WO 03/ 050117 PCT/ US02/ 18220 Sul fonam do Substituted | m dazopyridines Field
of the Invention 5 This invention relates to i m dazopyridi ne conpounds t hat
have sul f eioeosioder17f unctionality at the 1-position, and to puTawsSeasazdi 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,
including viral and neoplastic diseases. The invention also provides

met hods of 10 naki ng the ed in their
synt hesis. Background oﬁﬁpﬂRﬁ'nvelpgﬁnhgﬁgﬁ?§ ?& 1|R!§ble report on the
1H i m dazo[ 4, 5-c]quinoline ring systemi Backman et al., J. Og. Chem 15,

1278-1284 (1950i describes the synthesis of 1-(6-nethoxy-8 15
qui nol i ny el € m dazo[ 4, 5- c] qui nol i ne for possible use as an
antigal ari al F%venﬁU{??&%?fbtlh‘)idaz%g i inge @ém bun@ hR UgveSddhhhideed

1H i m dazo[ 4, 5-c] quinolines were orted or exanple, Jain et al., J.
Med. Chenfuntfiongiity a@fe 9zpositi®68ind te phaltmwelztmid toraposiibmmg gantdining such

1-[2- (4-pi peridy])et 1H i azp[4,5-c ollne a 0SS

ant i conqu‘g‘HH?“’éﬁd%‘c"}H%b WB%C&E?} &‘rl ‘é‘%@?ﬂ‘m Og}fr%?ﬁ tl}?f ‘é?mpouﬁﬁéﬁ? Abs.
85, 94362; 1rﬁﬂuﬁél%3@1atof'@l’& 1ﬁ(ﬁféﬁ{gt (%)@oléﬁ‘é/ ﬁb%ntl?es@ﬁﬁ'aﬂirﬁh’i@ @hd ibthe lreeiniek bhes,
and Berenyl et al terocyclic Chem 18, 1537-1540 (1981), have

report ed dfseasas,nn@udmg wnakmmlo{eaplﬁstloccpwsmr]i“mggven@@n alspprovides methods of
1H-1i zo[ 4, 5- ui nol i.n-4-am ne 1 b tltuted derivatives
t her'eof V\é‘{agj éﬁ%&’%‘ﬂﬂ?&s%d B%erf]]s@élfatﬁs usgd gﬁ@%\rns}ﬁﬁ Agents, bronchodil ators

and 25 i munonodul ators. 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
5,389,640EQQEBQEEQEEEHEEHEEEQEazopyridine-4-anine conpounds useful as

i nfmune respons . I 1] :

5 446 153. 5. 494° ﬁ% reha%i? rgﬁ@igggﬁe { %ﬁ%@%‘%%ﬁg’g ﬁgég}slgg P YESZ%E Backffin
patents det 4197. O8Y €haifi. 1§, 100 8tlasm|(r9§0$ destibeuthe eynthesig dfel -GBmethopp S t | o n.
Certain 1H i m dazo[ 4, 5- cl uinolin-4-amn hat have am de, sul f onam de,

and Wrea ﬂHW@lIPﬂPrgrm?tbyla IIW@aZQ[ﬁo%F]HP ﬁa? rPOSHPle Begay 3 BENIYMLi cat i ons
VO 00/ 76591Eent. %uﬁ(@qgé{t@?%yesgscy W8 dftkalited 1H-imidazo[4,5-c] quinolines were

reported. For example, Jain et al., J. Med. Chem. 11, pp. 87-92 (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,



WO 00/ 76518 and U.S. Patent No. 6,331,539. The disclosures of all the
above-nentioned patents and published patent applications are incorporated
her ei n bywoef@sence. Despite these recent discoveries of camposends22t hat are
useful as immune response nodifiers, there is a continuing need for
conpounds that have the ability to nodulate the 5 imrune response, by

i nduction_of cytokine biosynthesis or_ other mechani sns. Sunmary of tq?
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R2 RsN - 34 % BRctibn Jf ) tok MR i GiyRthsis ¥r oth B@chaﬁ?smsm R4, and RS
are as de?ﬁu§ﬁé¥el n. ‘I'lﬁe %orrpou%fgs of 1Fgrrm 13 ro) egare useful as i mmne
response nodifiers due to their ability to induce cytokine biosynthesis

and ot herw se nod Iﬁt t he, i mune response 20 when administered to

ani mal s. gﬁmﬁﬁﬁﬁﬁgé—iﬁ%—ggﬂgounds useful in the treatnent of a variety of
condi tions sucky@gawifb@ld £hse ameSofdehfodil that 18 iseHiEinifERARSIyYskif® such
changes in the imune response. The invention further provides

phar mac eubiosgithesimipasinalendcewdinglyh thxglnch@tlon prvides ieidpenpyddimsdi-apingg
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which is described in more detail infra. Formula (I) is as follows:

NH,
N
N™
PR
Rs N
R, N
4
N~y—z-r
RS
15 D

wherein X, Y, Z, Ry, 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.



2 WD 03/050117 PCT/ US02/ 18220 1In addition, the invention provides nethods
of synthesi zing the conpounds of the invention and internediates useful in
t he synt hegi ®/08611these conpounds. Detail ed Descri ption ofpdimesobnseati on 5
As nentioned earlier, we have found that certain conmpounds induce cytokine
bi osynt hesis and nodi fy the i rmune response in aninals. Such conmpounds are
represented by Fornmula (1) below NH2 N N\> RZ R N3 X R4 /NY-Z-RLl

R5 10 (1) whePeidditon, sheipxentiondroyides Rethodsepfesynthesiziag twmposzi%%thsond or

-NR6-5 15, Bl odih zﬁ{gﬁl}s’lhe{ﬁl}gég{egagéfblgg?ﬁ ﬁ&a&%ﬁ lo¥ thes@béMpotds @l kenyl, each of

whi ch nay e uns or s y one or re substituents
i ndependently sel ected fromthe group consisting of: -alkyl; -alkenyl; 20
-aryl; -heteroaryl; . -heterocyclyl; -substituted cycloalkyl; -substituted
aryl ; Detailed Description of the Fnvention

5 As mentioned earlier, we have found that certain compounds induce cytokine

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

represented by Formula (I) below:

NH,
NS
PR
R; N
R X\
4
/ N ~Y—Z-R
R;
10 @
wherein X is alkylene or alkenylene;
Y is —SO—;
Z is abond or -NRg—;
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;



25 -substituted heteroaryl; substituted heterocyclyl; -0-alkyl; 3 WO

03/ 050117 PCT/US02/ 18220 -O(alkyl)0 1-aryl; -0-(alkyl)O_1-substituted
aryl; -Owmoadskopbiio . 1- heteroaryl; -O(alkyl)O_1-substitutred/iseeesnaryl; 5
-O(alkyl)0_1-heterocyclyl; -O(alkyl)0_1-substituted heterocyclyl;

-COH, -CO O alkyl; -COalkyl; 10 -S(0)0-2-alkyl; -S(00_2
-(alkyl)O0_1-aryl; -S(O)O 2 -(al kyI)O 1l-substituted aryl; -S(0OO0_2
-(alkyl)0_1- heteroaryl “0-$lbylgp-ary k| kyI)O 1- substi t ut ed het eroaryl; 15
-S(0)0_2 -(al kyl)0_1- het%?gﬁ -subsl%ﬁl -(al kyl)0O_1-substituted

- 'Ky

het er ocycl yl ; (aI kyl)o-1 0 1- NR6- CO- 0-al kyl; -(al kyl)o_
1- NR6- CO- al kyI - (al KHQIRYDg: NRGerG&var yI ; - (al kyl ) 0_1- NR6- COsubstl tuted
HINCLIE St s LGl
5 -O-(alkyl)o.1-heterocyclyl;
-O-(alkyl)o.;-substituted heterocyclyl;
-COOH;
-CO-0O-alkyl;
-CO-alkyl;
10 -S(O)p-2 -alkyl;

-S(O)o-2 —(alkyl)o.1-aryl;

-S(0)p2 —(alkyl)o.;-substituted aryl;
-S(0)o.2 —(alkyl)p.1-heteroaryl;

-S(0)o.2 —(alkyl)o.1-substituted heteroaryl;

15 -S(0)g.2 —(alkyl)p.1-heterocyclyl;

-S(0)o.2 —(alkyl)o.1-substituted heterocyclyl;
~(alkyl)o.1- N(Re)2;
-(alkyl)o.1-NRs-CO-O-alkyl;
-(alkyl)o.1-NRs-CO-alkyl;

20 -(alkyl)o.1-NRs-CO-aryl;
-(alkyl)o.;-NRe-CO-substituted aryl;
-(alkyl)o.;-NRs-CO-heteroaryl;
-(alkyl)o.1-NRs-CO-substituted heteroaryl;
-N3;

25 -halogen;

-haloalkyl;

-haloalkoxy;

-CO-haloalkyl;

-CO-haloalkoxy;
30 -NOg;



- hal oal koxy; -CO hal oal kyl; -CO hal oal koxy; 30 -N02; -CN, -OH 4 WO
03/ 050117 PCT/US02/ 18220 -SH, and in the case of al kyl, alkenyl, and
het er ocyctwd q3/08&ia7 R2 is sel ected fromthe group consi sti mgTofso2/182ydr ogen,;

5 -alkyl; -alkenyl; -aryl; -substituted aryl; -heteroaryl; 10
-substituted heteroaryl; -aI kyl - O-al kyl; -al kyl -S-al kyI ; -alkyl-Oaryl;
-al kyl -S-aryl: 15 -al kyI al ken al kyl - S- al ken and -al kyl or

al kenyl substituted by on%Ho?ndrﬂﬁrt eg%@f?thabﬁilgenglep%ﬁ%ocwlﬂn%%e group
consisting of: -OH, 20 -halogen; -N(R6)2; -CONR6)2; -CS N R6)2;
- S02- N( R6) 2;

R; is selected from the group consisting of:

-hydrogen;
5 -alkyl;
-alkenyl;
-aryl;
-substituted aryl;
-heteroaryl;
10 -substituted heteroaryl;
-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(R¢)2;
-CO-N(Re)2;
-CS-N(Re)2;
-S02-N(Re)2;
25 -NRg-CO- Cj.pp alkyl;
-NRs-CS Cj.ip alkyl;
-NRg- SO,- Cy.10 alkyl;
-CO-Cy.p9 alkyl;
-CO-0-Cy.10 alkyl;
30 -N3;
-aryl;
-substituted aryl;



25 -NR6-CO- Cl_10 alkyl; -NR6-CS Cl_10 alkyl: -NR6- SC2- Cl_10 al kyl;

-COCl.10o alkyl; -COOCL.10 alkyl; 30 -N3; -aryl; -substituted aryl; 5
WO 03/ 050WD/03RETV1US02/ 18220 - heteroaryl; -substituted hetrermoesogiis220
-heterocyclyl; -substituted heterocyclyl; 5 -COaryl; -CO (substituted
aryl); -COheteroaryl; and -CO (substituted heteroaryl); R3 and R4 are

I ndependently selected fromthe group consisting of 10 hydrogen, alkyl,
al kenyl , hal ogen, al koxy, ani N©I8¥EY| ani no, di al kyl amino and al kyl t hi o;
R5 is Hor Cl1_10al kyl, or RS can 511l MMk dhrey: to forma ring; or when Rl is
al kyl, R5 and Rl canjoin to f or ma r#eng; eeac "R6 is independently Hor Cl1_10
al kyl; 15 or a pharmaceuti cal Hyetaocepglabl e salt thereof. Preparation of
t he Conpounds Compounds of the inyention can be prepared according to
Reaction Schene | 20 where R fs‘-‘h??}tuﬁé,heﬁﬁ?cyﬁb’?; X, Y and Z are as defi ned
abovc[e,, Bn is benzyl and R is_ghkylj.of one to four carbon atons,
perf [uoroal kyl of one to four carbon atons, phenyl, or phenyl substituted
by hal ogen or al kyl of one to-€Ousubsintethayt)ons. In step (1) of Reaction
Scheme | a 3-nitropyridi ne-2,4-8i Slfl|f0n te. of Formula X is
-CO-heteroaryl; and
-CO-(substituted heteroaryl);
R; and Ry are independently selected from the group consisting of
10 hydrogen, alkyl, alkenyl, haiogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio;
R; is H or Cy_jpalkyl, or Rs can join with X to form aring; or when R, is
alkyl, Rs and R; can join to form aring;
each Rg is independently H or Cy.1o alkyl;

15 or a pharmaceutically acceptable salt thereof.

Preparation of the Compounds

Compounds of the invention can be prepared according to Reaction Scheme I

20 where R;, Ra, R3, 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
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-

25 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
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

30 amine such as triethylamine. As the sulfonate group is a relatively facile leaving group,
the reaction can be run at a reduced temperature (0°C) in order to decrease the amount of

undesired 2-aminated and 2,4-diaminated side products. 3-Nitropyridine-2,4-disulfonates



reacted with an amne of Formula RI-Z-Y-N(R5)-X-NH2 to provide a 3-nitro-4
25 am nopyridi ne-2-sul fonate of Forrmula XlI. Due to the presence of two

sul f onat ewgrapsei17t hat could in principle be displaced, trEweaeusnn nay
provide a m xture of products that can be readily separated using
conventional techniques such as colum chromatography. The reaction is

preferably carried out by adding the amne to a solution of conpound of
For nul a XAte knaws gnd g¥) e Sadiyptepatsd HSiag kHPYYHISWtB?FE%WSW@dq’ﬁe‘{%ée Rlgnce of

a terti arﬁin?igto é@.ﬁ,egf‘&(f Bat Nb) fh&%ﬁ S Dehe AfelehCes ikl RRLIE. group is a

rel atively Taci ving group, e reaction can be run at a reduced
t enper at ur e (Omm)stép(2p ofiReadtiondebemas e tiisodronimbpyidine:deionae oPFomiuat ed

and 2, 4-dji am nated sj rducts. 3-Nitr ridi.ne-2,4-disulfonates 6. WO
051 05011 7K PETPeEDY b S RE o AP Al P RO PP pRIBIRE 00 known
synt et | CFMJJTQ%?]}. TieGed@fonS¥ &FRES out By QAL Glcoftpound-bfForkRl£RY, NO.
5,446,153 and the references cited thérein. In step (2) of Reaction Schene
| a 3-ni t dibedzydaminempdiadenierpaninefsoctatsetriothyorine frpan xertiselverizsackds wi t h

di benzyl amine to provide a 2-dibenzy] am no-3-nitropyridin-4-amne of 5

For mul a %%n.ze%éd gﬁﬁi"éf#“?@&h@ﬁ@@ﬁ%ﬁ% 88f% i ng a conpound of Formul a
Xl, di benzyl anygsp @ydf Reh@ion! Sh¥mad Mg Ghovpoftard-gibbydyddthing-3-n an inert
sol vent such as benzene, toluene or xylene and heating the resulting

m xt ure. hitropyrgin{3yming oREaomile XISistredwce to heamino Fowp-olke tHuetion is

2-dihenzyl am ng-3- _ni.tr ridin-4-am ne of  For .S n

am r]l§ gr O%fgr%ﬁg C?‘&iﬂé’??@%ng gllz OW%IrCQf Segeé’%a&edglggﬂl Z@%é@lﬁg@ﬁ%&%ﬁ%&é %ﬁ?ch i's
gener at edpicReldhld#idE e aRagOR et B O M€ fdadeoridprefBiablyedargdd eutiadembiedlr ate in
nmet hanol . The reaction is preferably carried out at anbient tenperature.

In step (WmpsfatWeacti on Schene | a 2-di benzyl am nopyri di ne- 3, 4-di am ne of
Formula X111 i 18 i | k. i.d . : .yﬁ%gﬁﬁ hereof to
provi de a 4- 1@1 %i&%@%%F%%g%f&%%gégi%F%&?agﬂlg%}? |1§egy’(k)1f ortran? a Xv.

Sui t abl e BauhiaXentisrehored arithaxaarbaxydic iacidion ah eqe valehtibersbftopravide a 4-

1, 1- di al koxyal kyl  al kanoates. The carboxylic ' Qr ui valent is

sel dét ed @@éﬁZWWOTW‘WHdFZ‘Hﬂé\ﬁ]H@‘SH%Oéé%rﬂ%% %‘Hﬁ?lt%%qﬂﬁ'ﬁienfsﬁoa conpound

\2/1;1 o lr:gr % ! ?asr%%/)%}g%'éicﬁﬁaﬁﬁé Srthddstefd 1 1, Plated:Qh et ﬁkfﬁ?daltesp FI(Plg lc®oyloamound

rogen and triethyl orthoacetaté w provi de a conpound
where R2 bsequetdignt is sEhetc@Guck det itovill paovitethe dasired Rhsubsififyentde agbmpoikent or
Inani neg% Fgr(r)rllu ae g\’ o%%xgr%plte?tlr{é: ”y‘f brtl-[(t)]t%rmate will provide a compound where R; 1s
hydrogen and triethyl orthoacetate will provide a compound where R» is methyl. The

20 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
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)

25 reacting a diamine of Formula XIIT with an acyl halide of formula R,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
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

30 the product of step (4a) is refluxed in ethanol in the presence of an excess of triethylamine

or heated with methanolic ammonia. Alternatively step (4b) can be carried out by heating

the product of step (4a) in pyridine. If step (4a) was carried out in pyridine, step (4b) can



reaction is run with sufficient heating to drive off any al cohol or water
formed as a byproduct of the reaction. Optionally a catlayst such as

pyri di ne Wwodisepstiori de can be included. Alternatively, a ranssangk2of
Formul a XV can be prepared in two steps by (a) 25 reacting a diam ne of
Formula XIl1l with an acyl halide of formula RRC(OC or RRC(OBr to

provi de a compound of Faormula XIV and thep (b). cyclizing. In sge . (4a) the
acyl hal i becarrigd g@fdychepting thegpaptiogimigfure er(ﬂné]rﬁﬁén‘il?ﬁt%tsnthﬁ?%‘?ﬁ 4§§1Svent such
as aceto%&ﬁﬁg& pyridine or dichloronmethane. The reaction can be carried
out at anbrent tenperature. In step (4b) the product of step (4a) is

heated in an alcodw(s)of RehatemtSchamt Aa 4pdibserytaniod- 1&-naidezo[PHeflpyratihgof30 t he
product of st 4a) i.s refluxed in .ethanol in e es of. .an excess of
triethyl aﬁ?#ﬁl@ﬁg 64" ﬁ@aﬁweﬂ?lﬁ’ﬁe‘ﬁ@tﬂﬁ%@?% %ﬂ@ﬁrﬁll)&r‘{a@?[ﬁ%%&ls‘}ngf’ p (4b)

can Re cagpingfla PUbrel dal%lg?ﬁé: Qnpdun@ oP FeEHEh X0V iste@fd(d 8drnlid allll in Hene. | f

step (4a) was carrie in pyridine, step (4b) can 7 WD 03/050117

PCT/ US02/ p88@©e obpaltaaiurh dyidrontdeon dageani Mhetpreduct ara pamarsiitigaldy adeeplable

analysis indicates that step (4a) is..c¢c lete. In step (5) of Reaction
Schene | éaqﬁtbﬁﬁeBEWedﬁ?lﬁﬁgilli}-{’rgrﬁ)oa‘é%lf)ﬂj%gg%tﬁ)%i dine of Formula XV is
hydr ogenol yzed to provide the 4-am no-1H i m dazo[ 4, 5-c] pyridine of 5
Formula |. Preferably the conmpound of Formula XV is heated in formc acid
in the presence of palladi um hydroxi de on carbon. The product or a
pharmaceutically acceptable salt thereof can be isolated using
conventional nethods. 8 WO 03/050117 PCT/US02/ 18220 Reaction Schenme I R
R O=s=0 0=S=O OO N(Bn)2 NO2 (1) NN®2 (2) NO02 R3 OSAOR3 NHR3 NH
RA O\R R4 1 R4 X NR5 NR5



x Xl YXII YZZ (3)
NH R4 X RA RS NR5 xlv Y X111 Y (4b) (4)
R2 R3 N RVON3/0BALT RA X NRS T,15 Y Xv vy

N(Bn)2 0 N(Bn)2 NH R2 (4a) N NH2 |

EIl R3 NHR3
NH2 N(Bn)2 NN (5 N\ N\ R2\
z z 9 WO 03/ 050 tr7us02/18220

PCT/ US02/ 18220 Conpounds of the invention can be prepared according to

Reaction Schene Il where Rl, R2, R3, R4,

R5 and X are as defined above, Bn

i s benzyl,

BOC is tert butoxycarb

Oor S In step (1) of

Reacti on Schene |1

t he am ne prot

i i

of a 1H 5

i m dazo[ 4, 5-c] pyridine of Fornula XV

are renoved to provide a

1H i m dazo[4,5- c]pyridine of Fornmula I1.
compound of Fornul aBXVl in a

treated with trifbi=§=®cid at anbi ent Q=3fp@r at ure.
can be prepared usipg the synthetic metdnod described in

Preferably a solution of a

sui t abl e ol vent such as dichl oronet hane is

Conmpounds of Fornul a XV
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i ne of

X XI \'( X \l(
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XIV TRS Xl |\|m5
Y
| i
E v4
1 L
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N 5 N
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Rs | Rs l
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i i
| T XV T
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10 formul a BOC- NR5- X-NH2. Steps (2)-(4) are then carried out as descri bed
above to provide a conpound of Fornula XVI which is a subgenus of Formula
XV. I n stew@aa)1iof Reaction Scheme |1, a 1H i m dazo[ 4, 5- dqiywsodiiseo of
Formula Il is reacted with an acid chloride of formula R-C(OC or an
acid anhydride of formula RI- C(OOC(O-RlL to provide a

1H i m dazo[ 4, 5-c]pyridin-] -yl amde of Fornula XVII. The .15 reactjon is
preferably car FPE@OBREs Afyhemyppiipnqan bs Preparsd aseodingde Reartiomsihgarilie to a

solutlon gheR EORDANR, AR, FAIMs ikl oIt BRRIRNA BOUis 9N 25

n
di chl or onet hane’ of’ -acétonitrile tn the presence of a base such as
tri et hyl abntorycafbomyt aatW BrOoad. be run at a reduced tenperature (0C) or at

mhi ent t ture, T d har tjcall t abl | t
her cof can bell S0 &l ReGH S KORPEAL PBABRORSUSE S99t Al S18p. (2b) of
Reactl on §ﬁi'a§£7iﬁ4,'5'-a]g¥’ﬁcilihé bIFEIRRL %VT afd RMOVEN REprBYidEQr lfidhdo[S- T eact ed

with an isocyanate formula Rl -N=C=0 or with an isothiocyanate of formula
R - N=C=Sclpyriginewi derraula HE. i Pricftazhdy 4 selutidpmpof & dompoung) of liosaulerXYhingur ea of

Formul a XVI1.]| he, reaction,i eferably .carrij ddi th

i socyanat é“lﬁ‘}"lq Sgl‘feﬂf H@ﬁlélfcgﬂgfrgmg{hagﬂsﬁﬁ%ﬂ vgh %ﬁﬂ%%éﬁﬁ%ﬂg nt;'—tg aﬁ"r‘i"l in
a sui t abl eoaRbufdiiofFeeuRSK I 64 1) B émaﬁngme@gatieﬁ@ﬂleﬁ@a degsiiped af ur e
(0C). The product or a pharmaceutically acceptable salt thereof can be

i sol at ed Bsagtigndshemali bnsiep e elRattdisulfpnaie efplqranya Xis Regledivoth chpipeof | | a

1H i dazg[ 4, 5- Y{bdi f Eormy a1, i r d wi th. I
chi b de- Bl HOPEREGRER, S PRy bt e BREDE s it 3
Rl - S( 0) 205 de-Forhsbupt @Y Feaméa XV whisiaz0{ shbberispyf Fosthtital Xyl sul f onani de of
Formula 30 XI X which is a subgenus of Forrmula |I. The reaction is preferably

carried out bylmgep R of ReacionSshgme Hhp dH-imddegol4 atalpmidinepfipampld! {v a

sol ution u ' | .

ai chl or ontRaa AP Blofl toBph RLOICTU MEF SRASP L AN |
03/ 050117 CROJOUTED 2R {1 42 0vide hd H-maidhiodh Sedpyrivkn-1 eyl aatideof ntnmbdX VEirpdeat ur e
(00). or at anbient ten‘rerat,ure. The roducﬁ;1|

accept abl &264pR isprefeSly e it by Qg e @1?1{9839 ga%aqri‘gaﬂéfy%}ihé?%%és.
Reaction SGRgsEofd corﬁ‘p%@@f%ormula Il in a suitable solvent such as dichloromethane or
acetonitrile in the presence of a base such as triethylamine. The reaction can be run at a
reduced temperature (0°C) or at ambient temperature. The product or a pharmaceutically
acceptable salt thereof can be isolated using conventional methods.
20 In step (2b) of Reaction Scheme 1I, a 1H-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 XVIIIL
The reaction is preferably carried out by adding the isocyanate or isothiocyanate to a
solution of a compound of Formula II in a suitable solvent such as dichloromethane at a
25 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 II is
reacted with a sulfonyl chloride of formula R;-S(0),Cl or a sulfonic anhydride of formula
R1-S(0),0S(0),-R; to provide a 1H-imidazo[4,5-c]pyridin-1-yl sulfonamide of Formula

30 XIX which is a subgenus of Formula I. The reaction is preferably carried out by adding
the sulfonyl chloride or sulfonic anhydride to a solution of a compound of Formula ITin a

suitable solvent such as dichloromethane in the presence of a base such as triethylamine.
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NH2Z R2 NN~ RZ (1) NNRZI XR3IN X RAN \BOCR4/ NHxvi RBII R5 (2a)
(2b) (2c) NH2 NH2 NH2 N N>- RZ NN>- RZ NN>- R RBNRZINRZI N X XX
R4 /N O RwoelN/omoiRd NN ORR5 R~ n 50 XVII 5 R XVI1l HNPdmush2/1922R1
Conmpounds of the invention can be prepared according to Reaction Schene |11
where R1, R2, R3, R4, R5, R6 and X are as defined above. 10 In step (1) of
Reacti on Scherre 1l a 1Himdazo[4,5-c]pyridine of Formula Il is _reacted

with a suTh%lF?@Woncqﬂnchei 148 abt rqdaﬁ%qealp REALUNE (5 S 0ptambier) temperpiee. al e+

i m dazo[ 4 nus of
For mul a Ipl%dﬁ’%tg%‘ Eﬂqnéce lc£l I#@%‘ﬂgﬂf 9‘% tgt?{eggé@sgg%dl\é%h%m %0 %IF Pgﬁ of the
conpound miketHoeds. rrul a II in a Sui tabl e solvent such as 1, 2-di chI oroet hane in
t he presence of a base such as 15 tr et h §\ The reaction can be run at
an el evated tenperature. The product e&f‘ I%P ‘g;lﬁg’reﬁceutl cal ly acceptable salt
thergof can be isolated using conventional nethods. Alternatively a

sul fam de of Formula XXI can be prepared in two steps by (a) reacting a

1H i m dazo[ 4, 5-c] pyri (B, of Fornula I F}h sul furyl chloride to generate
in )\)F

N
X
|
i A, "BOC I Rs
/Za) l (2b) \(20)
NH, NH, NH,
NN NN NTXN
| _ >_R2 | P >_R2 [ P \>—R2
Rs I}l R; D R3 '}l
X X g X
+ N_O s N A
AN Ry PN Ry Y
xvit s L Xvill N wIX o R
! \
R

Compounds of the invention can be prepared according to Reaction Scheme III
where Rj, Ry, R3, R4, Rs, Rg and X, are as defined above.

10 In step (1) of Reaction Scheme III a 1H-imidazo[4,5-c]pyridine of Formula II is
reacted with a sulfamoyl chloride of formula R;-N(Rs)S(O).Cl to provide a 1H-
imidazo[4,5-c]pyridin-1-yl sulfamide of Formula XXI which is a subgenus of Formula L
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

15 triethylamine. The reaction can be run at an elevated temperature. The product or a
pharmaceutically acceptable salt thereof can be isolated using conventional methods.

Alternatively a sulfamide of Formula XXI can bé prepared in two steps by (a)

reacting a 1H-imidazo[4,5-c]pyridine of Formula IT with sulfuryl chloride to generate in

11



11 WO 03/050117 PCT/ US02/18220 situ a sulfanoyl chloride of Formula XX and
then (b) reacting the sul fanmoyl choride with an amne of formula

R1- N( R6) Hwd as/s0ap (|l a) the reaction can be carried out bycadkongszo
solution of sulfuryl chloride in dichloronethane to a solution of a
conmpound of Fornula Il in the presence of 1 equival ent of

feduced t A AEBREY EHa&e ol eI R sberlhS b Taehe nlie oty wfth e

reaction mmheot:Mﬂan N@R@H tig slé?r(![%)ttﬁe ARl QNS anl IR AL 8l By ah@mgfaep
(I'b) a solution containing 2 equivalents of RL-N(R6)H and 2 equivalents of

tri et hyl arfoidionof suifen] eitlends nahehlprometitiag to 8 seln@om etz compounidxef lfoemfiladin

1 f d
enper at urid (e TggHRE b R eatiBetef & LR ERLEQ RSP, The BatBELE PiabYn
t her ef caariel o @lt at@ldCWﬂeﬁ@efa@ﬁE @-I’YBPCD)H E(bptfﬂhhhy) dﬁ’ter t}BQﬂﬁitio‘ﬁ s @ﬁ%@ﬁ thé |

NH2 N2 N' NC(la) NN RN2, \} 3
R XX 0' S deaqtipp neliit%? caiNppaljeyrgd tp swapm to RBle@nF )@mmnatweRSIn Step (lb) a soluuon

containing 2 equivalents of R;-N(R¢)H and 2 equivalents of triethylamine in
dichloromethane is added to the reaction mixture from step (1a). The reaction is
preferably carried out at a reduced temperature (-78°C). The product or a pharmaceutically

10 acceptable salt thereof can be isolated using conventional methods.

Reaction Scheme III

NH2 NH2
N
NI \>-R (1a) NN
P N 2 I/ >_R2
R | R N
R, X rRX
[ ° XX 5 0%
(1)
(1b)
NH,
NN
PR
Rs A
& X
4 '|L|R5
XXI 0=5|3=0
NR
I
R

15

Compounds of the invention can be prepared according to Reaction Scheme IV

where Ry, Ra, R3, R4, Rs, and X are as defined above and BOC is tert-butoxycarbonyl.

12



XXI O=S=O N R6 Rl 15 Conpounds of the invention can be prepared
according to Reaction Schene IV where RL, R2, R3, R4, R5, and X are as
defi ned abevss/Emd7BOC i s tert-butoxycarbonyl. 12 WO 03/ 05@I17502/18220
PCT/ US02/ 18220 In step (1) of Reaction Schene IV a

2, 4-di hydroxy-3-nitropyridine of Fornmula XXIl is chlorinated using

conventional chlorinati agents to oyi d 2,4-di.chl oro-3- _nitropyridine
of Fornula XxI I .step?_@f%” 3%5?@%8%Wﬁ&&rrmiéfd?ﬂrm-é-nﬁmmdgecﬁ #érrﬁg]&_ Wi th
phos phor ousc 10Xy G Ak &ifusBdJAGa Rl Mnegifng'agéﬂy ) Providd-anl A GRRBYb AL nes  of

5 Fornmula  XXI' I are known and others can be reddily prepared using known
synt het i ¢ nitropyhidits,of Fesmiila XN A NPreferatly adsmpommet ofdformuld X5XTIHatembinkid.

5, 446, 153 d,th f ited t ' I 2 f | ti Sch
oL o oS SRR R 245 SR SRR N
am ng of Fgffuha B NFRW Mddothds Bl fadiey prephied h@ing ;égxgg isyktagye i di ne of

Formula XXI'V. The reaction is Joreferabl carried out ing the amne
to a sol umethpdsf seq forgmompied Lafdsrwn aidla Uk Ratent iNoa Sgidpilablaad thslreksrancetich as
N, N- di rretq%(le{hor manm de in the presence of a tertiary am ne such as

triethyl affHe" 5"t optionally heating. In step (3) of Reaction Scheme IV a

2- chl or o- 3- ni t TRREP (T JTRALLITOSEHehR IO X/ 4idichld-3-aR Zﬂdiﬂe oh FOR@N e X X0
provi de a 3-nitro-2-phenoxypyridine of Formula XXV. Phenol is reacted with
sodi um hy éleaeted with agamiag plelosdnlpdHPCNR Xl Hd tqjpipiislegr2-eldpsoaty dr of uran to

for he d.de. | ' . ' . rature,
or G5t onBPSHiaHE gf FafuPBOEH. Cl Rabdlils bEAREN Bl EVBAMEBRE P2 i v
In step (4nigd toRedtiticarof SThaipeuhd/ofFanitild KXIA-ip b emicabipyulvehit sechads NEdI-mul a
XXV is 20.reduced tqo _provide a 3-am no-2-phenoxypyri dine of Formul a XXVI.
Pr ef er abl fimethglformagmide indhe presenge af adergaty aaing guch BJHe@Ntamipg pnd

heterogenggg&néﬁu&q{eglg@ation catal yst such as platinumon carbon or
pal | adi umon carbon. “The reaction can conveniently be carried out on a

Parr appar at us In step (3uiftReatorsStheartl Vsuiz-ehmso-B aopompidincatiddmoilla XXIViene or
m th"g ©s 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
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

20 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
on a Parr apparatus in a suitable solvent such as isopropyl alcohol, toluene or mixtures
thereof.

25 In step (5) of Reaction Scheme IV a 3-amino-2-phenoxypyridine of Formula XXVI
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
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.

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

trimethyl orthovalerate will provide a compound where R; is butyl. The reaction can be

run in the absence of solvent or in an inert solvent such as toluene. The reaction is run

13



thereof. 25 In step (5) of Reaction Schene |V a 3-am no-2-phenoxypyri di ne
of Fornmula XXVI is reacted with a carboxylic acid or an equival ent thereof
to provi decsdsphienoxy-| H i m dazo[ 4, 5-c] pyridi ne of For mHG/USd2/1820t abl e
equi val ents to carboxylic acid include orthoesters, and 1, 1-di al koxyal kyl
al kanoates. The carboxylic acid or equivalent is selected such that it

W Il provide the desired R2 substituent in a cgtgpound of Forrrulia V. 30 For
exanpl e, Withstfigiens heatmede deve offiany also8ok Jevaterigrped e Wrpdnaret the hydr ogen

and tri ”Fe%@ff%né%étm\éﬁk%{cﬁ{gfysﬁédch a%g%ihi% h9dfoRARAHE datieneIdea. S butyl. The

reacti on can un | absence solvent or in an inert solvent such
as tol uene. Thaltematdtvelgrstes(s) cm bd Sarkd@l 0@ 5ELEACtRET dd8fiRvuh8 2PDormmila h

ffici ti t j. f | | f } b duct

o The TR Septn Bl o T kDL ORI R ROR OB g i ) P igtheod e can

be igcl udggy (NH-SLPERAINEEYaddel &Pa §ANGRBE PEorfFsunkiRA FoRhuRXX V] inf #aGEKNY a
gf I(: XXVI la RRC(O Cd or

conpound ormul a wth an acyl halide of fornula .
R2C( O) Br  solderttlsach 4si dcptopitgle, pymdjne ondicllopamaethyre) Thiegeastiph carmbé erariedoetdded

t | utj on .of f XXV .inert solvent h
hoetoni t 1 FETDIRYFEPTARGs dpeenaly arreitahsic sy PlinedibtecBRRIE R B ed” out
at anbi enlnchﬁié“&elrﬁ%dﬂ 8i) thdpioan@ldf pad (1§ ¥ dayesitin PYERIndS TRXEP gj #€un in

(6]

hydrochl oride can be included. In part (ii) the product part (i) is
heat ed i nppydingithen the twesieps ¢an) combingshiniona sipgleistibne, then the two steps can
comgi\ned into ingle.step, Ln . ' e VA BOC
gro 8 i's renmov SS{?R Ogic? 8 Oggf%gergF ﬁ{lﬁg‘? fr%g)?caglokﬁ? %%%{rogg? ﬁéﬁl ﬁorﬁpougla%f

4- phenoxyF&ﬁh&lﬁN@@F{&i&mbwfokﬁi1mﬁirmﬁa£q4,ﬂw]pyﬂdin%mmm Y. ®refe@ablitd on of
a conmpound of Formula IV in_a suitable solvent such as dichloronethane is

treated whelHtien pi3 ersnpramdiof Forpyly T¥in gyuitade ol vent sueh a5 dighlarometinpe és
tenperatu . f I erne:

4- phenoxyErF:il-li?(#1 %]thgrgﬁtu%r%geg &ara ?Oglth:){g{bgﬁ& E]I%IE ]lgo%(r?g?cgms/d |tesm i (r)ar?\;rgi ted to a
4- phenoxy- | H-i i steyz 0])4f ReadtipnrSciieme TVyd 4-phdrioapdH-iridato[4 Ber]pyridine/of usi ng

the nmethod of step (2c) of Reaction he I In ste f Reactjon

schdie | VFRUBHaNoR PORY$HeAa8 2] ?@xkféyw”%mfﬁé-ﬁfpyr@uﬁ-&_ﬁ%ﬂf@@%& For mul a

V1S am eeifidaia qung\fhéiﬁleam&-o@eaeg@zé!dﬂz@h&%owméeqi. pyridin-1- yl

sul fonam de of Formul"a XI X The reaction can be carried out by conbining a

20 conpound of IFgepr(8)af ReagtiantS chrme AV uiplzenek vl &-imidazof 6.4t adeyridibd-ydnd

heating ( él:lll?gnca}rﬁde 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

20 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.
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The product or a pharmaceutically acceptable salt thereof can be isol ated
using conventional nethods. 14 WO 03/050117 PCT/ US02/ 18220 Reacti on

Scheme |WoH3@501@r N. - C 0 11+ NN, (1) NO- (2) NN TPA3WDRI1Z0C R3
NH RARARAE X XXII XXII'l XXIVN R5 "BOC (3) a 01 0 OO11+ N N- (5H)

N"- NH(4) NNO RRN2XRINHR N RANREIR sN~XXV41 |VR5 BOC
XXVI NR5 BOCR 5 \BOC 0 O NH2 Nl%\?>-R2rA§7l%§l\€|'ﬁR(8) NNN2I >R R3
RERNRIN RXXV 4R NHVI R4 R NRUOCHINNY 0 A 5 =R R5 .,SR1
OoH O cl cl O
“om oo e N
N 0 ~ e
I/ N| 0] (2) Nl\ 0
R; OH Ry N “cl Ry “NH
I
R, R, R, )1(
XXII XXIHl XXV o /N\BOC
5

I

W

—Z
e

\ /°
Z—X—Z\&Z

)

n

[@

e
()

—Z
I\ /
X=-2Z b

T NI

S

QII
—Z
\ /°
Z2=0
T O,+

N
PN XXvi ¢ N xxv ?11(
v R
= BOC RS “BoC R “BOC
ale a
Q o NH,
NS M NN ® NN
L 2= S, 2
b N = N _ 2
Rj )'< R3 | R; N
X X
|
R4 NH R4 /l{l O R4 I{I O
\ R \ .8* XIX g
® 075\ Rio=SS
R, R,
5 Compounds of the invention can be prepared according to Reaction Scheme V

where Ry, Rz, R3, Ry, Rs, and X are as defined above and BOC is ters-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-
yDacetamide of Formula XXVIII. Preferably a compound of Formula IV is combined
10 with ammonium acetate at an elevated temperature (140 - 160°C). Optionally, the reaction

can be run in a pressure vessel.
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5 Conmpounds of the invention can be prepared according to Reaction Scheme V
where R1, R2, R3, R4, R5, and X are as defined above and BCOC is

tert-but owypcarosernyl . I n step (1) of Reaction Schene V, a PCT/US02/18220

4- phenoxy-| Him dazo[ 4, 5-c] pyridine of Fornula IV is am nated to provide
an N-(4-amno-1Himdazo[4,5-c]pyridin-I yl)acetam de of Fornula XXVIII.
Preferably a conpound of Formula IV_.is conbined 10 with apponi um acet ate at
an el evat ed t ehpErR{4irof Repaigon Sehgme)V, and¥(haamnsy LHripddazelboichyridish pe run

in a pres

React !Oon @ﬁ%ﬁa\éﬁgé %glgo@lg\gﬁ ﬁggﬁﬁl@i zoﬁg&(gkgf g%qlg%?tg‘i%‘ﬁﬁ%ae? ié’m de of
For mul a X¥Widato[#S- &jpyknd]hﬂ%mnﬂébnau]iadl cPreﬁ:mhly,l arsnpoung odVookenla 1H-

i mdazo[ 4, 5- ridin- eof Formula 11. Pr bly, a conpound of

For mul a ﬂlfly an@&)‘}?é‘ﬂgﬂ W?ﬂﬂﬂ%?‘ﬁéﬂﬁh&wl&ngg‘le ‘g hgnol angpheat ed. 5 1n
step 5(3) Of Reqe Libp ()R 1&AROh Séhedd V.1 ﬂ%'ﬂicfhz 4?&5 ?héi'nﬂt ﬂnﬁf@d?‘?o%ula

For mul a is con erted usi ng conventional net ] o0 a sul fonam de of
Formul a XlI])is cotvertied jusing cosvdngienalgnghodsap mwlafomarm?ﬁhef Femuaula iXcwhichds garri ed

o "2 "doss R0, SFR THE) Dl SRR SR P O o
conventio 'R@Lictf&tmgﬁle i 01“1%319{63!1(?( '3);( §%E&%c¥1tu@ll hecedtalle shit thddedy c}an Be2 N NR

(2 NR 2 NR3 X2 R5 N~-BOC RAR/N O R4 / RS 1V
XXVI |1 1] isolated using conventlonal methods.

10

Reaction Scheme V

NH, NH,
1
N| AN \>_ (1) NTX N\ _(2_)_> N7 N
AL T PR
3 )I( R; ’}l R; l}l
N R, 0 R,
s * N 4 NH
R/ BOC Ry f R
v XXVl I
(3)
NH,
NN
PR
R; N
RX
4 N .0
RE)/ I,S\R1
XIX

The invention also provides novel compounds useful as intermediates in the
15 synthesis of the compounds of Formula I. These intermediates have structural Formulas

(ID) - (VI) described in more detail below.
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(3) N-12 N N11, \}R2Z RBNX i aN,O RS SRL X X The invention

al so provi des novel conpounds useful as internediates in the 15 synthesis
of the cowmwonsrdeliof Fornula |. These internmedi at es have sthraaewseeas22f-or mul as
(rr)y - (V') described in nore detail below 16 WO 03/050117 PCT/ US02/ 18220
One cl ass of interrredi ate compounds has Forrmula (I1): NH2 NN \> R2 3
R33N X RA NHR 5 wherein: X is alkylene or al kenylene; R2 is

sel ected from e Clﬁ%ﬁ%‘%ﬂ@ﬁcﬁ&lﬂwnds ppdiosgaid:- (D) kyl ;. 10 -al kenyl ;

(II)

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(Re)2;
-S02-N(Re)2;
25 -NRg-CO-Cj.10 alkyl;
-NR4-CS-Cj .10 alkyl;

17



-al kyl -O-al kyl; -alkyl-S-alkyl; -alkyl-Oaryl; -alkyl-Saryl; 15

-al kyl -O al kenyl; -alkyl-S al kenyl; and -al kyl or al kenyl substituted by
one or noOW® Buwbelti’t uents sel ected fromthe group consi stipgg/edo2/182h;, 20
-hal ogen; -N(R6)2; -CON(R6)2; -CS-N(R6)2; -S02-N(R6)2; 25

-NR6-CO-C1_10 al kyl; -NR6-CS-C1_10 al kyl; 17 WO 03/050117 PCT/ US02/ 18220
-NR6- SO2-Cl1_10 alkyl; -CO-CL_10 alkyl; -COOCl 10 alkyl; -N3; 5 -aryl;
-heteroaryl; -heterocyclyl; W&@%@yp}d%ﬁlﬁ’l; -CO heteroaryl; 10 R3 and R4
are independently selected fropnpt eog]m;,yp consi sting of hydrogen, alkyl,
al kenyl , hal ogen, al koxy, am no, a’l']ky m no, dial kyl ami no and al kyl t hi o;
and R5 is Hor Cl1_10 al kyl; -CO-0-Cj_qp alkyl;

-N3;

5 -aryl;

-heteroaryl;

-heterocyclyl;

-CO-aryl; and

-CO-heteroaryl;

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

Rsis Hor Cy o alkyl;
each Rg is independently H or C;.1¢ alkyl;

15 or a pharmaceutically acceptable salt thereof.

Another class of intermediates has the Formula III:

20 (1II)

wherein: Q is NO; or NHy;
X is alkylene or alkenylene;

18



each R6 is independently Hor Cl1_10 alkyl; 15 or a pharnmaceutically
acceptabl e salt thereof. Another class of internediates has the Fornul a
[11: ao WOMRASNIH RA 4 N R5 BOC 20 (I11) wherein: Q is AQ2usoe/1842; X i s
al kyl ene or al kenyl ene; 18 WD 03/050117 PCT/ US02/ 18220 R3 and R4 are

i ndependently sel ect ed from the group consisting of hydrogen, alkyl,

al kenyl , hal ogen, al am no, al {E} | aI ylam no and al kyI t hi o;
and Rs is Hor ClL 1 R age lﬂqepﬁn%%’é]?r‘?ﬁ Etﬁfl gé%%‘fﬂné’ép’ég eh t

t her eof . Anot d e@sglk 1f alk@ﬁ I AR 8%, N \>-
R2 N Rs | h@f r% 9 ? %\/ner ef’wsd%h?‘g aggﬁﬁlﬂﬂﬂéﬁe&g&yaweny ene; R2

is selected froﬁﬂkalﬂéO,g%ﬂdup conS| stl ng of: -hydrogen;
Rs is Hor C1-1() alkyl,

5 or a pharmaceutically acceptable salt thereof.

Another class of intermediates has the Formula (IV):

0O

NTX—N
| R,
Z =N
R; )'(
R 4 lll
r/ “BOC
10 (Iv)
wherein: X is alkylene or alkenylene;

R is selected from the group consisting of:
-hydrogen;
15 -alkyl;
-alkenyl;
-alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
20 -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:
25 -OH;
19



15 -al kyl; -alkenyl; -alkyl-Oalkyl; -alkyl-S-alkyl; -alkyl-Oaryl; 20
-al kyl -S-aryl; -alkyl-O alkenyl; -alkyl-S alkenyl; and -al kyl or

al kenyl swosdsiosetied by one or nore substituents sel ected HaTowsoehg2gr oup
consisting of: 25 -OH, 19 WD 03/050117 PCT/US02/ 18220 - hal ogen; -N(R6)2;
-CONR6)2, -CS-N(R6)2; 5 -S02-N(R6)2; -NR6-COC1_10 al kyl;

-NR6- CS- C1- 10 al kyl; -NR6- SO2-C1_10 al kyl; -COC1_10 al kyl; 10
-COOCl 10 alkyl; -N3; -arythalogeheteroaryl; -heterocyclyl; 15 -CO aryl;
and -CO heteroaryl; R3 and R4 ﬁr e. i ndependently selected fromthe group
consi sting of hydrogen, alkyl, a( %)é’nyl , hal ogen, al koxy, am no, al kyl am no,
di al kyl am no and -CO-N(R¢)3;
-CS-N(Re)2;
5 -SO2-N(Re)2;

-NRs-CO-Cj.pp akkyl;
-NRs-CS-Cj.10 alkyl;
-NRg- SO2-C;.10 alkyl;
-CO-Cy.10 alkyl;

10 -CO-0O-Cjy.yp alkyl;
-N3;
-aryl;
-heteroaryl;
-heterocyclyl;

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

R3 and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio; and

20 Rsis H or Cy.jp alkyl;
each Rg is independently H or Cy.o alkyl;

or a pharmaceutically acceptable salt thereof.

20



al kylthio; and 20 R5 is Hor Cl-10 al kyl; each R6 is independently H or

Cl 10 al kyl; or a pharmaceutically acceptable salt thereof. 20 WO

03/ 050117wedB/os®a2/ 18220 Anot her cl ass of internediates rag/wsee/1800 mul a
(V): ao NN \> R R311 N X RANHRS (V) 5 wherein: X is alkylene or

al kenyl ene; R2 is selected fromthe group consisting of: -hydrogen;
-al kyl; 10 -al kenyl; -al k%/I - 0-al kgl ; -alkyl-S-alkyl; -alkyl-0-aryl;
-al kyl -S-aryl ; A@cheaplaw afdnfegmedipips has tha FRyMUG (VY| kenyl : and -al kyl or

al kenyl substit ut ed by one or nore substituents sel ect ed fromthe group
consisting of -OH 20 -hal ogen;

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;
-NRe)2;
-CO-N(Re¢)2;
-CS-N(Re)2;
-SO2-N(Re)2;
25 -NRg-CO-Cj.pp alkyl;
21



-N(R6)2; -CONR6)2; -CS-N(R6)2; -SO2-N(R6)% 25 -NR6-CO-C 1.10 al kyl;
21 WD 03/050117 PCT/ US02/ 18220 -NR6-CS-C1-10 al kyl; -NR6- S02-Cl-10 al kyl;
-CO C -i owa deyls0117- CO-O-Cl - 10 al kyl; 5 -N3; -aryl; -het exczawsok/18220
-heterocyclyl; -COaryl; and 10 -CO heteroaryl; R3 and R4 are
i ndependently selected fromthe group consisting of hydrogen, alkyl,
al kenyl , hal ogen, al koxy, am ng, al kyl am nq, dial kylam no and al kyl t hi o;
and R5 is Hor Cl-lo al kyl; 15NBadys- l(l'%kiflhdependently H or Cl1_10 al kyl;
or a pharmaceutically accept aQNﬁss%E-dhez{lﬁfif- Anot her cl ass of

a\>_

i ntermedi ates has the Fornul a (VI—): ao N R2 RBN X R4l RNS

-CO-Cy.q0 alkyl;
-CO-0-Cyy9 alkyl;
5 -N3;

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

10 -CO-heteroaryl;

R3 and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio; and

Rsis H or Cy 0 alkyl;

15 each Rg is independently H or C,.jp alkyl;

or a pharmaceutically acceptable salt thereof.

Another class of intermediates has the Formula (VI):

O
N
N~ N
PRai
Ry E
R, I
R/ N\ //O
5 //S
0”"\R
20 1
(VD)
wherein: X is alkylene or alkenylene;

R; is aryl, heteroaryl, heterocyclyl, Cy.o9 alkyl or

22



50~ \RL 20 (VI) wherein: X is alkylene or alkenylene; R is aryl,
heteroaryl, heterocyclyl, Cl-20 al kyl or 22 WO 03/050117 PCT/ US02/ 18220
C2_20 al kewyis/oserach of which nay be unsubstituted or substrdnwsed/1kezoone or
nore substituents independently selected fromthe group consisting of.
-al kyl; -al kenyl; 5 -aryl; -heteroaryl; -heter ocycl yl; -substituted
cycloalkyl -0- alk l; 10 O(alkyl)Ola (al ky I 0.1-hetero aryl

0 (al kyl ) 0. 1- kaeetlkespdi speh of whaighpay Umseg%ntkw or &@Sh@@ Pxgae; or m‘SGO) 0_

AL SO0kl g MR gt o

-(al kyl)0_1- NR6 CO O al kyhlkyl;- (al kyl ) 0_1- NR6- CO- al kyl ;
-(al kyl)0. 1- NR6- CO-aryl ; -alkér%llkyl ) 0. 1- NR6- CO het eroaryl ;
5 -aryl;
-heteroaryl;
-heterocyclyl;
-substituted cycloalkyl;
-O-alkyl;
10 -O-(alkyl)o.1-aryl;
-O-(alkyl)o.1-heteroaryl;
-O-(alkyl)o.1-heterocyclyl;
-COOH;
-CO-0O-alkyl,
15 -CO-alkyl;
-S(0)o-2 -alkyl;
-S(0)¢-2 —(alkyl)o.1-aryl;
-S(0O)o-2 —(alkyl)o.1-heteroaryl;
-S(0)¢-2 —(alkyl)o.1-heterocyclyl;
20 ~(alkyD)o-1-N(Re)2;
-(alkyl)o.1-NRs-CO-0O-alkyl;
-(alkyl)o.1-NRg-CO-alkyl;
-(alkyl)o-1-NRg-CO-aryl;
-(alkyl)o.1-NRs-CO-heteroaryl;
25 -N3;
-halogen;
-haloalkyl;
-haloalkoxy;
-CO-haloalkyl;
30 -CO-haloalkoxy;
-NO»;
-CN;

23



25 -N3; -hal ogen; -haloal kyl; -haloal koxy; -CO hal oal kyl; 30

- CO hal oal koxy; -NO2; -CN, 23 WO 03/050117 PCT/US02/18220 -OH -SH, and
in the cav® wfosedikyl , al kenyl, and heterocyclyl, oxo; R2R@/s®kaged from
the group consisting of -hydrogen; 5 -alkyl; -alkenyl; -alkyl-0Oalkyl;
-al kyl -S-al kyl; -alkyl-Oaryl; 10 -alkyl-S-aryl; -alkyl-O alkenyl;

-al kyl -S- al kenyl; and -alkyl or al kenyl substituted by one or nore
substituents sel ected fr@ﬁf{t he group consisting of: 15 -OH, -hal ogen;

-N(R6)2,  -CO-N(R6)2; - CorNufhZhe &lle oPRRIGIRCAS, and NRE SR oA al kyl;
R; is selected from the group consisting of:
-hydrogen;
5 -alkyl;
-alkenyl;
-alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
10 -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:
15 -OH;
-halogen;
-N(Re)2;
-CO-N(Re)2;
-CS-N(Re¢)2;
20 -SO02-N(Re)2;
-NR4-CO-Cj.pp alkyl;
-NRs-CS-Cj.10 alkyl;
-NR¢- SO,-Cj.10 alkyl;
-CO-Cy.yp alkyl;
25 -CO-0-Cy.yp alkyl;
-N3;
-aryl;
-heteroaryl;
-heterocyclyl;
30 -CO-aryl; and
-CO-heteroaryl;
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-NR6-CS-C1_10 al kyl; -NR6- S02-Cil-1o alkyl; -COCl-lo alkyl; 25
-COOC .10 alkyl; -N3; -aryl; -heteroaryl; -heterocyclyl; 30 -COaryl;
and - COWensmsmnyl ;24 WO 03/050117 PCT/ US02/ 18220 R3 awd/ERb2a820
i ndependent |y sel ected fromthe group consisting of hydrogen, alkyl,
al kenyl, hal ogen, al koxy, amino, al kylam no, dialkylanmno and alkylthio;

d hR5 d R5 can join with X to
form a5 ring: cachRREN Be fischBarRiD e et i Eapigsansisghe o
phar maceuti cal |I:de?<§g‘e(ﬁp§1ﬁgl alkélaﬁt hélbgerneglkoxﬁ%nﬁﬁgdal £rﬁin6f d15ﬂ§la{gﬁt ﬂﬁn(% i ght

"al kyl", "alkenyl" and the prefix "al k-" are |nclu5|ve_o
chai n and br ancedthieiand groups and of cycllc groups, i.e. cycloal kyl and

cycl oal kenyl . Unl ess, s contajp. from1l to 20
czlr bon at o?/ns, with élfo” {} n%@ %ggntpoﬁf%q’hl% iﬁ’ gﬁgég?ndoﬁbwgb?%@rfo’é{léns
Pref efred fugups have a tot aI of up to 10 carbon atonms. Cyclic groups can

be nmonocyclic or polycyclic and preferabl have from3 to 10 ring carbon
atonms. Exenpl ary cy(ﬁaFgRgrl%Wé@qnﬁ@mbﬁﬂ% hogkwpyl , 15 cycl opentyl,

cycl ohexyl, cygl, Hfh%ﬂ}{}i ga‘:?&’%@gg"hyﬁhﬁ fborrane and norbornene. The

term " hal oaI Kyl ™ 1°s I nc u5| v groups are substituted by one or nore
hal ogen atons, including perfl uori nat ed groups. This is also true of groups
t hat incl ude es of suitable haI oaI kyl groups are

chl or onet hyl , t‘&i ‘F%pdg‘ie%tﬂi‘ﬁ/‘iem%n%kﬂhe alkepyl” apd thgprefis Fatk= g inclussvesfed
herej@ | n@o‘tl@ﬁ?alélﬁ‘rcﬁﬁﬁﬁﬁh ibfarRhQ Bakif g fob PO dSs crykpg gro%pd, § 48 ¢ycloalkyl 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, adamantly, norbornane, and norbornene.

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 groﬁps 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, 1soxazolyl,
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



Exanmpl es of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and
i ndenyl. The term"heteroaryl" includes aromatic rings or ring systens

t hat contwiov3asoiieast one ring hetero atom (e.g., 0, S, MCT/&etshbe

het eroaryl groups include furyl, thienyl, pyridyl, quinolinyl,

isoquinolinyl i ndol yl, isoindolyl, triazonI pyrrolyl, tetrazolyl
i m dazol yl, prrazolyl oxazolyl, thiazolyl, benzofuran
benzot hi ophenyl he @gylphesergayl. aeéﬁf@;@&zemgmupwq l?ﬁlmSHWﬂutséﬁw?ﬁ@t&mtw

qui noxal i gy or }ﬁ%szaﬁoﬁﬁtaéﬁk HdepQRRIH PYILALEbm the BB ALY isting ALzl V1

purinyl, quinazoli and soron. erocyc mat i c
ri ngs or ralmgys;aerhyhsaedlbm etyidnaidioxgt alk @tgo, hahmﬁcyﬂllra@paﬂiev@r mledlbyitifie,. g., O,

S, N and,i cI udes of the fully saturate rti 0 unsaturated
or vat | v BalOge 5o, By tse e RERe RS G By P b, bl
het er500y0|a¥ﬁal%ﬁu BFylélEﬁl'tMQ%e@éfBé&l 'hgiePd’drylok?tHe?é?é’aQ?I 1Hr1?e@é%baryf§ﬂ€d%@r°| inyl,

t hi onmor pholi nyl,”" pi peri dinyl, piperazinyl, thiazolidiny
i sot hi azolhﬁt&mayylalkahhﬁm mnnhazdkylanm}d dlﬂﬁylmrr@shﬁwmdypﬁmbm@@bamﬁz0 The

Subst i ot ARl keS8 EC rko RS daRaSIARVE b sebEh Rugvne

group consii§ithiddaBbnl ktcarborlyK ®¥droatRE b esty %Y carBédyy] enedi oxy,
al kyl t hi o, k?{al oal kyly”1 1%’ | oal kgxy, haIH%a kyl%?hé}y yhal olﬂgn nitro, hydroxy,

mer capt o, hevma@ylowsmﬂzsmyl afydibigdarboayl Ihetemayylﬁxgcarml efkapoylexsnr yl al koxy,

et citbar yieeloyn i GERaY iSRS il i, nlenhghRGLY = <

het er ocyclaxgldayfbnyl, aly&mlfaﬁylbmyﬂoaryadukfeﬁyﬂ ﬁlajnda@ziwl, ala%ﬂs@mwrﬂmayl
hal oal kyl car bonyl hanaIkoxgcarbonyl aIkyIthlocar onyI arylcarbonyl

het er oar y REdsHoRyIaming. wrdRiky e Bemyaminopalkglcakopylaseiioa plkspylparbonylamino,

aryl thioc ro I X!PE¥1 0 al kanoyl t hi o,
al kanoyl a%f}ﬁ%ﬂ%n cla?’bog 3}413{1(%?]9 epﬁgéf{’b%%ﬁﬁlggﬁ a'?ﬁ nosul f onyl ,

al kyl sul fchagetqarﬁcatbswlmnnw hethn@hf;ﬂﬂhyqakmﬂyiam;ab,, all@rlwlﬁhngﬂatmyd,,

al kyl sul fonyl am no, . aryl sul f onyl am noﬁdflallgl al kyl sul f onyl am no,

al kylar b&H?PWIWYIWQWVEHV%ﬂW% YAtaHoa By | ani no,
aryl al kyl qgfe L&lﬁin@z A5 Het@H9 ﬂaﬁ ko, alwheégryélfyﬁmﬁa yl am no,

het er oaryl a ycarbony am no, Fkyls f onyl am no | kenyl sul f onyl am no,
aryl sul f oraydeayﬂlanmoca;bpha]akmhcs tat}ﬂamylloa:urbqwlamhwt arybadicylirsinot ahyidammo,

het er oaryl a ul fon ani.no, | am.noc nyl.a . .
al kenyl amhﬁ{‘}f;‘éf ﬂ{}ylagl,lfiﬂ hﬁ%@g@ﬁtﬂgg qﬁ%ﬂ)&nyﬂnhno and, in the case of
aryl al kyl Qi@ieﬂ%?@l’yp,@iﬁ.' A& groups are described as being “substituted” or “optionally

20 substituted”, then those groups can also be substituted by one or more of the above

enumerated substituents.
Certain substituents are generally preferred. For example, Z is preferably a bond
or — NRs -; and R, is preferably C,.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-
25 butyl, sec-butyl, isobutyl, and tert-butyl), methoxyethyl, ethoxymethyl, and
cyclopropylmethyl. R3 and R4 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
30 pharmaceutically acceptable forms, including isomers such as diastereomers and

enantiomers, salts, solvates, polymorphs, and the like. In particular, if a compound is
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het er oar yl am nocar bonyl am no, heteroaryl al kyl am nocar bonyl am no and, in the
case of heterocyclyl, oxo. If other groups are described as being

"subst it uvedi3/se117optional |y 20 substituted”, then those graupsmasaroal so be
substituted by one or nore of the above enunerated substituents. Certain
substituents are generally preferred. For exanple, Z is preferably a bond

or - NRS -; a . 1 s prefer.abl al kyl, aryl, or substituted aryl.
Preferred %103'?%%5’5%’ @E@WBEO%FI{%?%@XH&M%\?PW@W somp@a}db%«?naml@ﬁﬁrsw e.,
met hyl, ety as REGRE mixbEOPSORY bnarftiondss. Ut yl, sec-butyl, isobutyl, and
tert-butyl), methoxyethyl, ethoxymethyl, and cyclopropyl methyl. R3 and R4
are preferably nethyl. One or nore of these preferred substitutents, if
resent, be present in.the coapounds of. the invention in any

Eonbi nat i ome feetlical G ositions and SIS —a' SWHE conpounds described herein
in any of thei rphadfaglaEaTRGRIPokiEBhS ¥ A6 GRRAAGH ContAh Tiherhpakibai NGt HOLEr S
such as diastereonmers and enantioners, salts, solvates, polyrorphs, and
the |ike. a»pyshpf 7 eempeund;df the nyppiuras described W GBINEBODIMALPCWILSO2/ 18220
opticall yqux%fﬂlé(c%%utiéaﬁﬂsf dcgéépefggvl\%??r}ﬂ%pem fically includes each of the

conpound' s enantT ONers a as racemc mxtures of the enantioners.
Phar maceut i cal Teteesid ttefpeafichllpicPleo@veanoldet néhdsyananthiak GBHe ebipdlind
conpositions of the invention contain a therapeutically effective  anount
of a conpcouHiFient te hedupsg EeransHtiastferdsweh preyiakias indugtion whiivamor egtiviit h a

phar ygceut.j |, ¥ : e ' p er jcall.y effective
am)u%t?" rredgg)g)lr gﬁ“‘?ﬁ%%ﬁéﬂg{‘ %%@Jgg%eoﬁx-r%g&réﬁnﬂog ?%%‘{é © %ﬁ?ﬁ%gsgdéxta her apeuti c
ef fect, sydhrmacesytadkompositicuot thepveatibn illroaryactorttinigito facltéls 8Ack O ko those

antiviral activity. Although the exact amount of active conpound used in a
phar matceutq?ég‘lJll 1B Ppbistebi B phrdcal agd rhsreisalgapure ohthy corwered. e Ruureadt or s
known to ttﬁ@éeﬁriex%n&ﬁie'ihteh&h&&lﬁir%’x’e%i Cﬂ i@ te‘?i*l}{éﬂtgé"k% it'cl}x%gi'fg?e' .
nature of the conpound, the nature t e carrier, and the intended dosing
regi nen, immvedngionmtill coptaineffidient actiee ingradoesi td osidefa dobeof abvue N0 ogkid |

t ad f t ti i.ngredient to provide a dose of about 100 ng/ kg
Fo 1B anodtout ERAE plErar b Bkt wGoBY) Kielks: GE06CoPALS Mor Che
conpound ts@bjebe ArSUbY (BE Eonviido@l dbii@e EOM4GREY BI@MedIQRAYE tAbRTBo R RYeDE USed,

such as tablets, |ozenges, _ . ,
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal

d
g FASH

patches, transmucosal patches and the like.
The compounds of the invention can be administered as the single therapeutic
20 agent in the treatment regimen, or the compounds of the invention may be administered in
combination with one another or with other active agents, including additional immune
response modifiers, antivirals, antibiotics, antibodies, proteins, peptides, oligonucleotides,
etc.
The compounds of the invention have been shown to induce the production of
25 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
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
30 according to the invention generally include interferon-a. (IFN-ot) and/or tumor necrosis
factor-o (TNF-) as well as certain interleukins (IL). Cytokines whose biosynthesis may

be induced by compounds of the invention include IFN-ot, TNF-o, IL-1, I1-6, IL-10 and
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parenteral fornulations, syrups, creans, ointnents, aerosol formulations,
transdernmal patches, transnmucosal patches and the |ike. The conpounds of

t he i nvenwiooos/osert7be admi ni stered as the single therapeutiRCT2050ag820 i n the
treatment reginmen, or the conpounds of the invention may be adm nistered in
conmbi nation wth one another or with other active agents, including

addi tional_imrune response nodifiers, antivirals, antibiotics, antibodies,
prot ei ns, Jpdlgs ARfba varinty gbeiber ebekiness  Ameng otheneifeckwihsss ard etbex pokingsent i on

have been ;H/m? : | [ R ' ﬁ?ﬁtjg ' o
experi me‘ntcgJil per1 %finr%%qg@g%frogﬁgghﬁg&fﬁgo%q%ﬁhé setn%?[ fc%% tg%lﬁ%e ow{ﬁls es eﬂ[l]e
resul ts i methimang of hiadl dideesesan unas. @ceordiegdy lthamventionprovidspomethodwdi f i er s

t hat can .npdul ate .the inmune. response .in a nunber . qof different. ways,
r ender | ng G RYIAKIRE biRSYRiEEsis P A5 crithal CORPHSIPE ARIYStERN g phicRive amotnt

Cyt olg nes gl Re/PBRRANCIIYPdsITRY dPehd RIMERH OYhel digmAdm ni strati on of

conpounds 30 according to the invention generally include interferon-a
(1 FN-a) and/ or Gemtabr comgmunds ef the avtentiomh{vENeem found towptdferastidbyrindiae the

compounds rretsidt pFEDA PR ORson MR dopare L Fetyat BAVES RtioRrakng 27
WD 03/ 050 P Q@éﬂ%@ Pﬁgﬂc ' . 3 b Anong
ot her effé‘)(i:(tyosf1 ,@idé{s%e an I(g)??"loenlrtdﬁclzlg}g 3) [ neseﬂsggﬁhlﬁ%l%ic%%gﬂé?‘r%dls%%g lijgt??%tn and
t unor cel lcogeammitant proekctnan ofségniBoamo lavel of sfanhmatoryt dygokibeseat nent of viral
di segses and tynors.. Accordingly,. the invention ovi des nmet hod of

i Ind ng cyt oki éd%PB’%%&’ﬁé‘bﬁgy ?lorfngﬂceath? Hﬁ{&u. tb‘??p‘?f{cé’f“?ﬁ“eéd%leﬁpg’&’g?rid%@fan

ef fecti ve qamyiition ecPoiOMBPLIEothe SRIFROBAhIR YeQfonkdl R aMbIeO Rathf t he
animal. Certain conpounds of the invention have been found to

pr ef er ent ikaldrgell actindy manebe siiupuleiedi areféict thaNmay ba dae pogidking mduction. The

hemat opoi eti c cells such as PBMCs eri pheral . bl ood nonucl ear. cells)
contai it ngolBedlsfpCHEDsdR e hcalEH, MG ot § BB R sf B e
concom t arikiderddsd proBudfonsofadditiogalytdkees! Fulther thelcampBhfisymsyékd nes. 10

In addition to the ability to induce the production of cytokines, the
conpunds psdliferatian ppd differeniiation etB-lympbecyisspect s of the innate i mune

esporee, For g i lpul Wiy SohlcREL M et Tk Bl RS,
activat e rFacexgiydeedthowgh therel in nbiivalieséd tbeaing slirsecatsct onTaklnor ditedt
induction of T cell cytokines, the production of the T helper type 1 (Th1) cytokine IFN-y
is induced indirectly and the production of the T helper type 2 (Th2) cytokines IL-4, IL-5
20 and IT-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
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,
25 allergy, allergic rhinitis; systemic lupus erythematosis; as a vaccine adjuvant; and possibly
as a treatment for recurrent fungal diseases and chlamydia.

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-q., the compounds are particularly

30 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

limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis
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oxi de and the production of additional cytokines. Further, the conpounds
may cause 15 proliferation and differentiation of B-lynphocytes. Conpounds
of the i nwensiosmial so have an effect on the acquired i nmurrETEepasxe. For
exanpl e, although there is not believed to be any direct effect on T cells
or direct induction of T cell cytokines, the production of the T hel per

.aki | EN-,. i S .J ced indirectly and the production of
EKEeTlhg—p iH%%@S??W Sd%‘?lé%f%%@sdf _eian{iﬁ' ?%H@&Sq%ﬂi@tw@smhi bi t ed
upon adm nysiolabh@RuRtlyvaBokaaBeH HY: CMNVSvast thBW%O’iI% co{olﬂgviruS'

conpounds are useful in the treatment of diseases e upregulation of the
Thl  r espoifleengadinst padaownflusyza; antraspitisdlial heoplisasrseslpanzevical intesipithelial| n vi ew

ili ds_of t j tion to inhibit the Th2 inmmune
esponse, Tt EnufTBRGS e s By W8 SR opPrsict Kuisef ditienc fo
atopi & di s@agids, aspergilluspiRiirgptd€sJeaL tifigitidSlcdpRstiCdiséHst LY baddi Bl 91 C

th d

rhinitis; systemc |upus erythenmtosis; as a vaccine adjuvant; and possibly
as a treat§fEsiRomyhaprgcgt fakemia, Keapsisi sswasas raaabicedlvianriyaiha, sqidmousmellne

response i:f vi h unds, make t hem usefyl .in  the

tr egt nment o ”fé&%/l\né]gne}? e@éfe?léﬁ%ﬁg]féné%h%ﬁﬂﬁ) en@yaﬁg@aﬁlfgnfﬁli“at Wéﬁ"ﬁo%ﬁl’i‘ Pty to

i nduce t hdymphadaaintarond T-eyll Ofhilesns dadomsr tmbeid; pRalied dithkede. o he
conpounds are particularly 30 useful in the treatnent of viral diseases and

tunors. THIPSUMARYFHS Fafckl SiyPIosPeridipsis, tystopdapgepsis; @xopla@m@fdwﬁwlnw_omedt he

i nvepdion ; : ‘] : I i S S ut . not imted to,
Vi raIm di selg%gtsl&?%%#lhjed%}ﬂnﬁ%%% flag(?béjd\éé:r?d i‘ﬁﬁ%cg qulliltg)nhegafrup gr;cfﬂb)ﬁgh?"gr warts;
Hepatitis mﬁc&b&ﬂ@:ﬂﬁh%ﬁﬂﬂ.?AH’dﬁbbﬁQﬁs{eﬂn&BMcoxBiitidﬂ%FIﬁétidah%F @ieat'd@htﬁi;ﬁg t1|§! ”P' ex
Vir Type | and T |1, nmolluscum contagi osum variola, particularly
v:';tr :J?n ay ﬁsﬁOB}PPU‘%ﬁS\ng%\WGW inclufle actiic Seratggis nesrrmaseosingpbiliaigssensial

i nfl uenza;hnthoBhAehial lHeR? %uitﬁﬂe{) %ﬁ?{)*&%ﬁaﬂen %%?Wvﬁiegc}gé&ﬁ E]u&)qlﬁ cer vi cal

intraepithelial °neoplasia; huna omavi r us f associ at ed
neopl asi aBowanpdibeade;sBawawid papylosts; akpedial areatas fierighibition of &eibid fotptatienccal

pl asi as? iR | RizG0RC
kb o, WD S0P T 3ol Btk B o Citipieal H5. b et AR ESTEORICS <G o,

ny el ogenowsahaisloe Blidulafatht hedlth o Bl @iNBs, iABhANL BRrontOPstHREI KHE cémp(ln}ﬂap hona,
cut aneous T-cell |ynphoma, and other cancers; parasitic di seases, e.Qg.

pneunpcystay Reaisafil fordreasng Sisormpartasisiés infictivopimbrosisthat axopifEsnosi s,
trypanoso rgﬁ%%?ssﬁs@;&cctg%l gﬂediﬁggirhﬁhﬁi yn%[] & Selxeslmpl%pgar%%fatn? Il;alltf%lntsl, & Jn%(e:} ﬁa?iggt’s

e.g., tuber 0
and HIV patients.
20 An amount of a compound effective to induce cytokine biosynthesis is an amount

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-qi,
TNF-a, IL-1, IL-6, IL-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

25 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to
about 5 mg/kg. The invention also provides a method of treating a viral infection in an
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

30 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

animals. The precise amount that is effective for such treatment will vary according to
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nycobacteri um avium Additional diseases or conditions that can be treated
using the conpounds of the invention include actinic keratosis; eczens;
eosi nophi Woegs/segent i al  t hronbocyt haem a; | eprosy; nulti Hoa/esokasngi s;
Omen's syndrone; discoid |upus; Bowen's disease; Bowenoid papul osis;

al opeci a areata; the inhibition of Keloid formation 15 after surgery and

ot her t .S i scars, Jn. addjtio t hese conpounds coul d
enhanceyg(raﬁsttg :;Srm g%nén#{%ga‘ﬁggﬁ 1P Psted\iB bR @Ldoss pleahour KD ’é&(kg?ﬂ Dowphee/kerhe

conpounds prefeyabiieabimefl 0l figr totabeiats Mgk %hﬁlpﬁﬂ&ﬁﬁ ¥Rk %gl'nﬁoﬁrﬂf {1\9&% t?é]g

tunors that occur after suppression o medi ate

exanpl e, t3RHeBRSUHEONStoRistag an@am:félat\péltqaem @redacnmoﬂ-ﬂn\tumar meenblsln tB@ An

anmount of o i nduce ey ne bi osynthesis is an anount
R BP R §6 L e A%aéﬁ g B{elcmf:)%lgg %83)99 TR

sufficient to cause one or YR80 TEMEbRages,
dendr3ti c thehtt but Brdpdiabolte 4 dos® bOHHRE 160n wa dk 50 PR 5@@%3{5{ nes
such as, far arrple | FN-a, TNF-a, |IL-1, - | L- 10 and’FL-1 h

i ncreased @\}’eg? Weabﬁ%-'fkﬁ‘r&g%d | evel of such cytokl nes. The precise anount

wi |l vary accor h rt. but 25 expected .to be a
dose of about lrlgigqg\é SL?% hgr{f&g%%ﬁfg k%’??‘)lf“f%%%‘r‘{@%amw YerEed o
about 5 mjbm@],ustfa‘tmmamxbemdmnat mendedid KesmAiIngeh hegway. treating a viral
infection in an aninmal and a nethod of treating a neoplastic disease in an
ani mal conprising admnistering an effective anmount of a conpound or
corrpmsi tion of i @}ﬁ%{l’gsl ective to freat

or inhibit a V|Hr1£llec %an ect |Bd%¥1b‘% goéagfgrl%gg%@{%mf%e??ﬁg%% f%grgp%f 'i“é%@gbl on in
one or noiper fg}fmzmqe liraidl (ﬂiwnatngaphy oding b Wdteis Fr&¢ioh Qlynx SufMads plirfiRhtion

| esi on sa r ction, and nortality as conpared to
un;5 IreatS edvI on rLor?l Eﬁ?lﬁgﬁg m?ﬁlﬁnsg‘?’ Elagggza‘?ﬁin‘ifﬁtgﬂﬂdﬁmwssekéééiﬂfﬁ@ atlrdrrrgh@uch
treat ment a ﬁ@ﬂobrlyt@rftéc&@MQbQGHﬂ)ﬁlea%nm&ﬁﬁ%% %@or?%é%ﬁ%@% 572kg factors

known in the art but is expected t o about
50 ny/ kg, ity salafdhe dasired gdingounl. dEIdUmnSthjlbhgneyAhumw'(lz) ofl .25

conpaund gpfect | ast . c cond an armunt that wll
cause a reguc i1()()/n1%|“‘1rr1&il hgn%?fessﬂ?ewpwet @W I ?fﬁn%{a I{*J}%‘r’ ligeaigradigghai n, the
preci se ashtinh fioind 5-9868 B iR¢L aifl] then heldhAGS B fdsPAWR,. 'Whe? WS 0@kl but is
expect ed to be a dose of about 100 ng/ kg to about 50 T( pre er ably

about  10"I¥eAcEHC aEdivates ang/Bkig O. etri ctig nacndéacenontthbr fraet®nr | bed by t he
fol I ow ng ex208) 6% ma\ﬁ@'sé‘igctﬂzre%ngée?\ﬁ' ded

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

IZ
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for illustration only and are not intended to be linmting in any way. 10 In
the exanpl es bel ow sone of the conmpounds were purified by preparative high
per f or manw® (3i0quild chr omat ogr aphy using a Waters Fracti on Homssoausnoat ed
purification system The prep HPLC fractions were analyzed using a

M cromass LC-TOFMS and the appropriate fractions were conbined and
centrifuge g&porated to provide the trifluoroacetate salt of the desired
conpound. ]E%Yurm Phenonmenex Luna C18(2), 21.2 x 15 50 mm 10 m cron

ticle size, TAGBAyRess (16OMIL 8BS ndFol gh&uedte%éeﬂs% gh3qhHEY
E?Lt:onfr m 5- 95%y]@iﬁ’ﬁ 1(2mn t hen hocl)gwgt 95A)Bf8rIs 0 &H é’

0.05% triPPrbmedykeinitrer( dvsrisiona (H6 B, #2 01106D6N dnch]ommthmta (@00 mL).
aci d/ acet Of'hé{ Elhlfiﬂg kﬁ%&é %Q% (ﬂ% %Ct llonlg?g]ghgﬁﬁlc an gr(ictie 2/1% _}mtggeg In?n%ol 20

Example 1 N m no-

1H i nf dazowds &idedl pyd tl(éeraclelhﬁﬂﬂirMN]ab@ﬂiﬁ@ﬂo@@O'ﬂHﬁuteN Monbtzer‘%é N H 30 WO
03/ 050117 PCT/ USQ2/ 18220 Part A Triethylamne (16.8 nL, 123.8 mmol) was

added to aPYpEYsatongkhl 6f ugylipERS /-6 &, - Himmalhyks @ldedlin o spglbHporipyr amiithe

98hik S m xt ure was
((:Z)OIGeg’ [ f\f]ig%:tl ce bg%r Tr| #’ %%{BS‘% drlat(igl?%ltgg%'p%ftur%fﬁ ’hirh?‘ir Be IRasi %t ded

and the reacttmmnvamwashecbwmaqmaaus nadsddmmaé}bawewx 1092A0), deed over

b | -1, 4- ne (7.6 g, 41.2 mml) was added in a single
por 1 on ardvgissith it wid (i fenetnated indepinciacedpmescn o o

t enpeg at urgodwditt ?hlszknﬁ@ﬁ'ﬁl &A&thrsgl%‘é& Jp&chlﬂéﬁé{ﬁﬁle\’ﬁﬁ l%? Qo2 %&‘Efa‘{ lr’% ous 1%

sodi um carbonate (2 X , dried over nagnesium su
concent r atgsd Thelsiticy g@imd:hﬁc(bﬁﬁsu methtdichioroxietene taitbenche st@(iiMféﬁnuég%a

materi al WHen gmﬁ%og‘y ﬂl 1 ace%tg r11n 81cl?1rg?(§mho§tﬂ§neatg?ego(\)fgrd t%cei d(e)sr};e% p?oclluac)t/ e’E‘heo fostlica

fractions containing product were combined and then concentrated under reduced pressure
to provide 12 g of 4-({4—[(tert—butoxycarbonyl)amino]butyl}amino)-5,6-dimethyl-3-

15 nitropyridin-2-yl trifluoromethanesulfonate as a light yellow oil.
Part B

The material from Part A was combined with triethylamine (2.5 g, 24.7 mmol),

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

20 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
and then concentrated under reduced pressure to provide ~13 g of tert-butyl 4-{[2-
(dibenzylamino)-5 ,6-dimethyl-3-nitropyridin-4-ylJamino }butylcarbamate.

25 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
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

30 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
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gel . The silica gel was eluted first with dichloronmethane to renove sone
inpurities and then with 2-5%ethyl acetate in dichloromethane to recover
the desire® (@rosduct. The fractions containing product werrCTuswiised and
then concentrated under reduced pressure to provide 12 g of

4- ({4-[ (tert-butoxycarbonyl)am no] butyl }am no) -5, 6-di net hyl -3 15

nitropyridin-2-vl i fl.uor,onet hanesul te a li. hE yellowoil. Part B
The ng%/erﬁjg}l;}—]%?urt%ﬁr?fgg?a{mgo'v%é@ﬁ)c% F‘Wﬁﬁ’s'%@ﬂ"ﬁ%ﬁ}@?}’fﬁlgﬁ ne (2.5 g, 24.7
mol ),  diyijnadyb pukylearbéingdeg, 24.7 nmol ), and toluene (150 nL) and then
heated at reflux for 4 hours. The reaction m xture was washed w th aqueous

1 % sodi urh®4Pbonat e and then 20 concentrated under reduced pressure to

vi de crude ' tgyi s di ved jn. di chl or onet hane and
Io(r)gded onto si W%g&gglflfﬁ%@ lglgr ?%Z%%&Mé aé‘?%oft@& S\?}‘F‘ﬁné’gﬁﬁi@@t&{li‘hﬁo%cet ate
i n dixhl orRantef haatonTtite (2006GH1L)0 n&eﬁ@i&i@hﬁiﬁ&ﬂlr@ﬁv@_@'btﬁ{“ed’\&raﬁlb@é?méngﬁeﬁiatgl@d
t hen conceptrated under reduced pressure to provide - 13 g of tert-butyl
4-{ [2 (dﬁﬂ’&ﬁ?’glﬂt@mf%s“rwes epncentied undes reduspd piesute. 4Tk desidne mas

but yl car : : | rehydsi de (1 6 mmpl) was slowy
Laded to laéafs{%:hﬂetdivgﬁﬁ%@%’iqSﬁ%ﬁ%c?ﬁ%ﬂ&?‘?éggh%@%)( ﬁ@géga,cgi’é%%%fb‘ws in
met hanol  &nated herefles overnight andthen eondatratet nhed rt@iced PRsHUBUTRS resfitimg! Ut i on
of the material from Part B in nmethanol was added in a single portion.

Sodi um bo'BH l‘f’%ﬁ@%@@ﬁ&ﬂ%ﬁ&d’&@éﬂeﬂl@man@ Aed Walsfri Hlae dighlocwheshinedsyerThe 30
reactg on Ria%tsbpfaté@ind iheh 88884 ofidS: fifidd é%.rcglu \Zﬁ%’l@ﬁ@ﬁ# %tas?%\gtj gvﬁlr&h ;ﬁg“fﬁg

pressure. The " resulting residue was combi net oro
m xt ure WA pihgl adtatedichlonpueghamt tethafibe Tl fracaibas wﬁﬁai?m% R fggmzo under
t rovide. - of 31 WD 03/050117 PCT/ U _

tor 1< but yPORDHef shd R 6ot o ety Prcssuma nBatidegy B A byb] tar o
but yl car pzatye-4-(RRhEyBni¥)- 8! Adinty2 il fniadzdTk 5- Y'H-‘i‘%ﬁ- ;ia BagEE 1O a
}sol u%/i on of tg?ln(ateri};ll fr(b)m 51 Par}iP Cin ac({e[%onﬁl%?y{:rl(}le ( 3)61\9@71%1 S.lrg%g
reaction A*&20He was stirred at ambi ent tenperature. The reaction mxture

was goncept gt ed under reduced pressure. The residue was conbined with

et hanol anghtri ethylamne (5 g, 49 mol .). The reaction m xture was

Triflic acid (16g, 107 mmol) was added to a solution of the material from Part D

(6.5g, 11.4 mmol) in dichloromethane (250 m1.). The resulting mixture was stirred
overnight. Ammonium hydroxide (50 mL) and water (100 mL) were added and the

20 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
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

25 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
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

30 toluene to provide 1g of 1-(4-aminobutyl)-2-butyl-6,7-dimethyl-1 H-imidazo[4,5-

clpyridin-4-amine.
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heated at reflux overnight and then concentrated under reduced pressure.

The resulting residue was partitioned between dichl oronet hane and water.
The di chl woorsestiane | ayer 10 was separated and then | oadedcamsn2as®il i ca
gel colum. The colum was eluted with 9:90:1 ethyl

acet at e: di chl oronet hane: net hanol. The fractions containing product were
conbi ned and t hen concentrated under reduced pressure to provide 6.5 g of
tert - but yIP2E [ 2-putyl - 4- (di benzyl ami no) - 6, 7- di net hyl - | Hi i dazo

[ 4, 5-c] pyri di n-ls I mnfbi ' . i £l i (1
6g, 107 mol) \?égdﬂgg%%%%t(g@zggg%fl on )o st ﬁ%degréct}grs Jlﬁgfl&? ?EfC)lmr( gllrn!thfolgagj(lg%g,
11. 4 mmol Youtyh-6¢i-dinbashydriaidez¢[2 56c]pimidinPhamineg 15Q ingg0.Ginxhol) én was stirred

over ni ght. .Alirm)ni m h oxj d 50 niL) and water (100 ni e_added and the
20 resul t i mee{\_gg rgi“'ﬁ}&cfe?‘&’r‘)n erﬁﬁ‘faé_@&?‘g@ "I‘I‘a‘z?%ﬁgt 82 par at ed
and tshe agHRRS (0.07 &AL, 0N mtRT) KX 4Rl 86d MelBaioR hiRRORLO ARG ved BQniine-  The
organic fractions were conbined, washed with 1% aqueous sodi um car bonat e,

washed wi ti¢e tath. nEhearedctiqromizdure veas evchsherbliavice with veterpnd slemrooncetmtedesiddue was
conbined with t hanol (30 stirred far .30 mnutes and filtered. The
TPl erate AbdrRedRienate heifesiibe rosilsth ol Blea By SR ialheny el

resi due WagEtHCTOY in@thndl InhditifoREAEEIRIAS 1S PRbivitID £ 3518HE naéli-3! Thiseghteridine

m xture was extracted wi th hexane to renove organic inpurities. The aqueous
| ayer contasidisselvedin suhighimeanpyntiof igopiepsnebanddbenetbanesHfadicadid(drmghane.

The gani i ned wt.h nesium sul fate tirred for 5

m nutes ar?? Jplﬁ?é?);vrvxe%;dd?ﬁ%i ﬁu?r ?n 'erh\llevarér;Eg Lq%:00 nr{:ug;rt]l%r‘r% z‘ﬁaégma%dd%ran}bée ced pressure
t o provi decrpasthicfonki GBum@sl thechdssddbridfEad afsapadbal uhal i8e&nic0 provide | g
of 1-(4-am nobutyl)-2-butyl-6,7-dinethyl-lHimdazo[4,5- c]pyridin-4-am ne.
32 WO 03/ dsmegenepes Trpsolatgmnyas ghiowyedto $poldp |ginbiawt fanpeoatere apfl they, wasnmol )
was added : i -( 4-am ).~ 2 _— .

butyl -6, 75 ?‘ﬁgélﬁé"f g%ﬁ%‘m%f%%{“ﬁ?@%%%@#%‘% W solated by fegiopdo prpvide T11 v )
di chl or oneigelivé-[4-(Hamihg-2-biikyd-6; R dundtiyl- I -ihidaeo[dedsclppadiad -i n an i ce bath.
Benzgyl 5 chloride (Q.07 nL, 0.5 mpl) was ad and the reaction mxture
was lrsenové@g\‘“ryh 1233 d?%Sea‘Héﬁtﬁl.hn?ﬁ%thé%Et f%?rﬁﬂ?gm-e was washed twice with
wat er and AfRRisC eaRERPLEE,ENAI0: %C, 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)butylJmethanesulfonamide

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.

33 -



reduced pressure. The resulting residue was purified by flash

chromat ography eluting wth 10% net hanol in dichloronethane to provide an
oi |y browwowmstoseiial . This material was dissolved in a m reawsoangaznt of

i sopropanol and then ethanesulfonic acid (55 ng, 10 0.5 mml) was added
with stirring. The reaction m'xture was stirred at anbient tenperature for
-1 hour ﬁ hhen lgeat echybrl efI a sand bath unti| it becane
honogeneodsSthaRFEIEG e AR rﬁlr‘\ﬂﬁ@ oQbédmiﬂBDéY?éladfl%i %ﬁ%?ﬁa"?@hﬁ'@ﬂ&w{lﬁ and
then was rGhbldd S theile b, BieheactiBf it bhOGia6t BS hithGe'@fnd RALRLCD BY
filtration to provide 111 0

N[ 4-(4- armmtur@wlauwmeﬁ tired itimaas Myithwmef ra:bnlramtrpt@d&nde}rpyddadﬁ |pfdss1ilr5 and

yl ) butyl] enza as a.cr |1ine s 127.8-128. 8 ysSi S:
Cal cul at ed §Il|§fN§Hnu “7’6‘3 ?ﬁm &)4 ac?taé% /Nes@'im%é’:ys H’ﬁ&"?@@’as

69. 8% WdSOZ:itZ@b}é?ﬂ\Jratl%ﬁ 288 the%%ﬁ&qm %baerhalden drying apparatus to provide 94 mg
N-[ 4-(4- Am no- 2 di met hyl - 1H i m da
[ 4, 5- c] pyof &= @mnpb&lyutyhéﬂhhmeﬁwl-ﬂﬂwandwwﬂz]pymdmn IN HNN, S, O 25

Triethyla to a solution of

1-(4-am n%ﬁ?@'ﬁ e%‘anﬁﬂ{lﬁ?ﬂ‘a%“%m&fﬂfﬁ m dazo[ 4, 5-c] pyri di n- 4-am ne
(150 ng, Qufalyme Chicuteddos O SLOVRY Sams (556 wH, .7 I, NeRLdd; Fouhd ! € was
cooled in anice bath. 33 WD 03/050117 PCT/ US02/ 18220 ~ Met hanesul f ohi ¢
anhydr i de 5p30; L, 78S %Mol303as added and the reaction mixture was renoved
fromdhe ice bath. The reaction mxture was stirred for 35 mnutes. The
reaction mxture was washed three tinmes with water, concentrated under
reduced pressure, and triturated with a m ni mumvolune of methyl acetate.
The resulting crystalline solid was 5 isolated by filtration and then dried
in an Abder hal den drying apparatus t &*pmgiitle 94 ng  of

;)II- g gu'g 3I ia?e'? ﬁaﬁfeg {4%()8%121«7%% té‘yhﬁ%grﬁfg%ﬁ@é %ﬁaﬁc%l]gyﬁaﬂ—&é?’léuqtgt]ed for

Cl17H29N502S: %C, 55.56; 9%H, 47ﬂlﬁﬁobé¥&bneiﬁlf@ﬁinnH®Hlydraté’/C

NN
I >_\/\
Z N
HN
o’S
15 F

Triethylamine (0.07 mL, 0.5 mmol) was added to a solution of 1-(4-aminobutyl)-2-
butyl-6,7-dimethyl- 1 H-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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55.37; 9%, 7.89; 9%\, 18.03. 10 Exanple 3

N-[ 4- (4- Am no- 2-butyl -6, 7-di net hyl -1 Hi m dazo [4, 5-c] pyridin-1-yl)butyl]-
4-f | uor obwazasrsel f onam de Hydrate NH2Z N L N N O HN S FKOTIES0B/18220
Triethylamne (0.07 nL, 0.5 mvol) was added to a solution of

1-(4-am nobutyl) 2 butyl -6, 7-di net hyl -1 Hi m'dazo[4 5-c] pyri di n-4-am ne
(150 ng, Q. i.n dichloronethane (150 nli). The reaction m xture was

cooled in [é{f{4raggncb-§thptylzﬁ Nlmftﬂﬂrb@éﬁ%WQM‘FM?ﬁl%hWBPWdE ‘t 113 ny, 0.5
mmol ) was et A stiRhahEaChY e T AR cr hﬁ@ﬁl\ﬁeglﬁerl% f%; bat h.

The reaction mxture was stirred at anbien errperafur urs The
reacti on rAndiysie Gabsilanes foe CHHHRNY@ISerHAR %C 1507 571%Ha6.831 %8Y) 15 09nEaimidr at ed

under red T |ting residue was recrystallized from
met hyl e%‘%gt ggéﬁo&ﬁhgﬁgd?"&&g%ﬁ an Abder hal den dryi ng apparatus to provide
50 ngs of N 34 WO 03/050117 PCT/ US02/ 18220

[4-(4-am no-2-butyl -6, 7-dinmethyl -1 Him dazo [4, 5-c] pyridin-1-yl)butyl]
-4- fluorobenzenesul fonanm de hydr at e Bxsmplevhi te crystal line solid, m p

6.93: ont 15, o (Felfino et ginefl sgndglh s s il o ™
N-[ 4- (4- Am no- 2- but yl - 6, 7- di net hyl - ]\Mﬁhb@lﬁi@;o [ 4, 5-c]pyridin-
-yl )butyl]- N phenylurea NH2 N

XN
NI _ \>W\
N

HN%O

HN

O

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 C23H3:NgO: %C, 67.62; %H, 7.89; %N, 20.57; Found: %C,
66.84; %H, 7.71; %N, 20.54.
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N N HNO HN 10 Phenylisocyanate (0.056 nL, 0.5 mmol) was added to a
chilled solution of of 1-(4-

am nobut yWo @/batiyl - 6, 7- di et hyl -1 Hi mi dazo[ 4, 5-c] pyri di n-pCTarSRASP2050 N7,
0.5 mmol) in dichloronmethane (150 nL). The ice bath was renoved. A white
precipitate formed after 5 mnutes. The reaction m xture was allowed to
stir for 30 mnutes 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 diftample &t her to transfer the nmaterial
Los e Topter ante ol flbl At e MRS IR ARG 5 A RRAR S BRI PrOv! de
N- [ 4- (4- am no- 2- butyl - 6, 7- di met INHphédHihidudarzKjdrate- c] pyri di n-1-yl ) butyl ]-N -
phenyl urea, mp. 195.8-196.8C 20 | ysis: Cal cul ated for C23H32N60: 9%C,
67.62; 9, 7.89; %\, 20.57; Found: . 66.84; 9H, 7.71;, 9%\, 20.54. 35 WO
03/ 050117 PCT/ US02/ 18220 Exanpl gy N[ 4- (4- Ami no- 2- butyl -6, 7-di net hyl -1
Himdazo [4, 5 -c] pyridin-1-yl I$—7\bbmphenylthiourea Hydrate NH2 N
N N HNSHN 50 Using the ne of NExanpl e 4,

1- (4-am nobutyl)-2-butyl -6, 7-di net yI-#HAL:;dazo[4,5-c]pyridin-4-anine (100

ng, 0.35 nmmol) was reacted with phenyli sothiocyanate (0.041 ni, 0.35 mmol)
to provide 97 ng of N-[4-(4-am no-2-butyl- \10
6,7-dinethyl-lH-inidazo[4,5-c]pyridin-l-yIWN%;gl]-N'-phenylthiourea hydr at e
as a white HN

5 O

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 C23H3NgS - H,O: %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
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crystalline solid, mp. 160.0-160.8C. Analysis: Calculated for C23H32N6S
H2O 9%, 62.41; %, 7.74; 9%\, 18.99; Found: %C, 62.39; %, 7.47;, W,

18. 52. 15wex@rmpda76 N-[4-(4- Am no-2-butyl -6, 7-di net hyl - | HdTmiSdaage20
[4,5-c]pyridin-1-yl)butyl]- N,Ndinmethyl sulfamde NH2 NN N HNOS O
N 36 WO 03/050117 PCT/ US02/ 18220 Triethylam ne (0.031 nL, 0.23 mmol) was
added to a sol ution of

ani nobut yl ) - 2- @te&lllﬂ@mf‘ed&@étl 4033 o)y ey #ldsd £ p§Rlpemol-thri ne (67 ny,

an’ oo bat B R e P T SE BBBRLOR g (g AR,

The react iio dlcﬂliommemawa@fS&an nBcetadtiommmixihee maes cbeltd in dhiee bathct i on m xt ure

[ A b
borc ni dsimst e SRR {009 GEE .88 Mol s st 18R a6 B RUHURH RS, was
removed ungghvderbaest RE %ﬁﬁhu r’ﬁle réac%on %ﬁﬁk@{ﬁ@&lm o2¥r Mamias added and

the reaction m xture was heat ed C. hours, nore
di met hyl su¢hperapte fonkdil3 hem(SZAElaly)SIS\baéﬂHc@adhm thetathe rfglctﬂm;wamnd)ti nued. 10

After 22 hour actio nper at ur e s.raised, to refl and the
reaction ?ﬁl hﬁ]&%‘%c?lé’fqlﬁ?hﬁle‘f%?s rf’é’ﬁv?‘ﬁc,)\@?dfr reﬁ?fﬁeq'%rﬁﬁuf%nfjﬁi xture was
extract ed Dl&‘hl@ﬁ)e’dﬂahg (5®n@)) wal R8dedAd R Feab i GHChl-0ne WBREQIDbed 2nd 3
concentrated under reduced pressure. The resulting residue was

recr yst al |mz@dnmrmmmwlfaawi ghleriden(2pY pl) wes adledynd heaingavgstontinwmsl. 2-

buty clpyridins but dlnrethlsulfam
de as an b ?I?]\\/[ihrsttle;'é {:?ry)?g?afﬂﬁnpe?at%% |"?/a(§ ralﬁ?dpto r%é %%%ae ack;%musl (M +
H +.  Exangiiexed folNt(0%hduds. aDhe@adtidd, nixturt MRk |8Xt|radtéd' twIESRAR water. The

[4,5-c]pyridin-1-yl)butyl] nethanesul fonam de
aqueous fractions wére 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-1H-imidazo[4,5-c]pyridin-1-yl)butyl]methanesulfonamide

NH,

0=5=0
20 \

Part A
A mixture of 5,6-dimethyl-3-nitropyridine-2,4-diol (60.0 g, 326 mmol) and
phosphorus oxychloride (600 mL) was heated at reflux for 2 hrs. The reaction mixture
25 was concentrated under reduced pressure. The resulting residue was combined with ethyl

acetate (300 mL) and then filtered. The filtrate was washed with aqueous sodium
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NH2Z NN N NH Os=0 20 Part A A m xture of

5, 6-di net hyl -3-nitropyridine-2,4-diol (60.0 g, 326 mmpol) and phosphorus
oxychl ori d® @388@1m.) was heated at reflux for 2 hrs. The rrEactsSoons2z xt ure
25 was concentrated under reduced pressure. The resulting residue was
conbined with ethyl acetate (300 nL) and then filtered. The filtrate was
washed wi th aqueous sodium 37 WO 03/050117 PCT/ US02/ 18220 bi carbonate

sol ut i on. PfEREbINR{EesOlutiy elhedavarnere sspwrated dBe aqugony ayenaas extracteditwiret wi ce
W th ethylg; t | : ' . Led. w sium
Ul fat o Ande Phgrcoak oy SBALE Lk HRheied Mt fhbRluth MelPREL
sol i d. Thitkemaneentedtedvasier prducéd mdssnye hrovide ahraphyolids iTHicmageil whait i ng

with 60/40 ethyl acetate/ hexanes) to provid 5 g.of .

5 o chi GPOTE by GGt g5 T B 6D et arstatseganes) o provide

4- am Nnobutsyl £ DARGLErHE6-9i ARRlchvMases! oWy added to a m xture of
2, 4-di chl orog-:5, 6- di net hyl’- 3imni tﬁfﬁopyr i(%l)?,ne ?50 g, 226 mmol ), anhydrous N, N
di met hy! f dlarteldi de (500 nl) and triethylanine (50 nm., 339 mmol). The

reaction 10 m xt ur.e al. | to stir_overni ght. and then it was
concentrated u ﬁttfét;b‘}tﬁﬁ%é@émg’ﬁgg%aﬁl?aénat‘f 66%539?61211189 ASiN |SIO“$H é‘d‘iﬁdl ©fas

di ssol ved phiRtué b2 4ah@t184e5,8REmERGN3 WA diet(50 gﬂi% mmbE anlB/dIRRI¢ N-ay er
was dried over nagnesium sul fate and then concentrated under ‘reduced
pressure tdimpthylfpiareanaidg 4900 wi) andrmiethyhamiae () mhad3pummidl). bhdypagsivinum
oG LR ui® bl Bl Byl dhdn U RLoREDHard 8! SONGI TR ©

chl or o- 5, 6o giovidewtl 0iB-Thd 6i0PME tidsdivet iletiubydtsa nha mnay Ake@whthiviiidr, ahange
oil which solidified on standing. Part A sol ution of phenol (18.50 g,
196 nmol ) FERNG ysrEas ditedraver masnesiuppylaieiardithen concentrated under reduced

pressure to provide a dark oil. This material was purified by column chromatography
(silica gel eluting with 40/60 ethyl acetate/hexanes) to provide 64.5 g of tert-butyl 4-(2-
15 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
dropwise to a chilled (0°C) suspension of sodium hydride (8.28 g of 60% in mineral oii,
20 207 mmol) in diglyme (50 mL). After 1 hr gas evolution ceased. A solution of fert-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
was concentrated under reduced pressure to provide a black oil. The oil was dissolved in
25 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-
phenoxypyridin-4-yl)amino]butylcarbamate as an orange oil.
30 Part D
Tert-butyl 4-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]butylcarbamate
(9.17 g, 21.3 mmol), toluene (50 mL), isopropanol (5 mL) and 5% platinum on carbon (7.0
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dropwise to a chilled (0C) suspension of sodium hydride (8.28 g of 60%in
mneral oil, 20 207 nmml) in diglyme (50 rL). After 1 hr gas evol ution
ceased. Awsoiswsoan of tert-butyl PCT/US02/18220
4-(2-chl oro-5, 6-di met hyl - 3-ni tropyridi n-4-yl)butyl carbamate (68.95 g, 185
mmol) in diglyme (200 nL) was slowy added dropw se to the reaction

m xture. After the,addition. was.co ete the reactjion m xture was heated
at reflux $oyergcppbmedaad F@EW%“H&Eh‘ﬁé@ge%?s%ﬁ&%é}ﬁ$ré'%§g&4ﬁépv?%&ed

pressure ten PPAY bfar@ub! ReKcAhlyst WwitGeRbled G fiflta3i9R & thel fltraR ‘@aﬁhy' acetate
and then extracted wth I N sodium hydroxide to renove excess phenol. The

or gani ¢ | aSpacenigtediprideri reduesd pragsuess i The rsuilfimg brosmdoit wendmaiwelat highed under

reduced pressure. Th i d S rified b hr opat aph si.lica gel
i uti ng w ROSS/SBrei 7 satfert BRwERREne s r0R e ror PR biindr - but v
4- [ (25 3- di yipinkipbbltyiédrbAnde. phenoxypyri di n-4-yl)am no] butyl carbamate as an
orange oil. 30 Part D Tert-butyl 4- [(2,

3-di et hylB&tBj t r o- 6- phenoxypyri di n-4-yl) anino]butylcarb amate (9.17 g,

(7.0 38 Wo oo/ HEBS® Rebrhas R BEIERHED, bk or@Pielte Bt [ R ed "nder
hydr ogen phesdyathydbdhspsluensX(75 nfig) 4idl pyriaitRtyidedhloriie (6.753) fvag BRAER4US. The
catal yst was removed by filtration and the filtrate was concentrated under

reduced prigSeui. 1 boye apdiencpaggnspearindsn redieesd pressere domeride afrowaaguum t o
brovige 7.k dli ks &iftdivlithitnaldate 2 Hn SrRAndl A Water 2 BNSNRIIPYI di -4 S

yl ) am no] but yl car bamat e. xture o erta rom t D
triethyl dntnepdixel atee n{a@n&Sunisnlfitd abBthemeohentrardyddausdicetpersurt e nL) and

pyri di ne hydr.qchlagrid .75 ¢ s. heated at reflux for 1 hour and then
concent r at%ﬂ“ﬁﬁg d rﬁ & %@ﬁ'gf‘g’d‘tla ﬂéegsé;\?‘ émfl%t%fék‘é‘\l??lﬁ@’xé" Wi-snpdagold,S-alpyritia-Ioi | was
di ssol ved yifbuBfittbaafehah BrARd i?.hen washed with water (X2), washed with
brine, dri‘ed dover nagnesium su? ate and then concentrated under reduced

pressure tRprtlhrovide 6.74 g of tert-butyl o
RN VT A S kR R el
4- (2, 6, 7- tyljbusfittybardatd l('@.ﬂ'@é)’ 13 .%ﬂlﬂi@lﬁﬁ?&f:lﬁoﬁ)ﬂtﬁéﬁei(éb fh‘ﬂ)‘was slowly added to a
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.
20 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
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.
25 Part G
A mixture of the material from Part F, triethylamine (2.0 mL, 14.6 mmol) and
anhydrous acetonitrile (450 mL) was heated until a 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
30 concentrated under reduced pressure to provide a brown oil. The oil was dissolved in
dichloromethane and was washed with 5% aqueous sodium hydroxide. The aqueous layer

was separated and then extracted with dichloromethane. The organic layers were

39



yl ) butyl carbamate (6.70 g, 15.8 nmmol) in dichloromethane (50 nL) was slowy
added to a chilled (0C mxture of trifluoroacetic acid (60 nL) and

di chl or omatoh@rs011200 nl). The reaction m xture was al | owaTVEs00A8220t O

anbi ent tenperature and then | eft overnight. The reaction m xture was
concentrated under reduced pressure to provide a brown oil. 20 The oil was
di ssolved in di?cfﬂ]ldor(grret hane and t sol.uti on was made basic (pH 14) with

5% aqueousS SYURGIFSY PES shesim Juliats and thenceongenraspdaindsnpduerd nregsarate
I . 3 = .
ayer was pro¥ide atir&n Woiid) THis MR RAE gﬁgj;l]%d l%}ﬁcecgﬁrgg Eg@%@g@é@%@g? ge

conbi ned, dried over magnesium sulfat rleduced
pressure tqiutgng;w;th asp. cgcjﬂgrom(athlane/methanol) to provide 4.49 g of N-[4-(2,6,7-trimethyl-4-

br own o | DRIl PR e gmis ds hehe Pretrapid ne
(2.0 31, 2PurobHNmMOl ) and anhydrous acetonitrile (450 nL) was heated until a

homogeneous sol ution was obtai ned. Methanesul fonic anhydride (2.54 g, 14.6
mmol ) was s| ow Y-[ddéd-ianatid-4-phanokyd Hrinxitlarodd, 5-cTippeidimdet i on was j udged to

be conpl etg\y ] The, reaction m xture was .30 concentrated under
r educed pr}g)sﬂé1 E}?%H?tgaﬂ%rg%l{?@ g &a]te %lr'%? 18?411.nmﬂxlu)ean61i JOnAAru eg:glafe\)@ &) yere

di chl or onesohbrieedeand thershesesiiad sealtd ¥R US@OUST SOBisUNTHRYEIASH B8xtutd G as
aqueous I:%]g;”gdms separated and then extracted wi th dichl oronmethane. The

organic | W@ Feol30d thengbyasdissorvaddr clisoaons 2 Tbe selotivi wesiexticteddvity er
TRgNAS| umm%faah@m@@gdihﬁﬁﬁ‘y#&ﬂmggy%ﬁﬁrfﬂg N %E%ugﬁ%ﬁ%&é%gﬁ%%%%%npr ovi de

a brown solid. "This materia (silica

gel[ (el ut iemtracted mu%ﬁﬂS ticties klithrohierbdfoane /Tie tohgened hydrd weEONdBEindd, 48ied o9ér
N-[4-(2,6, 7-tri.met - 4-

phenoxy- | EP3SIeHET A ate anf fhen eangentrafqd)under refineadrpipsssis tp praidae yellovaoili ght
br own sol iqhe oiPwRad; 4 XN - %Qg = 1 m dazo

[ 4, 5-c] pyri diorll- FSQ!IES;)’I{SSE&% %e}@lﬁa&@ Lin%ioﬁ[?%é%%t}g‘é . é%é&%l%%nﬁﬁr%ﬁh?’l and
amoni um &der 414 2. Jhewesubingouhits precipaatd wak ésoldahbefiltiation as@atied Thebe at
150 or hrs. The reaction mxture.was allowed to coql and then it was
di sgl 0 ved%lglrllgg A 81’58@3?%11 ! tﬁ‘f ?%Htl%g’a%%{wsé%&té’cp il withgolid sodivmueous
sodi um hydaohgte. Tab Wsuling Wi FEMFIRHS Wad¥BlaPSy ARRALALCAADHith My
extracted nultiple tines with chloroform The. drganic 1ayers were

conbi ned, cHier ad Biga driediym saquym evenfah B Catedrotidn 2 00 odiiV-{ &4 dminvd26,7: educed
pressure tthmglrh%/—ilggnﬁdélz%b{,g)—\éﬁp%jrildin- 1-yl)butylJmethanesulfonamide, m.p. 228-230°C.
Analysis: Calculated for C;4H»N50,S: %C, 51.67; %H, 7.12; %N, 21.52; Found: %C,
20 51.48; %H, 6.95; %N, 21.51. '

Example 8
N-{4-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-
1H-imidazo[4,5-c]pyridin-1-yl]butyl }methanesulfonamide

NH

2

§z
)

25
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The oil was dissolved in nmethanol and conbined with 1M hydrochloric acid in
diethyl ether (10.4 nL). The resulting white precipitate was isol ated by
filtrati owcansdsdnized. The 15 solid was dissolved i n wat er PamUsoRa@s=0l uti on
was adjusted to pH 10 with solid sodium carbonate. The resulting white
precipitate was isolated by filtration, washed with diethyl ether and then
dried in a vacuumoven at 80C to provide 2.00 g of N-[4-(4-am no-2,6, 7-
trimethyl Harh A i dazo[ 4, 5-c] pyri di n-1-yl)butyl ] met hanesul f onam de, m p.

228-230C.  Analqysigsy f S o Y i R \A

2152, Found. ol gy TS Rl EPARER, o itk lo B It 27

[ 4-am no- Zbu(}ét4F[O3<-\ﬁlﬂlﬁqu§,5)diﬁ]pﬂlyHEmEhmiypyﬂi&m4WDamb{o%lblﬁylcimbm/hiatéi(8.6!1)—gyI ] but yl
th | f i.d NH2. N N\\>-"0 N S= 5 40 050117

bCT/ S0/ 27 20mobn SAPER NG HarRmph s GON L o koY OB A & o

chilled (08)5 Minoliwe Lided 8Aker ¥ Nur the reaction mixture was allower‘d to warm to

4-[ (3-am no-5, 6-di net hyl - 2- phenoxypyri di n-4-yl)am no| butyl carbamate (8. 60
g, 21.5 amblignt sanopesathsechindissirrdd §orl ohamet HaneadtRGOmixiyre ws lvongeatreteyt under

i xtur e wiSEP1 Binstied B Riarect Y Adne tespurce SRnaRS eudte it or °
hours. Th @héﬁﬂ@?&ﬁﬂlﬁlfﬁ(—%ﬂg!_ilh?lo\)ﬁﬁ:ylﬁ%ﬁﬁl@fera@taﬁﬁoWﬁ dar The %ﬂuﬁglckoamfea%ﬁa to

provide tert-bu i/l et hoxyacetyl ) am no] - 5, 6- di met hyl - 2-
phenoxypy Pydidine 4130 mlapndbyased dtirefwbaveanightasThe hasion npixfure Wae caridentnated

ined w 1 di 30 d h fl. | . Th
P e S R N R

brown oi | andkes iakhstrsitelivaes! Thelokganidileytr &0 ekl a0er maidsassulased tid h
wat er. The organic |ayer was dried over magnesi um sul fate and then

concent r acepceniaEer upderyedurep peassire e Theprsidugsyagidissalysd in distiyl etder andthen hy |
ether and Lh&Rrated under reduced pressure to provide 8.21 g of tert-butyl 4-[2-(ethoxymethyl)-

6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]butylcarbamate.
15 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-
c]pyridin-1-yl]butan-1-amine as a brown oil.
Part C
20 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
with methanesulfonic anhydride (2.74 g, 15.7 mmol) to provide 6.26 g of N-{4-[2-
(ethoxymethyl)-6,7-dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-
yl]butyl}methanesulfonamide as a brown solid.
25 Part D
Using the general method of Part H of Example 7, N-{4-[2-(ethoxymethyl)-6,7-
dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl]butyl }methanesulfonamide (5.86 g,
13.1 mmol) was aminated to provide 1.58 g of N-{4-[4-amino-2-(ethoxymethyl)-6,7-
dimethyl-1H-imidazo[4,5-c]pyridin-1-yl]butyl } methanesulfonamide as a white solid, m.p.
30 165-167°C.
Analysis: Calculated for C16H27N505S: %C, 52.01; %H, 7.37; %N, 18.95; Found: %C,
51.83; %H, 7.39; %N, 18.88.
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concentrated under reduced pressure to provide 8.21 g of tert-butyl
4-[ 2- (et hoxynet hyl ) - 6, 7-di net hyl - 4- phenoxy-
1H i m dazejodsB@selipyri di n-1-yl ] butyl carbamate. 15 Part B Usiatgusobesaret hod of
Part F of Exanple 7, the material fromPart A was hydrolyzed to provide
5.76 g of 4-[2-(ethoxynethyl)-6,7-di nethyl - 4- phenoxy-| Hi m dazo[ 4, 5-
clpyridin-l-yl]butan-1-amne as a brown oil. Part C 20 Using the nethod of
Part G of Exanple 7, 4-[2-(ethoxynethyl)-6,7-dinmethyl -
phenoxy-lH—inidazo[4,5-c]pyridin-l-y&%gﬂ%%g%l-anine (5.52 g, 15.0 mml) was
reacted w th nethanesul fonic anhydride .74 g, 15.7 mmol) to provide 6.26
g of dN { 4|— [ 2- Pﬁiﬁh@mmbl }' F%fbl)ty56 ;ifcﬁmefﬂiyh' SH- iéﬁiirimmb ﬁwiﬁyrﬁrgmsg?ngll4 D5 Ug]
pyri di n- -y uty 0 s a br sol i ar t i ng
the general method of [ gg‘? gﬁﬁk@?ﬂ VW%%%%@% %ethyl) 6, 7-
di metshyl - 4- phenoxy- IH-|n1dazo[4 5- c]pyr|d|n 1 yI]butyl}nethanesulfonanlde
(5.86 g, 13.1 mmol) was anlnaQQQ to provide 1.58 g of
N- { 4- [ 4- ani no- 2- (et hoxynret hyl ) -J6,%7-
di et hyl -1 Hi mi dazo[ 4, 5-c] pyrNdi -f{ | Ybut yl } met hanesul f onanmi de as a white
solid, mp. 30 165-167C. An lysi Cal cul ated for C1l6H27N503S: %, 52.01;
o, 7.37; 9%\, 18.95; Found: : SP 83; 9, 7.39; 9%\, 18.88. 41 WO
03/050117 PCT/ US02/ 18220 Exanple 9 [ 4- (4 Am no- 2- butyl - 6, 7-di met hyl -
| Him dazo [4,5-c]pyridin-1-yl)butyl]- k; (di met hyl am no) et hoxy]
(phenyl ) nmet hyl ] benzamide 5 NH2Z N N | NnQ

H

8
o

/

Part A
10
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-
[[2-(dimethylamino)ethoxy](phenyl)methyl]benzoyl chloride (106 mg, 0.33 mmol) was

15 dissolved/slurried in dichloromethane and added dropwise. The ice bath was removed and
the reaction was stirred for an additional 16 hours. The reaction was quenched with 10%
aqueous sodium carbonate. The phases were separated and the aqueous fraction was
extracted with dichloromethane. The organic fractions were combined, washed with water
followed by brine, dried (Na;SOs), decanted and evaporated to yield a yellow oil.

20 Purification by flash column chromatography (silica gel, 92:8 dichloromethane/methanol
gradient to 95:5 dichloromethane/methanol) provided 101 mg of N-[4-(2-butyl-6,7-
dimethyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-4-[[2-
(dimethylamino)ethoxy](phenyl)methyl]benzamide as a pale yellow solid. The product
was determined'to be 97+% pure by HPLC.

25 MS(CD): 648 (M+H).
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NHON, Part A 10 Under a nitrogen atnosphere,

4- (2-butyl -6, 7-di net hyl - 4- phenoxy- 1 H i m dazo[ 4, 5-

c] pyri di nwbosloptoar an- | - am ne (122 ng, 0.33 nmol) was di ss@EOTAcRNS220

di chl oronet hane and triethylamne (0.093 nL, 0.67 nmmol). The solution was
cooled in an ice-water bath and 4-

[[2- (di net hyl am no) et hoxy] (phenyl ) met hyl ] benzoyl chloride (106 ng, 0.33
nmol ) was Peg By ssol ved/ sl urried in di chl oromet hane and added dr opwi se. The

ice bath wa r c xr 0
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92: 8 di chl oronet hane/ net hanol gradient to 95:5 dichl or onet hane/ net hanol )
provi ded I€tpergtuce arid-Jiluddwishitwater 6 TTe ratinltmgirjdudg-agharve yix urdwiasimadazo [4, 5
-C ridin-1-yl 1] -4- [ - . .

( d% Ried thI RAsi 8‘35@9% ]R’%% %ﬁl‘%ﬁﬁﬂé ﬁ?&‘?‘hﬁlyﬂﬁﬂx}cl‘féﬁ’ﬁ‘aﬁﬁffa%te%’“& chlgrefoy(® 5w 88pi d. The
product  wag ¢ ﬁﬂ)ﬁfemo@%&é ﬁa&ﬁm@?v’e/e s d it Phbr foRowBb§bline fta( MFH) . 42
WO 03/ 050117 PCT/ USO027 18220 Part

N- [ 4- ( 2- BiNgiSh), dedanted ind e\mppwmddwmwa ayelbowopid, Bunfigapion diydlagh golpbmt yi | - 4

and o LR PP S8 B DB AR et RSP0 £8P0 PPbe al ong i th a
stir bar. didmorbhiehabeMREhanEPARIKiAME JeRT akhBiroheBend/@EthifolRAsh§laming

reaction was cooled to room tenperature and diluted with water. The

resul ti ng PEPGIRSY] e b Ds [4ri 4 amine- bty b dedimeshsil-d Enimidazodde wdpysidins L s odi um
Y act: ons DB IRE R el b RB TP pbos B pamid  (YUIBASE oroant ¢
'H-NMR (500 MHz, DMSO-ds) §8.41 (t,J =5.5 Hz, 1H), 7.76 (d, J = 8.3 Hz, 2H); 7.43
15 (d, T = 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, J = 6.4, 12.4 Hz, 2H), 2.76 (t, ) = 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 (sextet, J = 7.4 Hz, 2H), 0.86 (t, J = 7.4 Hz, 3H);
BC-NMR (125 MHz, DMSO-ds) 8 165.9, 153.0, 148.1, 145.4, 142.0, 138.6, 133.5,
20 128.23, 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.
HRMS (CI) m/e 571.3763 (M+H), (571.3761 calcd for C34H4NgO,, M+H).
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(Na2SO™4), decanted and evaporated to provide a yellow oil. Purification by
flash col um 10 chronmat ography (silica gel, 95:5 dichl oronet hane/ net hanol
gradi ent Wwo @r0%011di chl or onet hane/ met hanol and finally 94: 2Cir/US02/18220

di chl or onet hane/ nmet hanol /tri et hyl am ne) provided 14 ng of

N-[ 4- (4-am no- 2- butyl -6, 7-di net hyl - | H-i m dazo[ 4, 5-c] pyridi n-1 -
yl)butyl]-4-[[2-(di met hyl am no) et hOXﬁ] (phen§I ) et hyl ] benzam de as a yel | ow
oil. 1HNWR (500 Mz, DVBO-d6) 8 8. Bramplely = 5 5"z 1H), 7.76 (d, J =

8.3 Hz, 2H); 7.43 A" e e - YL ( B 28-7.22 (m
1H), 5.84 (bs, ﬁo{ﬁ%&g’%n%sz,_(e%&m%}ﬁ G(P%Y?lé]l%’?%ﬁ@fl@yr@ 9 (t, J =
5.8 Hz, 2H), 3.29 (dd, J = 6. 4yljhityYmdthan@)fon@mide (t, J = 7.7 Hz, 2H),
2.58 (t, J =5.7 Hz, 2H), 2.32 (s, , 2.27 (s, 3H), 2.22 (s, 6H),
1.73-1.65 (m 4H), 1.61-1.55 (m 2K),2 1.35 (sextet, J = 7.4 Hz, 2H), 0.86
(t, J =7.4 Hz, 3H); 13C NWR (125 de) 8 165.9, 153.0, 148.1,
145.4, 142.0, 138.6, 133.5, 20 128123 127. 7 127.3, 127.1, 126.4, 126.1,
124.5, 103.0, 82.0, 66.3, 58.0, . % 48%.6, 38.4, 29.3, 28.8, 26.1, 26.0,
21.7, 21.0, 13.6, 12.2. HRVM5 (A) me 53763 (M-H), (571.3761 calcd for
C34HA7N602, MtH). 43 WD 03/050117 PCT/ USQ2/ 18220 Exanple 10 N {
4-[ 4- am no- 2- (et hoxynet hyl )-6-nmet hyl -1 Hi m daz9[ 4, 5-c] pyridin- | - yl]butyl
} methanesul fonamide N2 NN N '-~ 0 HNI&.Z0 5 Part A A nixture of

6- met hyl - 3-ni tropyri dine-2, 4-diol (50 g, 0.29 ™ol) and phosphorus
oxychloride (500 nL) was heated at 90C overni ght. The excess phosphorus
oxycld oride was renoved under reduced pressure. The resulting black oil
was poured into water (1.8 10 L) and ice. This m xture was extracted with
chl orof or R{t¥d8, 3L total) and filtered to

A mixture of 6-methyl-3-nitropyridine-2,4-diol (50 g, 0.29 mol) 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

10 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
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.

15 Part B

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

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

20 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),
dried over magnesium sulfate and then concentrated under reduced pressure. The crude
product was purified by column chromatography (50 X 450 mm silica gel eluting with 1:1
hexane:ethyl acetate) to provide 59.90 g of ferz-butyl 4-[(2-chloro-6-methyl-3-

25 nitropyridin-4-yl)amino]butylcarbamate.
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remove bl ack particul ates and break up an enul sion. The conbi ned organics
were washed w th 10% sodi um carbonate (x 2) and brine, dried and then
concent r avedb3isalar reduced pressure to provide 52 g of arpcamisee/iga2b. Thi s
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2,4-dichloro-6-nmethyl-3-nitropyridine as |arge anber crystals. 15 Part B A
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stir_at OC for 30 mnutes. 5 A solution of tert-
4- [ (] chl ovigh ENweding hislregide GHPrmE), gried gvoranignedibon sulfeterandrtbtneconc@sragdl g,

94.5 mmol ), i o) I r ap, (2 ni) _was added er . eri od of
50 ni nut es O\f\%’q%gﬁ yn%l{en a?lénf Itﬁgg{lﬁxgasﬁpfélgl@ £ 8?‘1 Cgli%ﬂrh Org?toéﬁpﬁ*ﬁg) rgeséﬁ‘fqo%%

i xture wasuting witwed Heganarehyl acamite ptovideuses abhree:-Bidl Ao hedyPy.aithi-ght
bef ore bei ng concentrated wunder reduced pressure. The residue was

di ssol ved 4 Pheaeryryriginst-aminlbutyioprbagaithed 10 wi th 1IN sodi um hydr oxi de
(300 nm.), pigd over magnesi um sul fate and then concentrated to dryness.
The crude product was purified by colum chromat ography (400 g silica gel
el utihg with 7:8sdlevamesthe tnmyériz fehaPat Cdn prmoixiue o2oldkng (300 hk) tndut yl  4-

[(6-methy liéo%rc-)lg]ain%{ (%-3 n%[l)o\rx]/gsngo)gtﬁ}{éci \%tﬂ -cfftﬁ%g/ls? agl&og] c?fug % IP(t:/%r) ggcrlrgfagéd unl:(.i%;t b
hydrogen pressure (30 psi, 2.1 Kg/cm?; 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 ferz-butyl 4-[(3-amino-6-methyl-2-phenoxypyridin-
20 4-yl)amino]butylcarbamate as a dark oil.
Part E
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
25 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
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 fert-butyl 4-({3-
[(ethoxyacetyl)amino]-6-methyl-2-phenoxypyridin-4-yl }amino)butylcarbamate.
30 Part F
The material from Part E was combined with pyridine (250 mL) and pyridine
hydrochloride (20.85 g, 180 mmol) and heated at reflux under a nitrogen atmosphere
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15 A solution of the material fromPart Cin a mxture of toluene (300 ni)
and isopropanol (33 nL) was conbined with catalyst (16.68 g of 5% Pt/ C
and pl acedousadse117hydr ogen pressure (30 psi, 2.1 |eg/cnR; reactsaegsng once)
on a Parr apparatus for 5 hours. The reaction mxture was filtered to
remove the catal yst and then concentrated under reduced pressure to
provide 23.4 g of tert-butyl 4-[(3-am no-6-nethyl-2-phenoxypyridin- 20
4-yl)am nﬂvmwc%ﬁaﬁ&t@tﬁ%pﬁl B¢ Waprgmovied by viacumye distitlation| Thessidpawes D
was di ssol ] ' [ éqggh c a nitrogen
atnnspheréﬁﬁgn%%ggﬁ&g% S?§§%&%¥§gt oxyg%%%ﬁﬁggﬁﬁgrl éqﬁgﬁgwg?qgﬁﬁ.S nmol )

i n di chl orseparathdn®h¢ aAnitlhyesasasactdbet] witkwater[2 xi 300 ml), dfledrovertegnebinine 25
mai nt ai ni nﬁ]ét he reaction mxture at OC.. The reactiqgn gilxture s allowed to

warm t o Mg AR RO Siiae A e dU SORTPSHed0 FHidhe -1/ 10 147Eqe1 k-
m xt e w@&h&@ﬁﬁaﬁyﬁﬂmﬂh@?@ﬁﬁ&ﬁ1&9&1&%[42539]?25113@591119&315%@&{& £d, over

magnesi um sul fate and the centrated und uced " pressure to provide
26. 4 g of dask ¢il.blbe/pHaoL (He3aqueous layer was adjusted to 11 with 15% sodium hydroxide and

th tyl i - 6- hyl - 2- ph i.di n; 4-vyl . .
i 10y bt IS DGR EACtosL B PR [k vy BVt 1Bt EetReembitigh Fef wi ¢ h
pyridi ne (AePmAtdesiitd sil¥did SHdBen BYSHeREREQLHAS rﬁ%@e@ &@suré—%@ﬂkb.@@of

heated at refl uXx under a nitrogen atnosphere 03/ 050

PCT/ US02/ ¥gi22@thosyeetiyhhe-metiyd-dbpheoxy- 1 Hhisnigazaol 45 rdpywialin-1 etibutad- bgmirc uum
di Sti/dval at ilp .~The residue was partitioned between ethyl acetate (600 niL)
and ter (3%66 m.). The |ayers were separated. The organic | ayer was

washed wi th watMéthire sulRAR dibydridd (085220 ﬂWZFfﬁﬂl@?&ifdéfﬁﬂd&ﬂN@Ta%eﬁﬂﬁi of en
concentrat ed under reduced Ezriressure to provide 8.17 g of tert-butyl 4-[2 5

( et hoxy metmigntes & ygelntjon af 4 @WWhXH'@é?%Pﬂ;‘BP@WH1ﬁ-hniﬂal,ﬂ[‘},§ut yl Cﬁr bam
O | . : ' ith 15%
Sodi tm by dIHEEE PR B e (L3S A0AHR RAHNEE cAOMHRESH, LS dty 0

m.). The edéthplaiminen® & ebbThetbactin wiktureweds alltegse s stinferd.babersansh it hen
concentrated under reduced pressure to provide 9.46

4- [ olY et hd&’?ysﬁ‘é%sh’ffl yitb_lr%lsm}pm@ygp@ﬁ@ﬁ(g Ok, dredigves me?gnggium sulfate and then
& ) Al AT Tt FepEROTE bR 0
methyl-4-phenoxy-1H-imidazo[4,5-c]pyridin-1-yl)butyl]methanesulfonamide.
Part H
The crude material from Part G was combined with ammonium acetate (25.37 g)
20 and heated at 150°C in a pressure vessel for 14.5 hours. The reaction mixture was allowed
to cool to ambient temperature then it was partitioned between chloroform (250 mL) and
10% sodium hydroxide. The aqueous layer was extracted with chloroform (5 x 100 mL).
The combined organics were dried over magnesium sulfate and then concentrated under
reduced pressure to provide a brown oil. The oil was purified by column chromatography
25 (10 g of silica gel eluting with 2% methanol in chloroform containing 0.5% triethylamine)
to provide 0.514 g of product. This material was dissolved in hot chloroform, treated with
activated carbon, then filtered and concentrated under reduced pressure to provide 0.37 g
of N-{4-[4-amino-2-(ethoxymethyl)-6-methyl-1H-imidazo[4,5-c]pyridin-1-
yl]butyl }methanesulfonamide as a solid, m.p.162-164°C.
30 Analysis: Calculated for C;sHasN503S e 0.05 HCL: %C, 50.43; %H, 7.07; %Cl, 0.50; %N,

19.60; Found: %C, 50.36; %H, 6.94; %Cl, 0.63; %N, 19.54.
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m nutes to a solution of
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triethylamne) to provide 0.514 g of* 3@ t. This material was dissol ved
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Cal cul ated for CI15H25N503S 0.05 HOJ: ?%C, 50.43; 9%, 7.07; %, 0.50; W,
19. 60; Found: %, 50.36; %, 6.94;N N)g/és' WN, 19.54. 46 WO 03/050117
PCT/ US02/ 18220 'H NWMR (300 MHz, N 6.83 s, 1 H, 509 (s, 2 H,
4.71 (s, 2 H, 4.55 (bs, 1 H), .19 (ty J = 7.5 Hz, 2 H), 3.58 (quartet, J
=7.1 H, 2H, 3.16(m 2 H, 2.93 (s, H, 2.47 (s, 3 H,1.92 (quintet,
J=7.5Hz, 2 H, 1.64 (quintet, J = 7.2 , 2H), 1.23 (t, J = 6.9 Hz,

3H); 5 M5(Cl) me 356 (MrH) Exanple 11 [2-(fkthoxynethyl)-6, 7-di met hyl -1-{
2-[
[4

1- (met hyl sul fonyl) pi peri din-4-yl]et hy| -1H imdazo
, 5-c] pyridi n-4-am ne NH2 o=$:o
10

Part A
A solution of 4-(2-aminoethyl)-1-benzylpiperidine (9.88 g, 45.2 mmol) in N,N-
dimethylformamide was added dropwise to a solution of 2,4-dichloro-5,6-dimethyl-3-

15 nitropyridine (10.00 g, 45.2 mmol) and triethylamine (12.6 mL, 90.5 rﬂmol) in N,N-
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

20 with brine, dried over sodium sulfate and then concentrated under reduced pressure to
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.
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NN""O NN i OS=010 ~ Part A A solution of

4-(2-am noet hyl ) -1-benzyl piperidine (9.88 g, 45.2 mmol) in N, N

di et hyl f wonerisela7was added dropwi se to a sol ution of PCT/US02/18220

2, 4-di chl oro-5, 6-di met hyl -3- 15 nitropyridine (10.00 g, 45.2 mmol) and
triethylamne (12.6 nmL, 90.5 nmol) in N, N di nethyl formam de (320 nL). The
reaction mxture was allowed to stir at anmbient tenperature for about 20
hours and it was concentrated under reduced pressure. The residue was

partitioned betyrein e 99@6?%@?,6%%@5%%% ARG 2 WaILGos GPRAALED and

t he aqueous | ayer was extracte etate. The organics were
conbi ned, (Redhed920nael) irhdighinmee(40dnl)e dleusixtwedias stised fatlé mindtet hfter the

d und duced t i d ; il _The oil
bur 11 ed” 5 PHRS AT et oaT Aptitiores L b ge Ay T A BoRt y it
10% e3 hyl 3eRuastByllniRpeNin-4-BRMhe1dD ¢ 570ehiyl) iﬁlggi %@%&\65@3&%@&0 tﬁ?d

finally w th 40% et hyl acetate in hexane) to provi of N-[2-(1
benzyl pi pamhedoxidemyityest Fhhejreattioh nuKowewas biatask 44 yefhse for il iSopyrs, dooledtan ne.

ol ) vess SoHGH TIPSR, 0T e s mnG © (2iee T oibet (0 bk 8l B (a0
m). The nFReluEigud'@as ﬁ&riﬁéﬁqgrzdjo‘(?&nﬂéh%}ﬂ&%t}g?%rh?‘:ﬁhﬁ{ngtyﬁ vgf(iﬁ?/ ?zf;hli{ﬁg%@fm gas

evol ution. A solution of 1- benzyl pip hl'oro 5
5, 6- di net hi¢hlgronicthapp yo ¢ldierregidaatidaglyihe @ndthgn vdth 2%methinol m dioblodingdtyare was

dd to th h ' I Xt . Th tion m xtur S at reflux
For 10 5 ndfirembiigupgits 5Be Ko renmiraruri Biudenal o ah bat ed ¢ o
renove the)eﬁkﬁbmeﬁdihﬁﬂﬁt)&ﬁylan,?&in?@ﬂyl-s-m%-a-ﬁ&éﬁn‘ébd?p_ n-Anhibé §0aPyraggl-um
chromat ography eluting first with 1% net hanol in i chl oronet hane to el ute

resi dual dirgWiyed vdneh sdlidified athst@winget hanol in di chl oromet hane 10 to renove
pr oduct . m?téractions were concentrated to provide 5.91 g of N-[2-(1-

Sodium borohydride (0.727 g, 19.2 mmol) was added in portions over a period of
15 20 minutes to a solution of nickel(I)chloride hexahydrate (1.52 g, 6.40 mmol) in
methanol. A solution of the material from Part B in methanol was added dropwise over a
period of 15 minutes. More sodium borohydride (50 mg) was added. The reaction
mixture was filtered through a layer of filter agent and the filter was washed with
methanol. The filtrate was concentrated under reduced pressure. The residue was purified
20 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-
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
25 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
to provide crude N-(4-{[2-(1-benzylpiperidin-4-yl)ethyl]Jamino }-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
30 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%

sodium carbonate (100 mL) and water (50 mL) then partitioned into dichloromethane (300
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benzyl pi peri di n-4-yl)ethyl] -2, 3-di net hyl - 5- ni tro- 6- phenoxypyri di n- 4-am ne
as an orange- brown oil which solidified on standing. Part C Sodi um

bor ohydri ¥® (3@50ad7 g, 19.2 nmol) was added in portions ovenCTauSopasizod of

15 20 minutes to a solution of nickel (11)chloride hexahydrate (1.52 g, 6.40
mml) in methanol. A solution of the material fromPart B in nmethanol was
added dropwi se over period of 15 m nutes. Mre sodi um borohydride (50
ng) was added. hFr%g%%&aﬂ/%was Vrashed Pthpater ad e duied orgAnagneiymsulbates i | t er

agent and t t
concentr atag% ﬂlefna:l B@Jnt gucggﬁ %I}rlgglé%gr éJ? © E% :;Iglg ?‘l—: tﬁ%ﬁlév\hgass 15;01115&{ b&ﬁ%y
chr omat og lchmmyatégrhplgl elfitiisg With 2 %gmiethahoitin dichtérbme@meres premiae 5iIng of 1-[2-(1-

ﬂLCPlzoz i"@sﬂg@nﬁ prslipy 4d¥1§eth>ﬂ$ P)(sﬁlﬁgyrpe@y% Gl HErehy-Lrhmmonsdfhiridarald--

3,4-dj am n yqxﬁn@rhs%qﬂ el%@mlcpll which solidified on standing. Part D
Et hoxyacet& chl oride g, 10.7 mol) was added dropwi se to a sol ution

of the 2%Partdieri al fromPart Cand triethylamne (1.64 nm., 13 mmol) in
action was stijirr or about <£ hours and

di chl th 60 rrL
then concent r aried ARaH gt b B SpR o el db Nerd an R in
[2-(1- ben%)YéS@l!lr@?fa'sIQ(SSO‘}n]Z ) Bt WdskasRQaldd gncﬁfh@h 'K@ét@&’ hr 50°C for 24 hours

phenoxypyri di n-3-yl)-2-ethoxyacetam de. The acetam de was dissolved in

pyridi ne (&waddy, hqaying di HE°QyendgtitoMhdeedctiod higthremss abiteichndnher puared

reactlon m xture was heated at, 30 reflux for 4 hours. The reaction m xture
s ¥ | owddfomsigto dihe resuling sofftionarasanade hagicarith pmmenmehysrexide Aed thes

rem)ved u ium
car bonat e%ﬁ%%éﬁyﬁanlgp(\;/\fglﬁg% ?}SOFF]FT%JH%%%'%g%% ?gllneed&ﬂ Wt@ lfé% ocrﬁ%get hane
(300 48 WeeO8AaGieRibiy suMale du8aBén 8st2entrartd undeh eedocerbpriessukay Elie regidusvaaned

w th water rine, 0 nes; um sul e d th n conce,ntrated
under red&@é&%‘?%ﬁﬁ’r@mnﬂigm@g d % Eltclaﬂdeéawn HIE SRS gr aphy
el uting wighf tl%%iﬂﬁ.{rt@%@lhehtgd o &ﬂhf?‘f&r@)trﬁﬁﬂ%st Q‘hQE&Mh&?wﬁs éll&véﬂ‘ tojco£)12to( -
benzyl pi peridin-4-yl)ethyl] -2-(ethoxynmethyl)-6,7-di nmethyl-4-phenoxy-

H-i nidazo afnbjedit Enyjepatniedivemigly aad tiomahyes c@gesioitediundeParduce fiessurat Bre aI

from Part relz:guﬁlng 01pqgs1d1lfemwgsc 1ssotlved(1n waqgr (%6 mLciothgrlarCleg w181 c%chloromethane (x
3) and then made basic (pH 14) with 10% sodium hydroxide. The aqueous layer was
extracted with chloroform (x 3). The combined organics were washed with brine, dried
over magnesium sulfate and then concentrated to provide a brown oil which solidified.

20 The solid was recrystallized from acetonitrile to provide 2.54 g of a tan solid. The solid
was dissolved in 2% methanol in dichloromethane and loaded onto a silica gel (130 g)
column. The column was eluted with 2% methanol in dichloromethane with 1%
triethylamine. The fractions were concentrated to provide 2.4 g of 1-[2-(1-
benzylpiperidin-4-yl)ethyl]-2-(ethoxymethyl)-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-4-

25 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 palladium on carbon (0.60 g) that had been wetted with ethanol.

30 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
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pressure flask (350 nL). The flask was seal ed and then heated at 150C for
24 hours followed by heating at 170C overnight. The reaction m xture was
cool ed andadsesopoured 10 into water. The resulting sol ut irOT/Ws3/1820e basi
wi t h ammoni um hydroxi de and then extracted with chloroform (x 2). The
conbi ned organi cs were washed with brine, dried over magnesium sul fate and

t hen concentrat ed under reduced pressure. The residue was dissolved in
i sopr opand® dergdyey! presswign ddig resd %W%O&lk{l@%l W%ﬂ%%@m%ﬁwfﬂrtbﬁw se and

the m Xt Urg,W@%, ngﬁat’l‘ﬁg r@ﬁlltfr%f dottd waR'dridd u vachilf tb? H@PS%@(EZ 2l | oved

to cool to 15 anbient te ature overnlgt adthen| was co ntrated
under r edethaxymebglHoE - difﬂm&hylr]eeaﬂplpem@nei ViethyBs1 Himidaas[4ch-slpotidiach-minsat er
(200 ni), gﬁtéjact ed with dichloronethane (x 3) and then nade basic (pH 14)
with 10% i'um hydr oxi de. The aqueous | ayer was extracted with chloroform

(x 3)5 The conmagghOnARRICCHNYELR: 0061%1?0‘9%%51)%5 a%écﬁ as 9‘}/ P@?ﬁ eSI um

sul fate and then concentrated to provide a brown oil
The sol i d tovashilled (§%D)aluriyzefR-{atimyasgtyd) 6,7 rdinethyd 1 g2 epipetieli 4 5dethyy1pfl Fa tan

lid h | ved 2% h | di chl h d
oaded ontBIEeathTERSGEIT Sy 306ah OB e Sl RS Do Qe (ko296
h |
met hanol  irghcfibk Va0 %HG@E&]WHWVE]? %ﬁ/ heh (di(?ljé et e@ﬁlfoﬂ_ P gfllflic%ﬁl% :(%Wa

concentrated to provid ben pi per
- 2- ( et hoxyddedayThe-16actiodi nmtmy fw-ad Idhlutmi dsaﬁxx[lﬂolﬁfmjrmmdi thempotrePint@fforsedmsn an

off-white lid rt. F.The material fro rt. E was |ssol ed in a boiling
m xtur e ofhg 5%9(5 (ﬂ‘ﬁr?égwéﬁ yer ‘Y?few W‘@n‘”%érsa"gl IE'tdd"’(?%’)ol
slightly nkH8M sulfatd@nd AHEdnthtAtedRAIET flRSH Iﬁ%ﬁﬁ' tB 'a%l@%bh@d‘l“ﬁm on
carbon (0.60 g) that had been wetted with ethanaol | ask was pl aced

under hydmesierral rw‘aé§memeﬂovltlacbghlprmmethmmasddmxamg4\mlp)camdtthmoanentamﬂ ti onal

Cayer ot i RleeBResNRE0 proli 4 W e Tt B REResiernShBkatR T
fil trate \WoStokiatle enpioidR2 39 n%\&@%&ﬁ&@&ﬂ&hﬁﬁ&mﬁ%’tﬂﬁamz under reduced
n

pressure. The resjidue was co ed with dichl oronet hane and then

concent r af@gth anélfPI&)élQﬂlP‘?fﬁbné’@r Jedhsivd Himpidazolrhded Pyidirdvameinei a8 @ whige ovi de

1.5 g of 241 I) 6, 7-dinmethyl- | -(2-piperidin-4-ylethyl)-1
Him dazo%f%ﬁ%ﬁp? pyrl |n-4- amne. Part G

Analysis: Calculated for C19H31N505S: %C, 55.72; %H, 7.63; %N, 17.10; Found: %C,
56.08; %H, 7.45; %N, 17.32.
'H NMR (300 MHz, DMSO-dg) 8 5.76 (s, 2 H), 4.64 (s, 2 H), 4.35-4.29 (m, 2 H), 3.6-3.48 -
20 (m, 4 H), 2.85 (s, 3 H), 2.71 (dt, ] = 10, 2.1 Hz, 2 H), 2.39 (s, 3 H), 2.31 (s, 3 H), 1.83 (4,
=10.8 Hz, 2 H), 1.75-1.67 (m, 2 H), 1.62-1.48 (m, 1H), 1.34-1.20 (m, 2H), 1.15 (t, ] = 7.0
Hz, 3 H);
*C NMR (75Hz, DMSO-dg) § 149.3, 148.3, 146.4, 138.8, 124.5, 102.7, 65.2, 64.5, 45 .4,
42.6,37.7,34.0,32.7, 30.9, 21.9, 14.9, 12.4;
25 MS (CI) m/e 410.2209 (410.2226 calcd for C;9H3;N503S, M+H).
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5 Met hane sul fonic anhydride (0.161 g, 0.923 nmol) was added in a single
portion to a chilled (0C slurry of

2- (et hoxywext ¢3y05)+16, 7- di met hyl - 1- ( 2- pi peri di n-4-yl et hyl ) - 1HCT/US02/18220

i mdazo[4,5-c]pyridin-4-amne (0.306 g, 0.923 mmol ) in dichl oronmethane (10
M.). The reaction was allowed to stir overnight then nore nethane sulfonic
anhydride (20 ng) was added. The reaction m xture was diluted with

chl orof orm and then poured into 5% sEarmpe 18 hydr oxi de (25 mL). The organic
| ayer was washed wit . W ' ium sul fate and
thgn concentrated un é?q?§§ag§%x§¥gggﬁPgr%@q%&%%?FkyggﬁﬁgklgLis materi a
was conbi ned with di chl or onet hdypeopyitndtbaemdfdndniild and t hen concentrat ed
under reduced pressure to provide a ite solid. This nmaterial was
recrystallized from acetonitrile t rovi de 237 ng of

2- (et hoxynet hyl ) -6, 7-di met hyl - 1- { |
(met hanesul f onyl ) pi peri di n-4-yl ] et hyl
a white powder, mp. 214.7C. An s: NCal cul ated for Cl9H31N503S: %,
55.72; 9%, 7.63; 9N, 17.10; Found: %C, L52.\08' o, 7.45; 9N, 17.32. 1H NWR
(300 MHz, DMBO-d6) 6 5.76 (s, 2 H), 4.64 (s, B H). 4.35-4.29 (m 2 H),
3.6-3.48 20 (m 4 H, 2.85 (s, 3 H, 2.71 EH?T’J =10, 2.1 Hz, 2 H), 2.39
(s, 3H), 2.31 (s, 3 H, 1.83(d, j =10.8 H, 2 H, 1.75-1.67 (m 2 H),
1.62-4.48 (m 1H), 1.34-1.20 (m 2H), 1.15 (t, J =7.0 Hz, 3 H; 13C NWR
(75HZ, DMBO-d6) 8 149.3, 148.3, 146.4, 138.8, 124.5, 102.7, 65.2, 64.5,
45. 4, 42t 87.7, 34.0, 32.7, 30.9, 21.9, 14.9, 12.4; 25 M5 (Cl) nle

410. 2209 (410.2226 cal cd for CI9H31N503S, M+H). 50 WO 03/050117

PCT/ US02/ 18220 A golutien ef rep-utyl3-aminoprepitsarbagiae ¢121 38t2h§97 mimal) ini NdY o

[ 4. 5- ¢l Py i flL@yitbrmantiié REGOPML) TS DBRESH L8R TEHGon b M ndo-4l611 O
dimethyl-3-nitropyridine (110 g, 498 mmol) and triethylamine (104 mL, 746 mmol) in

N
-gFFinidazo[4,5-c]pyridin-4-anine as

10 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
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
L). The solution was divided into 3 aliquots (1 L each). Each aliquot was washed with

15 water (2 x 1 L). The pH of the aqueous washes was adjusted to 10 with potassium
carbonate and then they were extracted with ethyl acetate. All of the ethyl acetate layers
were combined, dried over sodium sulfate and then concentrated under reduced pressure to
provide 181 g of crude product. This material was recrystallized from acetonitrile to
provide 138 g of tert-butyl 3-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-

20 yl)amino]propylcarbamate as a yellow solid.

Part B

Sodium hydride (17.23 g of 60%) was washed with hexanes to remove the mineral
oil and then combined with diglyme (50 mL). Under a nitrogen atmosphere the mixture
was cooled. A solution of phenol (35.82 g, 408 mmol) in diglyme (150 mL) was added

25 dropwise. The reaction mixture was stirred for 15 minutes after the cessation of gas
evolution. The material from Part A was added. The reaction mixture was heated at 62°C
for several days, then the temperature was increased to 120°C and the reaction was stirred

overnight. The reaction mixture was allowed to cool to ambient temperature, then it was
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NS HO 5 Part A A solution of tert-butyl 3-am nopropylcarbamte (121.39
g, 697 mmol) in N, N dinethylformam de (200 nL) was slowy added to a

sol uti on oo @/0dedichl or o-5, 6- di net hyl -3-nitropyridi ne (1ITyscd4Ag20mol )
and triethylamne (104 nmL, 746 mol) in 10 N, N-di met hyl f ormam de (900 ni).
After stirring at anbi ent terrperature for 20 hours the reaction m xture
was heated t 55C (‘gﬁ? 0.1 equivalents of the carbamate was added.

The react | GF ggt‘ﬁ‘rt stEad der abgpi 4- §5°W@ﬁ1%entaélﬁﬁ’éfié‘? ttard over ni ght
and then GRpg t%@%gllw% das%ér%@ﬂl BhERUER: dan-ﬁhcﬁerflgﬁér ?' ssol ved in
i'vide i quot s

ethyl acetate (3 L). The solution was Into 1 L each).
Each al i quortiswatesnaBiiveliltraietwaskdneositated(@dzr tbdided préssupH Tk rediducagaseous
carb nat e .and then they were

h d 1 it t
extract o GReh Do Lacstag 2 W Pogia D el el pblatatd sarare C g b
conbified, dHed@FeOMBEnCERE ST-34/hdiPBthen 8Mtchir8Bd GRNG Sucad Pa sé’lﬂmg? prbéideced

pressure to rovi de 181 of crude product. This mater
recryst al 1552648 oF igritaspt oHR Br dimsthyd-5-1gtro G- pheno 8pygidof-4+ er t - but yl

3-[(2-chl i t nltropyr|d|n420 yl ) am no] pr opyl carbamate as a
yel | ow sol“ )glmm(ggr(fp”% g}é‘maﬁh hydride (17.23 g of 60% was washed with

hexanes t paitspove the mneral oil and then conbined with diglyne (50 m).
Under a nitrogen atnosphere the m xture was cooled. A solution of phenol

(35.82 g, 408 nwBlxXturoih%Ry/ke(Ss B3 endrioluangsStude dvasBddediova sobitionted theeact i on

The. Rater o dhERER D, AbAER e SR TR PP Sl et “62c

for sever dlydetaysatidnhfiaskt I”Eletm a8 ipliced Wader iag/RRs R drhésphe@ Gvamistihe
reacti on was stirred overnight. The reaction m xture was all owed to cool

to anbi entARALBES &2 aY BiPECatE W qstad%andﬂe o roBegerbapcyn tgoiprdiezaator.
conbined Wil kL okdyklan g 4t Sl A B S RSOLRSR e ¢
filtered thack emthechydpegehatoubwdraight. The rbadtidnahﬁtquaWac filteedito adnesheliheler
' ede,se d PG ylé{ eThe:r P lerateevsvilsdcuo%cmrsated under reduced pressure to provide fert-butyl 3-[(3-
amino-5,6-dimethyl-2-phenoxypyridin-4-yl)amino]propylcarbamate as an oil. The oil was
dissolved in pyridine (1300 mL).
Part D
A portion (650 mL) of the pyridine solution from Part C was cooled in an ice bath
20 for 10 minutes. Acetyl chloride (12.65 mmol, 0.1779 mmol) was slowly added over a
period of 5 minutes. The reaction mixture was removed from the ice bath and heated to
reflux. The temperature was reduced to 110°C and the reaction mixture was stirred
overnight. The pyridine was removed under reduced pressure. The residue was slurried
with heptane and then concentrated under reduced pressure. The residue was combined
25 with ethyl acetate (1 L) and water (1 L). The pH was adjusted to 12 with 50% sodium
hydroxide and the layers were separated. The organic layer was filtered to remove
particulates and then concentrated under reduced pressure. The residue was purified by
ethyl acetate slurry to provide 39.8 g of fert-butyl 3-(2,6,7-trimethyl-4-phenoxy-1H-
imidazo[4,5-c]pyridin-1-yl)propylcarbamate as a light brown fluffy solid.
30 Part B
The material from Part D was combined with ammonium acetate (410 g)ina2 L

flask. A wad of paper towels was stuffed into the neck of the flask. The reaction mixture
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di ssolved in ethyl acetate (-2 L), washed with saturated potassium
carbonate (3 x 2 L), 5 dried over magnesium sul fate and then concentrated
under redwoed/ogoE@ssure to provide 152.3 g of tert-butyl PCT/US02/18220

3-[(2, 3-di net hyl - 5-ni tro-6-phenoxypyridin-4- yl)am no] propyl carbamate. Part
C Amxture of 5% Pt/C (85 g) and toluene (50 nL) was added to a sol ution
of the 10 materlal fromPart Bin a mxture of toluene (1850 ni) and

i sopr opandasieeatsd yyith stigring a“rﬂﬂér G@C@'h%g P Bpums| Jbg reasien pyixiuge ‘Wéﬁsalbl"‘@éé@l under
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hydr ogenat or overni ght. The reaction m xture was filtered to renove the 15
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t he pyridi ution froamPart C was cqoled in an ice bath 20 for 10
b es. - ARECHorilrSiet i ChceHBIe wemPYisar s E o Browss haddsbver a
per i 0d of opt-hiidikdiRy, THIEmaRAa! WadsITda it WRthyl RERYER Ho0MeLBGu §S bath and

heated to reflux. The tenperature was red uce to 110 e reaction
m xt ur e was[3(4-amagd-2 6\76nme@tyd lHFhmdpm[ﬂdm]pywms llc}d)mvmd]aaatdaﬂder. edluced

t h. hept trated
CindelV 1 e @EBGDRS fes 185 Seltict B dhclonunibio Rt a8 hast ek Fjhc R ate (1
L) and watsgétafhidelas-a Witg: é@)ﬁdV\ﬁasp adj usteed o Arpid @aﬁgféa&pf& e edh @xi de

and the layers were separated. The organi c |ayer was fil tered to Ferove
parti cul a0 Bt %ehO.¢ BN T 88t &N, 2AdSr Foertl ¢&d, J9ra8s Sell8.0T;¥eNr 24 78lue was
purified %{Tﬁgthyl acetate slurry to provide 39.8 g of tert-butyl

3-(2,6,7- t hyl - 4- phenoxy-| H i m dazo[ 4, 5-c] pyri di n-1-yl) propyl car bamat e

as a |ight brownbémfdien lgfzilrwﬂo&oac?@(st mE) e lefﬁdcﬁh tb ‘é%g‘uP@ﬁ bt N-1498-

conbi ned with amoni um acetate (410 in a A wad of paper
t onels wagminarRHekitrimetbyl Hé-imidaroldssS- t: lﬂlnabw)prﬁhgl]mmmdohliﬁékg BH7e 52 WO

03/050117 nﬁ%rll) %S%joﬂugg gtganol (100 mL). A precipitate formed immediately and the mixture
thickened. Ethanol (50 mL) was added followed by the addition of concentrated

hydrochloric acid (119.5 mL). The reaction mixture was heated at reflux for 2 days. The
solvents were removed under reduced pressure. Water (250 mL) was added to the residue,

20 solid potassium carbonate was added until the pH reached 7 at which time chloroform
(250 mL) was added. Sodium carbonate addition was resumed until the pH reached 10,
then 50% sodium hydroxide was added until the pH reached 14. The mixture was diluted
with additional chloroform (500 mL) and then stirred at ambient temperature for 2 days.
The organic layer was separated, dried with magnesium sulfate and then concentrated

25 under reduced pressure. The residue was recrystallized from acetonitrile to provide 8.42 g
of 1-(3-aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine as an off-white
crystalline solid, m.p. 191.5-191.9°C. Analysis: Calculated for C;,H19Ns ¢ 0.25 H,O: %C,
60.61; %H, 8.26; %N, 29.45; Found: %C, 60.50; %H, 8.28; %N, 29.57.
Part G

30 Methanesulfonyl chloride (0.86 mL, 11.1 mmol) was added to a chilled (0°)
solution of 1-(3-aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine (1.00 g,
4.3 mmol) in a mixture of chloroform (50 mL) and triethylamine (1.85 mL, 13.3 mmol).
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was heated wth stirring at 145C for 20.5 hours. The reaction m xture was
allowed to cool to anbient tenperature, the pH was adjusted to 11 with
anmoni um Wodismsoide and the mxture was extracted with chlramafseens22dhe
extract was washed with 1% sodi um carbonate (7 x 1 L). The original
aqueous phase and the first three washes were 5 conbined, filtered to
renove pa\rlé tes an E t hen concentrated to ? vol ume of about 1 L. This
sol ution J(rﬁnﬂ\}lé PG FRACHR Xt YasTeme vekiromdhe 55 bathamdallgwedite ptir at

chl or of or my r ressure
o provi de b R Ol e pgRORE Rt (PO S A MERE " TFT
met hyl ac equéfpeyltcglcprdmpdeeqamm added @Vgr @period of about 5 hours then the reaction was

N-[3-(4-anm , trine | Hi.m dazo[ 4, 5-c. i din-1-yl)propyl]acetamd
o A S0 polBRshed sted o RhC etk P ik itives SR it el b eiede
about50. 3 itPthibRFoM 1fa cRfRGIN G€radSofa Sﬁgﬁka&@s SRE U wéBkBnd. 1Bie éﬂa&gorg}ﬁ

Anal ysis: Cal cul ated for CLlL4H21N50 0: 9%, 59.13; 9+, 7.80

24.63; Fo Lﬁ’F@FﬁCtD)Q?S ®ocguratadyndgr m@uce%\pre@nrem provade 2 yella®o mie e atledhs

hydrochl or sl.o dded t uti.on 5
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i medi ately and the mixture thickened. Ethanol (50 nL) was added followed

by the addPeRreRanst a‘%fb\‘ié‘@hi"r%f?é‘de Olog olcthe m’tl@;ﬂna@m@omqa@d saltm§ N-[BHd- r eact i on
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pot assi umac»hrrlmmaiyetalyam;addefﬁ 233°C. t he pH reached 7 at which tine
chloroform (250 m.) was added. Sodi um carbonate addition was resumed until

the pH reat lsl@alcdﬁi@hf%é%ﬂnkfsgxﬁ 1 (- 05§ FeCudls 2 JHB A6 0Bt TN, 14 9pH
reached 1%’0u-r|1_ igéb?m% ﬁeme&t w th additional chloroform (500 nlL)

and then st rre 3L%‘e for 2 days. The organic |ayer was

separ at ed IPHNIVHU(BMJI(& Joaavies] DMsOldf a9 2a8ds Hhan 7enneents af. st%ﬁﬁ-s%lﬁ‘if
reduced pressure. The resi due was recr ystallized from acetoni | e
provide 8.HR436 (b=8.1,2 H), 3.09 (q, J=6.2 Hz, 2 H), 2.93 (s, 3 H), 2.58 (s, 3 H), 2.42 (s, 6 H),

1-(3-amn Y H i m dazo[ 4, 5-c] pyri di n-4-am ne as an
of f - mte%é){/) %%ﬁ)mﬁ%z% ?ﬁ#&* 191.5-191. 9C. Anal ysis: Cal cul ated for
C12H19N50 MS@S) H2d408@1+H60. 61; %4, 8.26; %N, 29.45; Found: %C, 60.50; %,

8.28; 9N, 29.57. Part G 30 Met hanesul fonyl chloride (0.86 nL, 11.1 nmol)
was added to a chilled (0) solution of

1- (3-am nopropyl)-2,6,7-trinmethyl-| WE;(%SI%ZI%M’ 5-c] pyridin-4-amne (1.00 g,

20 N-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-
yllpropyl }methanesulfonamide
NH,
N
N
\\L .
N—ﬁ——
H O
Part A
25 Using the general method of Example 12 Part D, a pyridine solution of zert-butyl

3-[(3-amino-5,6-dimethyl-2-phenoxypyridin-4-yl)amino]propylcarbamate (see Example
12 Part C) was treated with ethoxyacetyl chloride (21.81 g, 178 mmol). The crude product
was combined with dichloromethane (2 L) and water (2 L). The pH was adjusted to 12
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4.3 mmol) in a mxture of chloroform (50 nL) and triethylamne (1.85 ni,
13.3 mmol ). 53 WD 03/050117 PCT/ US02/ 18220 After 15 mnutes the reaction
m xt ure wa® i3@soned fromthe ice bath and allowed to stir PIT/USID8RML
tenperature overnight. Three portions of triethylamne (0.6 eq) and net hane
sul fonyl chloride (0.5 eq) were added over a period of about 5 hours then
t he reactlon was allowed to stir overnight. The reaction m xture was

di luted wi VihB%espdiuymhydieride apd thermairtuse o Rtied for 30 snimties Aheergenisuous
extractio

concent rat AR Raer P RtRE Bt AT B S R b bl Uikt Bl
purified byressoteu r‘iﬁ‘heorhmdmﬁvagdlapéd/wahdnbpmge md tﬁleﬁ)e&%nﬂﬁitb@noiengjvadésﬂmall n
chloroformto,. pr vide 0,61 of agolld This material was recrystallized

froma mi AYdCof BIEOS?FW? & Tepepied 57 VG A Hgres 4n araridecit-$ 8 opfesubuEl 31 g of

t he t ha t g _ _

am o2, 6 S ot T SRk By A ool 3-clpyridin.lyloropcarbamite

de as coIaSraIfEQWn(t:aﬂystal S, mp. 241.6-242.2C. Analysis: Cal culated for

C13H21N502P$ GBS %C, 41.26; %1, 6.18; %N, 17.19; Found: %, 41.36; %,

6. 35; %N, 2. 1H NMR (Bruker 300 MHz, DMBO-d6) 8 12.76 (s, 1 H), 7?1
7 18 -

I(-Ii Il:l)D, 5 93 éltgmoﬂmﬁn Qcdtitte éflOO é—)%nh‘)tert ‘ﬂ)u@@?a([Q (ebilogéﬁ%eth%%@'? dl?hé?l?ylm ) 90

(p 1 phenoxy- l-,ijl—mmg(zg[égj-nh:yndgg1-(yﬂpl=€§pyICEBh§tan€e(3ﬁ:§)9@ 7TRunthol) were
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=8.
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The reaction mixture was heated with stirring at 150°C for 27 hours. The reaction mixture

2
2
, J
[41
yl ]pr

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

15 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
provide 30.3 g of crude product. This material was slurried with methy! acetate to provide
13.7 g of N-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-

20 yllpropyl}acetamide as a gray solid, m.p. 161.8-162.3°C
Analysis: Calculated for Ci6HysNsOa: %C, 60.17; %H, 7.89; %N, 21.93; Found: %C,
59.97; %H, 7.70; %N, 22.19.
'"H NMR (Bruker 300 MHz, CHCls-d) 84.91 (s, 2 H), 4.73 (s, 2 H), 4.43 (t, ]=8.1 Hz, 2
H), 3.59 (q, J=6.8 Hz, 2 H), 2.81 (t, J=6.8 Hz, 2 H), 2.47 (s, 3 H), 2.45 (s, 3 H), 1.94 (p,

25 J=8.1Hz, 2 H), 1.22 (t, J=6.8 Hz, 3 H), 1.08 (s, 2 H).
MS(CD m/e 278 (M+H).

Part C
Using the general method of Example 12 Part F, N-{3-[4-amino-2-(ethoxymethyl)-
30 6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl]propyl }acetamide (13.14 g, 4.1 mmol) was
hydrolyzed and purified to provide 10.81 g of 1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-
dimethyl-1H-imidazo[4,5-c]pyridin-4-amine as a brown solid, m.p. 126.8-127.2°C.
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Part A 25 Using the general nethod of Exanple 12 Part D, a pyridine
solution of tert-butyl

3-[ (3- am we @/06ed7 et hyl - 2- phenoxypyri di n- 4-yl ) am no] pr opyaarseansme (see
Exanple 12 Part C) was treated with ethoxyacetyl chloride (21.81 g, 178
mmol ). The crude product was conbined with dichloronethane (2 L) and water
(2 L). The pH was, adjusted tq 12 54 WD 03/050117 PCT/ US02/ 18220 with 50%
sodi um hy dMkysie CRIFAA IO Gl NsQa% Cs 6902 % H: 8363H NyiZedds Foundi &elor gani ¢
phase was gepRaLal afdzg.diiesks gyer magnesi um sul fate and then concentrated
under reduceg’ pressure. The residue was diluted with heptane and then
concentratRat Do renove residual pyridine. This procedure was repeated
several tinmes to.prqvide 64.8 of. tert-butyl 3- S .

(et hoxymet hyl )-Igg,“gg ereshee| I_nzt_hgﬂQﬁ@%?ﬂ?hﬁﬁ%@o{-ﬁ%-mwm&%_ 1-yl ] propylc
arbamat e @hoRyRER)-6. AtiimdTayil 1 BRI 1368 liRlLahRRQ 1 OD 28BS hibh) vt V!
3-[2-(ethoxynet hyl ) -6, 7-di met hyl - 4-

phenoxy- | Heaotéddaitio fuetignedubiony ehierideytb ppodge/ 0.62 igled it 3-[¢-3mid®2g, 77 mmol )

were 10 c ined i L f .Th ck of .the flask was stuffed with a
wad of pantrorgneh@y b pime bk (T s b B bW B SR B 1 Soc
for 27 houksn off\ehifeatid Afp. T3 ure oo¢as al | owed to cool to anbient
tenperature and then it was placed in an ice bath. Amoni um hydroxi de was

added unt iAnalysés: Sl quéserhfed ChH,sS6@hSu R E /o 6Ox de, 10 BNWES 70;dtdad: %At i | t he
pH reached 14. ere t] precipitate was isolated by filtration and

jthenﬁTS d:jsé)s%ll \7&2‘ qéﬁ%ob;%r m (4 L). The chloroform solution was divided
into two PervhvANG AR 30@@@&»@&49@39%'73/1183&_1&%%@1%,B%a@,sz HIN4CRH Ropat e
(2 x 2 L). The organics. were conbined, dried over nmagnesium sul fate and

t hen concdhy #4384y Judddiz, 24860 (prleSsiide, 2 H), 3060k, fre6. 301232 §1)02.9t (1),

pr oduct . | S r S ri it h t hyl etate to provide 13.7 ¢
of N-{3-[ E@nqsgghﬂ@{ Fﬁ\o?gj%w?ﬁ?f%?m%%@gﬁhar% & Fﬁl%dgi’o?[ 115?5- c]pyridin-|
20 yl] propybicas ayanseleviagp.a gray solid, mp. 161.8-162.3C Anal ysis:

Cal cul ated for Cl6H25N502: %C, 60.17; 9%, 7.89; %N\, 21.93; Found: %
59.9% o4, 7.70; 9N, 22.19. 1H NMR (Bruker 300 MHz, CHC13-d) 8 4.91 (s, 2
H, 4.73 (s, 2 H, 4.43 (t, J=8.1 Hz,_ 2 4 3.59 (q, J=6.8 Hz, 2 H), 2.81

(t. J=6.8 Hz, 2 H), 2.47 (s, 3 H, 2D%ERIE*37 1y 1794 (p,

N-{4-[4-amino-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c]pyridin-1-
yl]butyl }methanesulfonamide

NH,

NN
N

"

NH
O=?=O

20

Part A

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
25 dissolved in methanol (~75 mL) and then combined with dioxane (300 mL). The reaction

volume was reduced under reduced pressure until a thick precipitate formed. The
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25 J=8.1 Hz, 2 H, 1.22 (t, J=6.8 Hz, 3 H), 1.08 (s, 2 H. M5(C) me 278
(MtH). Part C Using the general nethod of Exanple 12 Part F,

N-{ 3- [ 4- awions/02e11et hoxymet hyl ) - 30 PCT/US02/18220

6, 7-di met hyl -1 Hi mi dazo[ 4, 5-c] pyridin-1-yl]propyl }acetam de (13.14 g, 4.1
mmol ) was hydrolyzed and purified to provide 10.81 g of

1-(3-am no | )-2-(ethoxyneth - di net hyl -

I HSI m daz 6?54‘?%&1%&@}(%??{" % lg{?ﬁ?t\%{itﬁgﬂtgﬁt@%\)@ﬁ@émlﬁl digxane, auigdriestiopc. 55 WO
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t he gener avhigsolidd of Exanpl e 12 Part Ci 1-(3- am nopropyl)-2 5
(et hoxyrretPtgL?,/tel%1 6, 7-di et hyl -1 H i mi dazo[ 4, 5-c] pyridin-4-amne (1.00 g, 3.6
mrol ) was cted with nmethanesul fonyl chloride to provide 0.67 g of

N-{ 3-§ 4- am no- Z:Chloro- 4~hydroxy 5-methyl 1H-p r1d1n 2- one hydrochloride (64 g) was
(ethoxymet hyl )-6, 7-trineth g 5I—|-| m dazol 4, 5-c] pyridi n-1-yl]propyl }

met hanes uldisspkyeil desulfisiceasi Wﬂlz)tvehll;ﬁcﬂqoting in an ice bath2 - Nigs: 8@ waAnaddedi s:

Cal cul at eq, f or . C15H25N50 e A % ..7.09; 9N 70;, Foun 10
S0. a4 edrep WisE WREZRgTetor offiniees o blendh TuiE WisvRISH© étlr7f%ién

J=5.6 Hz, a&dlldbnal5_’>071ﬁnﬁ1$es a%d |l'ﬂen 14w§§1p&1§red #to kﬂe witery3 Ig The T@Suilndéz

353(q,J75Hz I—? 6 (g, J=6.2 Hz, 2 H), ,239(s
3 H, 2. 3pre(c$p1tage Fips isql a@gﬂ(ypﬁltr@&gn, washed Q/ltl:q)water and thqn drgedgo grqx[zde 8.5y,

| ik ot SO ooy SR Endio- rabridinazione oo Hetopsporant.
yl ] butyl JParea® hanesul fonamide NH2 N N N NH
Triethylamine (102 mL, 742 mmol) was added to a cooled (ice bath) mixture of 6-
chloro-4-hydroxy-5-methyl-3-nitro-1H-pyridin-2-one (50.6 g, 247 mmol) and anhydrous
dichloromethane (1800 mL). Trifluoromethanesulfonic anhydride (83.2 mL, 495 mmol)
15 was added dropwise over a period of 45 minutes. After 1 hour, ferz-butyl 4-
aminobutylcarbamate (51.2 g, 272 mmol) was added over period of 20 minutes. The
reaction was allowed to warm to ambient temperature overnight. The reaction mixture
was washed with water (4 x 1 L), dried over magnesium sulfate, and then concentrated
under reduced pressure to provide an orange oil. The oil was purified by chromatography
20 (1100 mL of silica gel eluting with 50/50 ethyl acetate/hexanes to provide 93.5g 4-({4-
[(tert-butoxycarbonyl)amino]butyl }amino)-6-chloro-5-methyl-3-nitropyridin-2-yl
trifluoromethanesulfonate as a yellow oil.
Part D
The crude product from Part C was combined with toluene (2 L), triethylamine
25 (25.4 mL), and dibenzylamine (35.5 mL) and heated at reflux for 1 hour. The reaction
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
30 provide 52 g of fert-butyl 4-{[2-chloro-6-(dibenzylamino)-3-methyl-5-nitropyridin-4-

yl]Jamino}butylcarbamate as a light yellow oil.
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O=S=0 20 Part A Propanenitrile (120 nL) was added to nal onyl dichloride
(100 g) and the reaction mxture was stirred under nitrogen for 24 hours.
D oxane (®@o3ms)11nas added. The resulting solid was i sol atcadusng/18220
filtration, washed with water and suction dried. It was 25 dissolved in
met hanol (-75 nlL) and then conbined with dioxane (300 nL). The reaction
vol une WasPreduced under reduced pressure until a thick precipitate forned.
The 56 WOR#Y®50117 PCT/ US02/ 18220 resul ti ng precipitate was isol ated by
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it was pour into iCe water he resulting precipitate was |solated
by filtr athbhanddichletbnithane(@ exL)afms adfeshtodhé exdction mnmmedéodm g 10 of

ol 0. PartRORPLE IR B Pyl JBY o s 8 vih Aotiasee 1 ce

bat h) m xtluf7 &Hfrofratozbdphl AndicAWdihaihe 2edtEbAWas 3oiblckd- ﬂlér@%{dtioﬂlvms%cﬁe@

(50.6 g, mmol ) and anhydrous di chl or onmet hane™ (180
Tri f | uor orettR&Resgipf @ﬁlstﬁméﬁeﬂéﬂéls(@hQ sge cmggtlm IT)he soBllwad lagelsmle

g:nogo ut yl%%rtlgg n‘ﬁg {ur%‘s?( 5 Coglbénf gumllltfé&; 0&81818 ay(%gf tF@?&YGSPIdZ(;”fﬁ nut es.

The reactfilgfews pakﬂeaw&@ug@awgmftsmcargm :%ﬂltthé 9@%@%3%&%5@0% The
reaction mixture was washed with water (4 Xx dried over nagnesium

sul fate, dhchlefemetivanaesibanal.ethe M&Wﬁ%@é@df@@@mr Eedtlcﬁqlngssudaetoan or ange
o1 L The TS BLI S MRS AR R Y 5l
[ (tert - butybaydns bacytarbarhae houlight Brown oil.
am n?g - 6- cPr;lIrtolg 0-5-net hyl - 3-ni tropyridi n-2-yl
Triethylamine (12.2 ml.) was added to a chilled (0°C) solution of the material from
Part E in dichloromethane (300 mL). A solution of ethoxyacetyl chloride (10.8 g) in
dichloromethane (100 mL) was added via an addition funnel. The reaction was allowed to
warm to ambient temperature overnight. Analysis indicated that some starting material
20 remained so 0.2 eq of the acid chloride was added. After 1 hour the reaction mixture was
washed with water (3 x 500 mL), dried over magnesium sulfate and then concentrated
under reduced pressure to prbvide tert-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
25 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
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
30 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-
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trifluoronethanesul fonate as a yellow oil. Part D The crude product from
Part C was conbined with toluene (2 L), triethylamne 25 (25.4 nL), and
di benzyl awions/06@575 nL) and heated at reflux for 1 hour. THaa/v®aasi2on

m xture was allowed to cool to anbient tenperature, washed with water (4 x
1 L) and bri ne (200 m.), dried over magnesi um sul fate and t hen
concentrat er reduc d pressure to OVI de 100 of .an-orange oil. A
portion (f \c]/j@é%mﬁh?l(? YIS ety 6%@"&8 %?)‘ﬁﬁw(@?bb nL of silica
gel el uti Rgyw #92E1 vl RAGH e/ hexanes) to 30 pr ovide 52 g of

tert- butylrglq {yi[z chl ozrto 6gﬂaébenzyl am no) - 3- et hyl - 5-ni tropyri di n- 4-

yl ] am no} Battyl car banate as a light yellow oil. 57 WD 03/050117
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reaction was conplete. "The reaction was scaled up to 48.7
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concentrated under reduced pressure to Erow de 46.3 g of tert-butyl 4-{
[ 3- ani no- 62@&hind) wag slowily adred|ta therpixtge nd hdethmugmrmmtate was isolated by

I | o] b th m ne
(1575 ) S HATR PPt i dends 288l grencit PRE drspizhl B PHHER, "Part €
i n di chl onemsthange ﬁ%ﬁ@cﬁrbﬁde Altscqlthg 1QNe@pratuBoxAREitYolah TRE s8] (39- 8 9)
in dichloronethane (100 r}’bﬁ)@was added via an addition funnel. The reaction

was &l | ondisselyed Wawmet @08 aembisag svithsedisnoeasberiath(ls ghaudybérsexitnadiedat ed
that some WSIE ac{lgﬁlgl%mn&ha%rel(gx 500 mL). The combined extracts were dried over magnesium

sulfate and then concentrated under reduced pressure to provide 10.2 g of 1-(4-
aminobutyl)-N,N-dibenzyl-6-chloro-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-
clpyridin-4-amine as a clear oil.

20 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
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

25 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
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

30 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
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20 remained so 0.2 eq of the acid chloride was added. After 1 hour the
reaction mxture was washed with water (3 x 500 nl), dried over nmagnesi um
sul f at e anwd @3wsmiconcentrated under reduced pressure to pavisie/1sxot - but yl
4-{ [2-chl oro-6-(di benzyl am no) -5-(2-

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 Q%I)g) Pyri di ne hydrochl ori de
(40 g) wadnaghesamSHHateRad thencopedntigiedindeifeducsrershiedd paavided pog of dr 4

h i h i 3 | . Hi . d
ours. T 4-%ﬁﬁﬁéﬂu§{1}-glt(§§8%%@§1@aﬂa§éggﬁ1H‘-%nu&a%t4,5r-% WAL LIRSS b4 e an

then it S conce pressure. resi due was.

di ssol ved oilnwigthpartialte taidefi¢dbaDstandingnd washed with water (500 nL). An

enul sion formed and was cl eared by addi ng sodi umchloride to the agueous

| ayer. Th@a“gfganic | ayer was dried over magnesium sul fate and concentrat ed

unders r educed M@[ﬁ%ﬁquog,rl g%%m%g%? v?%-alildgd 2{08@15@% Iﬁl{tﬁﬁ%?gklm_ This oil

was purified by chromat ca ge ting w et hyl
acet at e/ hexamasi}yl)-8-(pthoxymethgl- 7Bmethyt- 1 Hentid dnof4s5-clpyridic itaorine @.25B8g,\8( 1

e R R S L o

Part G Triéh&RIdAaIet teBu@d HedsdRo Provideish SHIER: 8IY ¥as BisPAVEPH @9 Iifianut es
toachilled 5 (0) solutiion of the material from Part F 1 n dichloronethane

(500 nl). hydesxide200 o) thanxextnaetedas thathl anbumt 3 xs300rmby el epmbingttextiaets i t
was ncent rated. under reduced. pressure. Th si due S partitioned

ot viton. avish SoehERE Hasnfaut SHee a8 Hebiaondiialst Tt ie Bisbeit) ° e
base | ayepriage £¥leadsit. €The/bil Waslpedficl @SIMAN @hfonaldgrapiesilied gl di@ghgor gani cs
were dried over magnesi um sulfate and then concentrated under 10 reduced

pressure tathRBLQ dishlerempeshpnespethanbtogirpvide g vdtitsselidedhisymateriad mesg slniet (100

cther D UL BRI ot b e Ryl TEGH AT T D efuf e Pt
resul ti ng nstigal m-ilﬁidﬁzd[ﬂ,S—(ggﬁlicﬁhqdyl%htylf} lethafédufOnairis Re d WwhifeRoBE hR Y. and

dried in a vacuum oven at C overnight to provide 11.25 g of the
hydrlechl old7éd 784t of the desired product as a white solid. The solid was

then oxt r A0eba: SRERAIRT SreehvERe s R b k0o Tod Tob R FhBetaRer At o
were driedoovenHwanesmNnmo gl fate and then concentrated under reduced
pressure to provide 10.2 g of 1-(4-
Examples 15 — 30
20 Part A
A suspension of 5,6-dimethyl-3-nitropyridine-2,4-diol (14.87 g) in phosphorous
oxychloride (150 mL) was heated at reflux for 2 hours. Excess phosphorous oxychloride
was removed by distillation. The residue was dissolved in water, neutralized with
ammonium hydroxide, and extracted twice with ethyl acetate. The organics were
25 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
30 A solution of tert-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-
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am nobut yl ) - N, N-di benzyl - 6- chl or o- 2- (et hoxynet hyl )-7-met hyl -1 Hi m dazol[ 4, 5-
clpyridin-4-amne as a clear oil. 20 Part H Under a nitrogen atnosphere,
anmoni um varosaser1(13. 7 g) was added to a m xture of 10% ppadT/esdeasa2on
carbon (10 g) and ethanol (200 mL). The material fromPart H was dissolved
in a mxture of hot ethanol (600 nL) and nethanol (400 nL) and then added
to the reaction m xture. The reaction m xture was heated at reflux for 4

hours and dfAethyleymamidaeiR0raly obire teactioranixiire Wapdied eiveanighieand; then .
Anal t
nal ysi s fgl%gﬁa guhﬁ'&fre&&%d f‘e%ﬁhleo'iﬂpgﬁé\gsfdu%%% paggg%a&’ g@&gﬁ%&?%&? e so

cat al yst amoni um fornate wer e e reaction
m xt ur e wathyheatael The lagéisiweré sgpatatébandsthe dipeeone byt was entrictedevidasthylal | owed

to cool to anbi ent te erature and.the fil red throu a_ |l ayer of
Col i tor) acqiiey dhe gregniopyers o S ithERG AR Copehiad under
et hagol / MRl 38ehrelshrldo phjfics Alnt0A 8il Qesitite® THARNRHPASSuIRANGGtheRY eSSUr @

to provide a cl he oil artitironed between dichl oronet hane
(500 nl) ah@nﬂ;m@@rqﬂm (Aﬁﬁ) h;ldmhc(a glﬂ f(lmihﬁg mitjally Thich Heflaetys acdtaty éx hasase and

extracted wi t.h di chI hane he .conbi anl yer.s ried over
2. Vo 031 Sisemereaes DedsNigs 5o 5 hann St ta P TR b RS Tt o
under redygpReb- Q%Qﬁﬁiéﬂﬁrlg%lﬂbﬁyﬁcﬂﬁ—ﬂyﬁa@mﬁoﬁ tylcarbamate as a yellow solid.

(4-am nobutyl) (et hoxynet hyl ) - 7-nmet hyl -1 H'i m dazo[ 4, 5-c] pyri di n- 4- am ne
as a cleaPartéf | which partially solidified on standing. Part | 5

|ve | f | dded .d '

o Shuey ) o5 PLEIG BT ay 13 O tEy A e B ARONE v % Rl BRI Sl il
(2 25 g, @.shdpensTORbY soditirh@lyiNde 0.9 &, DA Pmitol) i idy B0l miNd TEOIAE@SOT M
(225 nL). The solvent was renpved under reduced@g@essure to provide an

oil. The amt%wawlmd\ﬁedur fvrﬁéwgwﬁmwthwﬂm opAagt Brivas addad asxit r act ed
w th chlorg f’f‘@e(l%aél 29 x%)eWaIQ gﬁ‘%éﬁ F%%r géuénd %Qn&%&edj{oc%glt"er

magnesi um’ su e And T hén g oreent pressure to provide a
clear oil ambiit fink e&‘ﬁﬁrenﬂéhﬁ 12d Thy dfg)!;mmag kérﬁma%ﬂan’e&uc(ealﬂrésmeggl
eluting wth 90/ fo di chl ororret hane/ net hanol) to provide a white solid.

Thi slSnmat ePrevidepsoib jegidue.oVhe fesighe vwias gembingd with eold Beter aerd plieyvadde sbr 71 g of
N-{4-[4-a

et o) 7 B s FABEAARL W ladk g i e v ERpsti: T AU P o
sol i d, m pxtracted with ethyl acetate. The organics were combmed, 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
20 25% ethyl acetate in hexanes) to provide 7.1 g of tert-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
25 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).
30 The filtrate was concentrated under reduced pressure. The residue was combined with

dichloromethane and heptane and then concentrated under reduced pressure to provide
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15 173-175C. Anal ysis: Calcul ated for C15H25N503S: %C, 50.69; %, 7.09; %\,
19.70; Found: %, 50.51; 9%, 6.91; %\, 19.49. Exanples 15 - 30 20 Part A
A suspenswano3gsory 6- di met hyl - 3-ni tropyri di ne-2, 4-di ol (14.F7T/¢N02/18220
phosphorous oxychloride (150 nL) was heated at reflux for 2 hours. Excess
phosphorous oxychl oride was renoved by distillation. The residue was

di ssol ved water, neutralized with ammoni um hydroxi de, and extracted
twice wi t H-bT ﬁ?%teé’éf@t“é(réi[ DBr%Aé-HifE%thwé%-ehez@X&Bmﬂ%éd, washed with brine,

dri ed_overyisadhusilsifuend Lhagy GRAGERANGAGA_ under  Teduced pressure.

The residue was slurried wth b ng hexane and then filtered while hot.
The filtrafatBas chilled. The resulting precipitate was isolated by
filtration and

ir. dried i de 6. f - .
2 - di oh or o- 5, Belonaiig! 3t Fa0 RiLeithiod a8naD and puriiasdiagrochlpsids (9% A
sol ut§on of, ot32Btmiauh Werd addBde AubMHEA P #EBhRefifl fRAn Bart FPindS1BHOI 2 i) N N

di met hyl f or mam de was added to a sol ution of
2, 4- di chl oFhs-sadiogimigturg wag heated aippflixifore houtQargiDhen alisveitoreool tp aartdent

triethylanin 2.6 ni 1) in NN 60 WD 03/050117 PCT/ US02/ 18220

di met hyl r orhfsigte ?‘é%fg%ﬁ?r i ot ﬁ?‘&%gﬁé ug ‘?fFF‘glfe%PErsfﬂfa At and
then concaeat thetresduendey twiettisfsin®] WEE Wlene BRE coB&nEHRIVVEhe R&ltnk! RN

bet ween water and ethyl acetate. The | ayers were separated and the aqueous

| ayer was dssolvaddpehl@rafprmstwished withisaueatedryndivon §icarhovatgewater andbbrined drivdis hed

W thybrine u essure to pro a

br owe of 1y oS bt RARELPIES oM RlrE LRSLTENBY PRSHS 1o PrsbieB 5ot Rl
(400 ni sireirdatydd (s, linidting-4-phdnoay-1J-imitizoldIocdhiidin-aceibaty@cdbariax agg and
then increasing.the gradient to 15% and then to 25% to provide 8.1 g of
tert-butyl Ve th?oi(_ brown oil/solid.

chl oro-5, Gpggigret hyl - 3-ni tropyridin-4-yl)am no] butyl carbamate as a yel | ow
solid. Part C 10 Phenol (2.164 g, 23.00 mmmol) was added as a solid over a
period of 10 niThetregtetia fram Pagfewss aminfiedswith amnioniurh deetf® (A7) ip,a td¥e.3

LR P N R W R S R
into water and adjusted to pH 10 with 10% sodium hydroxide. The basic solution was
extracted with chloroform (x 9). The basic layer was treated with solid sodium chloride
and then extracted with chloroform. The organics were combined, dried over sodium
sulfate and then concentrated under reduced pressure to provide a yellowish solid. The

20 solid was dissolved in a mixture of chloroform and methanol and then combined with 50
mL of 1N hydrochloric acid in diethyl ether. The solvents were removed and the resulting
oil was dissolved in water. This solution was extracted with dichloromethane (x 3), made
basic (pH 10) with 50% sodium hydroxide, and then extracted with chloroform (x 3).
Sodium chloride was added to the aqueous solution and it was extracted with chloroform

25 (x 3). The organics were combined, dried over sodium sulfate and concentrated under
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-

30 yDbutyl]acetamide as a solid, m.p. 217-219°C.

Analysis: Calculated for C14H,;N5O: %C, 61.07; %H, 7.69; %N, 25.43; Found: %C,
60.87; %H, 7.75; %N, 25.43.
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solid. The reaction m xture was stirred at 80C for 2.5 days and then
allowed to cool to anbient tenperature overnight. The diglynme was renoved
under redweed/opossure to 15 provide an oily residue. The REIUHIES220S
conbined with cold water and allowed to stir overnight. Ethyl acetate was
added and the | ayers were separated. The aqueous | ayer was extracted with
et hyl acetate. The organi cs were conbi ned, washed with water and bri ne,
dried overP®ddi um sul fate and then concentrated under reduced pressure to
provi de a bl ac kil NS amal.erialk Ifg_ed: <8 chr qmat ogr aphy
(400 nL sili ca%g@h{é?%g?fxgmv?taﬁlﬁgg%gg@@ﬁlet &IlHagglflg%loéﬁ’lsﬁaﬁ}ggﬁélgs) to provide
7.1 g of tydbutyblacsthmide] (¢2,13z)dn e hydro&hlodi¢ acid 630 mL) was sealed in a flask and

Do oY PY b b AR R A SRR 1854f8R kAR S showed & oo to™

4- [ ( 25 3- di et hyks 5= ni - ' ! 7.32
0. |17 oo it eripdtadof Oady ROPRRAKENG dehoyy diy o RTLAS] UL ML BATRIRC 1 P
was conbi rbasic\ipH H4awith 25y safiurh O paldeaai whencex iaatet ovith dhidroformn@ 2). The

m xture was pl ace under hydrqge ressur.e .on Parr apparatus for 24 hours.
Addi ti onalangq“éﬁW Wis ombis e .dBth‘e}PE&( @%z)gyd 4 o3 UpgEd ¥iths g) . The

reaction nhidrbfofin (¥85._The bhstls %?f&c%b?xfbiﬁed, VhghedfitkBlihd, ﬁiﬂga bldr&baR@ent to

renove the catalyst. The |ayer o ter agent was washed with ethanol (1
L), et hancblfateahdtiwh concdniratesnudemsteteced|présiute)to pBFidkhk44 glof i e was

concentrated uyn reduced pr.essure. The residue was conbi ned with

di chﬁgron@fﬂ%#ﬁﬁ%&’ﬁ%ﬂl@%pgﬁamg%qm5538@@?‘ f8¢%inder reduced pressure to
provi de &h\WD 03/ 050117 PCT/ US02/ 18220 6.17 g of tert-butyl

4-[(3-am no-5, 6-di net hyl - 2- phenoxypyri di n-4- yl)am no] butyl carbamate as a
sl udgy brown ydheegmpopndsiarthe @bl heldvowgreenrhpdrediasingithe foRowiBg misthdd. Dig:

nmol ) and i di oghl ori 037 .5 49, .0.323 l.). wer dded.to a
sol ution S‘B g{oﬁghtjrgfgs%l ie}ér(?%ICﬁRF bﬁ](ggreglgﬁlﬁsﬁdg%q %eantgsﬁ% ‘fmﬁr_g‘?@)’ln%ﬁégllug%f)?éh

m xtur e wag-ahestetylpb, 7 ditdethyl 161 in2idha,S- apgidiharhngint R8s} B SRR (5
anbient tenperature overnight, The reaction m xture was concentrated under

redubd prdlels e tas duber wasreapped ansktheruplagegson yphakerammbieny tempeatuesl uene and

concentr atgd.ithe ' ' j I ol N ehl ith

cat ur at od S5 reasbokaris gy HepR kil Bl THOLGIIE WETIRRH

sul f at e arg prépeHPECGNG Rt tha hethadnitesribed dbcediopreside the trifluqoasitde sdt 3f7thg of
desired compound. The table below shows the structure of the free base and the observed

accurate mass (m + H).

20
NH,
P
Z N
.0
5%
Example R; Accurate Mass (obs.)
Number
15 ethyl 326.1660
16 1-methylethyl 340.1825
17 butyl 354.1982
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tert-butyl
4- (6, 7-di net hyl - 4- phenoxy-| Hi m dazo[ 4, 5-c] pyri din-1-yl)butyl carbamate as a
very thi cwaomamsmioi | /solid. Part F The nmateri al
in a tube.

wi th ammoni um acetate (47 Qg)
at 150C for 20 hours.

adj ust ed
extracted

h cI roforx

sodi um chl ori de

conbi ned,
pressure

to provide a yell owi-Sh

and then extrg

dried over sodium silf te?and t hen concentrated under
Nd. The 20 solid was dissolved in a

m xture of chl orof orm and net hanol

t hen
hydrochl gric acid in diethyl al?ﬁgﬂs\olvents were renoved and
was di ssolved in water. is solution was extractgd with
made basic (pH Mdbsﬁ%th 50% sodi um hydr oxi de, and
So@dy'ungchl ori de was added t

resul ting
di chl or on
t hen extn
aqueous {

oi
ret hane (x 3),
acted with chloroform (x 3).
olution and it was extracted with chloroform 25 (x 3).

et her.

into mater

A

treatd th

conbined with 50 niL

or gani cs

Wlafpld
reduced pressure

f rom et ham$imber

ol ned, driedgover sodium s
to provide a yellow solid.
provide 2.62 g of a solid.

ITT ahEcdRd MARQEHLY at @
This solid was recrysg
A portion (500 ng) we

NnYr oOQ QY A +

HeA

di ssol ved iq

in a vacuum

ven

et
et

anal Aot v ot oA madar
aATToT, \.,UllL,UI]IL | ccu oot

at 70C over? weekend to

providghgni§lg SFU L

N-[ 4- (4- am no- 6,

- di met hyT -3 fhigdyrdazol 4, 5-C

pyri di n330_§~£§,4y| ) butyl

from Part HETVEB®2a8020i ned
15 The tube was seal ed and heated

and
as
solid

NM th chloroform The organicsg were

r educed

of IN
t he

o the

The

d under
tallized
S

hen dri ed

] acet am de

as a solild, mp.|217-219C. Analysis: Calculated for CI4H2IN50: %L, 61.07;
o, 7.69; 930 25| 43; Found: B#azyl 60.87; %, | 7.75; 9888.2&3543. 62 WO
03/ 05011 PCH-YSB2+-18220—Part—G-A-selutiontef
N-[ 4- (4- ani -6,7-dinethy%ﬂPPﬁPﬁ%ngo[4,5-c}pyridin3?24§ﬁ%tnuyl]acetanide
(-2.1 g) [InJg N Rydrochl of k¢.aphhyf 30 ML) Was Seal egog fgsy 11ask and then
heat ed at__100C flor about 30" hours.” The reaction mxture was allowed to cool
to 5 anbijent23t enper at ur e4-amethdaxtygherfyl | t ered {o renov40atif/7/parti cullates. The
filtrate i H-h—25%-spdi-um-hydrexi-de—and—then
extract ed V\A;Z_fih chl or of orm gwaﬁyéﬁy}rhe aqueols | ayer %8 120nbi ned |wi t h
sodi um chTorjsde (20 g) an& ffgffft racted Wn 425.1779

26 4-trifluoromethylphenyl 442.1528

27 4-biphenyl 450.1982

28 4-methylsulfonylphenyl 452.1409

29 4-trifluoromethoxyphenyl 458.1455
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chloroform (x 3). The organics were conbi ned, washed with brine, dried over
sodium sulfate and then concentrated under reduced pressure to provide
1.44 g of wbh@H5WA7am nobutyl)-6, 7-di met hyl 1H i mi dazo[ 4, 5- dqayvsodiise2d- ani ne.
Part H The conpounds in the table bel ow were prepared using the follow ng
met hod. The appropriate sulfonyl chloride (1.1 eq.) was added to a test
tube containing a solution of 1-

(4- ani nobutyl ) -6, 7-di met hyl - | Hi ni daZ8®Ps30] pyri di n-4-anine (25 ng) in
chloroform (5 a2 @Aldnindleer- ube . D it aceeh on a shaker
at anbi ent terr‘gé[{rz_’r a(tur eng\% ?\%??lq%éﬁ@gfﬁg%ta&%@?éﬁ@@@ﬁ%? gg%%{]um
centrifugation. The r e@limethylamsngphianfyl]dtizedyy } ipnegmebiRfddianstdang t he net hod
descri bed above to provide the i fluoroacetate salt of the desired
conpound. The tabl e bel ow sho he structure of the free base and the
observed accurate mass (m + G NH2 N Nj \> N HN,SOO\R Exanple
Ri Accurate Mass (obs.) Nunbr S%t hyl 326.1660 16 1-nethyl et hyl
340.1825 17 butyl 354.1982- 6F WON03/ 050117 PCT/ US02/ 18220 NH2 NN \> N
HN, O

=N

N—

Using the method of Examples 15 — 29 4-dimethylaminoazobenzene-4’-sulfonyl
chloride was reacted with of 1-(4-aminobutyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-

amine to provide the desired product. The observed accurate mass was 521.2452.

10 Example 31
N’-[4-(4-amino-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-N,N-
dimethylsulfamide
NH
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O "R Exanple Ri Accurate Mass (obs.) Nunber 18 phenyl 374.1663 19
2-thienyl 380.1234 20 benzyl 388.1835 21 3-fluorophenyl 392.1568 22

3- cyanophwoyd3/030Q71627 23 4- met hoxyphenyl 404. 1777 24 1-pcapisoby$22424. 1815
25 8-quinolinyl 425.1779 26 4-trifluoronethyl phenyl 442.1528 27

4- bi phenyl 450. 1982 28 4-net hyl sul fonyl phenyl 452.1409 29

4-trifluoromet hox nyl 458, 1455 64 WO 03/ 050117 PCT/ US02/ 18220 Exanpl e

30 N-[4- (4-ani r{gs %g gied’il%? oh Exanpplesd 3a 2% dimethylsplomey dhlaride yasgesated 4-

E 4- /] 1 \> N
( ) S[ & N( ﬁ;lhﬂﬁ %ﬁ@&@i@ﬁgﬁdﬁt@; £9RY, gfah%ws@ dﬁ@a%ﬂgbd%wdwtﬁ\é
4 d| met hy ldasiretozpdine n 7be ebstrvesidctamiel mass was 341.1770.

5 Examples 32 — 46

The compounds in the table below were prepared using the following method. The
appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a solution of 1-
(4-aminobutyl)-2-ethoxymethyl-6-methyl-1H-imidazo[4,5-c]pyridin-4-amine (25 mg, see
Example 10 Part F) in chloroform (5 mL). The test tube was capped and then placed on a

10 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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chl oride was reacted with of
1- (4-am nobutyl)-6, 7-di nmet hyl -1 Hi m dazo[ 4, 5-c] pyridin-4- am ne to provide

t he desi rew @@rosauct .

The observed accurate mass was 521. 24%2a/u0/182anpl e 31

N -[4-(4-amino-6,7-dinmethyl- |Himdazo [4,5-c]pyridin-1-yl)butyl]-
dinethylsulfamde NH2 N Nj \> N HN,SOON- 65 W 03/050117
PCT/ US02/-18220 __lUsing the - —di f amoyl
chl oride|was reacted with NH,
1- (4-am nobutyl)-6, 7-di met hyl - 4x{wNdazo[ 4, 5-c] pyri di n-4-am ne tq provide
the desired product. The obsejve a%u\r(ﬂf‘e\ mass was 341.1770. 5 {Exanples
32 - 46 The conpounds in the-takfe Nel ow were prepared using the{foll ow ng
nmet hod. The appropriate sulfonyl c ride (1.1 eq.) was added tqQ a test
tube confaining a solution of 1-
(4-am nobutyl) - 2- et hoxynet hyl - 6- et hyl - ? dazo[ 4,5-c]pyridin-4-am ne (25
ng, see |[Exanple 10 Part F) in chl orof oHHm The test tube was capped
and theniplaced on a 10 shaker at anbiegf ‘t« rrperature for 16 hours. The
sol vent was renoved by vacuum centrifugati on ' The residue was pur|ified by
prep HPLCSI he et hod degcri bed above FQ¥h AR E8€o8sNn T T Joroacet at e
salt of tf]?é@gilgm [Ieed conpound. RlI'he t abl e bel pw sﬁows t he > g? rsu)cture of the
free base Nudbdérhe observed accurate nmass (m+ H). 66 WO 03/ 050117
PCT/ US02/-18220 —NHR2 N-N—\0—N

32 ethyl 370.1929

33 1-methylethyl 384.2086

34 butyl 398.2231

35 2-thienyl 424.1493

36 benzyl 432.2084

37 3-fluorophenyl 436.1834

38 4-cyanophenyl 443.1887

39 3-cyanophenyl 443.1879

40 4-methoxyphenyl 448.2025

41 2,4-difluorophenyl 454.1734

42 1-naphthyl 468.2094

43 8-quinolinyl 469.2037

44 4-trifluoromethylphenyl 486.1799

45 4-methylsulfonylphenyl 496.1714

46 4-trifluoromethoxyphenyl 502.1743
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HN, S O OR Exanple RI Accurate Mass (obs.) Nunber 32 ethyl 370.1929 33
1-met hyl et hyl 384.2086 34 butyl 398.2231 35 2-thienyl 424.1493 36 benzyl
432. 2084 wo/03Bsé11aor ophenyl 436. 1834 38 4-cyanophenyl 442Cudas02/1820
3-cyanophenyl 443.1879 40 4-net hoxyphenyl 448.2025 41 2,4-difl uorophenyl
454.1734 42 1-naphthyl 468.2094 43 8-quinolinyl 469.2037 44
4-trifluoronet hyl phenyl 486.1799 45_4-netf hyl sul fonyl phenyl 496. 1714 46
4-trifluoromet hoxyphenyl 502.1743 67XBPEA050117 PCT/ USD2/ 18220 Exanpl e

47 N [ 4- (H-{ani-nemido-2tdiogy e 6-BeMBl-nxl; 475 4q_ YA i iy |
“yl)butyl]-4- { (E)-[4- (di rre}%yl aﬁ%ﬁ?ofgﬁg‘%‘}ﬁ%ﬁ?gﬁ@ﬁdiﬁkﬁ?ﬁ%@sﬁ{@%ﬁém de
NH2 N N HN S 0 . N, N (dimethylamino)phenyl]diazenyl } benzenesulfonamide

NH,

NN
| Y S0\
Z N

N—

Using the method of Examples 32 — 46, 4-dimethylaminoazobenzene-4’-sulfonyl
chloride was reacted with 1—(4—aminobutyl)-2—ethoxymethy1—6—methy1—1H—imidazo[4,5—
cIpyridin-4-amine to provide the desired product. The observed accurate mass was
565.2720.

10
Example 48
N-{4-[4-amino-2-(ethoxymethyl)-6-methyl- 1H-imidazo[4,5-c]pyridin-1-yl]butyl }-1-
[(1S,4R)-7,7-dimethyl-2-oxobicyclo[2.2. 1]hept-1-yllmethanesulfonamide
NH,

N
N Yo"\
Z N

HN. -0 0
/S

n,H

15
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Usi ng the nmet hod of Exanples 32 - 46, 4-dinethylam noazobenzene-4'-sul fonyl
chloride was reacted with

1- (4- am nelouisys)H2- et hoxymet hyl - 6- et hyl - 1H-i mi dazo[ 4, 5- dqayvsodiise2d- am ne
to provide the desired product. The observed accurate nass was 565.2720.
10 Exanple 48 N- { 4-[4-am no-2-(ethoxynethyl)-6-nethyl- | Himdazo

4,5- idin-_I. -yl]b -1- S, 4R).- 7, 7-di met hyl - 2- oxobi cyclo[ 2. 2.1
[ hept - 1oyl ] met ries Hermsihi aEPRBRIRAAT 48 Dri-40 Sompnorseitan onas 53117
PCT/ US02/ 18240 widk '1ftg-érﬁﬁomﬁ&llj@detﬁéxﬁe%ﬁ%l@ﬁleﬁfﬂl-gﬁ‘lﬁudazo[4,5-c]pyridin-4-

D- (+) - 10- canphor sul fonyl chloride wds react ed

1- ( 4- am naoimeing k9 pravick tioxgasetd prodectreltipydbsérived acctiaronhsSwed HF.270n- 4- ami ne
to provide the desired product. The observed accurate nass was 565.2720. 5
Exanpl es 49 - 56 The conpounds in the table bel ow were prepared using the
follosm ng nethod. The appropriat egghnpRE%d g oride (1.1 eq.) was added to
a test tube containing a solution of

2- (et hoxynet hyl ) - 6, 7l qpmpeyndy in(the gibfechelelv nvete plepariag ying ihe folldwing] 4, 5-

est "t ube it iiks e S el P RaReof 8L witaddBa B0 Bl bR ot S r o
for 16 hououtiohhe _Zs(edh\rzsﬁylhethy\l@%,’f-ﬁ{mé/cﬁﬁ-hm-ﬁ@@ﬁﬁﬁm@9ﬂﬂf§l)ﬁ ugahid®Ro[4131€

resi due was purified by prep HPLC using the nethod described above to
provi de trrépyridmﬁ?émaaé%‘{p@gesegﬁmnwie thRargiBlinrabdprefommddmel.). Thiedest aflee bel ow

%‘?V‘%t Rlazﬁglsrcldﬁf)é{f fhd%hed ﬁ%cgdrcﬁlea BaRe Anthvidie tqufe%t\ﬁgedfog FEHOGLE THggoﬁvénrp *

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).
15
NH,
PR
Z N
\
0=S=0
d
Example Ri Accurate Mass (obs.)
Number
49 ethyl 424.2396
50 1-methylethyl 438.2568
51 butyl 452.2714
52 2-naphthyl 522.2540
53 8-quinolinyl 523.2477
54 4-trifluoromethylphenyl 540.2270
55 4-biphenyl 548.2716
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NN Nj N 0=5=0 Rl Exanple Rl Accurate Mass (obs.) Nunber 49 et hyl
424.2396 50 1-nethylethyl 438.2568 51 butyl 452.2714 52 2-naphthyl

522. 2540 wsB3dsauinol i nyl 523.2477 54 4-trifl uoronet hyl plrnytso248280270 55
4- bi phenyl 548.2716 69 WD 03/050117 PCT/ US02/ 18220 NH2 N M\~O- N N
0=5=0 R1 Exanple Rl Accurate Mass (obs.) Nunber 56 4-nethyl sul fonyl phenyl
550. 2144 l:v::nrnln 57 1 (’) 11

[ 4- (4-di nret hyl am nophenyl azo) ben Eﬂesul fonyl ] pi peridin-4-Yl }ethyl)-2-

(et hoxynet hyl ) -6, 7-di met hyl - | HN' >/L4 /S\c] pyridin-4-amine NHZ NN N

N
O=?=O
F{1
Example R Accurate Mass (obs.)
Number
56 4-methylsulfonylphenyl 550.2144
Example 57

1-(2-{1-[4-(4-dimethylaminophenylazo)benzenesulfonyl]piperidin-4-yl }ethyl)-2-
(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-4-amine
NH2

5 . /N\

Using the method of Examples 49 — 56, 4-dimethylaminoazobenzene-4’-sulfonyl
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 product. The observed accurate

10 mass was 619.3185.
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N O=S=O NN 5 Using the nethod of Exanples 49 - 56,
4-di met hyl am noazobenzene-4'-sul fonyl chloride was reacted with
2- (et hoxywext ¢3y05)+16, 7- di met hyl -1 - (2- pi peri di n-4-yl et hyl ) - 1HCT/US02/18220
i mdazo[4,5-c]pyridin-4-am ne to provide the desired product. The observed
accurate 10 mass was 619.3185. 70 WO 03/050117 PCT/ US02/ 18220 Exanpl e 58
4-12- [4-am no-2-(ethoxynmethyl)-6,7-dinethyl- IHimdazo [4,5-c]pyridin- 1
-yl] ethyl } -N,N- dinethylpiperidine- | -sulfonamde NH2Z N NN>-"0 NN i
O=5=0 5 Using the nmethod of Exanpl eéxﬁ'l?plés§61 di met hyl sul f anoyl chl ori de
was reacted wth
2- ( et hoxy Aefhid-gmino/2- (thedyimedthil)- 6,4 diimpthyl-d Hrinsdd ydopt, Byl pysitlih-il il iddgyd] -4,/8- ] py
ridin- 4-amne to provide the.deﬁi red .rc)lr oduct,, The. observed accurate nass
was 439.2510. 10 Exanpl e 59 dimethylpiperidine- 1-sulfonamide
1-[4- (1, 1-di oxi doi sot hi azol i di n-2-yNHbutyl ] -6, 7-di met hyl - 2- propyl -

N SJ

| H i m dazo[ 4, 5- c]pyridi n-4-am ne \ I[I\I N
Z N
\
O=§=O
5 PN

Using the method of Examples 49 — 56, dimethylsulfamoyl chloride 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 product. The observed accurate mass was 439.2510.

10
Example 59
1-[4-(1,1-dioxidoisothiazolidin-2-yl)butyl]-6,7-dimethyl-2-propyl-1 H-imidazo[4,5-
c]pyridin-4-amine
NH,

x—N
DR
N

L

N
O‘;S
O

15
Part A
Using the general method of Example 15 Part E, fers-butyl 4-[(3-amino-5,6-
dimethyl-2-phenoxypyridin-4-yl)amino]butylcarbamate (3.41 g, 8.51 mmol) was reacted
with trimethyl orthobutyrate (1.50 mL, 9.37 mmol) to provide 3.2 g of crude ferz-butyl 4-
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11 0 15 Part A Using the general nethod of Exanple 15 Part E, tert-butyl
4-[ (3-am no-5, 6- di net hyl - 2- phenoxypyri di n-4-yl )am no] butyl carbamate (3.41
g, 8.51 nmwml Q3/08ad7reacted wth trinmethyl orthobutyrate (IPCQUS182037
mmol) to provide 3.2 g of crude tert-butyl 4- 71 WO 03/050117

PCT/ US02/ 18220

6, 7- di nmet -A-ph - 2- | -1 H-i.m dazqg[ 4, 5-cl.pyridj n-1-yl)butyl carbama
'Ee as | gﬁr‘%r%‘%‘ﬁ‘@éﬁi%ﬁ%‘%%gﬁ%ﬁé'ﬁ'ﬁ?&éﬁﬁ%@g%ﬂw ﬂé‘n’ngyﬁ$?t¥‘%a¥’ﬁ@ﬂepﬁrp A and
anmoni um agepRdhesefmdsoli) Was heated in 5 a sealed tube at 150C overni ght.

More ammoni um acetate (10 g) was added, the pressure flask was reseal ed
and the nmiXatBe was heated at 160C for 20 hours. The reaction mixture was

' hen i di | ith water, d
bt o wi 1 amuhOCRy aF oo SR B b S vt ot PRS-

then £xtracscaitd tibd 4t 150PO0OEMIM.( ¥oAd amiHdRiu@X héctté $100PasCRIABY, MR pre¥@sded
with brine, dried over 10 magnesi um sul fate and then concentrated under

reduced pridaskuras resgaled aud dhe mixpare voaw heatodl atl] 60PR| for 2@houts Wilke chastsal vedI :c n
hl form.washed with 2% sodi um hydroxide, dried over magnesium sul fate
and then CBIER Y ADBVER SO SemBat bemestRise thnit wor Gbited yahveler, BRdnge
SN? |[ i4d ( 4Th | SasROlitaRRn iR hydbRide! ahfall Vi SARSORBR UL hid e & xtracted
- (4- am no-
6, 7- di met hyith chlprofryn (1 4. i Fieckxzraftd weredqybinet, wahed hibibying,atetianede as a

or, 5057 Ppagneygnsttaf i fen iRl undy ot BeBirenie SproBde paploe
N- [ 4- (4- andoli@: Ghik-sdlileid Wissatved aPdHofokbrinTwAsHeR! bith SR}k H%d}bxigﬁ @fld

yl')butylJacet am de was conmbined with 6 N hydrochloric acid (75 ) n a
pressure \¥SEBIAgnesivya syifaje and thes cercentreted nuderirednché prasshirato podideavyetlnivght .

i 2 g, Sy AR S N
6,7-dimethyl-2-propyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]acetamide as a solid, m.p.

15 200.1-201.4°C.

Analysis: Calculated for C17HxNs0: %C, 64.32; %H, 8.57; %N, 22.06; Found: %C,
64.21; %H, 8.49; %N, 21.96.
Part C

N-[4-(4-amino-6,7-dimethyl-2-propyl-1H-imidazo[4,5-c]pyridin-1-

20 yDbutyl]acetamide was combined with 6 N hydrochloric acid (75 mL) in a pressure vessel.
The vessel was sealed and then heated at 100°C overnight. An additional 1 mL of 6 N
hydrochloric acid was added and heating was continued for 6 more hours. The reaction
mixture was allowed to cool to ambient temperature overnight and then it was extracted
with ethyl acetate (x 2). The aqueous layer was cooled in an ice bath, made basic (pH 13)

25 with 50% sodium hydroxide, saturated with sodium chloride, and then extracted with
chloroform (x 3). The combined organics were washed with brine, dried over magnesium
sulfate and then concentrated under reduced pressure to provide 0.98 g of 1-(4-
aminobutyl)-6,7—dimethyl—2—propyl—lH-imidazo[4,5-c]pyridin—4—amine as a tan solid.

Part D

30 Chloropropanesulfonyl chloride (0.221 mL, 1.82 mmol) was added drop wise to a
chilled (0°C) solution of 1—(4—aminobutyl)-6,7—dimethyl-2—propyl—.1H—imidazo[4,5-
clpyridin-4-amine (0.500 g, 1.82 mmol) in dichloromethane (10 mL). The reaction
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m xture was allowed to cool to anbient tenperature overnight and then it
was extracted wth ethyl acetate (x 2). The aqueous | ayer was cooled in an
i ce bat h, woas@sbasi ¢ (pH 13) 25 with 50% sodi um hydr oxi de,pcasoeasead with
sodi um chl oride, and then extracted with chloroform(x 3). The conbi ned
organi cs were washed with brine, dried over magnesi um sulfate and t hen
concentr at ed under edu ressure to de 0,98 -(4-

ani nobutylr5ll - Wd‘? t‘)ZStiS mI“P'}-t‘?S [aﬂld’éloe]“{ﬂg? ol B ne as a tan
sol i d. Parthet@yl?aﬂn@ M%EF@B?MI)Q A a&&gdqrbg%ls(eo 'I%%%eiﬂﬁon%u%%ré'wgé) was
added drop wiSe to a chilled (0C) "solution o

1- (4-am n(ﬂ&srwd)to gtir7for 2Qrptinytes @ftqmrthqoa}ddltﬁdﬁwm @mz;ﬂ{:md Bhend} wys paired tani ne

(0.500 g, in dICh|O i

03/ 050117 "B&F l}psgggi‘;i%%%m PR %ﬁ“ﬁ ]@A&%f % SSF‘E Wg‘?‘tbz en‘%}ﬁ‘i]t%?r after
the agldi tlrﬁﬁgn\éﬁﬁnﬁ@m{e%ﬂdhéﬂl&ﬂceﬁtfdt&i e fddnged ftegshie. Nkhe Bside WHP! ) Was
added drop w se. The reaction m xture was allowed to stir for 20 m nutes

after the %ﬁ@l%ﬁé@%ﬁl@éﬁhﬁlf@mnﬁhéw L) waS-Pisgrhdeydleld d.Olwadeer7-ehe | ayer s

were separ washed w

magnesi um(gtzlggé?]eqegé) n&%so%%dg%taﬁg cfeacrtllg&’m#u(ﬁ%ggﬁ rﬁg‘?‘%%d;tﬁrsgf OmlggEQ due
was di ssafheadadtionMibuge mas Pyt intaMate ahd hefilektracted with chloroform (x 3). The

1, 8- Di azabi C){)HIPO[S 4.0]undec-7-ene (0.272 nL, 1.82 mmvl) was added and the
reaction rRoRtbifed %ectawwasfxeé veith watsy iep gt brineiiied eves maghesim Suifee was

pour gl i N0 4 WL, %ﬁ%ﬁ?%ﬁﬁ?ﬁ@e%{eﬂo ?(L‘Hﬁé);. 8élmvg1§h g)l TE@&I v\pag mbi ned

extracts were V\B.S r| ne, rrea over maghesi um
sul fat e 1Q@issobet lveacesanigdninddhen comdatrated dude deduced pressure @ pooMede a

yel l owi sh o was, . dissqglved in acetonitrile and then caoncentrated
under r edJ@gﬂwﬁgé@g@ﬁ@hgo%B}detﬁ%alé"asf%?rl}’ﬁé\ﬁ%?ﬂ {tAmyigorsapang! tompeidafiSerg al
was recrysiralisiaed g r 3 )

T (L, T o e B AR b P R R P sl T i g

o[ 4, 5- c] pﬂpyrdilmélamm aeaasllcawymlngemlm angel 55dl-ial. Zﬁﬁp 155 1-161.2C. 15
Anal d for Cl8H29N502S. 9%C, 56.97; 9H, . O, 18.45;
Founts %An %t apfgtedzfop &1saNsQed: 7o, SO Mt UY ‘lelg Higouné) %6, 5. 67
(sz 5%6211%@%%;814:75& 2 H), 3.2-3.08 (m 4 H), 2.92 (t,

65Hz t,°0=7.5 H, 2 H, 2.37 (s, 3 H, 2.30 (s, 3 H,
2 19 (qui nHeNMR](3ﬂOEMHZ,I-EMSD BD),0 .67, 23Bx4.21 (apparentt,d =H2.5 H, BH), 1.273308L. 55
(m 4 H. & 99 bortt, 1= 6.5Hz, 2H), 2.77 (4, T = 7.5 Hz, 2 H), 2.37 (s, 3 H), 2.30 (s, 3 H),

2.19 (quintet, J = 6.7 Hz, 2 H), 1.78 (sextet, J = 7.4 Hz, 2 H), 1.73-1.55 (m, 4 H), 1.00 (t, J
20 =7.4 Hz, 3 H);

MS (CI) m/e 380.2117 (380.2120 calcd for C15HaoN50,S, M+H).

Examples 60 — 69
The compounds in the table below were prepared using the following

25 method. The appropriate sulfonyl chloride (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 12, Part F) in chloroform (5 mL). The test tube was capped, vortexed 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

30 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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20 = 7.4 Hz, 3 H; M5 (C) me 380.2117 (380.2120 calcd for CL8H29N502S,
M+H) . Exanples 60 - 69 The conpounds in the table bel ow were prepared

usi ng t hewlooisloseding 25 net hod. The appropriate sul fonyl cHariste/ 12201 eq.)
was added to a test tube containing a solution of

1- (3-am nopropyl )-2,6,7-trinmethyl-1Himdazo[ 4, 5-c] pyridin-4-amne (25 ny;
see Exa } apped,

vortexed|and then pl aced on a s er at anbi ent tenperature for |16 hours.
The sol vent was renoved by va Bntrifugation. The residue was purified
by prep HPLC using the nethod 3 scPibed above to provi de the
trifluoropacetate salt of the edNconpound. The table bel ow shows the
structurée of the free base and the o rved accurate mass (m+ H)j. 73 WO
03/ 050117 PCT/US02/18220 NH2 NN N SoHD Rl Exanple Rl Accurate Mass
(obs.) Nunmber 60 ethyl 326.1654 61 l-né‘{lgpl et hyl 340.1821 62 hutyl
354. 1973} 63 2-thienyl 380.1224 64 3-f|¢r§r\ophenyl 392. 1559 65
3-cyanophenyl 399.1606 66 1-naphthyl 424. 8819 67 2-naphthyl 424.1811 68
4- bi phenyl 450.1970 69 4-trifluoronethoxyphenyl 458.1479 Exanplle 70
Example R, Accurate Mass (obs.)
Number
60 ethyl 326.1654
61 1-methylethyl 340.1821
62 butyl 354.1973
63 2-thienyl 380.1224
64 3-fluorophenyl 392.1559
65 3-cyanophenyl 399.1606
66 1-naphthyl 424.1819
67 2-naphthyl 424.1811
68 4-biphenyl 450.1970
69 4-trifluoromethoxyphenyl 458.1479
Example 70
N’-[4-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)propyl]-N,N-
dimethylsulfamide
NH,
NN
N\
P N>—
l\LH
N o
05,
N_
/
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N -[4-(4-amno-2,6,7-trinmethyl-1 Himdazo

[4,5-c]pyridin-1-yl)propyl]-N,N dinethylsulfamde NH2 NN N H,O 0' SN
5 ~ 74 \WOM@B03@50m17 PCT/ USO2/ 18220 Using the nethod of Beamplses/1$00- 69,

di et hyl sul fanoyl chloride was reacted with _

1-(3-am nopropyl )-2,6,7-trinmethyl -1Him dgzo[ 4, 5-c] pyridin-4- gznlmi\?t?g c
rovide the desi.re roduct ._The observed. accura mass, Was . .
Exarrpl o 71 NHDUSRE %’eﬁi“ﬁg“’@%f Bxrarpples 3@5iﬁﬁgdﬁéhyﬁﬁilﬁwyg?mg&éﬁwwa@ed- 69,
D- (+) - 10- opfiphqB SelihpebylFRl@7-tilRe WS 1 1 8RGILE[48-E pyridin-4-amine to provide

1-%32 ani no ?’gp‘ﬁ )-2,%)‘,5}7#¥?}i2rret el mggﬁgio[[zh Le -G mine toprovide the
provide t S@éngHOéECtpr%mf?rvqm@cum@msﬁdwmﬂlrlﬁtw. mass was 448.2317.

Exanpl es 72 - 87, The conpounds in the table bel ow were prepared using the
foll owi ng nethod. The appropriate sulfonyl chloride (1.1 eq.) was added to
a tes§ tube containing a solution of Ekxampl 71 o

(3-am nopropyl ) -2- (et hoxynet hyl ) -6, 7-di met hyl - 1H-i m dazo[ 4, 5-c] pyri di n- 4-am
ine (25 ng; see Exanple 13 Part C)N'i*zn chloroform (5 nL). The test tube was
capped, vortexed and then placeg shaker at anbient tenperature for
-17 hours. The sol vent was | N

Using the method of Examples 60 — 69, D-(+)-10-camphorsulfonyl chloride
was reacted with 1-(3-aminopropyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

10 provide the desired product. The observed accurate mass was 448.2317.

Examples 72 — 8?
The compounds in the table below were prepared using the following method. The
appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a solution of 1-
15 (3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl- 1 H-imidazo[4,5-c]pyridin-4-amine (25

mg; see Example 13 Part C) in chloroform (5 mL). The test tube was capped, vortexed
and 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

20 table below shows the structure of the free base and the observed accurate mass (m + H).
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removed by vacuum centrifugation. The residue was purified by prep HPLC
using the nethod described above to provide the trifluoroacetate salt of
t he desirew aospaand. The 20 tabl e bel ow shows the struct waa/esoztsxofree
base and t he observed accurate nass (n1+ H. 75 WD 03/050117

PCT/ US02/ 18220 NH2 NN N L-~-HN,O ;S OR Exanple RI Accurate Mass
(ObS.) unher 72 ot h\/l 3701920 1’2 1 r'rnf h\/l et h\/l 3842046 4 huty|

398.2224| 75 phenyl 418.1924 76\ thienyl 424.1476 77 beta-styfenyl
444.2072| 78 3-fluorophenyl 43f: N 79 4-cyanophenyl 443.1876 |80
3-cyanophenyl 443.1806 81 4- en®™ #48. 1994 82 2, 4-difl yor ophenyl
454. 1719} 83 1-naphthyl 468. 8N 2- napht hyl 468.2056 85
4-trifluoromet hyl phenyl 486. 1780 8d\4i?iphenyl 494, 2245 87
4- et hyl sul f onyl phenyl 496. 1699 H\,o
o™\
R1
Example R, Accurate Mass (obs.)
Number

72 ethyl 370.1920

73 1-methylethyl 384.2046

74 butyl 398.2224

75 phenyl 418.1924

76 2-thienyl 424.1476

77 beta-styrenyl 444.2072

78 3-fluorophenyl 436.1823

79 4-cyanophenyl 443.1876

80 3-cyanophenyl 443.1806

81 4-methoxyphenyl 448.1994

82 2,4-difluorophenyl 454.1719

83 1-naphthyl 468.2045

84 2-naphthyl 468.2056

85 4-trifluoromethylphenyl 486.1780

86 4-biphenyl 494.2245

87 4-methylsulfonylphenyl 496.1699
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76 WO 03/050117 PCT/US02/ 18220 Exanple 88 N -

[ 4- (4- am no- 2- et hoxynet hyl -6, 7-di net hyl - 1H i m dazo

[ 4, 5- c] pywiadizrsdryl ) propyl] - N, N-di et hyl sul f am de NH2 H¢T02/1€9220N H O
O ~SN- 5 Using the nethod of Exanples 72 - 87, dinethylsulfanoyl chloride
was reacted wth

1- (3-am nopropyl)-2- (et hoxynet hyl)-6,_7-di nethyl -1 Him dazo[ 4, 5-c] pyri di n-4-
am ne to provide the desired productEquH%le(%served accurate nmass was
385.2001. 1fr EXARheRS. N\ 7 k1. 167 2 o1 _JUs _he
met hod of E&a%l es 7208? eéﬂy%gﬂe?{z&ﬁﬁggwﬁgﬁﬁ?%#Sc%}gﬁugé )}%(gkg’rl}eact ed
wi th 1-(3-am nopropyl) - 2- (et hoxyM¥idyh¢thglsi{anidet hyl - 1H i m dazo[ 4,5 15
c]pyridin-4-amne to provide the deﬁbr ed product. The observed accurate
mass was 492.2629. 77 WD 03/ 050117 PET/ US02/ 18220 Exanples 90 - 112

x—N
N Yo ™
Z N

Using the method of Examples 72 — 87, dimethylsulfamoyl chloride was reacted
with 1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl- 1 H-imidazo[4,5-c]pyridin-4-

amine to provide the desired product. The observed accurate mass was 385.2001.

10 Example 89

NH,

x—N
N' \>/\O/\
Z N

g

N‘ /O

0”8\,,,,.

O

Using the method of Examples 72 — 87, D-(+)-10-camphorsulfonyl chloride
was reacted with 1-(3-aminopropyl)-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-
15 c]pyridin-4-amine to provide the desired product. The observed accurate mass was
492.2629.
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Part A A solution of 2,4-dichloro-5,6-dinethyl-3-nitropyridine (60 g, 271
nmmol ) in anhydrous N, N-di net hyl formam de (600 nL) was cooled to OC

Tri et hyl awionss/06e478 5 nl, 326 nmol) was added drop w se f addTowssd/1£220
tert-butyl 2-am noethylcarbamate (52.2 g, 326 mmol). After 30 minutes the
ice bath was renoved and the reaction m xture was heated to 60C. The
reaction was heated at 60C overnight and then it was concentrated under
reduced pressure to provide an or plss190 -THe o0i | was dissolved in et hyl
acetate (p , washed with water (3 x 500 nL), dried over magnhesi um

sul fate and then concentrated 10 under reduced pressure to provide a yell ow
oi | . The oil wassdlutidnusfaledicMdro-Sretinstiol-3-4ittbPridihg (60TH 71 esmbl) img sol i d

0 e SR b RS BB T B 2%
1) DRI eyl B 13 BTl 51,

g of 60% gl326lmmuvb). )After 3 iginyres thelicabith wWidsaemeaal amintherreattioiemietsre wadsen
stirred for 30 mnutes. A warm sol ution of tert,-butél .

2- [ ( 2- chl p¥edtogdiCrekhsypaction yyas hepfod plhth Cavprnightiang thandy Maseonesaitae¢ 3. 0 g,
8.70 mmol ) | b gl NGt J ] heat ed
ot /900 ovupflafd ReXResble B o VBRR. B{fke, 0 Tt S EGR AR aTh Kl SRS (8 B
wat er (100.)Washed hathrvesed GixgD0AN), vled dvevasagresiuat @udifateyaniithén @dncentratedvas hed

with water, dried and then recrystallized fromisopropanol (25 nmL) to
pr ovii0de 2undger r@dqgfpd PEsspurp iR provide a yellow oil. The oil was friturated with methanol

2-[(2,3-di ﬂﬁidl%ir ST Iteglﬂﬁﬁ% PARNRXYRYfated! ‘fﬂfrxéi&gzg]dgwisﬁé With Ao RABHEn RS

whi t e needl es. e reaction was repeated’using g of starting nateri al
to provi deo pfovile 7@.3f opreodimayl B 2vdhildre-Spedobhabyl-Imiopis@nU0C. 25 Part C

Cat al yst % [ i
ter?- %atyérﬁagﬂn%f]et ylocgr grtnlatréuapaosgh&ar bon) was added to a warm sol uti on of

2-[ (2, 3-dipggtghy! - 5- ni tro- 6- phenoxypyri di n-4-yl ) am no] et hyl car bamate (50. 4
g) ina mxture of toluene (500 nL) and nethanol (40 nL). The m xture was
pl adéd under Mheralgden gy €26 mmol) 5 pdded i8 portpons 0%a Philled A1Ce suspehsiom sf nor e

caalyol g s EES 2P0 ) Doy AL A BN Qer O, The
the filteghakeed@s WRSRREEWA Kt bolhRbENL A bhut})2-[(FREId 5t6-GbfetHB-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
20 and poured slowly into water (100 mL). The resulting tan solid was isolated by filtration,
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
white needles. The reaction was repeated using 66.5 g of starting material to provide 50.4
g of product as white needles, m.p. 158-160°C.
25 Part C
Catalyst (5 g of 5% platinum on carbon) was added to a warm solution of tert-butyl
2-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]ethylcarbamate (50.4 g) in a
mixture of toluene (500 mL) and methanol (40 mL). The mixture was placed under
hydrogen pressure (50 psi, 3.4 X 10° Pa). After 2 hours more catalyst (4 g) was added and
30 the hydrogenation continued overnight. The reaction mixture was filtered through a layer

of Celite® filter aid and the filter cake was washed with hot toluene (1 L). The filtrate
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WO 03/ 050117 PCT/ US02/ 18220 was concentrated under reduced pressure to
provide 45.1 g of tert-butyl 2-[(3-am no-5, 6-

di et hyl - ®«gpisesenypyri di n-4-yl ) am no] et hyl carbanat e as a wdTresose$azd. Part
D A mxture of tert-butyl 2-[(3-am no-5, 6-di net hyl -2-phenoxypyridin-4 5

yl )am no] et hyl carbamate (43.7 g, 117 mol), triethyl orthoacetate (22.6 ni,
123 mol ), _pyridin rochloride (4.4 .an ol yene (440 nl) was_heated
at reflux W%c‘r%élﬁermaﬁﬂ{%&?r reQH%EdrPérS TR H%%’Y&?‘Eug%tl\ﬁég teItREBA Lrlat-anen ey
reduced prEssthye2ipheRd Qi@—?l)@l‘fﬁh(?éthylcaﬂ;%a@ ds 2WARitetofigol ved in ethyl
acetate (1 L) and washed with water (2 X 500 nlL). The aqueous washes were
conbi ned dftBxtracted with ethyl acetate (2 x 500 nL). The 10 conbi ned

organi cs were ] i ried Quer. si.um sul fate and then
concent r at ed u%z&Q&é%%%g%} ‘ré]?é HS@HPB()% régeling’gl%jgf I_Qpe_&o’@fpytr F4put yl

2-(2,%, 7- tyljaﬁ’ﬁp(b]ysihykarbhhiﬁllf@m:ﬂgj-lilmlﬁiﬂégl thicfiry® bRNGAcEaft22) ME! 194 Balpamat e
as a white solid, mcg@ 180-182C. Part A m xture of anmmoni um acetat’'e (95

g) and t erRyrigineyiydgachiorglef4 ¢hg) gad kglpene (440 mL) was heated at reflux for 30 minutes.
henoxy- | Hy.m.dazal 4. 5- i din-1- t hyl carbanmate, (9. 5. was heat ed at
IiGOC in aITHs?(raﬁé e BE u ergkr%yz)f@ﬁg%%tgah I f%{‘ie%%@ PRy gélﬂf%l%@%‘f"fl(? dto

cool to arittieail wad dinqivedtinethyhacbidth €NL) tndvasshedriiihl wabed Hs0veen e er and
chl oroform The aqﬁeous | ayer was nade basic H 13) wth 50% sodi um

hydr oxi de qHEPUSHERDEKVPIs CPBPINgHaRd ehiresien withwethgyg acefate Gbx 30§ mIphdheonbi ned
or 9afy Cs Webibl FLaRChAIRARAR] With B AhRa3Re: hASRLAM GAACEOL gLed under

reduced pressure to provide a own so e sorl ssolved in warm
i sopr opanaon¢drated)ungdecretiined presstierte grovidd i Mslof durpbtidyDRi(2,6dFcirhdtiyldi-et hy |
ether (23,7 nL The . resultjn recipitate was isolated by filtration,
washed wi tPHe %%IHIIWBQ%JPYEHE‘“HW ehylcaghariie asanuhitgslidgmrd 80 83°Gacuum
oven at 8QGqvernight to provide 5.0 g of

N-[2-(4-amino-2,6,7-trinmethyl -1 Himdazo[4,5-c]pyridin-I 25

yl ) et hyl ] acet am dextyaiofonivhomiimbeacantea(98ty) taed &0l-betyl 2AN6 T 2B Gthyhaal ysi s:

Cal Cﬂg ated for: 19131-(519 0 ]1.0 . HCl - oC, 52.43; 9%, 6.77; 9N, 23.52,

Fount? o Phepoxys] agoldp-cIpypdinokyhethyleagamate ®i5oh wisderedahl @ Cigiang 34

g of star tsie;ﬂ?cli g@&g%ﬂ %}Halrlc%lﬂitpf‘l?evf.eg&iojn%n&tﬁje Jan8wEs AP o dupegeh! oride as a

l'ight tan so
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

20 concentrated under reduced pressure to provide a brown solid. The solid was dissolved in
warm isopropanol (80 mL) and then combined with 1M hydrochloric acid in diethyl 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
provide 5.0 g of N-[2-(4-amino-2,6,7-trimethyl- 1 H-imidazo[4,5-c]pyridin-1-

25 yDethyl]acetamide hydrochloride as a white solid, m.p.>250°C. Analysis: Calculated for:
C13Hy9N50 e 1.00 HCL: %C, 52.43; %H, 6.77; %N, 23.52; Found: %C, 52.25; %H, 6.81;
%N, 23.41.
The reaction was repeated using 34 g of starting material to provide 18 g of the acetamide
hydrochloride as a light tan solid.

30 Part F

N-[2-(4-Amino-2,6,7-trimethyl-1H-imidao[4,5-c]pyridin-1-yl)ethyl]acetamide

hydrochloride (18 g), hydrochloric acid (231 mL) and ethanol (350 mL) were combined
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N [2-(4-Am no-2, 6,7-trinmethyl-1 Himdao [4,5-c] pyridin-1-yl)ethyl]
acetam de hydrochloride (18 g), hydrochloric acid (231 nlL) and et hanol
(350 nL) weare/sarrhi ned 79 WO 03/050117 PCT/ US02/ 18220 arrtCThesatagk2at 90C
overnight. The reaction mxture was allowed to cool to ambient tenperature
and then it was diluted with diethyl ether (200 nL). The resulting

precipitate ,.was ,i ed by filtration, washed with cold ethanol and with
di et hyl et%élrl{ea%ﬂﬁ?‘h@o%ﬁ‘?‘é@- JERCHPRIBVNTS Va8 gloBediohoghto ambigrtovi de
17.3 g of @dmb2maf L) <d L : -

1H i m daz ot[ ??S{agﬁgfr&? E}?%-lawism&%uéeiﬁgggﬁ%{%?a ?h é(ZaOé) ?'tTehenrgéu P%Preﬁ’r?étlag?si S:
Cal cul at edwésosol@rd Hy TNBat20r8 wahed Witl2 Bold2Ehan¥iCind0itiB AietiiitethBr, 36d 14N driedO. 83;
Found: 9%C, A(f10.54;ll o, 8°é5; %N, . 30. 87, I;i NVR gSOO MHz, DMSO-d6) 8 8.19 (t,
J = 6.2 HAdgr e & BOIG overnyght topryidel 7.3)g of b(ZamgpoetiyDey.6,79rimetiduar t et |
T o o Al Sepbgint-hincdyiibdflyial of ol g B L 77 (5 3 10

H,; M5(C) me 26 g portion of the nma errarwas di ssol ved in
wat er ( 150Amdlysishlauiteed tordiHeNs 8.8 HCS 0 di 25 aRrHoNa0.82;(20, §26; e m xture
was stirred for 30 mnutes and then extracted 15 with chloroformon a

cont i nuous Y%ed FRERE 706\AY- o FREL 6. FA%BhPBRf or m extract was dried over

magnesi um! 1 ed_ S to_provide
T of T EhMA B A LT B, LB P R T hd4 R e
tabl e bel die, B} 3B0dpaared, Jus brgHz, e, @l d6owi H) eihay 1 e Hz20 IBPPIPRY, Bat e
sul f?&yl }mori de (1.1 eq.) was added to a test tube containing a solution
of 1-7(2 'noet hyl )-2,6,7-trinmethyl -1 Himdazo[ 4, 5-c] pyridin-4-am ne (20

ng) in chigsa@®or 265Mkly The test tube was capped, vortexed and then
pl aced on a shaker at anbient tenperature for 4 hours. The sol vent was

removed by vacuum centrifugation. The residue was purified by prep HPLC

usi ng the net hod,descr.i bed. above.to provide the 25 trifluoroacetate salt of
the desired Co,«f%é@,P@F{l%gP@gmaéef@lW&gﬂgSﬁq}o{gd imgatex (1g@ mfrengfthangomiinesde pase

and the obwef sl e&BbALe (3PS Td mixkre wA9 s PN 98 Aiddie S HEQ 2413420

15 with chloroform on a continuous extractor overnight. The chloroform extract was dried
over magnesium sulfate and then concentrated under reduced pressure to provide 1.7 gof
the free base as a light tan solid.

Part G
The compounds in the table below were prepared using the following method. The

20 appropriate sulfonyl chloride (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) 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

25 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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NH2 NN N NH RL Exanple Rl Accurate Mass (obs.) Nunber 90 et hyl
312.1483 91 1-nethylethyl 326.1630 92 butyl 340.1812 93 phenyl 360.1474
94 2-thi ewy 03386111052 95 beta-styrenyl 386. 1646 96 3-f| waTopsvensi2o
378.1406 97 4-cyanophenyl 385.1449 98 3-cyanophenyl 385.1432 99

4- met hoxyphenyl 390. 1586 100 2, 4-di fl uorophenyl 396.1318 101 1-napht hyl

410. 1641 —102 2-naphthyl 4101650 _103 4-trifluoronethylphenyl 428. 1358
104 4-bi phenyl 436.1791 105 4-neﬁﬁﬁlsulfonylphenyl 438. 1272 106
4-trifluoronet hoxyphenyl 444.131% N 1-met hyl i m dazol -4-yl 364./1563 108
3, 5-di nethyl i soxazol -4-yl 379. 1545 10§—S-Chlorothien-2-yl 400. 0665 110
4-benzoi ¢ acid 404.1388 111 2-hi nzyl 419.1501 112
2- (benzoyl am nonet hyl )t hi en-5-yl 4 Q.i;§7 81
o
&
F‘1
Example R Accurate Mass (obs.)
Number

90 ethyl 312.1483

91 1-methylethyl 326.1630

92 butyl 340.1812

93 phenyl 360.1474

94 2-thienyl 366.1052

95 beta-styrenyl 386.1646

96 3-fluorophenyl 378.1406

97 4-cyanophenyl 385.1449

98 3-cyanophenyl 385.1432

99 4-methoxyphenyl 390.1586

100 2,4-difluorophenyl 396.1318

101 1-naphthyl 410.1641

102 2-naphthyl 410.1650

103 4-triﬂuoromethy1phenyl 428.1358

104 4-biphenyl 436.1791

105 4-methylsulfonylphenyl 438.1272

106 4-trifluoromethoxyphenyl 4441315

107 1-methylimidazol-4-yl 364.1563

108 3,5-dimethylisoxazol-4-yl 379.1545

109 5-chlorothien-2-yl 400.0665

110 4-benzoic acid 404.1388

111 2-nitrobenzyl 419.1501

112 2-(benzoylaminomethyl)thien-5-yl 499.1567
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WO 03/ 050117 PCT/ USO02/ 18220 Exanple 113 N - [4-(4-am no-2,

6, 7-trinmethyl-1 Himdazo [4, 5 -c] pyridin-1-yl) ethyl] -N N

di mret hyl seld@miseia7 5 NH2 NN N NH O S, O ~N~, Using tHoa/uvssehgxto of
Exanpl es 90 - 112, dinethyl sul fanoyl chloride was reacted with

1-(2-am noethyl)-2,6,7-trinmethyl-1H i m dazo[ 4, 5-c] pyridin-4-amne to
provide the 10 desired product. The observed accurate nmass was 327.1621.
Exanple 114 NH2 NN N NHO; SO O15 Using the nethod of Exanples 90 -
112, D-(+)-10-canphorsul fonyl chloriglg., eacted with

1-(2-am noethyl)-2,6,7-trinmethyl -1 Hi1m &gﬁﬁ 5-c]pyridin-4-amne to

provi de the desNt-gH(4pamiioe,6,7Tthiencdyd-a ik aidacgdsaflpyridisd - yigshyBA, 2217 .

Exanpl es 115 -135 20 The conpounds_.in tzﬁ%tlab e bel ow were prepared using
the following mnethod. The appr oprEEEYSy chloride (1.1 eq.) was
added; to a test tube containing a 82 WO 03/050117 PCT/ US02/ 18220 sol ution
of 1-(4-am nobutyl)-2-(ethoxynethyl)-7-nethyl-1Him dazo[ 4, 5-c] pyri di n-4-
am ne (23.5 ny; see Exanple 14, Part >in chloroform (5 nL). The test tube
was capped N7

N
\
I/N>_
NH

\
_a=0
0=%

/N\

Using the method of Examples 90 — 112, dimethylsulfamoyl chloride was reacted
with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to provide the

10 desired product. The observed accurate mass was 327.1621.

Example 114

15 Using the method of Examples 90 — 112, D-(+)-10-camphorsulfonyl chloride
was reacted with 1-(2-aminoethyl)-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-4-amine to

provide the desired product. The observed accurate mass was 434.2217.

Examples 115 — 135
20 The compounds in the table below were prepared using the following

method. The appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a
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and then placed on a shaker at anbient tenperature for 4 hours. The sol vent
was renoved by vacuum centrifugation. The residue was purified by prep
HPLC usi nga ds@smarhod 5 descri bed above to provide the trifdiugsooaget at e
salt of the desired conmpound. The table below shows the structure of the
free base and the observed accurate mass (m+ H. NH2 NC N\~O- NNH O

SI~-O Rl Ex Al ob 115 eth 370.1925 116
1- met hy| etsw?lrw@gﬁl M%ﬁgé@wﬁbg?ﬁO&g&é%7 Ifgle{) %WPS%@ Sglryridip &

2- thlenylaﬂﬁ%g ER%&@ 3 o 1787
122 4- cyanophe%él 4%3 1865 %g%ygﬁgggﬁggﬁeny 45§gﬁ§8gﬁb%%zaﬁgﬁg¥ho ghenyl

448. 1998 an®Ethed placeil bhuchakenehymbiéhilte iiptGiturd 26 4haaphThy$ol a8 wae Enovkd?
2- napht hyl 468. 2045 i fl ugroneth 4 29 4- bi phenyl
Gon DY by SR8 BRI e ShS e Bt RGP i HPLC Bsing e method

5 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).

NH,
NS N>/\ N
I\\j”\ -0
073
R'l
Example R Accurate Mass (obs.)
Number
115 ethyl 370.1925
116 1-methylethyl 384.2076
117 butyl 398.220
118 phenyl 418.1920
119 2-thienyl 424.1450
120 beta-styrenyl 444.2059
121 3-fluorophenyl 436.1787
122 4-cyanophenyl 443.1865
123 3-cyanophenyl 443.1881
124 4-methoxyphenyl 448.1998
125 2,4-difluorophenyl 454.1713
126 1-naphthyl 468.2056
127 2-naphthyl 468.2045
128 4-trifluoromethylphenyl 486.1795
129 4-biphenyl 494.2221
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NH O \_O R1I Exanple Rl Accurate Mass (obs.) Nunmber 130

nmet hyl sul f onyl phenyl 496. 1684 131 4-trifl uoronet hoxyphenyl 502.1747 132
met hyl | wicdsasér4-yl 422. 1985 133 3, 5-di net hyl i soxazol - 2c1/Us3/1822082 134
chl orot hi en-2-yl 458.1097 135 2-(benzoyl am nonet hyl )t hi en-5-yl 557.2028
Exanpl e 136

N

4-
1-
5-

N'-[4-(4-auiuu-2-cthuxyﬁetkyl-7-?§thyl HH-+m-dazef4, 55—} py+riain-t+ yl ) but yl ]
-N, N di nethyl sul fam de NH2 N 2Nii NHOS: O N_ 5 Using thel method of
Exanpl es |115 - 135, di nethyl suj ﬁﬁggbl ide was reacted wth
1- (4- am nobutyl) - 2- (et hoxynet hyl - et K91 -TH-i mi dazo[ 4, 5-c] pyri dj n- 4- ani ne
to provijde the desired product. observed accurate mass was 385. 2029.
10 84 WD {03/ 050117 PCT/ US02/ 18220 nple 137 NHZ N NN>-"0
NH
073
F{1
Example R, Accurate Mass (obs.)
Number
130 4-methylsulfonylphenyl 496.1684
131 4-trifluoromethoxyphenyl 502.1747
132 1-methylimidazol-4-yl 422.1985
133 3,5-dimethylisoxazol-4-yl 437.1982
134 5-chlorothien-2-yl 458.1097
135 2-(benzoylaminomethyl)thien-5-yl 557.2028
Example 136
N’-[4-(4-amino-2-ethoxymethyl-7-methyl-1H-imidazo[4,5-c]pyridin-1-yl)butyl]-N,N-
dimethylsulfamide
NH,
N N
N\
NH
o= S‘:O
N—
5 s/
Using the method of Examples 115 — 135, dimethylsulfamoyl chloride was reacted
with 1-(4-aminobutyl)-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c]pyridin-4-amine to
provide the desired product. The observed accurate mass was 385.2029.
10
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N 1-~ NH OH Using the nethod of Exanples 115 - 135,

D (+)-10-canmphorsul fonyl chloride was 5 reacted with

1- (4- am nelouisyis)H2- (et hoxynet hyl ) - 7-met hyl -1 H i mi dazo[ 4, 5-rgpysoedsane 4 am ne
to provide the desired product. The observed accurate nass was 492. 2655.
CYTOKI NE | NDUCTI ON I N HUMAN CELLS An in vitro human bl ood cell systemis
used to assess cytokine induction. Activjt 10 i s based on the neasurenent
of interferon and tunor necrosis fa@F@WPFd- (I'FN and TNF, respectively)
secreted into culture nmedia as deggri bed by Testerman et. al. In "Cytokine
| nduction by the I munonodul at ors fﬁbﬂUInDd and S-27609", Journal of
Leukocyte Biology, 58, 365- 372N( /\1995) Bl ood Cell Preparation
for Culture 15 Wiole blood fro hunan donors is collected by

veni puncture into EDTA vacutainer t bes Peri pheral bl ood nmononucl ear
cells (PBMC) are separated from whol e 1\bl ood by density gradient
centrifugation using Hi stopaque(r)-1077—~8lood is diluted 1:1 wth

Dul becco' s Phosphate Buffered Saline (DPBR) or Hank's Bal anced Salts
Solution (HBSS). The PBMC | ayer is coll ectad d washed twice with DPBS or
HBSS and 20 resuspended at 4 x 106 cel | QAINi pf'RPM conpl ete. The PBMC
suspension is added to 48 well flat bottomiterile tissue culture plates
(Costar, Canbridge, MA or Becton D ckinsol war e, Lincoln Park, NJ)
contai ning an equal volunme of RPM conplete ia containing test
conpound. Conpound Preparation 85 WO 03/050117 PCT/ US02/ 18220 The
conpounds are solubilized in dinethyl sulfoxide (DVBO) . The DWMSO
concentration should not exceed a_ fi concentration of 1% for addition to
the culture whlsingth erﬁ@ﬂwér%&fﬁ@@leérléS gelﬁérlar(r@f Prapphorgplfonyh clptifaiapns

rangisng f L ome3Q:8; p—a‘tﬁaMnobhﬂE’)u@-%th@}&methyl)ﬂ—methyl- 1H-imidazo[4,5-c]pyridin-4-

amine to provide the desired product. The observed accurate mass was 492.2655.

CYTOKINE INDUCTION IN HUMAN CELLS
An in vitro human blood cell system is used to assess cytokine induction. Activity
10 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).

Blood Cell Preparation for Culture

15 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
(HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and

20 resuspended at 4 x 10 cells/mL in RPMI complete. The PBMC suspension is added to 48
well flat bottom sterile tissue culture plates (Costar, Cambrid.ge, MA or Becton Dickinson
Labware, Lincoln Park, NJ) containing an equal volume of RPMI complete media
containing test compound.

Compound Preparation
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5 The solution of test conpound is added at 60 pMto the first well
containing RPM conplete and serial 3 fold dilutions are nade in the

wel | s. ThewoRBMSY©Baspensi on is then added to the wells in paT/espoas22vol une,
bringing the test conpound concentrations to the desired range (30-0.014
M. The final concentration of PBMC suspension is 2 x, 106 cells/nmL. The

pl ates are covered with sterile plastic |ids ly _.a

i ncubated 10 f ghe ggmpeunsls aFFoiﬂl‘éblg ed4n dipgthyl %ﬂin E’é]fegggfgébxﬂ@gg%‘{sgbsphere
Separ at i og, c?h!r&%ﬁd&oh%&%@iée@@ il éﬂxﬁkféatﬁah%fQ%‘FJr'aﬁ&h%H id @ chflufd nut es
at 1000 rpm 4C. The cel ree culture supernatant i1s renoved
with a st eellb.eThotoppampds ercepepby testaddt commesfrationsdanging frem 3020.014 uM.

pol ypropy! eng tubes. Sanples are maintained at -30 to -70C 15 unti |
anal ysi s. a | es are anal yzed for interferon (a) by ELISA and for

tunors  necrosi ghEa6iu@bn 6@&“@6@9@4\@;@&&3@\6&@% thd iRt {811 @BntaminARPMIUNDT
Necrosis Factor (a) Analysis by ELISA Interferon (a) concentration is

det er nmi nedompler 4ndAerisli %fy)lthdllllumﬁ aningde Bpbeivels. kha PBMShsusBinsBinosdltinc al
Laboratori w Br kmsvm ck

et o P e TR S S e b e s SRR stikeh e el o "

avai | abl e gédirmrBi L9008 4| INTR TiRd ﬁ@mbnce@&aﬁén bt PBMC suspédseinab &l yo° the TNF
concentration can be determned b gen0 M Series |nunoassay and read

on an | GER:IWBL. dhaiplatesrare eovargdaE: Mﬁ?rlhlﬂa%tlcdﬁb"l mixedigepdy awrithgn ngpbatgthe
| Mypoassy %%%ou}é”?@ﬁé y? C&%o&ﬁoﬁa‘g Qﬁ gﬁéﬂeon anti body pair from

Bi osource rnat| ona are expressed in pg/n.
The t abl es@@@w}ﬂ ists the Iowest concentration found to i nduce interferon
and t he Iovvest concentratl on found to i nduce tunpr necrosis factor for

each corrpound Fal ewmgneﬁvévav@etherp&%tewe caRftidtged Ao minsisss ahd 09ty f~200e
tested CO ‘g( Seell-fBR c\égu%%fug%gazt R gﬂmbj%&ﬁggf%z‘l&ﬁ&l%bngﬁeﬁ@ﬁﬂg 1on

I n Human anpl e Lowest ctive ncent ration
Interfer Oland' trmfeﬁﬁhbcs&lrﬂe pagpropylede ibe@ Shniples are maintained at —30 to -70°C
15 until analysis. The samples are analyzed for interferon (o) by ELISA and for tumor
necrosis factor (o) by ELISA or IGEN Assay

Interferon (¢.) 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
20 pg/mL.
Tumor necrosis factor (o) (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
25 TNF capture and detection antibody pair from Biosource International, Camarillo, CA.
Results are expressed in pg/mL.

The table below lists the lowest concentration found to induce interferon and the

lowest concentration found to induce tumor necrosis factor for each compound. A “*”

30 indicates that no induction was seen at any of the tested concentrations.
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2 0.0046 0.01 3 0.01 0.37 40.12 0.37 50.010.122 6 0.01 0.01 7 0.37 *
8 0.04 10 11 0.37 3.33 15 10 * 16 10 10 17 30 18 30 * 19 10 * 20 21 *
30 22 23wb@Bbso11724 * * 25 * * 26 * * 27 * 30 28 29 *CT/UD1$2281 10 10
32 1.11 10 33 1.11 10 87 WO 03/050117 PCT/US02/ 18220 Cytokine Induction
in Human Cel | s Exanpl e Lowest Effective Concentration (M

Cytokine Induction in Human Cells
Example Lowest Effective Concentration (uM)
Number Interferon Tumor Necrosis 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
11 0.37 3.33
15 10 *
16 10 10
17 30 *
18 30 *
19 10 *
20 * *
21 * 30
22 * *
23 1.11 *
24 * *
25 * *
26 * *
27 * 30
28 * *
29 % *
30 * ES
31 10 10
32 1.11 10
33 1.11 10
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Nunber Interferon Tunor Necrosis Factor 34 3.33 10 35 1.11 3.33 36 3.33
10 37 3.33 3.33 38 3.33 3.33 39 10 10 40 3.33 3.33 41 1.11 1.11 42
3.33 10 WO B/03@113. 33 44 3.33 45 3.33 * 46 3.33 47 * * MA/B0338220 49
3.333.33 50 1.11 3.33 51 1.11 10 52 53 0.12 1.11 54 55 * * 56 0.37
1.11 57 * 58 1.11 3.33 88 V\D 03/ 050117 PCT/ US02/ 18220 The pr esent

i nvention has

The foregoi ng det ai Ieddescrpﬁﬂkwlaﬁ&t@?afhﬁu&anﬁ%@lébeen provided [for
E'ng;'rts%’oogfthg‘rlg a%hoﬁl]“”;{'g Oy I, e ARG E EoncYralibAT( IRy T ON's are o be
Number Interferon Tumor Necrosis Factor

34 3.33 10
35 1.11 3.33
36 3.33 10
37 3.33 3.33
38 3.33 3.33
39 10 10
40 3.33 3.33
41 1.11 1.11
42 3.33 10
43 3.33 3.33
44 3.33 *

45 3.33 *

46 3.33 *

47 * %

48 3.33 30
49 3.33 3.33
50 1.11 3.33
51 1.11 10
52 * *

53 0.12 1.11
54 * *

55 * *

56 0.37 1.11
57 * *

58 1.11 3.33
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wi ||l be apparent to those skilled in the art that many changes can be nade
to the described 5 enbodi nents without departing fromthe spirit and scope
of the i nwe@nsioseLl7 Thus, the scope of the invention shoul catawSobasizom t ed

to the exact details of the conpositions and structures described herein,
but rather by the | anguage of the clains that follow 89 WD 03/050117

PCT/ US02/ 18220  WHAT IS CLAIMED 1S: 1. A conpoupnd of the formula (1): NH2
NNI1\>- R Tbépﬁsel&ln‘ﬁnaog_ﬁwe agieribad iy erge f‘é?erYGSE? F@%‘%H&ﬂ“ﬁ%e or
al kenyl enyerec¥ The %@g‘din%ﬁet&lécﬁde@cﬁﬁﬁf&ﬁ 4t eXMﬁﬁlﬁg hﬂl;e been PrWided F 81087 V1

heterocyclyl, alkyl or alkenyl, each of whic e unsubstituted or
subst i t ut eursgrstanding ontpraad mulrsedessantimiiatidepare debe ydesssd@kthe oot t he

group consi.sfing of -alkyl: . 15 -alk l: -aryl; -heteroaryl; .

“het er _ocy%’ll@f)‘? aﬁﬁ%%é‘t %htoéff Seflied iyt %?Iﬁwal ygy -Cé%’tgﬁ F?‘E‘?ee‘a‘a%% Vlyt!'lé described

- subst i t ug@dodiBleRfsAENdut 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

structures described herein, but rather by the language of the claims that follow.
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substituted heterocyclyl; -Oalkyl; -O(alkyl)0_1-aryl; 25

-O (al kyl)0_1-substituted aryl;
- O (al kyl W@ @B/sahigt i t ut ed heteroaryl;

-0 (al kyl )0. 1-heteroaryl ;
90 WO 03/050117 PCT/AdS0Z5028220

-O(alkyl)0_1-heterocyclyl; -O(alkyl)O_1-substituted heterocyclyl; -COOH;
-COOalkyl; 5 -COalkyl; -S(O0_2 -alkyl; -S(0)0_2 -(alkyl)0_1-aryl;
-S(00_2 -(al k'IwE)OO 1-substituted aryl; -S(OO0_2 -(alkyl)O0_1-heteroaryl; 10
-S(0 0_2- (WHAT FoCEAIMED IS:ut ed heteroaryl; -5(0)0-2
-(al kyl)0_1-heterocyclyl; -S(OO0_2 -(alkyl)0_1-substituted heterocyclyl;
-(al kyl ) o-11- N(A&RéyRpour(cadfidhit J@MMINRE- CO- O al kyl ; 15
-(al kyl)0_1-NR6-CO al kyl; -(alkyl)o_ 1-NR6-CO aryl;
-(al kyl)0_1-NR6- CO-substituted aryl; -(alkyl)0_1-NR6-CO heteroaryl;
(al kyl )0 _1- NR6- CO substituted het ermﬁgyl ;20 -N3; -hal ogen; -hal oal kyl;
- hal oal koxy;
N
N \>—R
o 2
R; N
X
R, \N
/ \Y_Z"“R1
5 Rs
@
wherein X is alkylene or alkenylene;
Y is—SOp—;
10 Z. is a bond or -NRg—;
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)p.1-substituted aryl;

-O-(alkyl)o.1-heteroaryl;

-O-(alkyl)o.;-substituted heteroaryl;
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- CO hal oal kyl ; 25 -CO hal oal koxy; -NO2; -CN, -OH, -SH, and in the case
of al kyl, al kenyl, and heterocyclyl, oxo; 30 R2 is selected fromthe group
consi sti ngoof3/soHhydr ogen; 91 WO 03/ 050117 PCT/ US02/ 18220 pCTas0gii1$220

-al kenyl; -aryl; -substituted aryl; 5 -heteroaryl; -substituted
heteroaryl; -alkyl-Oalkyl; -alkyl-S-alkyl; -alkyl-OGaryl; 10

-al kyl -S-aryl: -al kyl - al kyl -S— al kenyl ; and -aI kyl or
al kenyl substituted by onﬁ&%ﬁg%leheé‘?fﬁa Yhients selected fromthe group

consisting of: 15 -OH - RelAREN; ,-subbitRideterodgSy( RE) 2, - CS-N(R6) 2; 20
- SO2- N( R6) 2;
-COOH;
-CO-O-alkyl;
5 -CO-alkyl;
-S(0)o.-alkyl;
-S5(0)¢-2 —(alkyl)o.;-aryl;
-S3(0)o.2 —(alkyl)o.;-substituted aryl;
-S(0)o-2 —(alkyl)o.i-heteroaryl;

10 -S(0)p-2 —(alkyl)o.1-substituted heteroaryl;
-S(0)p-2 —(alkyl)o.;-heterocyclyl;

-S(0)p-2 —(alkyl)o.;-substituted heterocyclyl;
-(alkyl)o-1- N(Re)2;
-(alkyl)o.1-NRg-CO-0O-alkyl;

15 -(alkyl)o-1-NR¢-CO-alkyl;
-(alkyl)o.;-NRg-CO-aryl;
-(alkyl)o.;-NRg-CO-substituted aryl;
-(alkyl)o.;-NRg-CO-heteroaryl;
-(alkyl)o.;-NR¢-CO-substituted heteroaryl;

20 -N3;

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

25 -CO-haloalkoxy;
-NOy;

-SH; and in the case of alkyl, alkenyl, and heterocyclyl, oxo;
30
R; is selected from the group consisting of:

-hydrogen;
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-NR6- CO- C1- 10 al kyl; -NR6-CS-d-10 al kyl; -NR6- SO2-Cl-10 al kyl;
-COC1-10 alkyl; 25 -COOC1_10 alkyl; -N3; -aryl; -substituted aryl;

- het er oar Wg 03880H3ubsti tuted heteroaryl; -heterocyclyl; PrEQubRiisazyed

het erocycl yl; 92 WD 03/050117 PCT/ US02/18220 -CO-aryl; -CO (substituted
aryl); -CO heteroaryl; and -CO (substituted heteroaryl); 5 R3 and R4 are
i ndependently sel ected froagl tlhe group consisting of hydrogen, alkyl,

al kenyl , hal ogen, al koxy, ~ ™ no, al kyl am no, dial kyl ami no and al kylthi o;
R5 is Hor C _loalkyl, or_dfgnggn join with Xto forma ring; or when Rl is
alkyl, R5 and R1L can join to forma ring; 10 each R6 is independently H or
Cl_lo alkyl; or a pharmaceuykcally acceptable salt thereof. 2. A conpound
or salt of claim1l wherein X.is alkylene. 15 3. A conpound or salt of claim
1 wherein R1 is alkyl, aryl or substituted aryl. 4. A conpound or salt of
claingl wherein RS is H angididaris aryl or substituted aryl. 5. A conpound
or salt of claiml1 wherein Zis a bond. 20 6. A conpound or salt of claim5
wherein RL is al kyl, aryl ;substitatgdbeteraardd arvyl .

-alkyl-O-alkyl,;
-alkyl-S-alkyl;
-alkyl-O-aryl;
10 -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:
15 -OH;
-halogen;
-N(Re)2;
-CO-N(Re)2;
-CS-N(Re)2;
20 -50,-N(Re)2;
-NR¢-CO-Cy.yp alkyl;
-NR¢-CS-Cj.10 alkyl;
-NRg- SO»-Cy.10 alkyl;
-CO-C).o alkyl;
25 -CO-0-Cj.p alkyl;

-substituted aryl,;
-heteroaryl;

30 -substituted heteroaryl;
-heterocyclyl;
-substituted heterocyclyl;
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7. A conmpound or salt of claim6 wherein RL is substituted aryl. 25 8. A
conpound or salt of claiml wherein R5 joins wwth X to form a piperidine
ring. 9.wA@mspaond or salt of claiml1 wherein X is al kylrameusands®R2l i s
al kyl . 10. A conpound or salt of claim1 wherein Zis -NR6-. 30 11. A
conmpound or salt of claim10 wherein R1 and R5 are nethyl. 93 WO 03/050117
PCT/ US02/ 18220 12. A conpound (?{) a]lt of claim1l wherein R is H, alkyl or
al kyl -0-al kyl . 13. A conpound or @Yt of claim1l wherein R2 is
al kyl -0-al kyl . 5 14. A conpoundoQkubsahiteddr };I aim1l wherein R2 is
-CH2-O- C2H5.  15. A conpound or salt of cIa| wherein X is -(CH2)2_4-. 16.
A conmpound or salt of claiml v@@rh@tqnoml andl R4 are i ndependently H or
al kyl. 10 17. A conpound sel e rou _consi sting of
N- [ 4- ( 4- ani no- 2-but yl - 6, 7- di ot S“'ﬂs“m?%{]‘b"é '5-clpyridin- | -
yl ) busyl ] met hanesul nglamR@areJ\indép%n(ié}n :ra:@reafiwﬁme %01? @Bﬂgﬁhﬁ
Him dazo [4, 5 e] pyridin-1-yl)buty -4 15 fl uorobenzenesul onam de;
N- [ 4- (4- am no- 2b¥stiegan, glkyl, élkﬁﬁf mloaeqﬁalk@mmnwlsdéxppw diglkylamipp pbdt yI ] -
N, N di met hyl sul; Fﬁ g N-[4-(4-ami no-2,6,7-trinethyl- | Himdazo

) bu

[4,5-c]pyridin- tyl ] met hanesul fonam de; N {

4-[ 4- am no- 2- (et hoxngid‘HIo)G%,wﬁll@l ree R \chn joifriwlitii X 82 forfnds Bng ] Wi By is| 20
yl)butyl} e hanesul fonam de; N {

4- - 4- am n¥kyl yﬁ%’cll‘?}f}‘)(’feffﬁ@trﬁw-l Hi mi dazo[4 5-c]pyridin- | -

yl ] bypyl } rret hanesuéafcﬁrl@qg eyﬁ&ﬁﬁﬂw@t hﬁk%rr , 7-dinmethyl- | - 12- [-1
[

(rret hanesul f onyl) pi per|
m dazo[ 4, 5-c] pyri di ora4plmnm1aer;ut1251y acceptable salt thereof.
[3-(4-am no-2,6, 7-trinmethyl -1 Himdazo[ 4, 5-c] pyridin-|-
yl') propyl ] net hanesul f onam de;  N-{ o o
3-[4-am noz 2- (eARGXWBBANYY Jatilof Gl Rtbinl Xhd Ak flegol 4, 5-cl pyridin-1 -

15 3. A compound or salt of claim 1 wherein R, is alkyl, aryl or substituted aryl.
4. A compound or salt of claim 1 wherein Rs is H and R, is aryl or substituted aryl.
5. A compound or salt of claim 1 wherein Z is a bond.

20
6. A compound or salt of claim 5 wherein R; is élkyl, aryl, or substituted aryl.
7. A compound or salt of claim 6 wherein R; is substituted aryl.

25 8. A compound or salt of claim 1 wherein Rs joins with X to form a piperidine ring.
9. A compound or salt of claim 1 wherein X is alkylene and R; is alkyl.

10. A compound or salt of claim 1 wherein Z is -NRg—.
30

11. A compound or salt of claim 10 wherein R; and Rs are methyl.
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yl ] propyl } nmethanesul fonam de; N { 4-

[ 4- am no- 2- (et hoxynethyl )-7-nmethyl -1 Himdazo [4, 5-c] pyridin- | - 30

yl ] but yl | wetdsasenal f onam de; N-{ PCT/US02/18220

2- [ 4- am no- 2- (et hoxynet hyl ) -6, 7-di net hyl -1 Hi m dazo[ 4, 5-c] pyridin-1-yl]-1,1
- dinethylethyl } methanesul fonam de; and 94 WO 03/ 050117 PCT/ US02/ 18220

N-{ . . .

2-[ 4- ani nol2- (efHRSBRERH OF SaleofAl b PisTeln Re isHb o o6 2y O n-1-y17-1, 1
- dinethyl ethyl }propane-2-sulfonam de; or a pharnaceutically acceptable
salt thereof. 5 18. A pharmaceutical conposition conprising a

t her apeut i £&l | yAefoimpoung er satoefrelainf 1 whersonpisradkydfO-elkal.m 1 i n conbi nati on
wi th a pharnaceutically acceptable carrier. 19. A pharmaceuti cal
conposition conprising a therapeutically effective amount of a conpound of

cl ai ms5 i ni4onbAnwiipdnidvof SelfoflamBaALliCR] kY-@Hseptal e carrier. 10 20. A
phar maceuti cal conposition conprising a therapeutically effective anpunt of

a conpound of claim17 in conmbination with a pharmaceutically acceptable

carrier. 2z A A4 %%P% O'} W&@gmcly&ﬁet@ig%ﬁir?é%hesi S in an ani nal

conprising 15 admnirstering a therapeutica ¢tive anount of a
conpound of claim1 to the animal. 22. A nmethod of treating a viral

di sease in_an animal conprisi ntg adm nistering a therapeutically effective
anount of &0-conPserposnd er saliefrlaim § whergi Rpgnd Boare sndependentp dl ralkyleat i ng

a neqgl astic disease in an animal conprising adm nistering a
therapeutically effective amount of a conpound of claiml to the aninal.
24. A met hbld of Aicodpound sdydtekirom the gsyptcbadstingiof: an ani mal conpri si ng

ot he-ant Har- oo ol S Fitie - ain gl oo ¢low g seace | n an ani mal
o ol ai m &R o ot of & roat ing & neopl astic di seabe In
an ani mal Neftiasiing 2duhylrs, & démethyl- BH-iB0dazbi Rplpytidinal yhbethTlekt i ve amount
of a 18 onp Oﬂgc%oggnzgrlle%upor?antﬁ%e;t he animal. 95
N'-[4-(4-amino-2-butyl-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl)butyl]-;N,N-
dimethylsulfamide;
N-[4-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-yl)butylimethanesulfonamide;
N-{4-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-
20 yl]butyl }methanesulfonamide;
N-{4-[-4-amino-2-(ethoxymethyl)-6-methyl-1H-imidazo[4,5-c]pyridin-1-
yl]butyl }methanesulfonamide;
2-(ethoxymethyl)-6,7-dimethyl-1-{2-[-1-(methanesulfonyl)piperidin-4-yl]ethyl } - 1 H-
imidazo[4,5-c]pyridin-4-amine;
25 N-[3-(4-amino-2,6,7-trimethyl-1H-imidazo[4,5-c]pyridin-1-
yl)propyllmethanesulfonamide;
N-{3-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1 H-imidazo[4,5-c]pyridin-1-
yllpropyl }methanesulfonamide;
N-{4-[4-amino-2-(ethoxymethyl)-7-methyl-1H-imidazo[4,5-c]pyridin-1-
30 yl]butyl }methanesulfonamide;
N-{2-[4-amino-2-(ethoxymethyl)-6,7-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl]-1,1-

dimethylethyl }methanesulfonamide; and
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WO 03/ 050117 PCT/ US02/ 18220 27. A nmethod of inducing cytokine biosynthesis
in an aninmal conprising admnistering a therapeutically effective anount
of a conpewnad/oséiicl aim 17 to the aninmal. 28. A nethod of RaT#esoengp2e vir al
di sease in an animal conprising adm nistering a 5 therapeutically effective
amount of a conmpound of claim 17 to the animal. 29. A nethod of treating a

neopl asti c,dj se. | ani mal ¢ dsin m.ni s i a. therapeutically
ef fective gdﬁ{)%ﬁ 'aﬁnogz'gﬁm&?ﬁhy& 8@? F‘ﬁ’ihfgl?zgm?lﬁ%zoi\‘ﬁ%‘ﬁiﬂ%ndiﬁl3@1‘1’A'corrpound
of the for guhethfIMhy1)prophhd2RRlfoMAnMeR4 X R5'NS-O O:~_\RL (V) 15

wherein: X is al kylene or alkenylene; R is aryl, heteroaryl, heterocyclyl,

Cl_20 al kypr yphazmagentighike asdeptablecshlt dieredfi ch may be unsubstituted or
substituted by one or nore substituents independently selected fromthe
group consisting of -alkyl; 20 -alkenyl; -aryl; -heteroaryl;

-hetesocyclyl ; A-phabsbdcutit@eory6sitsh kithpridhg a teddperlical YO A34ASGE bF a
PCT/ US02/ 18220 -O- (al kyl)O0_1-aryl; -.O]()al kyl) O0.'1-hetéro aryl;
-0 (al kyl) G&@PW@@@I ip.combination with a pharmaceutically acceptable carrier.

19. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of claim 5 in combination with a pharmaceutically acceptable carrier.

10
20. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 17 in combination with a pharmaceutically acceptable carrier.

21. A method of inducing cytokine biosynthesis in an animal comprising

15 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

therapeutically effective amount of a compound of claim 1 to the animal.

20 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.

24. A method of inducing cytokine biosynthesis in an animal comprising

administering a therapeutically effective amount of a compound of claim 5 to the animal.
25

25. A method of treating a viral disease in an animal comprising administering a

therapeutically effective amount of a compound of claim 5 to the animal.

26. A method of treating a neoplastic disease in an animal comprising administering a

30 therapeutically effective amount of a compound of claim 5 to the animal.
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~COOH, 5 -CO-Oalkyl; -COalkyl; -S(O0.2 -alkyl: -S(00_2

-(alkyl)O0. 1-aryl; -S(O)O 2 -(alkyl)O_1-heteroaryl; 10 -S(OO0_2
- (al kyl )OvVdelsmnmcycl yl; -(alkyl)o-1-N(R6)2; - (al kyl)O0. IrdYR&500®82» al kyl ;
(al kyl) 0. 1- NR6- CO- al kyl ; (aIkyI)O 1-NR6-CO-aryl; 15
- (al kyl ) 0_1- NR6- CO- het eroaryl -N3; -hal ogen - haI oal kyl; -hal oal koxy;
20-COhaI Iky alko 25 SH and in the
case of aI H'S%S‘)I}é‘?fgm Cé(il‘%(&%l?l??ynﬂlﬁ% 1n aﬁ?min%al SOMBESBE fromt he
group Consh(ﬁfﬂnigﬂerﬁfg a thBM élﬁﬁﬁﬂy effe@lvéYmount 8¢ XEMpound & BN Q1R db¥rhar.
-al kyl -S-al kyl; -al kyl-0-aryl; 97 WO 03/050117 PCT/ US02/ 18220
28. A method of treating a viral disease in an animal comprising administering a
5 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.

10 30. A compound of the formula (VI):

R; ),'\('
R, I{I
N O
Rg /s/’
R,
(VI)
15 wherein: X is alkylene or alkenylene;

R; is aryl, heteroaryl, heterocyclyl, C;.59 alkyl or
Ca0 alkenyl, each of which may be unsubstituted or substituted by one or more
substituents independently selected from the group consisting of:
-alkyl;
20 -alkenyl;
-aryl;
-heteroaryl;
-heterocyclyl;
-substituted cycloalkyl;
25 -O-alkyl;
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-al kyl -S-aryl; -alkyl-O alkenyl; -alkyl-S alkenyl; and -al kyl or al kenyl
substituted by one or nore substituents selected 5 fromthe group

consi sti ngoof3/0561@H, - hal ogen; -N(R6)2; -CO N(R6)2; 10 -FCI/DK0RG3220
-SM2-N(R6)2; -NR6-COCL.10 al kyl; -NR6-CS-C1_10 al kyl; -NR6- SO2-Cl1_10
al kyl; 15 -CO-C1.10 al kyl; -CO0-Cl-10 alkyl; -N3; -aryl; -heteroaryl;
20 -heterocyclyl; -COar;(ﬁn( EQ COheteroaryI R3 and R4 are

i ndependently sel ected fr 4l )Oglr%ﬁlp consi sting of hydrogen, alkyl,

al kenyl , hal ogen, al koxy, _@g&n@g)o (Bheft @gl di al kyl am no and 25
aIkyIthlo and R5 is H or al kyl; achR6|5|ndependentIy Hor Cl-lo

al kyl; or a pharnmaceuti c&- I(q,lkﬂ&zﬁnelmtfam}@l}dal t thereof. 98
-COOH;
5 -CO-0O-alkyl;

-CO-alkyl;
-S(0)o-2 -alkyl;
-S5(0)o.2 —(alkyl)o.1-aryl;
-S(O)p-2 —(alkyl)o.1-heteroaryl;

10 -S(O)p-2 —(alkyl)o.1-heterocyclyl;
-(alkyl)o-1-N(Re)2;
-(alkyl)o.1-NR¢-CO-O-alkyl;
-(alkyl)o.1-NRs-CO-alkyl;
-(alkyl)o.;-NRg-CO-aryl;

15 -(alkyl)o.1-NRg-CO-heteroaryl;
-N3;
-halogen;
-haloalkyl;
-haloalkoxys;

20 -CO-haloalkyl;
-CO-haloalkoxy;
-NOy;

25 -SH; and in the case of alkyl, alkenyl, and heterocyclyl, oxo;
R; is selected from the group consisting of:
-hydrogen;
-alkyl;
-alkenyl;
30 -alkyl-O-alkyl;
-alkyl-S-alkyl;
-alkyl-O-aryl;
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-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:
-OH;
-halogen;
-N(Re)2;
-CO-N(Re¢)2;
-CS-N(R¢)2;
-SO2-N(Re)2;
-NRs-CO-Cy.19 alkyl;
-NRg-CS-Ci.10 alkyl;
-NRg- SO,-Cy.j alkyl;
-CO-Cy.qp alkyl;
-CO-0-Cy.jp alkyl;
-N3;
-aryl;
-heteroaryl;
-heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;

R3 and Ry are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and
alkylthio; and

Rsis H or Cy o alkyl;

each Rg is independently H or Cj.19 alkyl;

or a pharmaceutically acceptable salt thereof.
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