeutically
ef fective anount O%Igl%n%%g&%ﬂﬁ' ﬁceﬁ}é@%@m%tﬁe%&-he animal . 22. A nethod of
. 1 al O FeOo)

treating a vira ease 1n an anl conprising adm nistering a 20
tgerapeutically effective anount of a conpound of claim1l to the animal.

2. A compound or salt of claim 1 wherein Y is -CO-.

3. A compound or salt of claim 1 wherein Y is —-CO- and R is alkyl, aryl or
substituted aryl.

20
4. A compound or salt of claim 2 wherein R; is alkyl-O-alkyl.
5. A compound or salt of claim 2 wherein R, is H or alkyl.

25 6. A compound or salt of claim 1 wherein Y is ~CS—.

7. A compound or salt of claim 6 wherein Y is -CS— and R; is alkyl, aryl or

substituted aryl.

30 8. A compound or salt of claim 6 wherein R; is alkyl-O-alkyl. '

9. A compound or salt of claim 6 wherein Ry is H or alkyl.
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23. A nethod of treating a neoplastic disease in an animal conprising
admnistering a therapeutically effective anount of a conpound of claiml
to the armwvoaB/os@% 24. A net hod of induci ng cytoki ne bi osymrCRAS0E18284 an
animal conprising admnistering a therapeutically effective anbunt of a
conmpound of claim2 to the animal. 25. A nethod of treating a viral

di sease in an animal conprising adm nistering a therapeutically effective
anount of a conpound of claim2 to the_ ani .30 26, A nmethqd of treating
a neopl@st i & @NE0REE of fRltH{ Céﬂ%mr%‘th%rSWp?‘i’éiaﬂ%t '%%‘P&Hﬂ“}% a&'q
therapeutically effective amount of a conmpound of claim2 to the animal.
108 WO 03/050119 PCT/ US02/ 18284 27. A nethod of inducing cytokine

bi osynthesi 4 dompmnndor saitl of cheiqr i whergin Xdsi-(@B)eri ng a therapeutically
effective anmount of a conpound of claim 17 to the animal. 5 28. A nethod of
t?eating a viral disease in an aninmal conprising admnistering a

L herapgaiti cal dofRb 6 datirRIBN wAkrefh ROMIRIEIOD foindh fing/ 0 the ani mal.
(0] re

29. A netho ating a neoplastic diseasé in an aninal conprising
adm nistering a therapeutically effective amount of a compound of claim 17

to the animal. 10 30. A.C Qu f t f orpul el 1) ;- NH R4
4°N RSN BOR Cofora pE S A | wpen Bl il gtk ffhetbls g
al kenyl ene; R3 and R4 are independently selected fromthe group consisting

of hydrogen, alkyl, alkenyl, halogen, alkoxy, am no, alkylam no,
dDal kyl4ni né eamepound or salt of claim 1 wherein Rs and R¢ are both hydrogen:

15. A compound or salt of claim 1 wherein R3 and R, are both methyl.

16. . A compound or salt of claim 1 wherein R3 and R4 are independently H or alkyl.
15
17. A compound selected from the group consisting of:
N-[4-(4-Amino-2-butyl-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl)butyl]-N'-phenylurea;
N-[4-(4-Amino-2-butyl-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yDbutyl] -N'-
phenylthiourea;
20 N-{4-[4-amino-2-(ethoxymethyl)-6-methyl- 1H-imidazo[4,5-c]pyridin-1-
yl}butyl }morpholin-4-ylcarboxamide;
N-[4-(4-amino-6,7-dimethyl-1H-imidazo [4,5-c]pyridin-1-yl)butylJmorpholin-4-
ylcarboxamide;
2—(ethoxymethyl)-6,7-dimethy1—1-{2—[1—(morpholin—4-ylcarbonyl)piperidin-4—yl]ethyl}-
25 1H-imidazo[4,5-c]pyridin-4-amine; '
N-[3-(4—amino-2,6,7-trimethyl-1H—imidazo[4,5-c]pyridin-1-yl)propyl]morpholin-4—
ylcarboxamide;
N—{3—[4-amino-2—(ethoxymethyl)—6,7-dimethy1—1H-imidazo[4,5-c]pyridin—1—
yllpropyl }morpholin-4-ylcarboxamide;
30 N—{2—[4—amino-2,—(ethoxymethyl)-6,7-dimethyl-1H—imidazo[4,5-c]pyridin—l—yl]—l,l- :
dimethylethyl }-N -phenylurea
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20 alkylthio; and R5 is Hor Cl-l1o alkyl, or R5 and X can join to forma
ring that contains one or tw hetero atons; or a pharnaceutically
accept ablwogalsotther eof . 25 109 PCT/US02/18284

N-{2-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl]-1,1-
dimethylethyl }morpholin-4-ylcarboxamide; and
N-[2-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)ethylJmorpholin-4-
ylcarboxamide; ’

5 or a pharmaceutically acceptable salt thereof.

18. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 1 in combination with a pharmaceutically acceptable carrier.

10 19. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 2 in combination with a pharmaceutically acceptable carrier.

20. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of claim 17 in combination with a pharmaceutically acceptable carrier.

15
21. A method of inducing cytokine biosynthesis in an animal comprising

administering a therapeutically effective amount of a compound of claim 1 to the animal.

22. A method of treating a viral disease in an animal comprising administering a

20 therapeutically effective amount of a compound of claim 1 to the animal.

23. A method of treating a neoplastic disease in an animal comprising administering a

therapeutically effective amount of a compound of claim 1 to the animal.

25 24. A method of inducing cytokine biosynthesis in an animal comprising

administering a therapeutically effective amount of a compound of claim 2 to the animal.

25. A method of treating a viral disease in an animal comprising administering a
therapeutically effective amount of a compound of claim 2 to the animal.

30
26. A method of treating a neoplastic disease in an animal comprising administering a

therapeutically effective amount of a compound of claim 2 to the animal.
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27. A method of inducing cytokine biosynthesis in an animal comprising

administering a therapeutically effective amount of a compound of claim 17 to the animal.

28. A method of treating a viral disease in an animal comprising administering a

therapeutically effective amount of a compound of claim 17 to the animal.

29. A method of treating a neoplastic disease in an animal comprising administering a

therapeutically effective amount of a compound of claim 17 to the animal.

30. A compound of the formula (III):

wherein: Q is NO; or NHy;

X is alkylene or alkenylene;

R; and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio; and

Rs is H or Cy.10 alkyl, or Rs and X can join to form a ring that contains one
or two hetero atoms;

or a pharmaceutically acceptable salt thereof.
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