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METHOD FOR 1H-IMIDAZOJ[4,5-c]PYRIDINES AND ANALOGS
THEREOF CROSS-REFERENCE TO RELATED APPLICATIONS 5 This
application claims priority to U.S. Provisional Application Serial No.
60/720171, filed on September 23, 2005, and U.S. Provisional Application
Serial No. 60/743505, filed on March 16, 2006, both of which are
incorporated herein by reference. BACKGROUND 10 Certain compounds
have been found to be useful as immune response modifiers (IRMs),
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ability to modulate the immune response, by induction of cytokine

biosynthesis o ' : th [ thods and
intermediates éﬁ&%t m@@&%@%&&&@gﬁ%ﬁfﬁm
aspect/terelisaicovidachamietiipth o hrspaisingal Abpiiitianciarsl No-
sipyidine compound.arianalog dhsteal or @ pharmaseuipalbuacesaiable

eréof comprising: providing a compound of the Formula IV; E N
§RZ2DR 16! en Ravel 1and0Rsabefyefalighipotinerererhigrai b haaicasree:
amine of the formula RINH2 to provide a IH-imidazo[4,5-c]pyridine or
analog thereof of the Formulal: E NJ~N>R2 RB25sRAR1 lora
pharmaceutically acceptable saﬁ%ﬁéﬁ:@&pmrein: E is selected from the

group EQNSISINg BANSIHAGE Bedlu g Tl OB dRFoNaSiigtane response modifiers

. (IRMs), rendering themn useful in the treatment of a variety of disorders. However, there

continues 1o be inferest in and a need for compounds that have the ability to modulate the |
immune response, by induction of cytokine biosynthesis or other mechanisms, Thus, there

is a need for methods and intermediates for making such compounds.

SUMMARY

In a first aspect, there is provided a method for preparing a 1 H-imidazo[4,5-
¢]pyridine compound or analog thereof or a pharmaceutically acceptable salt thereof
comprising:

providing a compound of the Formula IV:

v
and reacting the compound of Formula IV with an amine of the formula RiNH;

to provide a 1 H-imidazo[4,5~c]pyridine or analog thereof of the Formula I:



hydroxy, phenoxy, -O-S(0)2-R’, and -N(Bn)2, wherein R' is selected from
the group consisting of alkyl, haloalkyi, and aryl optionally substituted by
alkyl, halo, or nitro, and Bn is selected from the group consisting of
benzyl, p-methoxybenzyl,p-methylbenzyl, and 2-furanylmethyl; or E is
joined with the adjacent pyridine nitrogen atom of Formulas | and IV to
form the fused tetrazolo ring in Formulas I-1 and IV-l: N-N N-N I/\H NN
RzNNN~Rz O RB*NRBLRAR"and RA 1-11V-1; L is selected from
or &g%% %Jgeﬁﬁgélﬁ;lg&é&gb{gr&ltc{yg&@romo, iodo, phenoxy, and
-0O-S(0)>-R’, wherein'R' is selected from the group consisting of alkyl,
whiyglmalkyl, and aryl optionally substituted by alkyl, halo, or nitro; RA and
RB taken.iogeher fomm %J&ﬁ?gog%ﬁ%@% FiRgIes AusRdRYHEIRG I8mo. iodo,

whereln the benzene ring or pyridine ring is unsubstituted or substituted

hydsgsohetRugranp O oi(SUbdtinastby k. RAGHHE & SHalisaiose w
cor%ﬁ&lﬁpﬂ and Eﬁiﬁ(ﬂ[gypéﬁiiér??!ﬁﬂ@ﬂaﬁ@?%%ﬁf@&l B}CQF&%QE@Q}Q&' nitro, and
y

romo, an xy; Rl is selécted from the group consisting of.

Bn z‘vsmémgﬁérﬁpm‘,tﬁe@am@nzsﬁ@tawéFﬁwwiz@a?ﬁgém%@%%dﬁ@}ﬁﬁhm@mls and
z_ﬁp%gﬁ%ye% lobutyl)methyl, 2,2-dimethyi-3-(2-methyl-,3-dioxolan-2-

yl)propyl, 2-(propylsulfonyl)ethyl, 2-methyl-2- 1

[(methyliitfonylanirolgietsyr, i Eunsay RirmbTAm Yy [ and IV to form
the @%@ég!@&%m%fﬁ@?wm& andds[frrorpholin-4- .

ylcarbonyl)aminofbutyl; R7 is selected from the group consisting of:

hydrogen, methyl, ethyTNoropyl, butyl, 2-me¥nakyethyl, 2-hydroxyethyl,

ethoxymethyl, and H‘}/% hyl;-and RsNs cted from the group

consisting of. PY—R, « | 70(%

L _

Ra

I-1 IV-1;

L is selected from the group consisting of fluoro, chloro, bromo, iodo, phenoxy,
and -O-5(0}),-R', wherein R' is selected from the group consisting of alkyl, haloalkyl, and
aryl op‘tionaﬂy substituted by alkyl, halo. or nitro;
R and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one Rs group, or substituted by one R group and one R group;
R is selected from the group consisting of*
bromo, and
hydroxy;

R; 1s selected from the group consisting of:
2-methylpropyl, 2-hydroxy-2-methylpropyl, 2.2-dimethyl-4-oxopentyl, (1-
hydroxycyclobutylymethyl, 2.2-dimethyl-3-(2-methyl-1,3-dioxolan-2-
yDpropyl, 2-(propylsulfonyl)ethyl, 2-methyl-2-
[{methyisulfonyl)amino}propyl, 4-methylsulfonyizminobutyl, 2-

la



methoxy, phenoxy,and benzyloxy. In a second aspect, there is provided
a method for preparing a 1H-imidazo[4,5 c]pyridine compound or analog
thereof or a pharmaceutically acceptable salt thereof comprising:
providing a compound of the Formula VIII: R,2 N NON, R" L RB I RA VIII
and reacting the compound of Formula VIII with an amine of the formula
R1NH2 to provide a 1H-imidazo[4.5-c]pyridine or analog thereof of the
Formulal: ~ NI I N>-R2 RN s RAR, | or a pharmaceutically acceptable
salt thereof; wherein: Ib E is selected from the group consisting of

hydrogen, fleesiy] jchiong; bromioy gocloy], hydroxynphsigiy-4-O0-S(0)2-R',
and - N(Bn al ere R' |s el ed from the group consisting of alkyl,
haloalkyl, nd ary tlona j/s Stituted by alkyl, halo, or nitro, and Bn is
sele&teld ﬁﬂbmttlde}gmupecglmgtm:gmﬁﬂi)@zﬂ p-methoxybenzyl,

Dyridine e oA Eor R Rt O o OHF 4 S0 et AT
ring in Forrthlas tathnt Mdl‘ﬂﬁfdﬂ){bﬁlﬁ,ﬂiybﬂ and
R; Is selected from the group consisting of:
methoxy,
phenoxy, and

benzyloxy.

| In a second aspect,there1s plowded a method for preparing a 1 H-imidazo[4,5-
c}pyridine compound or analog thereof or a pharmaceutically acceptable salt thereof
comprising:

providing a compound of the Formula VIII:

E Rez
’ i
Ry |/ L
RA
VI

and reacting the compound of Formula VII with an amine of the formula R;NH;

to provide a 1H-imidazol4.5-c]pyridine or analog thereof of the Formula I:

—
=

or a pharmaceutically acceptable salt thereof,

wherein:

Ib



N N~-RZ N N\ NONRIi 11 R2 N RB L R Riand RA I-1IX; L is selected
from the group consisting of fluoro, chloro, bromo, iodo, phenoxy, and
-0O-S(0)2-R', wherein R' is selected from the group consisting of alkyl,
haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro; RA and
RB taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted
by one R group, or substituted by one R; group, or substituted by one R

coup_and one R; group; R is selected from_the group onsisti
brom 15 Waﬂrﬁa} N ERC 8T eRRABE THBIR Sha s e ﬁlﬁﬁ%fo bromo, iodo,

hydrosthyHeroRyl, Zﬁts@vww 2aAaetRy Ry 2iendinetbyledraxapantit Eoup
TSt  S 0B ST A1, STHERA A DSEIted B3 A Rate. or nitro, and

B1{@§‘%mdﬁiéﬂff?@bﬂ)@@Ui@l@f@&ﬂisﬂnm@hkﬁlﬁiﬂﬁ@lﬁdﬂmm@ﬁﬂz‘a p-methylbenzyl, and
cetylamlno) -2-methylpropyl, and 4-[(morpholin-4 yl carbonyl) amino]

I IRShyrogen; Ic R3 is selected from the group consisting of:

met@xyg&a@ﬂm andahenzylewdite aitiitAspeeo iRt B OWIEET A 1o form
method for preparing a 113 imidazo[4,5 c]pyrldlne compound or analog

m?ﬁé?@%ﬁﬁ?%‘ﬂﬁéfﬁ@d@eﬁﬁ%ﬂ&%%&eﬁ%i}é salt thereof comprising:
providing acompoun\d—wf the Formula XI: N-QN, Ri L R

N )\/ ” )\/
h N - ?\\
” \>_R2 Ris
B | RB

RA R‘l wd RA

I-1 X
L is selected from the group consisting of fluoro, chloro, brome, iodo, phenoxy,
and -0-S(O)-R/, wherein R’ is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, hale, or nitro;
Ra and Rp taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one Rz group, or substituted by one R group and one R3 group;
R 1s selected from the group consisting of:
bromao, and
hydroxy;

R is selected from the group consisting of:
2-methyipropyl, 2-hydroxy-2-methylpropyl, 2,2-dimethyl-4-oxopentyl, (1-
hydroxyeyclobutylmethyl, 2.2-dimethyl-3-(2-methyl-1,3-dioxolan-2-
yl)propyl, 2-(propylsulfonyl)ethyl, 2-methyl-2-
{(methyisulfonyl)amino}pi‘éﬁyl, 4-methylsulfonylaminobutyl, 2-
{acetylamino}-2-methylpropyl, and 4-[(morpholin-4-
vlcarbonvl)aminolbutyl;

R» is hydrogen;

Ic



RB RA Xl and forming a IH. -imidazo[4,5-cjpyridine or analog thereof of
the Formulal: CN N\>-R RN B\RR; Al orapharmaceutically
acceptable salt thereof; wherein: E is selected from the group consisting
of hydrogen, fluoro, chloro, bromo, iodo, hydroxy, phenoxy, -O-S(0O)z-R’,
and -N(Bn)2, wherein R' is selected from the group consisting of alkyl,
haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and Bn is
selected from the group consisting of
benzyl,nuusthoxyhepzlPamsihyihenayl,apd 2-furanyimethyl; or E is
joined with the adjacent pyridine nitrogen atom of Formulas | and XI to
form the fuseditetsazolo ring in Formulas I-l and XIII: 1d N-N'N-N NN NN
N11~~--RNNONR1;ZReEWNRBL RAR andR;, I-1 XIII: L is selected
from the group consisting of fluoro, chloro, bromo, iodo, phenoxy, and
-0-S(0)2-R'bovtagtesi:R' is selected from the group consisting of alkyl,
haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro; RA and
RB taken together form a fused benzene ring or a fused pyridine ring

In a third aspect, there is provided a method for preparing a 1 H-imidazo[4.5-
¢]pyridine compound or analog thereof or a pharmaceutically acceptable salt thereof

comprising:

providing a compound of the Formula XI:

T H
Nf RN N\\/N\R
1
e
Ry L
RA

Xi

and foﬁrming a LH-imidazof[4,5-c]pyridine or analog thereof of the Formula I:
= _
NN
It
Re '\{

or a pharmaceutically acceptable salt thereof:

T
A
b2

wherein:

E is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iode,
hydroxy, phenoxy, -O-8(0)-R’, and -N(Bn),, wherein R' is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by allkyl, halo, or nitro, and
B 15 selected from the group conéisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
Z-furanyimethyl; or

E is joined with the adjacent pyridine nitrogen atom of Formulas I and X1 1o form

the fused tetrazolo ring in Formulas I-1 and XIIL:



wherein the benzene ring or pyridine ring is unsubstituted or substituted
by one R group, or substituted by one R3 group, or substituted by one R
group and one R3 group. R is selected from the group consisting of:
brorno, and hydroxy; Ri is selected from the group consisting of:
2-methylpropyl, 2-hydroxy-2-methylpropyl, 2,2-dimethyl-4-oxopentyl, (1-
hydroxycyclobutyl)methyl, 2.2-dimethyl-3-(2-methyl-l,3-dioxolan-2-
yl)propyl, 2-(propylsulfonyl)ethyl, 2-methyl-2-

[(methylsulfonyl)aern_ propyl, 4-methylsulfonylaminobutyl, 2-
(acetylamino)-2-methyipropyl, and 4-[(mgFpiblin-4 ylcarbonyl)am nojhutyl;
R2 is hydrogen; Igse \d from the @{ﬁ 0 'stiﬁg@:: methoxy,
phenoxy, and benzylaxy.ile fiafeurth as ect,]herE‘Ts provided a
compound of theTEormijla X’l\l. E N NON® R RA X1 5 wherein: E is
selected from the group.conSisting %Iaydrogeg, fluoro, chloro, bromo,
iodo, hydroxy, phenoxy, -O-S(0)2-R’, and -N(Bn)2, wherein R’ is selected
from the group consistitig of alkyl, haloalkyl, aadiaryl optionally
substituted by alkyl, halo, or nitro, and Bn is selected from the group
consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and 10

2-furéniglmeétiyl] G0 ibdained withsthingdjaCent pyidine, hitsage ioapnehoxsy,
an'éqw&é(ulﬁ? x]:%répe}rq % flléss%ﬁjeé etga%&l% {E%gg%%lfpoégnngggtg(nglby 3:1’l\|cy}, haloalkyl, and

aryl optionally substituted by alkyl, halo, or nitro;

R and Rp taken together form a fused benzene ring or a fused pyridine ring
wherf:in the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one Rz group, or substituted by one R group and one R group;

R is selected from the group consisting of:

brome, and
hydroxy,
R; is selected from the group consisting of:
Z-methylpropyvi, 2~hydroxjf—2—methylpropyi, 2,2-dimethyl-4-oxopentyi, (1-
hydroxycyclobutylymethyl, 2.2-dimethyl-3-(2-methyl-1.3-dioxolan-2-
yi)propyl, 2-(propylsulfonyl)ethyl, 2-methyi-2--
[(methylsulfonyl)amino]propyl, 4-methylsulfonylaminobutyl, 2-
{acetylamino}-2-methylpropyl, and 4-[(morpholin-4-
vlcarbonylyamino[butyl;

R» is hydrogen;

R3 is selected from the group consisting of:
methoxy,
phenoxy, and

benzyloxy.
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H N'N NON-R, L RB RA XIII; 15 L is selected from the group consisting
of fluoro, ehloro, bromo, iodo, phenoxy, and -O-S(0)2-R’, wherein R' is
selected from the group consisting of alkyl, haloalkyl, and aryl optionally
substituted by alkyl, halo, or nitro; RA and RB taken together form a fused
benzene ring or a fused pyridine ring wherein the benzene ring or
pyridine ring is unsubstituted or substituted by one R group, 20 or
substijtu one R3 group, or su tuted b roup and@ne R3
groupth? é%ﬁle%ﬁ%%ﬂ’r elﬁfs If%\(}p coan%?éll g o? t?é%’]% %n }eoillroxy;
R1 is selected from the group consisting of: 25 2-methylpropyl,
2-hydroxy-2-methylpropyl, 2.2-di 10> pentyl, (1-
hydroxycyclobutyl)methyl, 2,2- dlrgneth i yl-3- (2 n‘f’ethyl [,)-dioxolan-2 If
yl)propyl, 2-(propylsulfonyl)ethyf, fhe hyl-2-
[(methyisulfonyl)amino]propyl, 4-methylsulfonylaminobutyl, 2-
(acetylamino)-2-methylpropyl, and 4[(morpholin-4-
ylcarbonyl)amino]butyl; R3 is selectedffom the group consisting of:
%ethoxy, phenoxy, and benzyloxy; or a pharmaceutically acceptable salt
E7&of It has now been found that certain IH- -imidazo[4,5-c]pyridines and
analags t}a&r@aﬁ, fnp Imwm@@@mmmmmémﬁhiegsaltﬁuhemﬁﬂmammm iodo,

h I@O(éared tg?g)goig’l parrllSd n%(é)l’OV{N RGP seﬁjec%gfﬁt‘g% El?errpr%ll?p

-consisting of alkyl, haioalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and

Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyi; or
E is joined with the adiacent pyridine nitrogen atom of Formula X1 to form the

fused tetrazolo ring in Formula XII!:

N—N
o\ Lo
“N | Nog -N—R,
N
Rg ! L
Ra
X1,

L is selected from the group consisting of fluoro, chlorc, bromo, iodo, phenoxy,
and ~O-S(O)§-R', wherein R’ is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nifro;

R and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituied or substituted by one R group,
or substituted by one Rs group, or substituied by one R group and one R; group;

R is selected from the group consistng of:

_ bromo, and
hydroxy;
R, is selected from the group consisting of:
2-methylpropyl, 2-hydroxy-2-methylpropyl, 2.2-dimethyl-4-oxopentyl, (1-

hydroxyeyclobutyDmethyl, 2,2-dimethyl-3-(2-methyl-1.3-dioxolan-2-

If



RB RA 1V; and reacting the compound of Formula IV with an amine of
the formula R[NH2 to provide a | H-imidazo[4,5-c]pyridine or analog
thereof of the Formula I: N N~-R2 RB RA R, |1g WO 2007/035935
PCTIUS2006/037317 or a pharmaceutically acceptable salt thereof;
wherein B, L, R1, R2, RA, and RB are defined below. In another
embodiment, certain 1H-imidazo[4,5-c]pyridines and analogs thereof, or
pharmaceutically acceptable salts thereof, can be prepared by a method
comprising: 5 providing a compound of the Formula VIII: E R12 N NyN' L
Re RA VIII and reacting the compound of Formula VIII with an amine of
the formula to. | ;inpidazol4 %@yﬂdine or analog
thereof of th’g%rﬁijla iﬁ{g %I\ﬁf%kg!%{gﬁ% RA}R%I%; lora
pharmaceutiCafifsetisraplasie theravk, vmetbirsBlion RanRebRIY 2R12,
RA; and R3 aigdedngd beinn ipanoihel emhgtimgpt,cenain
IH-imidazo[4,5-c]pyridines and analogs thereof, or 15 pharmaceutically
acceptable §1§ﬁ§bﬂfé’ﬂé@f}i@9ﬁbﬁlprepared by a method comprising:

Rs 1s selected from the group consisting of
methoxy,
phenoxy, and
benzyloxy:

or a pharmaceutically acceptable salt thereof.

It has now been found that certain 1 H-imidazo[4,5-c]pyridines and analo gs thereof,
or pharmaceutically acceptable salts thereof, can be prepared by a method comprising:
providing a compound of the Formula IV:
N7 T 2
r g
24N 0
RB

. RA
v
and reacting the compound of Formula I'V with an amine of the formula R,NH, to

provide a 1 H-imidazo[4,5-c]pyridine or analog thereof of the Formula I:

m

NN
] R,
=N
Rg \
R, R

I

lg
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providing a compound of the Formula XI: EN/N'R' NC L Re RA XI and
forming a IH-imidazo[4,5-c]pyridine or analog thereof of the Formula I: 2
WO 2007/035935 PCT/US2006/037317 EN tJ-Rz RBRARiora
whasmacsutically acceptable salt thereof; wherein E, L, R1, RET/RIROAE7317
RB are defined below. 5 Compounds and salts of Formula | are useful for
making immune response modifying compounds of the following Formula
oXa N2 MNcNR By REB dpAHRLsal hephdrmiarantiRdlyPacBapfablmd&itgire defined
thereof; wherein R1, R2, RA, and RB are defined 10 below. The
b(‘f‘lﬁ’r‘ﬁ'pounds and salts of Formula X are known to be useful as immune
respohsemotogifisisdinets, treizindifymidhaifce-dpinidbieegrdiantogs thereof, or
PR AAIREIR (% ool BB SERALMHPER S BHOSHRINASIEALAbRAS Sl
cyto mél) and ot e?mse modulate the imrune response when
peairidinis tesetiporedinfahe FhiwHakES these compounds and salts useful
in the treatment of a variety of conglitions sugh as viral diseases and

tumors that are 15 responsive to sych ghanges in the immune response.
=~ [y

\ "

Ra
Ra

VII
and reacting the compound of Formula VIII with an amine of the formula RyNH;
to provide a 1 H-imidazo[4,5-c]pyridine or analog thereof of the Formula I:
E
=
Ry N
Ry, T
_ I
or a pharmaceutically acceptable salt thereof: wherein B, L, Rj, Ry, Ri1, Riz, Rayand Rp
are defined below. _
Tn another embodiment, certain 1 H-imidazo[4,5-c]pyridines and analogs thereof, ot
pharmaceutically acceptable salts thereof, can be prepared by a method comprising:

providing a compound of the Formula XI:

E H
N§ = N‘::/N\R1
=
Ry L
Ra

X1
and forming a 1H-imidazo[4,5-c]pyridine or analog thereof of the Formula I
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In one embodiment, there is provided a method that includes: providing a
compound of the Formula IV: E N NYR2 L lal RB RA IV; 20 reacting
the compound of Formula IV with an amine of the formula RINH2 to
wioramidesasis-imidazo[4,5-c]pyridine or analog thereof of the*E6FREN863 17
E NN IR\>-R2 e N RARL1I orapharmaceutically acceptable salt
thereof; and converting E to an amino group in the compound of Formula
Ito provide a 5 compound (a 1H-imidazo[4,5-c]pyridin-4-amine or analog
thereof) of the Formula X: NHZ l\[\lJ -BERN BRAR1 Xora
pharmaceutically acceptable salt therepf; WhBgein E, L, R1, R2, RA, and
RB are defined below. 10 In ammy asﬁ\‘act the disclosure provides
intermediates useful in the preparati N of fmmune response modifiers. In
one embodiment, there is provided a compound of the Formula XI: EH
I

or a pharmaceutically acceptable salt thereof: wherein E, L, Ry, Ry, Ra, and Rp are defined

below.
Compounds and salts of Formula [ are useful for making immune response
niodifying compbﬁnds of the following Formula X:
NH,
LS+,
Ry N\
Ra R
X .
or pharmaceutically acceptable salts thereof; wherein Ry, Ra, Ra, and Ry are defined
below. The compounds and salts of Formula X are known to be useful as immune
response modifiers due to their ability to induce or inhibit cytokine biosynthesis {e.g.,
induces or inhibits the biosynthesis of at least one cytokine) and otherwise modulate the
immune response when administered to animals. This makes these compounds and salts
useful in the treatment of a variety of conditions such as viral discases and tumors that are
responsive to such changes in the immune response.
In one embodiment, there is provided a method that includes:

providing a compound of the Formula IV:
N7 N R,
! b

IV;
- reacting the compound of Formula IV with an amine of the formula R;NH; to

provide a 1H-imidazo[4,5-¢]pyridine or analog thereof of the Formula I:
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N N,NR Ii LRgRAXI 15wherein E, L, R1, RA, and RB are defined
below. As used herein, "a", "an", "the", "at least one", and "one or more"
are used interchangeably. The terms "comprises" and variations thereof
do not have a limiting meaning where these terms appear in the
description and claims. 20 The above summary of the present invention is
not intended to describe each discloged embodiment or every
implementation of the present inventign. We description that follows
more particularly exemplifies illust tivale giments. In several places
throughout the description, guida i€ pravided through lists of examples,
which 4 WO 2007/035935 PCT/US2 06/01‘:’;@317 examples can be used in
various combinations. In each instam?e, the recited list serves only as a
representative group and should not bejinterpreted as an exclusive list.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
oBal MVENTKONC dt iver pregeblei e Htispoprevitles methods and intermediates

for pr | j -imi B- idi [
e Fo e B P e e e
cavpeptable HdtisiHerebt, wiiohidie roafuldor preparihgradmpdbadermula X:
(1H-imidazo[4,5-c]pyridin-4-amines q{;,@znalog thereof) of the Formula X:
NH/ N N>-R2

NN
! \>_R2
=N
Ry \
Ry R,
X

or a pharmaceutically acceptable salt thereof; wherein E, L, Ry, Ra. Ra, and Ry are defined
below.

In another aspect, the disclosure provides intermediates useful in the preparation of
immune response modifiers. In one embodiment, there is provided a compound of the
Formula XI:

E
H
N N\h/N\R
| 1
R, Y L

Xi

wherein E, L, R;, Ra, and Rp are defined below.

As used herein, "a", "an", "the", "at least one", and "one or more" are used
interchangeably.

The terms "comprises" and variations thereof do not have a limiting meaning
where these terms appear in the description and claims.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The description

that follows more particularly exemplifies illustrative embodiments. In several places

throughout the description, guidance is provided through lists of examples, which
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RB RA R1 X or pharmaceutically acceptable salts thereof; wherein E, R1,
R2, RA, and Rs are defined 15 below. In one embodiment, there is
provided a method (i) comprising: providing a compound of the Formula
WU2BRTKSRBL. Rs RA IV 20 and reacting the compound of F&HAP 037317
with an amine of the formula R1NH2 to provide a

1H-imidazo[4,5-c]pyridine or analog thereof of the Formula I: 5 WO
RAOHIOS5LBbeREST/ I SAN06/0BTBIAL NI IN 4R sRBCR AhRkcited Bst serves

armaceutically. acceptable - in: s 2ted: from

i R RS B
phenoxy, -O-S(0)2-R, and -N(Bn)2, wherein R' is selected from the group

consisiipg Ry fRlaphahos aryiaptionaty subatiaieo nnatbenaies
or nitro, and Bn is selected from ther%r\(j)rgul%}%gnﬂstmg of benzyl,

p-methoxybenzyl, p-methylbenzyt, A nylmethyl; or 10 E is joined

with theadiacanteidine pilveas malemsehbomptiagihan dob\biepeln ctirin
fused tetrazalo ring in Fornaulazﬁ I-] %nd I ]f hllhj N-% \U\NNNH
1 H-imidazo[4,5-c]pyridines and analogs thereol of the Formula I:

E

or pharmaceutically acceptable salts thereof; which are useful for preparing
compounds (1 H-imidazo[4,5-c]pyridin-4-amines or analog thereof) of the Formula X:
NH,

or pharmaceutically acceptable salts thereof; wherein E, Ry, Ry, Ra, and Ry are defined
below.
" In one embodiment, there is provided a method (i) comprising:
providing a compouhd of the Formula IV:
E .

QTR2

|
o

R
=
Re L
RA
v
and reacting the compound of Formula IV with an amine of the formula RjNH; to provide

a 1H-imidazo{4,5-cjpyridine or analog thereof of the Formula I:
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NNR \>R2YZ RBNRBLORAR'and RA I-l1V-1; L is selected from
the group consisting of fluoro, chloro, bromo, iodo, phenoxy, 15 and
-0O-S(0)2-R', wherein R' is selected from the group consisting of alkyl,
Winloelesasiand aryl optionally substituted by alkyl, halo, or A& URR&AE 7317
R5 are independently selected from the group consisting of: hydrogen,
halogen, 20 alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2; 6 WO
2007/035935 PCT/US2006/03 73 1& or RA and RB taken together form
a fused benzene ring or a fused oV telineNing wherein the benzene ring or
pyridine ring is unsubstituted or s bstl ute%i—lﬁzone R group, or substituted
by one R3 group, or substitute&py group and one R3 group; or RA
and RB taken together form a fusedrg to S/Rt;nembered saturated ring 5
optionally containing one nitrogen atom wherein the fused ring is
unsubstltuted or substituted by one orfmore R groups; R is selected from

4h g’éﬁ’f}%c@ﬁﬁa@@@%%&yﬁoxy’ 10 alkyl, alkenyl, haloalkyl,
SE e

h|o and
wherein!

E is selected from the group consisting of kydrogen, fluoro, chloro, bromo, icdo,

hydroxy, phenoxy, -0-S(0)z-R’, and -N(Bn),, wherein R' is selected from the group

~ consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and

Bn is selected from the group consisting of benzyl p-methoxybenzyl, p-methylbenzyl, and

2-furanylmethyl; or
E is joined with the adjacent pyridine nitrogen atom of Formulas I and IV to form

the fused tetrazolo ring in Formulas I-1 and IV-1:

I-1 - IV-

L is selected from the group consisting of fluoro, chloro, bromo, iodo, phenoxy,

and -0-S(0),-R’, wherein R’ is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nitro;
R, and Ry are independently selected from the group consmtmg of:
hydrogen,
halogen,
alkyl,
alkenyl,
alkoxy,
alkyithio, and
-N(Ro)z;
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Rl is selected from the group consisting of: -R4, -X-R4, -X-Y-R4, 20
-X-Y-X-Y-R4, X Rs -N(RI)-Q-RI, -N(RI)-XI-YI-R4, and -N(RI')-XrRsb, 25
R2 is selected from the group consisting of: -R4, -X-R4, -X-Y-R4, and
WH-Re/BBIR3 is selected from the group consisting of: -Z-R PETASRE/0B7317
WO 2007/035935 PCTIUS2006/037317 -Z-X-Y-R4, -Z-X-Y-X-Y-R4, and
-Z-X-Rs; X is selected from the group consisting of alkylene, alkenylene,
alkynyeme, afdary|emnen heietearsiene fiand hateracyaly mrefmbepgiidhe ring

lkenyl d | _ ;
R A SRR e

dntebstpied by oneRy grong ofswraiipsy MloisGeROpkylene Ry tsovptected
from th?s@ (SR 0%? ’%gg%e}ﬁ’ar% 2 RIQUP3%: 7RISR Mt (RE)-

-O- C(
optionally containing one nztrocren atom, wherein the fused 1mg is unsubstituted or

substituted by one or more R groups;

R is selected from the group consisting oft
halogen,
hydroxy,
alkyl,
alkenyl,
haloalkyl,
alkoxy,
alkylthio, and
-N(Rg)z;

R, is selected from the group consisting of:
-Ra, |
-X-Ra,
-X-Y-Re,
-X-Y-X-Y-Ra,
X-Rs, -
NR)-Q-Re,
~N(R")X;-Y1-Ry4, and
-NR1X R

R; is selected from the group consisting of:
-Rq,
-X-Ry4,
-X-Y-Ry, and
-X-Rs;

R; is selected from the group consisting of:
-Z-Ry,
-Z-X-Ra,
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-N(Rs)-Q-, -0-C(R6)-N(R8)-, -C(R6)-N(ORgQ)-, -O-N(Rs)-Q-, 20
-O-N=C(R4)-, -C(=N-0O-Rs)-, -CH(-N(-O-R8)-Q-R4)-, -FJ Q Rio
-N-C(R6)-N-W- R7 -N- R7 Q 25 R7 '-N R10 and $ WO 20071035935
WEFHHI82086/037317 g-C(R6)-N/ Ro Rio 9 Ytis selected frarm/tisecgsosysi7
consisting of-O-, -S(0)0_2-, -S(0)2-N(Rs)-, -V-N~ -N(R8)-Q-,
-C(R6)-N(RgQ)-, -O-C(R6)-N(RQg)-, and R,0 Z is a bond or -0-; 5 RI' is
selected fromihg. reup consisting of hydrogen, C1-20 alkyl,

hydroxy-C2.20 alkylenyl, and alkoxy-C2.20 alkylenyl; R4 is selected from
‘the group conggflryﬁ %ré‘@@n alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, _gtyqthyalkylenyl aIkyIarernyI heteroaryl,

B N e G
wﬂmwamwwmeaa;mwanw@mm@mmamwwkwem;yxene and
el sl S, S g
betlwetadlylene and optionally mterrupted by one or more -0~ groups;
X is Cygp alkylene;
Y is selected from the group cOnsiéting of:

~O-,

-S(O)e-2-

~5(0)2-N(Rg)-,

~C(Re)-,

-0-C(Rg)-

-0-C(0)-0-,

“N(Rg)-Q-,

~0-C(Re)-NRs)-,

-C(Rg)-N(ORo)-,

~O-N(Rg)-Q-,

-0-N=C(R4)-,

-C(=N-O-Rg)-,

~CH(-N(-O-Rg)-Q-Ra)-,

/) N-Q—
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from the group consisting of alkyl, allcoxy, hydroxyalkyl, haloallcyl,
haloallcoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy,
arylallcyleneoxy, heteroaryl, heteroaryloxy, 15 heteroarylalkyleneoxy,
vhetaaysshpk amino, allcylamino, dialkylamino, (diallcylamindiaikidzneeosss1?
and in the case of alkyl, allcenyl, alkynyl, and heterocyclyl, oxo; R5 is
selected from the group consisting of. ((CH2)a 1\ ~(CH2)a -N-C(R6)
-N-S(0)2 -V'-"N AN= A R7JR7 H2)yJ \(CH2)b-J , and r(CH2)a - )
N-C(R6)-N A (CH@)b; MR&%«E selected from the group consisting
of: (CH2)a | / (€H -N- C?(RES\IN (0)2-V-NA-NA R7JR7/\(CH2)b-,/
and (CH2)b Y 2007/035935 PCT1U82006/037317 R6 is selected

celocic RORGIE GO0 EoRRRE g P38 SIGk Alea AR R

hydroxyallcylenyl, arylalkylenyl, and heteroarylal leny|; 5 R9 is selected
from the group consisting of hydrogen and é{ﬂ(\fﬂ Rio ig C3_8 alkylene; A

%4 d(:ffﬁg}"}(ﬁﬁ rondp@(m? 9 9hal- C(O}\ R?w(O)o.-z and

' A'is Lelected from the group consisting of -0-, s (0)0-2-,
-N(- Q-?Rlﬁ)a,@ﬁé aCi92;; Q is selected from the group consisting of a bond,

-C(Rﬁkg-{s?éa@&ré&(ﬁ&)rxh&éé&%méﬂsrﬁ(ﬁ@):Mﬁ@@eWCr%(@!l&N(R$)
-C(R6)-0-, -C 6) -S-, and C(R %{7‘/ ; .V is selected from the group

hysrestirarerisiReyL, and @t ?’ #6)-, and -S(0)2-: V' is
selectm fg@ematml @r@nmecms@m@mﬁ{@g@(ﬂ@)k%ﬁ%m(ﬂﬁwawwyl aryl,

261}?'16 oy dary %Ixey% ylferzg tH(ylgir'ofégy(fOk?e%%gar%loﬂe%elgggrgda]%@ﬁyland
heteroaryioxyalkylenyl alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl,
alkynyl, aryl, arylalkylenyl, aryloxyalkyleﬁyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroaryienyl, and heterocyclyl groups
can be unsubstituted or substituted by one or more substituents independently selected
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,
heteroaryiaikﬂeneoﬁy, heterocyclyl, amino, alkylamino, dialkylamino,
(dialkyiamino)aﬂcyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyelyl,

0X0;
Rs is selected from the group consisting of:
(CHa, N (CH), ~
—N—C(R;) E SOk - N/ A -o-N=/ \A.
( R / /’ \'(CHZ)h"/ ’ \(C’HE)D—/ X and

H ?

(CH,),
{\ o)
=/ \(CH2

16 .
3

Ry is selected from the group consisting of:

CH N e (CHZ)a\A
~N

—N— C(R,) W?“ 3(0)  —v-N A
( R7) R7j , \(CHz)b'/ , and s (CHizly ! ;



10

15

20

25

15 a and b are independently integers from Ito 6 with the proviso that a +
b is <_ 7. This ring forming reaction is unexpected, since the L group is
displaced without a strong electron withdrawing group adjacent the L

vegpaprAasastother embodiment, there is provided a method (-wivéredsasngt?

above method (i) further comprises the steps of: 20 providing a
compound of the Formula 1ll: E NNH2 L R aRA Ill and reacting the

compaiing Qf Leramba: Hhyitop earbRKicoaed halids; of the formula

hal-C(0)-R2, Wh%r%ecjjn hal is chioro or bromo, or an anhydride or mixed
anhydfidés SR8 R mula 0(-C(0)-R2)2 to provide an compound of
Formufg 1¥sdranbther émpedimentitirgaidpinddediayhethogdiylenyl,
wherein the above method, (ii) further ¢ ! the steps of. providing a
56 5%’51#3 & é“?fg;rg-‘(g 3%%%}6%%%%@5‘2 PCT/US2006/037317
E N N@2 i seRBidLrRA the andiredusisigigd bpdrgasarradilkimula Il to

providﬁafs‘qin_ f. Formula lI. In another embodiment, there is
provideéﬂé m%?t%@%v wherein the method 8) 5 further comprises the

steps éipreloripddiaradhsaerricontiditeoriita W@ ~Sitpry and -NR4)-
Alis selected from the group consisting of -O-, ~8(0)p.2-, -N(-Q-Ry)-, and -CHp-;
Q is selected from the group consisting of a bond, -C(R¢)-, -C(Re)-C(Re)-, -S(0)z~,
~C(Re)-N(Rg)-W-, -S{O)2NRg)-, “C(Rg)-O-, -C(Rg)-S-, and -C(R)}-N{ORo)~;
V is selected from the group consisting of ~C{Rg)-, ~-0-C(Re)-, ~N(Rg}-C(R¢)-, and
-5(0)2-;
V' is selected from the group coﬁsisting of -O-C(Rg)-, “N(Rs)}-C(Re)-, and -5(0)a-;
W is selected from the group consisting of a bond, -C(O)-, and ~S(O),-; and
a and b are independently integers from 1 to 6 with the proviso thata-+bis<7.
Th{is ring forming reaction is unexpected, since the L group is displaced without a
strong electron withdrawing group adjacent the L, group.
In another embodiment, there is provided a method (ii) wherein the above method
(1) further comprises the steps of: |
providing a compound of the Formula Iil:

E

NT = NHz

L

Ra L

RA

[
and reacting the compound of Formula I1I with a carboxylic acid halide of the formula
hal-C(O)-R,, wherein hal is chloro or bromo, or an anhydride or mixed anhydride of the
formula O(-C(0)-Ry), to provide an compound of Formula V.

In another embodiment, there is provided a method (iif) wherein the above method

(i) further comprises the steps of:

providing a compound of the Formula II:

10



R13 OH RA VI and converting the hydroxy group at the 4-position of
Formula VI to an L group to provide 10 a compound of Formula lll. In
another embodiment, there is provided a method (v) wherein the method
Wip fuethissamprises the steps of: providing a compound of therRmrmsiasz7317
VIl: E NNf2 RBOH O s RA 15 VIl and converting the hydroxy group at
the 4-position of Formula VIl to an L group to provide a compound of
Formula IV. In another embodiment, there is provided a method (vi)

wherein the method (v) further comprises ftiag steps of. 20 providing a

compound of the Formula VI: 11 07/035935 PCT/U62006/037317
E NNH2 RB OH RA VI and reagfin Llcompound of Formula VI with a
carboxylic acid halide of the formula hal-C(O)-R2, wherein hal is a chloro

or bromo, or an anhydride or mixed 5 aﬁhydride of the formula
0(-C(0)-R2)2 to provide an compound k&f Formula VII. In other

e boléiimen , there is provided thod‘ﬁ\]/'i or viii)}f}/_vrl ergin the thod

0 B e B e b Aone T & e R

compoinrmhahéherfardiatatythre is provided 2 method (iv) wherein the method (i)
5 further comprises the steps of:

providing a compound of the Formula VI:

VI
and converting the hydroxy group at the 4-position of Formula VI to an L. group to provide
10 a compound of Formula III. ,
In another embodiment, there is provided a method (v) wherein the method (i)
further comprises the steps of:
providing a compound of the Formula VII:
A
Pt

oHO

R,
RB
Ra
15 VI
and converting the hydroxy group at the 4-position of Formula VII to an L group to
provide a compound of Formula IV,
In another embodiment, there is provided a method (vi) wherein the method (v)
further comprises the steps of:

20 providing a compound of the Formula VI:

11
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N NO2 Re OH RA 10V and reducing the compound of Formula V to
provide a compound of Formula VI. In one embodiment, there is provided
a method (ix) that includes: providing a compound of the Formula VIII: E
Wi ebbh@shbsN'~ Rai ~ L Re RA 15 VIII and reacting the conppeundd@tosrsi7
Formula VIII with an amine of the formula RINH2 to provide a
1H-imidazo[4,5-c]pyridine or analog thereof of the Formula I: EN N~R2
RBRAR1 1200ra pharmaceuticalIyEacceptabIe salt thereof;, 12 WO
2007/035935 PCT/US2006/037317 er(gm E is selected from the group
consisting of hydrogen, fluoro, ehl p B oma, iodo, hydroxy, phenoxy,
-O-S(0)2-R', and -N(Bn)2, wherej glgcted from the group
consisting of alkyl, haloalkyl, and atyl gptionally substituted by alkyl, halo,
or nitro, and 5 Bn is selected from the group consisting of benzyl,

p- methoxybenzyl p-methylbenzyl, andri2-furanylmethyl; or E is joined with

the ad ent ine nitroge m of F s | and VI to f

foe BRSO AN FOEERRTIAE P N SR SR i 0 PGt
formula hal- C(O) -R,, wherein hal is a chloro or bromo, or an anhydride or mixed
anhydride of the formula O(-C(0)-Ry), to provide an compound of Formula V1L

In other embodiments, there is provided a method (vii) or (viii} wherein the

method (iv) or (vi), respectively, farther comprises the steps oft
providing a compound of the Formula V:

E

N S NOZ
|

Ra - OH
Ra
v
and reducing the compound of Formula V to provide a compound of Formula VL.
In one embodiment, there is provided a method (ix} that includes:

providing a compound of the Formula VIII:

E ?‘32
NT = N\‘},/N\R
| 11
21
Reg
Ra
Vil

and reacting the compound of Formula VIII with an amine of the formula RyNH

to provide a 1 H-imidazo[4,5-c]pyridine or analog thereof of the Formula I

or a pharmaceutically acceptable salt thereof;

12
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N I N>-RZ N NON RriRBNRBL RAR1andRA 10 1-1 IX; L is selected
from the group consisting of fluoro, chloro, bromo, iodo, phenoxy, and
-0O-S(0)2-R', wherein R' is selected from the group consisting of alkyl,
vhatmatigdsard aryl optionally substituted by alkyl, halo, or nibCy/REz@nE37317
RB are independently selected from the group consisting of: 15 hydrogen,
halogen, alkyl, alkenyl, alkoxy, 20 alkylthio, and -N(R9)2; or RA and RB

| Jakemtogether form a fused benzene ring or a fused pyridine ring wherein

the benzene ring or pyridine ring is,unsubstituted or substityted hy one R
arount GrSUBAGTER By SRR GIBAPE Of SNSRI B LR (T At
1EBHR3 gHauRy2 5008 R BndiBNdRen togeiber Hoire:fugbftdmtthd group

membere turated ring optionally. containing.one,nitrogen At .
T T T L AT S R S LR i, and
Ryrtwpdsdiisisetette gringredhestireLyd borsiktingpahokdiogsh Aeaigbenzyl, and

zgﬁgaqogge?ﬁj,PgT/USZO%/OB?fs17 hydroxy, allcyl, alkenyl, haloalkyl, 5
allcoxy, a yftﬁlo, and -N(R9)2; Ri is selected from the group consisting
of: -R&js joined with the adjacent pyridine nitrogen atom of Formulas I and VIII to form

the fused tetrazolo ring in Formulas I-1 and IX:

NN

L is selected from the group consisting of fluoro, chloro, bromo, iodo, phenoxy,
and -O-S(0),-R', wherein R’ is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nitro;

R and Ry are independently selected from the group consisting of:

hydrogen,
halogen,
aikyl,
alkenyl,
alicoxy,
alkylthio, and
-N(Rg)2;

or R, and R taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one Rz group, or substituted by one R group and one R; group;

or Ry and Ry taken together form a fused 5 to 7 membered saturated ring
optionally containing one nitrogen atom, wherein the fused ring is unsubstituted or
substituted by one or more R groups;

R is selected from the group consisting of:

halogen,

i3
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10 -X-R4, -X-Y-R4, -X-Y-X-Y-R4, -X-Rs, -N(R,)-Q-R4, 15
N(R1)-XI-Yi-R4, and N(R,)-XI-Rsb; R2 is hydrogen; R3 is selected from
the group consisting of- -Z-R4, 20 -Z-X-R4, -Z-X-Y-R4, -Z-X-Y-X-Y-R4,
wodesZexsRs; X is selected from the group consisting of allcen&s2606/037317
allcenylene, alkynylene, 25 arylene, heteroarylene, and heterocyclylene
wherein the alkylene, alkenylene, and alkynylene groups can be
optionally intggretgigd or terminated by arylene, heteroarylene or
heterocyclyle#e ?Ynd optionally interrupted by one or more -0- groups; Xl is
C2.20 allcyle Ey is selected from the group consisting of: 30 -0-,
-S(0)0-2-, -S{g28(Rs)-, 14 WO 2007/035935 PCT(U52006/037317
-C(R6)-, -O-Igé)lRO%h -O-C(0)-0-, -N(Ra)-Q-, 5 -0-C(R6)-N(Rs)-,
-C(R6)-N(OR9)-, - -lN(Rs)-Q-, -O-N=C(R4)-, C(-NORs)

alkoxy,

alkylthio, and
-N(Rg)z;
R; is selected from the group consisting of:

-N(R1)-Q-Ra,
-N(R")-X-Y-Ry4, and
-NR X -Rsps

R is hydrogen;

Rj is selected from the group consisting of:

LRy

~Z£-X-Ry,
-Z-X-Y-Ra,
-Z-X-Y-X-Y-Rq, and
-Z~X-Rs:

X is selected from the group consisting of alkylene, alkenylene, alkynylene,
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and
alkynylene groups can be optionally interrupted or terminated by arylene, hetercarylene or
heterocyelylene and optionally interrupted by one or more -O- groups;

X is Capp alkylene;

Y is selected from the group consisting of:

-0-,
-S(Oo2-,
-S(0%-NRs)-,

14



10 -CH(-N(-0-Rs)-Q-R4)-, N-Q R90/ -N_C(Re)--W- R7 -N- R7-i~-Q- K R7
R70 /[ and /N C(R6) / Rio 15 Rio Yl is selected from the group consisting
of -0-, -S(0)0_2-, -S(0)2N(Rs)-, -Vi ~10 -N(Rs)-Q-, -C(R6)-N(Rs)-,
woLedRBxd¥4R8)-, and RZ is a bond or -0-; RI' is selected fropa-thresgrap 7317

consisting of hydrogen, ClI-20 alkyl, 20 hydroxy-C2.20 alkylenyl, and
allcoxy-C2-20 alkylenyl; R4 is selected from the group consisting of
hydrogen, aI[@tRajkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl,
allcylarylenyl, hefer’oaryl, heteroarylalkylenyl, 15 WO 2007/035935
PCT/US2008/%1847 heteroaryloxyallcylenyl, allcylheteroarylenyl, and
heterocyclyl 3@]@(@?}(@39 alkyl, allcenyl, alkynyl, aryl, arylalkylenyl,
aryloxyallcylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,
heteroaryloxy { }"e(ﬁyl, alkylheteroarylenyl, and heteroeyelyl groups can

5 be unsubstituted @, sigRtiluted by one or more substituents independently
selected 5 frg f})_ Eﬂgﬁmconsisting of alkyl, allcoxy, hydroxyalkyl,
haloalkyl, halo ihg ogen, nitro, hydroxy, mercapto, cyano, aryl,
aryloxy, arylafll€RgeRy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy,
heterocyclyl,_ér_’@jggﬁﬂ?qlamino, dialkylamino, (diallcylamino)alkyleneoxy,
and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, oxo; 10 R5 is
selected fron%é\lﬁo%ﬁ‘eonsisting of. ((CH2)e~ ~(CH2)a -N-C(R6)

10 -N-S(0)2 -V':{p re-HR HRE R 7/ (CH2)b (CH2)b-J , and

{\Nan
2/

10
)

—N-C(Rg} “N-W—

R‘T
—N— ngwaw

N
MV '-m
o .

R‘!O

]

3

., and

N—C(Rs)—m
I Raat

R1D
15 10 ;

Y, is selected from the group consisting of -O-, -S(Q)g2~, ~S(O)-N(Rg)-,

)
\

-N{R5)-Q-, -C(Rg}N{Rg}-, ~-O-C(Rs)-N(Rg)-, and Ry : 5

7 1s a bond or -0O-;
R is selected from the group consisting of hydrogen, C;.palkyl,
20 hydroxy-Cy.op alkylenyl, and alkoxy-Ca.o alkylenyl;
Ry is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylatkylenyl,
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((CH2)a T N-C(R6)-N A "(CH2)b Rio Rsb is selected from the group
consisting of: r(CH2)a 1 (C H2)a -N-C(R5) -N-S(0)2 -V-NA-N A R7J R7/
"(CH2b-J , and \- (CH2b 15 R6 is selected from the group consisting of =0
vandowisdeisis C2-7 alkylene; R3 is selected from the groupRec¥igEing061317
hydrogen, alkyl, alkoxyallcylenyl, hydroxyallcylenyl, arylallcylenyl, and
heteroarylallcylenyl; R9 is selected from the group consisting of hydrogen
&Flf}clﬁﬂgblﬁx%@&j@, @ﬁyﬁl@&ﬂﬁ(}dﬁt‘bﬁl‘yﬁ iaindhetid 2y elrd mma?nﬁe atkyCdlltenyl,
alkyl or R11 and,R12 tpgether wijth the nitrogen atom to which they are
AR %Y%‘sz%fé s ??ﬁ%’ éé‘?%%%fx”é%% zgﬁﬁ‘fn ?-’o-, ‘N(C14
aHyarol IS fedyisinalentadofpati i g el botsistingrol.-Gad @ (@ycyclyl groups
-S(0)o-2-, and.-N(R4);: g t J iSti -0
e RS R R e
fobra ormouT(Re)sting FejeiRB 1y SIim Wb e rdsigdkoxy, halogen,
T 5 N (RS W- a7 2 . Qmteroaryloxy,
@?@%ﬁﬁé?%%%?é%%?ﬁ%%g T A
hetgranylalvienrasy; bripresy R BygnY Kyl ApIddRiEted from the
@f&lﬂﬁ&ﬁﬁﬁjﬁﬁﬁ@ko@ym RS L HIRA) a1k L)y, mi\hiserocyclyl,
selected from the group consisting of a bond, -C(O)-, and -S(0)2-; and a
He b are independently integers from 1 to 6 with the proviso thata + b is
5 7. Ryik sxlecfedming teagtion e@istngnexpected, since the L group is
displaced without a strong electr%}_,\glthdrawing grouP% jacent the L
gﬂ&p_g.d nolhﬁr__ega@pdinler]t_, theré |S\Rr0\¢d§gr\ja:_vﬂet (&)*Wherein the
abpve hod (10 (jx) furthef c%ngri_se’sj: formmgar\ interme¢hate of
ForRyfa XI; EH Ry ~(CHzh (CHa—" | and

(CH,),
{\ N-C(R,) —r{ \A
2/ (CH,), —

10 .
s

Rsp is selected from the group consisting of:

(CH,), RN
—N—C(Ry) —N—S5(0), .—V“N/. A A

—N
A
( R'r/ ¢ R'fj , \(CHz)b‘// ,and ~ (CHo)y S
R is selected from the group consisting of =0 and =S5;
Ry is Cyy alkylene;

Ry is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl,

.
2

hydroxyalkylenyl, arylalkylenyl, and heteroarylalkylenyl;

Ry is selected from the group consisting of hydrogen and alkyl;

Ryo is Cag alkylene;

Ry and Ry, are independently Cy.4 alkyl or Ryy and Ry together with thc_: nitrogen
atom to which they are attached form a 5- or 6-membered ring optionally containing -O-,
—N(C, .4 alkyl)-, or -5-;

A is selected from the group consisting of -O-, -C(0)-, ~S(O)g2-, and ~N(R4)-;

A is selected from the group consisting of -O-, -S(O)g.2-, -N(-Q-Ry)-, and -CHa~;

Q is selected from the group consisting of a bond, -C(Re)-, -C(Re)-C(Re)-, -S(O)z-,

16



N NyN'R, I,BL RRAXI after reacting the compound of Formula VIl
with an amine of the formula R1NH2. 15 In another embodiment, there is
provided a method (xi) wherein the intermediate of Formula XI in method
wWy)8hmmdssisolated after reacting the compound of Formula@OuyiSaitle/eat3i7
amine of the formula R1INH2. In other embodiments, there is provided a
method (xii) or (xiii) wherein the above method (ix) or (x), respectively,

R e e Ty arat af the 4 posOn oL -
- converting the hydroxy gr e 4-pasitio
group Vasdelesieitty e sk §P6‘ﬁﬁ§t§igtﬁgj§%6% i‘ti"c(:):}" Q/\%ﬁs& r%ﬁﬁl%ﬁ%é{g{ grend
iefarmula 25 H-C(O)-N(Ri 1)R12 to provide a compound of Formula
VIII. 17,WO 2007/035935 PCT/US2006/03731 ofl T iments -
there € EYEURIAH AT REA TR S Moty T oo o POl
5 VIl inthis akiestedriethable(siiuprdxiiistres pbe theat;, 4(BHoyvindd-Stfthownd
being isolated pri ' | iResaf inade | :0Re
b B e
compdlitdiog thecroeraet s iE Ao NneRecRifRingete Jpgroup is displaced
without a strong electron withdrawing group adjacent the L group.
In another embodiment, there is provided a method (x) wherein the above method
10 (ix) further comprises:

forming an intermediate of Formula XI:

. E H
S Notag
Ry 7L
Ra
XI
after reacting the compound of Formula VIII with an amine of the formula RyNH;.
15 In another embodiment, there is provided a method (xi) wherein the intermediate
of Formula XI in method (x) above is isolated after reacting the compound of Formula
VTII with an amine of the formula RyNH,.
In other embodiments, there is provided a methoed (xii) or (xiii) wherein the above
method (ix) or (x), respectively, further comprises: '
20 providing a2 compound of the Formula VI: '

E

N~ NH,

L

Ry OH
Ry
VI
converting the hydroxy group at the 4-position to an L group,
and reacting the amino group at the 3-position with a formamide of the formula

25 H-C(0)-N(R; )R to provide a compound of Formula VHI.

17
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RA Xl and forming a 1H-imidazo[4,5-c]pyridine or analog thereof of the
Formulal: EN~-Rz NRB N B\ RARi 10 1 or a pharmaceutically
acceptable salt thereof, wherein: E is selected from the group consisting
voh hystregess fluoro, chloro, bromo, iodo, hydroxy, phenoxy,rOrSER)/B7317
and -N(Bn)2, wherein R' is selected from the group 15 consisting of alkyl,
haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and Bn is

selecte SN 6 HEAHACARSISENG 08 RENZ HheRibAFIIO MR F W herein the
p-methylbenzyl, and 2-furanylmethyl; or E is joined with t e.a(%jgacent

GopRAEE A Baamui O IGR e ARTIER T RO P e R Tab S AR ided
Singon FampwWamtAd ane d HeddiNaNelth M AnNdY ¢ tNeRoMobigNREL2 RB N
RS L 20 RA Nj and RA J-i XllII; 182\9/% 200%)1@%5S::i;’f’ﬁmt includes:

PCT/UB 980679375157 M8 LN FORTIRE Y5t (oH<StiRG of fluoro,
st pramapinad ofhierBxynda®iO-S(0)2-R', wherein R' is selected
from the group consisting of alkyl, haloalkyl, and aryl optionally

substituted by alkyl, halo, or nitro; RA ‘aHd R;@ are independently selected
from the group consisting of: 5 Rydrogenialogen, alkyl,
o

RB
Ra
X1
and forming a 1H-imidazof4,5-c]pyridine or analog thereof of the Formula I:
E .
U=
R Y N
Ry ™
I

or a pharmaceutically acceptable salt thereof;

wherein:
E is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo,

hydroxy, phenoxy, -0-S(O)-R', and -N(Bn),, wherein R’ is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, balo, or nitro, and
Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or '

E is joined with the adjacent pyridine nitrogen atom of Formulas I and X1 to form

the fused fetrazolo ring in Formulas I-1 and XIII:
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alkenyl, alkoxy, 10 alkylthio, and -N(R9)2; or RA and RB taken together
form a fused benzene ring or a fused pyridine ring wherein the benzene
ring or pyridine ring is unsubstituted or substituted by one R group, or

Voo bskteekby one R3 group, or substituted by one R group pogonecsds7317
group; 15 or RA and RB taken together form a fused 5 to 7 membered

saturated ring optionally containing one nitrogen atom, wherein the fused

ring ismsgég%féée&%Qrmégpam@gmm%e@mrdma%&r@fb%,Fﬁ)iﬁj, phenoxy,
selected from the group con&sﬂ;@gﬁof: alogen, 20 hydrox alkyl,

i eRyH RatBAPErainB, i eind et it ouR geasting o5 dkrbdidlgairh and
dhe RsisHngealby RRyvE Kol or3@raX-Y-R4, -X-Y-X-Y-Ra, -X-RS,
19 WQ 20071035935 PC%%E?ZO 6/0 ?&317 N% -Q-Rg, , :
NR1FoeAamz mAtpondaaily. selased 8 b, P8 selected
from the grodpdeegsisting of: -Z-R4, -Z-X-R4,

halogen,

alkyi,

alkenyl,

alkoxy,

alkylthio, and

-N{Ro);

" or Ra and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one R; group, or substituted by one R group and one R3 group;

or R4 and Ry taken together form a fused 5 to 7 membered saturated ring
optionally containing one nitrogen atom, wherein the fused ring is unsubstituted or
substituted by one or more R groups;
R is selected from the group consisting of:
halogen,
hydroxy,
alkyl,
alkenyl,
haloalkyl,
alkoxy, '
alkylthio, and
-N(Ro)z;
R is selected from the group consisting of;
R,
~X-Rs,
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-Z-X-Y-R4, -Z-X-Y-X-Y-R4, and 10 Z-X-RS; X is selected from the group
consisting of alkylene, alkenylene, alkynylene, arylene, heteroarylene,
and heterocyclylene wherein the alkylene, alkenylene, and alicynylene
Wnrpseambe optionally interrupted or terminated by arylenegt/us2006/037317
heteroarylene or heterocyclylene and optionally interrupted by one or
more--O- groups 15 X1 is C2.20 alkylene; Y is selected from the group
consisting of; N @% -S(0)2-N(R8)-, 20 -C(R6)-, -O-C(R6)-,
-O-C(0)-0-, -NéRs -O C(R6) N(Rs)-, 25 -C(R6)-N(OR9)-,
-O-N(Rs)-Q-, 145{4 a@( N-O-R$)-, -CH(-N(-O-R8)-Q-R4)-, NQ-
30 R10 20 WR@Q3085335 PCT/US2006/037317 -N-C(R6 -W " R,) -N-
R77Q N C(R6)- Rio Rio Rio 5 Y1 is selected from the group

Rio a
conasﬁﬁé%?"%‘)ge%m)o 2-,-S(0)2-N(R5)-,

Rz is selected from the group consisting of:

~Z~Ra4,

-Z-X-Ry,

~Z~-X-Y-Ra,

LKoY XY -Ra, and
~Z-X-Rs;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or
heterocyclylene and optionally interrupted by one or more-O- groups;

X, is Copgalkylene;

Y is selected from the group consisting of:

-O-,
SOz
-SO)R-NRs)-
-CRs)-
-O-C(Re)-,
-0-C(0)-0-,
-N(Rs)-Q-,
-0-C(Rg)-N(Rg)-,
- -C(Rg)-N(ORy)-,
-O-N(Rg)-Q-,
~O-N=C(Ra)-,
-C(=N-0O-Rg)-,
-CH(-N(-0-Rg)-Q-R4)-,

{\N@—
4

10

20
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-V-N /-N(R8)-Q-, -C(R5)-N(R8)-, -0-C(R6)-N(R8)-, and R'0 Z is a bond or
-0-; Rt' is selected from the group consisting of hydrogen, C1-20 alkyl,
hydroxy-C2.20 alkylenyl, and alkoxy-C2.20 alkylenyl; 10 R4 is selected

Wormthesesp consisting of hydrogen, alkyl, alkenyl, alkynylpa®yiisaoos/037317
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylallcylenyl, heteroaryloxyallcylenyl, alkylheteroarylenyl, and
heterocyclyl whayeiyhe rpliyd-alkenyl, allcynyl, aryl, arylalkylenyl,
aryloxyalkylenyl;\allcylarylenyl, heteroaryl, heteroarylallcylenyl,
heteroaryloxyallcylefyl; alkylheteroarylenyl, and heterocyclyl groups 15
can be unsubs_t_th_edRo,r_ _%s_ti_tuted by one or more substituents
independently s Iecteiﬁém the group consisting of alkyl, alkoxy,
hydroxyalkyl, haloallgy}l-haloalkoxy, halogen, nitro, hydroxy, mercapto,
cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,
heteroarylalkyleneoxy, haterocyclyl, amino, alkylamino, dialkylamino,
(diallcylamino)atkyl&neoxy; and in the case of allcyl, alkenyl, alkynyl, and
heterocyclyl, 20 oxo} R&is selggted from the group consisting of: 21 WO
2007/035935 PCT/US2006/037317 ((CHz)a~ /r(CHz)a -N-C(R6)

'N-S(0)2 -V' N A=0=N== R7J R7/ ~(SH2)b ‘(CHz)b and y ((CH2)e -1
N-C(R6)-N A ‘@ 979 RYb is Selected from the group consisting of:
(-(CH2)a (CH2)arMC(R6) -N-S(6}2 -V-N A -N /A R7J R7 \(CH2)b and
(CH2)a/. 5 R6 is selected from the group consisting of =0 and =S; R7 is
C2_7 akydenkerRBiismaleckes)fromsisengroyDeossBling dysragan,

alkyl, alkoxyalkylenyl,
_V—ﬂ
\

-NRg}Q-, -C(Re)-N(Rg)-, -.OIHC(Rg)wN(Rg).«, and Rie .

Z is a bond or -O-;

Ry is selected from the group consisting of hydrogen, Ci.pp alkyl,
hydroxy-Cy.ap alkylenyl, and alkoxy-Cp.ap alkylenyl; ‘ |

R, is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkyienyl,
heteroaryloxyallylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl,
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups
can be unsubstituted or substituted by one or more substituents independently selected
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,
nitro, hydroxy, mercapto, cyano, aryi, aryloxy, arylaikyleneoxy, heteroaryl, heteroaryloxy,
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamine, dialkylamino,
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,
0X0;

Rs is selected from the group consisting of:

21



hydroxyallcylenyl,arylalkylenyl,and heteroarylalkylenyl; R9 is selected from
the group consisting of hydrogen and alkyl; 10 Rto is C3-8 allcylene; A is
selected from the group consisting of -0-, -C(O)-, -S(0)a_2-, and -N(R4)-;
wWwigaelested from the group consisting of -0-, -S(0)0-2-, -N(-€cRé¥20ae1057317
-CH2-; Q is selected from the group consisting of a bond, -C(R6)-,
-C(R6)-C(R6)-, -S(0)2-, C(R6)-N(Rs)-W-, -S(0)2-N(R8)-, -C(R6)-0-,
-C(R6)-S-, and -C(R6)-N(OR9)-; 1cHy,,is selected fromdie group
C.omsis@(p?)of‘@(R@co}zo-C_Z(VR@ (,-N(R8 AC(R@améq-S(O 24 Vis
se[gcte/d rom the, group consis l@&ﬁf -@C(RG)-, Ntaf%g -C(R6)-, and
-S(O'ﬁ?-; W, is seletted from the g ow&bconsisting of T -C(@)4d, and
-S(0)2-; and a and RJW independently integers from | to 6 with the

previs l\}ha@ + B is < *"J0 This ring forming reaction is also unexpected,
since t? L gféup\is displaged without a strong electron withdrawing
grouf,adjacent thécfgd?’o p..In another embodiment, there is provided a

a comounerisriarion el a0 om0ty 1035935

PCT/US2006/037317 E N NH2 cuRB OH RA V]egakgrting the hydroxy

aroup e 4-Rosifey),to _a_r{/gigﬁ upt“and reacting the amino yroup at the
)

3-position with & fopmamide of the form 5 H-C(Q)-NH(R1) to provide a
colgn und of F%ﬁn&a XI. In an&ﬁéﬁbef%amment%e%ﬂﬁgpr/okvided a
methad ( vii%v%n}\(/aﬁein the com %ursméﬁof Fou %I?dxmlsin the above method
(xvii) i ovideq withodt b |ﬁ‘§j‘i)go?a{ed1%nor to formihg a compound of
Formaik (h-othgteembodiments, there is provided a method (xix), (xx),

00d), G Gl W Reebeeabesmelad Gl gy b
(xv), (%\5#5{%%%&%&Sﬁ%ﬁ%ﬁ%ﬁ\:%iseslpgovid?ng a cém;?gund 0 thlgy o
hrdrenypdkyienyl, arylalkylenyl, and heteroarylalkylenyl;

Ry is selected from the group consisting of hydrogen and alkyl;

method (xvii) wherein the adove method (xvi) further comprises: providing

Ryg is Csg alkylene;

A is selected from the group consisting of -O-, -C(O)-, -S(0)o2-, and ~N(R4)~;

A' is selected from the group consisting of -O-, -S{(0)g.2-, -N(-Q-R4)-, and -CHy-;

Q is selected from the group consisting of a bond, -C(Rg)-, ~C(Rg)-C(Re)-, -S(O)2-,
~C(Rg)-N(Rs)-W-, -S(0)2-N(Rg)-, -C(Re)-O-, -C(Rg)-8-, and -C(Rg)-N(ORg)-;

V is selected from the group consisting of -C(Rg)-, ~O-C(Rg)-, -N(Rg)-C(R¢)-, and
~8(0)z;

V' is selected from the group consisting of ~O-C(Rg)-, -N(Rg)-C(Re)-, and -5{O)-;

W is selected from the group consisting of a bond, ~C(0)-, and ~5(0),-; and

a and b are independently intégers from 1 to 6 with the proviso thata+bis <7.

This ring forming reaction is also unexpected, since the L group is displaced
without a strong electron withdrawing group adjacent the L group.

In another embodiment, there is provided a method (xvii) wherein the above
method (xvi) finther comprises: '

providing a compound of the Formula VI;
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E NNO2 RBiOHRA V and reducing the compound of Formula V to
provide a compound of Formula VI. 15 In other embodiments, there is
provided a method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1), (vii-1), (viii-1),
Wos-DofmRdagxi-1), (xii-1), (xiii-1), (xiv-1), (xv-1), (xvi-1),-(xvii- Adsfroubeblas7tr
(xix-1), (xx-"), (xxi-1), (xxii-1), (xxiii-l), or (xxiv-1) wherein the method (i),

(1), (i), (iv), (v), (vi), (vii), (viii), (ix), (x), (xi), (xii), (xiii), (xiv), (xv), (xvi),

- (xvii), (xviii), (xix), (xx), (xxi), (xxii), (ogii), or (xxiv), respectively, further

comprises the step 20 of convertin

of Formula Ito provide a compound

RAR1 X, 23 WO 2007/035935 P, /037317 ora

pharmaceutically acceptable salt tHerepf. In other embodiments, there is

provided a method (i-2), (ii-2), (iii-2), (IV22), (v-2), (Vi-2), (vii-2), (Viii-2),

(ix-2), (%-2), (xi-2), (xii-2), (Xiii-2), (Xiv-29s(Xv-2), (xvi-2), (xvii- 2), (xviii-2),

(Xix-2), (xx-2), (xxi-2), (xxii-2), (xxiii-2), or (xxiv-2) wherein E in the 5

PRBYRBEE D lyd1ox (iRreyp @1y, 4RagIHRA-D) 2 FPIRi-1), (ix-1), (X-1),

Ak Ladiiizlohe GMiinb) i 9 (X 4-bbs vl Wittt afidid E)heRsriduibx-1),
xxi-1), (xxii-1), (xxiii- 1), or (XXi\Cxéngci}S hydrogeni the compound of Formula
SR PER L PV PRI AIREBRIRTL 1.2, 10 and the step of

convetingdhehyabodemnio, driineogidudmnimstedomid widefFbhroutapbund

02f FMRIE ST in the above method (xvii) is provided without being isolated prior to

0 aggmino group in the compound
of the Férmula X: NH2 N, N -R2 Rs

forming a compound of Formula L.

In other embodiments, there is provided a method (xix), (xx), (xx1), (xxii), (xxiii),
or (xxiv) wherein the above method (xif), (xiii), (xiv), (xv), (Xvii), or (xviii) further
comprises providing a compound of the Formula V: '

E

Rg |/ OH
RA
V .

and reducing the compound of Formula V to provide a compound of Formula VL

In other embodiments, there is provided a method (i-1), (ii-1), (iii-1), (iv-1), (v-1),
(vi-1), (vii-1), (vili-1), (ix-1), (x-1), (xi-1), (xii-1), (xiii-1}, (xiv-1), (xv-i), (xvi-1), (xvii-
1), (xviii-1), (xix-1), (ex=1), (exd-1), (xxii-1), (xxiii-1), or (xxiv-1) wherein the method (i),
(i1), (iif), (iv), (¥), (vi), (vii), (vii), (ix), (%), (x1), (xif), (xiii), (x1v), (xv), (xvi), (xvii),
(xviiij, (xix), (xx), (exd), (xxii), (xxdif), or (xxiv), respectively, further comprises ﬂle step
of converting E to an amino group in the compound of Formula I to provide a compound

of the Formula X:
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oxidizing the compound of Formula 1-2 to provide a the 5N-oxide of
Formula XX: O. +~ N N-Rz RRAR, XX, 15 and aminating the
compound of Formula XX to provide the compound of Formula X, or a
wwhanpagssgically acceptable salt thereof. In other embodimentsythare 87317
provided a method (i-3), (ii-3), (iii-3), (iv-3), (v-3), (vi-3), (Vii-3), (Viii-3),
(Ix-3), (x-3), (xi-3), (xii-3), (xiii-3), (xiv-3), (xv-3), (xvi-3), (xvii- 3), (xviii-3),

(80 ru})aﬁﬁécatl@éﬁ lo3)b LHHER shipilieRbror (xxiv-3) wherein E in the 20
method (i-1), (ii-1); (iii-1), (iv-1), (v=I), (vi-1), (vii-1), (viii-1

IX
(xi-1), (iR eRrpasimpsnis. DETB- Rﬁ%&%\?ﬁf)m(%ﬁdig ANTE) ;é&b@}), %1 §v-2),
it e el bl
e rqm
@c&wg %%f %M{é’ré% 1%@?%” 8%1&? CEFSHbBERIAS Biike
fhﬁlﬁi@l(lﬂﬁ qﬁxnv)e'c&mmevlrlw @roy mml)anvambnargrdt)p(imae(mlmsp?ulr)d(mi-1),
0

ula 3 col p se |nat
gxr%l\n b rf’{fjlla 0?151 gnea%a utlcgﬂy accé"pq( TG
therebfx5-h mhed@gmdlﬁmyomér@f Boprovided thefetoda L4y, (ii-4),
(iii-4), (iv-4), (v-4), (vi-4), (vii-4), (viii- ('ﬁf 4), (x-4), (xi-4), (xii-4), (xiii-4),
(xiv-4), (xv-4), (xvi-4), (xvii- 4), (XV|W|-4) X|)9-A)R(xx4) (xxi-4), (xxii-4),
(xxiii-4), or (xxiv-4) wherein E ing ethod (i- 1) (>ii-1), (iii-1), (iv-1), (v-1),
(vi-1), (vii-1), (viii-1), (ix-1), (x-1), B(X| (xﬁRl) (xiii-1), (xiv-i), (xv-1),
(xvi-1), (xvii-1), (xviii-1), (xix-l), (xx-1), ’(XXI 1) (xxii-1), (xxiii 10 1), or
(xxiv-1) is hydroxy, the compound of Formula | is the Formula 1-4: OH R

N~RZ
andlﬁxe step of converting the hydrogen to an amino group in the compound of Formula I-

2 comprises:
oxidizing the compound of Formula I-2 to provide a the SN-oxide of Formula XX:

N
\>—R
RB N

and aminating the compound of Formula XX to provide the compound of Formula
X, or a pharmaceutically acceptable salt thereof. | _

In other embodiments, there is provided a method (1-3), (ii-3), ({ii-3), (iv-3), (v-3),
(vi-3), (vii-3), (viii-3), (ix-3), (x-3), (xi-3), (xii-3), (xiii-3), (iv-3), (xv-3), (xvi-3), (xvii-
3), (xviii-3), (xix-3), (xx-3), (xxi-3), (xxii;S), (xxiii-3), or (xxiv-3) wherein E in the
method (i-1), (ii-1), (iii-1), (v-1), (v-1), (vi-1), (vii-1}, {viii-1), (ix-1), (x-1), (xi-1), (xii-1),

(xiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1), (xx-1), (xxi-1), (xxii-1), (xxiii-

1), or (xxiv-1) is Hal, the compound of Formula I is the Formula I-3:

Hal

NS N\>_R
Re N

R, Ry

I-3

24
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B RAR1 1-4, and the step of converting the hydroxy group to an amino
group in the compound of Formula 1-4 comprises: 15 converting the
hydroxy group at the 4-position of Formula 1-4 to a halo group to provide

ueid or salt of Formula 1-3: Hal N N>-R2 RB ° RA Retiadswheoeiti7
Hal is fluoro, chloro, bromo, or iodo; and 20 aminating the compound of
Formula 1-3 to provide the compound of Formula X, or a

%ﬂh %%‘P&@%&%aﬁ'tém&ﬁpfad@tﬁ&% badisenisntgse dsoup ¢
prov et

d (1-5), (iI-5), |||q&';§wl(]g/) Sé( (v-5), (vi- 5) (vii-5), (VIII 5),
e PEFA B RAINE By campayed of
iRl QX @)X S IO o XU B P 049-&) ewhm@mztnﬁ @Reptable salt
methad (i-1), (ii-l), (ii-1), (iv-1), (v-1), (vi-1), (vii-1), (viii-1), (ix-1), (x-1),

6289% (xii-1), 25 WO 2007/035935 PCT/US2006/037317 (xiii-1), (xiv-1),

(xv-1), Ifxint): dobiocliiméxal 'ﬂie)re(iﬁ@fb)ndkﬁ“alﬁaf(m@ Axxii-1), @rie), B-0), (v-4),

h%v) B'IS hAd Xéﬁ ﬁh éaﬁ%%g st@pfi For rt|n Fﬁ ml‘iy grou th)é xvii-

ﬁh(amlné)g@ﬂuﬁilzn(mﬁdmd)n@m %oﬁqxui_a‘*lw @@mpﬁkwﬂwﬁdﬁnmﬁhg
gt o s bPyssEh e U (e

feiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1), (xx-1), (xxi-1), (xxn -1 Cxxul—
1), or (xxiv-1) is hydroxy, the compound of Formula I is the Formula I-4:

OH
N
N
! N\>“‘R'z
Rg \
Ra Ry
1-4,

and the step of converting the hydroxy group 1o an amino group in the compound of
Formula [-4 comprises: -
converting the hydroxy group at the 4-position of Formula I-4 to a halo group to

provide a compound or salt of Formula I-3:

Hal
NN
| \>—R2 '
N
Rg \
Ra R,
1-3

wherein Hal is fluoro, chloro, bromo, or iodo; and

aminating the compound of Formula I-3 to provide the compound of Formula X, or
a pharmaceutically acceptable salt thereof.

In other embodiments, there is provided a method (i-5), (ii-5), (iti-5), (v-3), (v-3),
(vi-5), (vii-5), (viii-5), (ix-5), (x-5), (xi-5), (xii-5), (xiii-5), (xiv-5), (xv-5), (xvi-5), (xvii-
5), (xviii-3), (xix-3), (xx-5), (xxi-5), (xxii-5), (xxiii-5), or (xxiv-5) wherein E in the

method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1), (vii-1), (viii-1), @x-1), (1), (xi-1), (xii-1),
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provide a compound of the Formula 1-5: OS(O)2R' N~-RZ Rs T N 10 RA
R' I-5 displacing the -O-S(0)2-R' group in Formula I-5 by an amino group
of the formula -N(Bn)2 to provide a compound of the Formula 1-6:
wildn&ifsR -R2BN. RAR, 15 1-6 removing the Bn profeelingeiuas:y
in Formula 1-6 to provide the compound of Formula X, or a
pharmaceutlcally acceptable salt thereof. In other embodiments, there is

EQV. (-6 liy Vi ( (Viiz8)( )i :
1115??%1%) q % ?};‘VG% g( %1;_162) QZ YJ()%-)P X\\(/%)@ QW I) (XXIIZ
(xvaii- @it ﬁ)hs(ﬁw@); (b@p@)l,pguncmf mezéy. IG$ x%érﬂem E in the
method (i-1), (ii-1), (iii-1), (iv-1), (v-1),dw-1), (vii-1), (VIII D, (ix-1), (x-1), (xi-1),
(xii-1), (xiii-1), (xiv-1), (xv-1), (xvi-1),}(xvilgl), (xviii-1), (xix-l), (xx-1), (xxi-1),
(xxii-1), (xxiii- 1), or (xxiv-1) is phefloxy| the-cgmpound of Formula I is the
Formula 1-7: 26 WO 2007/03593; 2006/037317 OPh NN N~R
Z RSRAR I-7, wherein Phis phe l, ar\ﬂ the step of converting the
phenoxy group to an amino group in fhe compound of Formula 1-7
comprlses aminating the compound of-Eormula 1-7 to 5 provide the
pound qf Formyla harmac utically. acceptabl aIt thereof. |
B T ek e e
Koerla(V4 Qoiaprigds:(viii-7), (ix-7), (x-7), (xi-7), (xii-7), (Xxiii-7), (xiv-7), (xv-7),

OVt el (Y o Gt oot K holtbit Wi oS

whereln
formula hal-~ S(0)2~R' wherein hal is chloro or bromo, or the formula O(-8(0);-R"), to

provide a compound of the Formula I-5:
OS(O),R'
NN
| P >R,
R’ N
B \
Ry Ry
I-5
displacing the -0-S(0),-R’ group in Formula I-5 by an amino group of the formula
-N(Bn); to provide a compound of the Formmula [-6:
N(Bnj,

I-6

removing the Bn protecting groups in Formula I-6 to provide the compound of
Formula X, or a pharmaceutically acceptable salt thereof.

In other embodiments, there is provided a method (i-6), (3i-6), (iii-6), (iv-6), (v-6),
(vi-6), (vii-6), (viii-6), (ix-6), (x-6), (xi-6), (xii-6), (xiii-6), (xiv-6), (xv-6), (xvi-6), (xvii-
6), (xviii-6), (xix-6), (xx-6), (xxi-6), (xxii-6), (xxiii-6}, or (xxiv-6) wherein E in the
method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1), (vii-1), (viii-1), (ix-1), (x-1), (xi-1), (xii-1),
(xiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1), (xx-1), (xxi-1), (xxii-1), (xxiii-

1), or (xxiv-1) is phenoxy, the compound of Formula I is the Formula I-7:
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method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1), (vii-1), (viii-1), (ix-1), (x-1),
(xi-1), (xii-1), 10 (xiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1),
(xx-1), (xxi-I), (xxii-i), (xxiii- 1), or (xxxiv-1) is -O-S(0)2-R’, the compound of
warpaskisshe Formula 1-5: OS(0)2R' N RZ R N RA Ri 1ppy/p8hdbes7317
step of converting the -O-S(0)2-R' group to an amino group in the
compound of 15 Formula I-5 comprises: displacing the -0-S(0)2-R' group
by an amino group of the formula -N{Bjn)2 to provide a compound of the
Formula 1-6: N(Bn)Z N~-RZ R N RARI -6 20 and removing the Bn
protecting groups in Formula 1-6 t ) idg_th@z compound of Formula X,
or a pharmaceutically acceptable reof. In other embodiments, there
is provided a method (i-8), (ii-8), ?iii-8 : (iv-\&)1, (v-8), (vi-8), (vii-8), (viii-8),
(Ix-8), (x-8), (xi-8), (xii-8), (xiil-8), (xiv-8), (xv-8), (xvi-8), (xvii- 27 WO
2007/035935 PCT/1JS2006/037317 8§)7 (xviii-8), (xix-8), (xx-8), (xxi-8),

(xxii-8), (xxiii-8), or (xxiv-8) wherein E in the method (_i-l ,gi-l), (iii-1), iv-12i ,
QREE R SEACEY B 1 63?1?)?%‘2911%5(91‘3%@85?%??’?&Iﬁf‘%}‘, &ﬁT‘%Qé%° P
_ﬁiy ledanfoaviid BY, Kuwtithilg 1(X %ﬂa}:r(mh)n(mmg Hpoavrhpopadinf B (i1
> g%g ggé%ﬁ%ﬁgﬁ%g %l;rgru é%ﬂ%ggegt%&?llgc%é% %II{EBS%.Z th'élreof.

In other embodiments, ther:a is provided a method (i-7), (i-7), (1-7), (iv-7), (v-7),
(vi-7), (vii-7), (vili-7), (@x-7), (x-7), (xi-7), (xii-7), (xiii-7), (xiv-7), (xv-7), (xvi-7), (xvii-
T, (xviii-7), (xix-7), (xx-7), (xxi-7), (xxii-7), (xxiii-7), or (xxiv-7) wherein E in the
method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1), (vii-1), {viii-1), (ix-1), (x-1), {xi-1), (di-1),
(xiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1), (xx-1), (exi-10), Goxii-1), (xxiii-
1), or (xxxiv-1) is -0-S(0),~R', the compound of Formula I is the Formula I-5:

OS(O},R"
N

| \>_R2
N )

==

Ra R,
15, .
and the step of converting the -O-S(0)-R' group to an amino group in the compound of
Formula I-5 comprises:
displacing the -O-S(0O)-R' group by an amino group of the formula
-N{Bu}); to provide a compound of the Formula I-6:
N(Bn},

I-6
and removing the Bn protecting groups in Formula I-6 to provide the compound of
Formula X, or a pharmaceutically acceptable salt thereof.
In other embodiments, there is provided a method (i-8), (ii-8), (iii-8), (iv-8), (v-8),
(vi-8), (vii-8), (viii-8), (ix-8), (x-8), (xi-8), (xii-8), (xiii-8), (xiv-8), (xv-8), (xvi-8), (xvii-
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and the step of converting the -N(Bn)2 group to an amino group in the
compound of Formula 1-6 comprises removing the Bn protecting groups
to provide the compound of Formula X, or a pharmaceutically acceptable
wpalbdimesents10 In other embodiments, there is provided a metreyds@etyn37317
(ii-9), (iii-9), (iv-9), (v-9), (vi-9), (vii-9), (viii-9), (ix-9), (x-9), (xi-9), (xii-9),
(xiii-9), (xiv-9), (xv-9), (xvi-9), (xvii- 9), (xviii-9), (xix-9), (xx-9), (xxi-9),
?%(ix)%?i@%i&ﬁ)a ,r((&&xgy,—%%ﬁ@ds%r@iﬁiﬁs)m @b@i)imgt&qsl(a(iivls) inddeidiE the)
iv-1), (v-1), (vi-1), (vii-1), (viii-1),_(ix-1), (X-1), (xi-1),. (xii-1), . (xiii-1), (xiv-1), ..
RO (kb 5 R R b G5 o et L o -1y b
oaXKiyEhvis Joiped Withithy AciAcENERIdN DIty gER-A)0(ref1Fqrmiig l@xii-
rm the. fused tetrazolg ring in Formula 1-1:'IN=N.. NJN N \ I N-RZ
R N R e SO et M
group in the compound of 20 Formulditicomprises the steps of: reacting
the compound of Formula I-1 with i Mlphosphine to provide a
compound of the Formula XXI: N=R(Phjs Nt~ RZ RNs' RARL 28
WO 2007/035935 PCTIUS2006/237317 XXI and hydrolyzing the
compound of Formula XXI to provideRhe c&mpound of Formula X, or a
pharmaceutically acceptable salt thereof In other embodiments, there is
provided a method (i-10), (ii-10), (iii-1GI),6(iv-10), 5 (v-10), (vi-l0), (vii-10),
i R0 )id¥oR B thY =3B XA (SN K i ApontdlED.
lg)é\z{};{l}ig)ﬁgx gg}g%rcggés()éle)igl%\%ﬁg()%é]]?%’p )gt(é_c%;?l)g’ 8%(1!1'15%93 b )ééyé_el‘t?l)e’ c%rmpound of
Formula X, ora phafmaceutically acceptable salt thereof, _
In other embodiments, there is provided a method (i-9), (ii-9), (i1i-9), (1v-9), (v-9),
(vi-9), (vii-9), (vili-9), (ix-9), (x-9), (xi-9), (xii-9), (xiii-9), (xiv-9), (xv-9), (xvi-9), (xvii-
9), (xviii-9), (xix-9), (xx-9), (xxi-9), (xxii-9), (xxiii-9), or (xxiv-9) wherein'E in the
method (i-1), (ii-1), (iii-1), (v-1), (v-1}, (vi-1), (vii-1), (viii-1), (ix-1), (x-1), (xi-1), (xii-1),
(xiii-1), (xiv-1), (xv-1), (xvi-1), (xvii-1), (xviii-1), (xix-1), (x-1), (xxi-1), Godi-1), (osiii-

1), or (xxiv-1) is joined with the adjacent pyridine nitrogen atom of Formula I to form the

fused tetrazolo ring in Formula [-1;

I-1,
and the step of converting the fused tetrazolo ring to an amino group in the compound of

Formula I-1 comprises the steps of?

reacting the compound of Formula I-1 with triphenylphosphine to provide a

compound of the Formula XXI:
N=P(Ph),

NN

[ \>_R2
N

Ry !

R, Ry
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(xxiv-10) wherein E in the method (i-1), (ii-1), (iii-1), (iv-1), (v-1), (vi-1),

(vii-1), (viii-1), (ix-1), (x-1), (xi-1), (xii-1), (xiii-1), (xiv-1), (xv-1), (xvi-1),
(xvii-1), (xviii-1), (xix-1), (xx- 1), (xxi-1), (xxii-1), (xxiii-1), or (xxiv-1) is
vooedwityihe adjacent pyridine nitrogen 10 atom of Formuladtwdsmmstives17
fused tetrazolo ring in Formula I-1: N-N /iN*1IN-RZ R N B RA R1 and
the step of converting the fused tetrazolo ring to an amino group in the
compound of Formula I-1 comprises tgIstep of: 15 reductively removing

the tet f th fF -1t d th
CompottiF RO 67 DA ThSEBL BT LBt e e o

&notivdr Kndna@nhaan&cﬂuﬁaawm:mptwm&eﬂmmﬁtermed|ate compound of -

Formuﬁ %er Bn'xbodn'nen{\| ?P%re (f (Er %Iug g’% ? 6§1??Eﬁd(w*10)

from the group consisting oro,

Mwlﬂﬁéd@uyiﬂbcs(@@mdﬁﬁ GN@Ih)@ilWﬁhl(émfF@)lmeféele@Wd@ (xv-
fﬂﬁ 9&99@0}0@;@&51'@59 Qalkth, Qﬁisequﬁytxmféﬁtxkp@wwa{ém iefbj%r |

[, halo, or nitro, and 25 BN Is selected from the group consis ing, of
B@%‘é;}l% RSERERG) e s PSR b SHz\M, Gird )-Aifird ﬂﬁwlbﬁﬁg WyEyiti-1),

2eag/ @3593@3§TM33QQ§1Q37&M1)E (sviQinegywit thaaniagent Dy (eing), (xx-

itr n.ato For U o form.the. fused tetrazolo ring in. Formula
{;{gz,e 1), {xxr% 5 (xx'itzl;—— fxva 1sr}ome<§ w(ljth t{]e a jacentgpyndma nitrogen

atom of Formula I to form the fused tetrazolo ring in Formula I-1:
Ny

I-1,
and the step of converting the fused tetrazolo 1ing to an amino group in the compound of
Formula I-1 comprises the step of:
reductively removing the tetrazolo ring from the compound of Formula I-1 to
provide the compound of Formula X, or a pharmaceutically acceptable salt thereof,
In another embodiment, the invention provides an intermediate compound of

Formula XI;

=

\ /™
z
¢
ZT

\R-'

£

X1
wherein: '

E is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo,
hydroxy, phenoxy, -0-8(0),-R', and -N(Bn),, wherein R' is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and
Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or
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N-N \H N. N NON-RI RL RAXIII; 5L is selected from the group
consisting of fluoro, chloro, bromo, iodo, phenoxy, and -O-S(0)2-R’,
wherein R' is selected from the group consisting of alkyl, haloallcyl, and

vaycaptigsadly substituted by allcyl, halo, or nitro; RA and RB-@rais2606/037317

independently selected from the group consisting of. hydrogen, 10
halogen, alkyl, alkenyl, alkoxy, alkylthio, and 15 -N(R9)2; or RA and RB
taken tpaether form, afise sl PRNARNEERGBE & RO YIRNG RO1BeRaIR
the benzene ring or pyridine rlng is unsubstituted or substituted by one R

GrsdgersrdosingiadByenE®RS group, or substituted by one R group and
one R3 group; or RA and RB takeﬂ together form a fused 5to 7
membered saturated ring 20 chtlo Ily on%\lrﬂng one nitrogen atom,
wherein the fused ring is unsubs tutgl or SSubstituted by one or more R
groups; R is selected from the nsisting of: halogen, hydroxy, 25
allcyl, alkenyl, haloalkyl, alkoxy, AIcylthlo and 30 WO 2007/035935
PCT/US2006/037317 N(R9)2;

X1,

L is selected from the group consisting of fluoro, chloro, bromo, iodo, phenoxy,
and -0-8(0),-R', wherein R' is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nitro;

| R4 and Rp are independently selected from the group consisting oft
hydrogen,
halogen,
alkyl,
alkenyl,
alkoxy,
alkylthio, and
-N{Ro); .

or R, and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one R3 group, or substituted by one R group and one Ry group;

or Ry and Rp taken together form a fused 5 to 7 membered saturated ring
optionally containing one nitrogen atom, wherein the fused ring is unsubstituted or
substituted by one or more R groups; '

R is selected from the group consisting of:

halogen,
hydroxy,
alkyl,
alkenyl,
haloalkyl,
alkoxy,
alkylthio, and
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R, is selected from the group consisting of: -R4, -X-R4, 5 -X-Y-R4,
-X-Y-X-Y-R4, -X-Rs, -N(R1)-Q-R4, -N(R1)-Xj-Y1-R4:, and 10
-N(R1"-Xj-R5b; R3 is selected from the group consisting of: -Z-R4,
wé 263595 X-Y 15 -Z-X-Y-X-Y-R4, and -Z-X-RS; X is selaatedfronsthesi7

group consisting of alkylene, allcenylene, allcynylene, arylene,
heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and
alkynylene IIRKRS AN be optionally interrupted or terminated by arylene,
heteroarylene or heterocyclylene and optionally interrupted by one or
more -B+ Brélpsdeddrogndhe SHOHIKGRRSITNES selected from the group
consisting of .g0-, -S(0)0-2-, 25 -S(0)2-N(R8)-, -C(R6)-, -O-C(R®6)-,
-O-C(0)-0O-, N(Rs)-Q-, 30 -O-C(R6)-N(R8)-, -C(R6)-N(OR9)-,
-O-N(R8)-Q-,')§‘_’LRWO 2007/035935 PCT/US2006/037317 -O-N=C(R4)-,

-X-Y-Rq,

“X-Y-X-Y-Ra,

"X"R5>

“NR1)»-Q-Ra,

~N(R1’)-X]-Y;-R4, and

~N(R; )X 1-Rsps

R; is selected from the group consisting of:

“Z"Rfl»: .

-Z-X-Ra,

L X-Y-Ra,

-Z-X-Y-X-Y-Ry, and

-Z-X-Rs; )

X is selected from the group consisting of alkylene, alkenylene, alkynylene,
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or
heterocyclylene and optionaily interrupted by one or more -O- groups;

X is Cogpalkylene;

Y is selected from the group consisting of:

-O-,

-5(O)oa,
-S(0)2-N(Rg)-,
~C(Re)-,
"O"C(Rﬁ}"s
-0-C(0)-0-,
-N(Rs)-Q-,
~0-C{Rs)-N(Rg)-,
-C(Rs)-N(ORo)-,
-O-N(Rs)-Q-,
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-C(=N-O-Rs)-, -CH(-N(-O-R8)-Q-R4)-, -CN-Q- Ro~ -N_C(Rs) -M-W- 5 Rr
R7 -V'-N Rio and N C(Ro) Rio Rio Y1 is selected from the group

~ consisting of -0-, -S(0)0_2-, -S(0)2-N(Rs)-, 10 -N(R$)-Q-, -C(RS)-N(Rg)-,

wOHdREakMNERS)-, and Rio Z is a bond or -0-; R1' is selecteddtamu$heis/e37317
group consisting of hydrogen, Cl-20 alkyl, hydroxy-C2.20 alkylenyl, and
alkoxy-C2.20 alkylenyl; R4 is selected from the group consisting of
hydrogen, alky @@mqhalkynyl, aryl, 15 arylalkylenyl, aryloxyallylenyl,
alkylarylenyl, heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl,
alkylheteroarg%ﬁkf:fl‘, )heterocyclyl wherein the alkyl, alkenyl, alkynyl,
aryl, arylalkylenyt.1xdoryplticdenyl, alkylarylenyl, heteroaryl,

heteroarylallcylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl,and
heterocyclyl grgups gam-be unsubstituted or substituted by one or more

substituents independently selected 20 from the group consisting of allcyl,
alkoxy, hydroxyall&yl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy,

mercapto, cya_n%,_%@é) laxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,
heteroarylallcylepeoxy, Reterocyclyl, amino, alkylamino, dialkylamino, 32
WO 2007/03593 EﬁKZOOG/OS?Sl? (dialkylamino)alkyleneoxy, and in
the case of alkyl, allcenyl, alkynyl, and heterocyclyl, oxo; R5 is selected
from the group" 'ﬁs%‘tzr}_&:_((CHZ)w (CH2L -N-C(R5) -N-S(0)2 -V'-N A
-O-N- A, R7 Rr~ Iﬁy (CH2)b-~ and

Y

R , and

wom )
A(R_\/ k R?D

10 .
>

Y; is selected from the group consisting of -O-, -S(O)p.2-, -S(0)2-NRs)-,

mvwm- il

‘ .
N(Rg)-Q-, -C(R)-NRg)-, -0-C(Re)-N(Rs)-, and Ro

Z is a bond or ~C-;

R;' is selected from the group consisting of hydrogen, Cyppalkyl, |
hydroxy-Ca.z0 alkylenyl, and alkoxy-Cap alkylenyl; '

Ry is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,
heteroaryloxyalkylenyl, atkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl,
aikynjd, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkyleny], heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups
can be unsubstituted or substituted by one or more substituents independently selected
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,
heteroarylalkylencoxy, heterocyclyl, amino, atkylamino, dialkylamino,
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r(CH2L N-C(R6)-N A "(CH2)b 5 Rio R5b is selected from the group
consisting of: 1(CH2)81 (CH2)a -N-C(R5) -N-S(0)2 -V-N A-N A R2J R7~
(CHA--/I , and \ (CH2b R6 is selected from the group consisting of =0 and
wooRd:842.7 alkylene; 10 R8 is selected from the group carsisiingees73t7
hydrogen, alkyl, alkoxyalkylenyl, hydroxyalkylenyl, arylallcylenyl, and
heteroarylalkylenyl R9 is selected from the group consisting of hydrogen

g in AR 8538 ki g Ads selaried: ey thalgrsunc@ Rsisting i,
-.0-, -C(0)-, -S(O)o _ 2 ‘and N(R4)-; 15 A'is selected from the group

@hsisting of -0-, -S(O)o 2-, -N(-Q-R4)-, and -CH2-; Q is selected from the
group RoRSiSB@Ofrab anderdafROIsisE{RE}-C(R6)-, -S(0)2-,
-C(R6) N(Rg) -W-, -S(0)2-N(Rg)- &QR6) -0-, -C(R6)-S- %g
@6& R_) Vé?gelected fom tﬁ% roup cop s_sfh ? 2§ (R6)-,
I{S) %) a\ﬁcTNS(O -, 20 Vis sele«ited fromAhe group

con% ing of -O-6G¢R6)-, ,-N(R8)- )t» and -S(0)2-; (Wdhsélec@q from
the group con5|st|n a bond, -C(O)-, and -S(0)2-; and a and b are

dent |nt 6h§1 1 to 6 with the proviso thata + b is:S7; ora

rm Iy \ cceptabl% salt thereof. For certain embodiments, '

in¢lygd any one tttbe atfove embodiments, R1is 25 selected from the
group conS|st|ng of -R4, -X-R4, -X-Y-R4, -X-Y-X-Y-R4, -X-R5,
-N(RI'RQ iR <1 M:éR T pnX ThY Fritd, andisit(BRyf-X7-R5b 33 WO 2007/035935
PCT/US2006/037317 For certain embodiments, incl EE any one of the
above embodlle %I IS sele;zfé rbm\the groug'consis Stinghof -R4,

-XWM -YRY Bnd -X-R3 For celain embo)dﬁents,
mczhm;f{g any on&of the above mbg,dﬁ enis R, is = Whak-%-R4. For
certain of these embodiments, -R4 is selected from the group consisting of
5 2-mBeigiriepir Eamydbs,aonrmsensiiprg Y= 2dimsthyl-4-oxopentyl,
and (]R7 is Cz.7 alkylene;
- Ry is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl,
hydroxyalkylenyl, arylalkylenyl, and heteroarylalkylenyl;
Rg is selected from the group consisting of hydrogen and alkyl;
Ryo is Cs.g alkylene; |
A is selected from the group consisting of -O-, -C(O)-, -S(O)¢-2-, and —-N(Ra4)-;
A'is selected from the group comsisting of -O-, ~S(O)o.2-, “N(-Q-R4)-, and ~CHa-;
Qis selected from the group consisting of a bond, -C(R¢)-, -C(Re)-C{Re)-, ~S(O)a-,
-C(Rg)-N(Rs)-W-, ~S(0)2-N(Rs)-, -C(Rg)-O-, -C(Rg)-S-, and -C(Rg)-N(ORo)-;
V is selected from the group consisting of -C(Rg)-, -O-C{Rs)-, -N(Rg)-C(Rg)-, and
-S(0)2-;
V' is selected from the group consisting of -O-C(Rg)-, -N(Rg)-C(Rg)-, and -S(O)-;
W is selected from the group consisting of a bond, -C(Q)-, and ~S(0),-; and
aand b are independently integers from 1 to 6 with the proviso thata+bis<7;
or a pharmaceutically acceptable salt thereof.
For certain embodiments, including any one of the above embodiments, Ry is
selected from the group consisting of -Ry, -X-Ry, -X-Y-Ry, -X-Y-X-Y-Ra, ~X-Rs,
-NR;"Y)-Q-Ra, -N(R)-X1-Y1-Ry, and -N(R;)-X1-Rsp.

33



10

15

20

25

30

hydroxycyclobutyl)methyl, For certain of these embodiments, Rl is -R4,
and -R4 is 2- methyipropyl or 2-hydroxy-2-methylpropyl. For certain of
these embodiments, R1 is -R4, and -R4 is 2-methylpropyl. Alternatively,

wianeenarsaf these embodiments, Riis -X-R4, and -X-R4 isSPCE/US2006/037317

2,2-dimethyl-3-(2-methyl-1,3-dioxolan-2-yl)propyl. 10 For certain
embodiments, including any one of the above embodiments except for
emboct*m%ai&m%&h&%%ru&ingéﬂﬂs oX - BobvE emberiaionnd, tRese

e KA SN
ConsIsﬂﬂgceﬁ&ﬂﬁfﬂmdﬁuﬁmﬂweth&bgan}eihyleﬂhe above embmdmems Ryis-Ry
%nggw?lfon {jo%lm%g%y '%&'fg'gé’ %W%Hﬂz@%&p consisting of

t certain embodiments, inCluding

WW@MehMW&MME&%@IW*WW@F@:%@Ké R1is
h ox%ﬁo& met%ﬂ R iSeitiRor Q- CoRAmRLIRE 38 i 0RQOiants 2-

-X-R57is 4 holin-4-ylcarbonyl)amino]butyl. For certain embodlments

m@@dmgpahyfé’n@éﬁtﬁé%mﬁ@wmﬁﬁuﬁ@ﬂ%@%&@fﬁhﬁ{s orpheHBRITENtS “Re
Where R i8Ry tptoBh, -Xi¥riively, YoKo¥itha @hhesRmislimea ®el -X-Rq,

from group consisting of -N Q-R4, -N(RIN-Xi-YI-R4, and
ﬁ)&l‘ﬁsﬁ%%‘&% Qé]?ﬁggi'?r? ﬁ’@?@@?ﬁ&’aﬁﬂsne of the above
embOd‘m%@f&Mﬁb@iﬁﬁeﬁm bﬁn:llmmgtmlwbeeeaﬂﬁﬂﬂﬂwdmgbcfdlﬁm except for
{F d from the roup%{ion }?éf R% Y&I“ ?%Rﬁf, s@%ﬁ?od%ﬁents
the a

Wﬁﬁs WrﬁBle ents, INCliu ny one o ove em odlments
:éxsémmkymmcadmémss@m)af@xe%m@be@ -Rvigerain pHihesptaimbofigmenis,
0t f 1-2-
R i TS L S

&mhymfnwlhnuwwwyﬂf@ﬂfeévﬂam%?‘?ﬁ%é%ﬁ‘%@&ﬁ*ﬁféﬂfgnﬁ?

from the group consisting of hydrogen, methyl, ethyl, and

ethoxy hyI For 30 certain embodiments, R droge
2007/&%98%%%@6%%%‘1@“&8%8&%& ‘g\%g‘bd ?n%%‘?gd n&‘l%g% fegept for

afiodigeafdhhabydeRYCHRERISRA-RAFRE aXeRgadhrindegernd sy

ed fro r t| hydr alkyl, alkenyl,
éﬂg) %}n a&ﬂ%@f %g'ufrgﬂﬁ % Ca% t%gﬁl 19§pther form a fused
benzeRerriagadn mibsédlpwmm@umwmfeﬂf thresbeyizenbadigaats except for
FlieCRHORRSUR L9 R, S Rkby 809 JIERUR. T 1y isitdless

y one R3 group, or su by one group and one R3 roup; or RA

fipie) TR SeoReDEBGISHRG FOTH B S Qe By mé]mﬁer%ﬁ P s

For certain embodiments, including any one of the above embodzments except for
embodiments where R, is hydrogen, Ry is selected from the group éonsisting of -R4,
-X-Ry, -X-Y-Rs, and -X-Rs.

For certain embodiments, including any one of the above embodiments except for
embodiments where excluded, R, is -R4. For certain of these embodiments, R, is selected
from the group consisting of hydrogen, methyl, ethyl, propyl, butyl, 2-methoxyethyl, 2-
hydroxyethyl, ethoxymethyl, and hydroxymethyl. For certain of these embodiments, R is
selected from the group consisting of hydrogen, methyl, ethyl, and ethoxymethyl. For

certain embodiments, Rs is hydrogen.
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optionally containing one nitrogen atom, wherein the fused ring is
unsubstituted or substituted by one or more R groups. 10 For certain
embodiments, including any one of the above embodiments, RA and RB

vege®aobsisgdependently selected from the group consisting afdTytsegens 7317
halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2. For certain of these
embodiments, RA and RB are each methyl. For certain embodiments,

including @éﬁéﬂr@n%m@@@m:mh@d}maﬁbsdﬂhﬁr%% chibameh B tRkemd Ry
together can form a fused nzeé%e rlng%RA and RB en tog er forarﬂﬁ

HyseABASRRE T SRR Be 2 RTR ARG e ogen,
gﬁh&)@mumpyam&tﬁo SN @5 sy bstituted by one R3 group, or

substitu r one R For. certai ese,.
embodi én g saﬁegto %%rr%?%lrjn% a%%gzls MatRoXy q:ulste&%yldme ring
oyl dnwbﬁmmertagnoﬁth@é@ embisdinsebstiuted mgetlstxem@he cmdilsroup,
qﬁ%gﬁéﬁtﬁf‘eﬁ B e A s S e%gts}yala%@@“@goa

roxy an oMo, te f

natively, for certain of these embodiments, the

fused cne?caerxfbﬁm@ligrs@agﬂm@aw Sired3tgromsmbersreirRasd ring
haKy s ISR oA DBOZUONNT ALeRTRInEMRAdINER SRR AL R

taken ether form a fused benzene ring wherein the benzene ring is
SBP%HB Y er e & PiSodiments, including any one of the above
embodirestsivhare Aets anthRBtakeontogtthesicas farbodifiesadR 4 and Ry

ridi ether form, fus r|d in
A R S ST G P e R 1 LA B
‘ a@wuqb,, Dkoyh stitpttdobyndndIR3)gréopsotasy bémhatedrblwdneeﬁtsg et are
;%1 youp; and wherein the fused pyridine ring is ~N wherein the
|gﬁlll ed bond indicates the position where the ring is fused. For 30

certaificsoatase SO UMTBH EICR{NERFOEL S e AhovasT Rdimens thBsiE Ra

' aB@R Qﬁeﬂo%ﬂ%!‘oﬁ% ardainRfdnese embadimenikelle Jusefform a

yridine ring is substituted by one 35 WO 2007/035935
ERESROBIE YR P IRIG R LE BRI HRTHOMNGO ApsebridiERA fopne R
M%ﬁﬁfﬁitﬁt@@@ HMtarnativglyofenbeefiaia Bf thege g,&BﬂpQﬁimwﬁth tgreup

used ridine rin bstltu d ne R3,grou reln R3 is me
Bﬁg % glﬂbé oxy @Fscégrtlgﬁggmﬁ%aﬁrt%nsg I?Q‘}Q ds Iﬁﬁ aVéR em;{y or
b&mgglkhe,r fBomcerfeised thesed mebddgpeiertin fivediserepy ridini sistgtisted by one

R SUed S ARG e RGN TG il NEFEI,

s'the position w e ring Is fused.
certa:tn of these embod;ments the fused benzene ring is substtmted by one Rj group

 wherein Rj is methoxy, phenoxy, or benzyloxy. For certain embodiments, R, and Rp

taken together form a fused benzene ring wherein the benzene ring is unsubstituted.

For certain embodiments, including any one of the above embodiments where R
and Rp taken together can form a fused pyridine ring, Ry and Ry taken together form a
fused pyridine ring wherein the fused pyridine ring is unsubstituted or substituted by one
R group, or substituted by one Rs group, or substituted by one R group and one Rz group;

and wherein the fused pyridine ring is

O

=N , ..

, wherein the highlighted bond indicates the position where the ring is fused. For
certain of these embodiments, R is hydroxy or bromo, and Rz is methoxy, phenoxy, or

benzyloxy. For certain of these embodiments, the fused pyridine ring is substituted by one
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For certain embodiments, including any one of the above embodiments
where RA and RB taken together can form a fused 5 to 7 membered
saturated ring, RA and RB taken together form a fused 5 to 7 membered

wwott@tesksyag optionally containing one nitrogen 10 atom, whekgiri&ieo37317

fused ring is unsubstituted or substituted by one or more R groups. For
certain of these embodiments, RA and RB taken together form a fused 5

grm W@@%ﬁ{@&@g%gmgmﬁg%ﬁ%&w%m@uaa%&?&éﬁ%@ﬁ Rk

stituted by one or m roups. For certain of these embodiments,

tﬁeéf?&%sﬁﬂi*ﬁﬁ cbog ERL e e %4%39&1&%@5 SREREe Ay pstRateraup
M@f@i@twﬁy:ﬁah@ﬁytmﬁbibesﬁb@ﬂmﬁwn gotseRApad 3B ke Loand Ry

ether form a fused 5.to 7, embere saturat ntaining one . |
R ARG TR0 B RIRB i GS o B BRI ypied,
canéwhmmehlétfgwmpsmﬁmn degtain of these embodiments, the fused ring

is g fused 6 membered ring which is unsubstituted or substituted at a
c@n atom by one or more R groups. For certain of these embodiments,

s%@m@mm%@x%mg%ﬁ%@%hﬁ%{g@ﬁa&%m%&%HQE@M%@@

and wherein the h s the position where the ring is

fused. E@rceaﬁea. H"?%rﬂg’ i digean §iohe BtrecalGdiments where Ry
mbwtmamgeﬁmeimﬂm& tﬂneedlghdwtﬁerﬁma@d&tﬁral&dm@gqum R}; taken

B R el
Mmﬁ)a’hmeth&lsf(xsﬂq thry igimévisir)iedethodstiE8dthyoughof wibB) R groups. For
i R S e
ﬁ@d@tﬁéﬁﬂéﬂ%ﬂﬂgf @b%@@ﬂiﬁﬁwﬁm@n@r@u@%@ﬁ%ﬁ@m@mumw@gm @®@ or more R

E@ﬂﬂe'l’og @e% 2PBEL03RMRaimEnt{ UR2006{03.631 4 @ﬁlféﬁl%u%%%bocychc ring
alkoxy; Ithio, and 5 -N(R9)2; or RAi and RBI taken together form a

A ‘B@H At &5@@@8%&%@%0%@%@@%&@ ATy Ry taken
PthaeisiRga Suabs! b@trtuqie@kmaumwatmllag O alhifE UR niBlogen atom,

i e n
RERIe e TR AR LR P o0e  SIOUR A0
certain of these embodiments, the fused ring is a fused 6 membered ring which is
unsubstituted or substituted at a carbon atom by one or more R groups. For certain of

these embodiments, the fused 6 membered ring is

§ wherein the ring is unsubstituted; and wherein the highlighted bond

indicates the position where the ring is fused.

For certain embodiments, including any one of the above embodiments of methods
(i} through (viii), methods (i-1) through (viii-1), methods (i-2) through (viii-2), methods (i-
3) through (viii-3), methods (i-4) through (viii-4), methods (i-5) through (viii-5), methods
(i-6) through (viii-6), methods (i-7) through (viii-7), methods (i-8) through (viii-8),
methods (i-9) through (viii-9), and methods (i-10) through (viii-10), R4 is Ra1, Rp is Rgy,
R; is Ry,, and Ry is Ry, wherein:

Rai and Rp; are independently selected from the group consisting oft

hydrogen,
halogen,
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or RAI and RBI taken together form a fused 5 to 7 membered saturated

ring 10 optionally containing one nitrogen atom, wherein the fused ring is
unsubstituted or substituted by one or more Ra groups; R. is selected
Woemihesgseup consisting of: halogen, hydroxy, 15 alkyl, alketylszo06/037317
trifluoromethyl, alkoxy, alkylthio, and 20 -N(R9)2; Rya is selected from

the group consisting of: -R4a, -X-R4a, -X-Ya-R4., 25 -X-Y. -X-Y.-R4.,
-X-R5a, -N(R} -p R4a, -N(R1')-X1-Y1-R4a, and -N(Ri')-XI-R5b; 30 Rea
is selected from'the group consisting of: -R4a, -X-R4, 37 WO
2007/035935%KeM)S2006/037317 -X-Ya Rom and -X-Rsa; R3a is
selected frompffaggroup consisting of: -Z-R4a, 5 -Z-X-R4a, -Z-X-Ya-R4a,

-Z-X-Ya X-Ya R4a, and -Z-X-R5.;
atkylthio, and

-NRo)z;
ot Ra and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R, group,
or substituted by one Rs, group, or substituted by one R, group and one Rs, group;
‘ or Ra; and Rp; taken together form a fused 5 to 7 membered saturated ring
optionally containing one nitrogen atom, wherein the fused ring is unsubstituted or
substituted by one or more R, groups;
R, is selected from the group consisting of:
halogen,
hydroxy,
alkyl,
alkenyl,
trifluoromethyl,
alkoxy,
alkylthio, and
-NRok;
Ry, is selected from the group consisting of:
~Raa,
-X-Rs,
-X-YaRaa,
XY XY y-Rua,
-X-Rsa
“N(R1)-Q-Raa,
NR )XY 1-Ryp, and
-NR1)-K1-Rsp;
Ry, is selected from the group consisting of:
~Rie,
-X-Raa,
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Ya is selected from the group consisting of: 10 -0-, -S(0)0-2-,
S(0)2-N(R8)-, -N(R8)-Q-, -0-C(R6)-N(Rs)-, 15-C(R6)-N(ORg)-, NQR
-N-C(Re)-f~-W- R/ -N- R7 -Q- R7 Rio , and N C(R6) - C Rio/ / 20 RIO
wWahis,salagted from the group consisting of hydrogen, alkylpatemiesos7317
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and
heterocyclyl \/_\_&%_' the glkyl, allcenyl, alkynyl, aryl, arylalkylenyl,
aryloxyalkylenyl, al yférylenyl, heteroaryl, 38 WO 2007/035935
PCT/US2006/83%817 heteroarylalkylenyl, heteroaryloxyallcylenyl,
alkylheteroasyiend. rand ieteragyealikigragps: can be unsubstituted or
substituted by one or more substituents independently selected from the
group consist‘r‘lzi‘gRéﬁF alkyl, alkoxy, hydroxyallcyl, trifluoromethyl,
trifluoromethoexyx iy, hydroxy, mercapto, cyan, aryl, aryloxy,
arylalkyleneo> _X'S_Spe_ roaryl, heteroaryloxy, heteroarylalkyleneoxy,
heterocyclyl, amino; alkylamino, dialkylamino, and
(diallcylamineyalkylaréokyRandi@5ais selected from the group consisting
of: (CH2)a ((%?{lﬁfs;'; -N-C(R6) -N-S(0)2 -V'-N A +N-C(R6)-N A (R7/
R7J (CH2)b and Rto~ (CH2)b For each of the resulting embodiments,
where Présesiectd Femibreramremaisinget

-0-,
-S(0)p-2-,
-5(0):-N(Rg)-,
~N(Rg)-Q-,
~0-C(Rg)-N(Rs)-, -
-C(Rg)-N(ORy)-,

{\N-Q—
g/

18
[

—N-C(Rg) -N-W—
R?

AN

7 2

R1O

N—C(Rg) ——ﬂ
€~

k1] '

Ry, is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
arvlalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylaikylenyl,
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl,

atkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
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E NN I/~~Rza N Ret RAI Rta la, Formula I-1is Formulala 1: NN rr ~
N, N NR2a R N Bl Rta RAI 15 la-1, Formulal-2 is Formula 1, -2: N N/
\>-Rza Rai 1 RAt Rta la-2, Formula 1-3 is Formula le 3: 39 WO

wPORR$30 PCTIUS2006/037317 Hal NN i,\~Rza N RB&ROd&RckAz7317

la3>

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups
can be unsubstituted or substituted by one or more substituents independently selected
from the group consisting of alkyl, alkoxy, hydroxyalkyl, trifluoromethyl,
trifluoromethoxy, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy,
heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyelyl, amino, alkylamino,
dialkylamino, and (dialkylamino)alkyleneoxy; and

Rs, is selected from the group consisting of!

. (CH,), /(CHz)a
—N—C(Ry) —N—S8(Q), _y ._N/ \A {\ N—C(Re)—l\< \A
C (r/ Ry’ (CHp)y —

R-,.) Ry h (CHz)bJ and 0

For each of the resulting embodiments, where present:

Formula [ is Formula L

Formula -1 is Formula I-1:

Formula I-2 is Formula 1,-2:

Formula I-3 is Formula I-3:

39



Formula 1-4 is Formula la4: OH N N | N~Rza RBI\ RA1 Ria 5 la4
Formula 1-5 is la-5: OS{O)zR" N NI\>-R2a Rel RAI Rla laS, Formula
1-6isla-6: Nz N N/Rza N RB1 10 RA, \Rla 1a6 Formula 1-7 is raj:

VaAPhMohdss-Rza Ref RAL Rla 15 Formula Ilis Formula HgiAs¥MQas7317
2007/035935 PCT/US2006/037317 E N NO2 L

Hal

Formula I-4 is Formﬁla 1-4:

RA'! R1a
5 13"4:

Formula I-5 is L-5;
OS(O),R'
N7

N
| \>_Rza
N

Formula I-6 is 1,-6:

10

Formula I-7 is [,-7:

15 Formula Il is Formula I1,;

40



B1 RA1 lla, Formula lll is Formula lll.: E N NH2 RL ey RAI 5 lua,
Formula IV is Formula IVa: EH N N)/Rza RaiL 0 RA11V,, FormulaIV-1
is FormulalVa 1l:N-N uH NN Rza N\O ReiL 10 RAiIVal FormulaV

%E@J%'ﬂ@s\!-: E N\NO2 Ret OH RAl Va, 15 Formula VI igchrareasens 7zt
Vla: 41 WO 2007/035935 PCT/11S2006/037317

E

J@: o
]
e
L
Res

Rat

Ha:
Formula [T 1s Formula I11,:

N7 ™ NHZ

Formula IV is Formul.a'IVa:

Formula IV-1 is Formula IVafl :

10

Formula V is Formula Vg

i5 Formula VI is Formula Vi
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E N NHZ R8 OH RA1 Via, and Formula VIl is Formula Vita: E BI N ~rR
RU OHO RAI 5 Vlla. For certain of the resulting embodiments, where
present: Formula X is Formula Xa: NHZ NN |/ ~~R2a N Ref RAl1 Rla

Wi Oilgogsg%g]ula XXis Formula XXa: O1 N N/~Rza Ref Rpd{RtasofieiRr73ir
a é ormula XXI is Formula XXla: N=P(Ph)3 N -- N Rat\ RAI R1la 15

XXla. For certain embodiments, including any one of the above
embodiments of methods E

N7 NH,

and Formula VII is Formula V1ia

VII,.
For certain of the resulting embodiments, where present:

Formula X is Formula X,
NH,

N XN
| \>—R23
=N
RB'I \
RA‘E 1a

X&r

(o N N
N =y~
/ﬁ; \>—R2a
=N
RB‘] \
RA1 F{151

KX,

Forrmula XX is Formula XX

and Formula XXI is Formula XXI,:

XXla.

For certain embodiments, including any one of the above embodiments of methods

(ix) through (xxiv), methods (ix-1) through (xxiv-1), methods (ix-2) through (xxiv-2),
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(ix) through (xxiv), methods (ix- 1) through (xxiv-1), methods (ix-2) through
(xxiv-2), 42 WO 2007/035935 PCT/US2006/037317 methods (ix-3)
through (xxiv-3), methods (ix-4) through (xxiv-4), methods (ix-5) through
vsive3h38ethods (ix-6) through (xxiv-6), methods (ix-7) through/(sztesi)g7317
methods (ix-8) through (xxiv-8), methods. (ix-9) through (xxiv-9), and
methods (ix-I 0) through (xxiv-1 0), RA is RAI, RB is RBI, Rl is RI., and R2
Rdwsoas '3? Wheigin BAL IR Ble@bgk Rias@ssh (ﬂﬁiﬁﬁg aﬂﬁhﬁcﬁ:ﬂq’ixé) through
embodiments wherein RA is RAI, RB IS£B| RI | %d( |§ aR‘ ? g
R YU B AEEB PP AL TEROASAE o0 vk CBCy s e (x-®)
ﬁuﬁ@a (@xiwmngaﬁem;feﬁtﬂﬁaggﬁr@mb gmm&métﬁmmutaimwgh (:nﬁv -10),
en. For ai odiments, .in any, gne e
g Hf%&’r?ﬁglg E %5 Ill-?,&' (?-rzéénls BII}Qg an é
Wlﬁaedl ablaw chi Biafamimﬁrﬂsavhmrdﬁﬂneapabﬁvesfﬁm ARy enib@(ﬁmielﬁxss R2a For
HORISIEAIREALER (5 BB 12 B, 206 B35 Rep. £anench gl ite

resulting Emboaiments, where preSeht Formula Vill i Formula Vilfa: E

RdeoganN ,i:”Nf\ Rl BRI nyants Of B erovea M X e RoRTRe Rae Iy R e

N, NZ?W&%& RESGAAR; ifcprmia SEormeibedseRudd NN Hgmula
5'?11 R, is Ray, Rp is Rgy, and R; is Ry,, wherein Ra), Rpi, and Ry, are as defined above for
embodiments wherein R4 is Rai, Rp is Ry, Ry 18 Ry, and Ry is Ry,

For each of the resulting embodiments, where present:

Formula VIII is Formula VIIL,:

Formula IX is Formula X,

Formula X1 is Formula XI,:

and Formula X1 is Formula X111,
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20 RAI XL; and Formula XIlI is Formula XIIl,: 43 WO 2007/035935
PCT/US2006/037317 N-N -Rja N*NW~~H L R RAI Xllla. For each of
the resulting embodiments, where present: R is Ra4 R3 is R3a, R4 is R4a,
WP isReReANd Y is Ya. 5 For certain embodiments, including@iy 037317
the above embodiments where RA is RAI, RB is RBI, Rl is Rla, and R2 is
Rea, embodiments where RA is RAI, RB is RBI, R1is Rla, and R2 is
hydrogen, and embodiments ofyXlg, Rla is selected from the group
consisting of -R4a, -X-R4a, -X{¥a R4a, -X-YfE X-Ya R4a, -X-Rsa,
-N(RIN-Q-R4a, N(RI')-XI-Y;-R4anandrNR" XRRsb. 10 For certain
embodiments, including any on jabove embodiments where RA is
RAI, RB is RBI, Rl is Ria, and E{BZ ig,Rea, embodiments where RA is RAI,
RB is RBI, Rl is Ria, and R2 is hydrigen, and embodiments of Xla, Rla is
selected from the group consisting of4a, -X-R4a, -X-Ya-R4a,

-X-Ya-X-Y,-R4., and -X-Rs,. For certain e iments, ncludi one .
ot e SRb RS it LL SRR TRICIRER, R T AR iy R
RRisRReandinbodiments where RA is RAI, RB is RBI, R1lis Rla, and RZ
is hydrpgen, and.6rmbed; .Qtﬁlaﬁaﬂag ?éﬁc‘%ﬁ%@&ﬁ&gé&ﬁb&ﬁﬁl?ﬁ@%ﬁe?é Ra

these embodiments, -R4a is selected from the group consisting of :
s FretRaps i, Br- infirosgd Rarie i sapasimagRys where Ra is Rai, Rp is Rpy, Ry is
f@-hyslioxyic s ghit) methylbamichernRAX IS R4 HiBeRIME $rom the group
(2-met_hy|-1,3-dioxolan-§>-§\]/: ropyl, For e%;ain of these emp%o,dim nts, Ria
Fonmsing A8 Bee Rtk 22 -@%r&%&ﬁf 2oy EamiCtygIdove For
QRN Xf-YieRe, emBONIRENIS-IRia is -R4a, and -R48 is 2-methylpropyl.
Alternatively, for certain of these,embodiments,. R18 is -X-R4a, an

XA T R ARG OBl Y IBpy T Loy ARt R
mRhodmelRs;.iRclisdhg anyRorie Rf:thebsivedsbedintonisRundte iRRzisR is

BALRRIS Bl s o SRR 5 SR Rt msmR G RIS A
consisting of Ry, ~X-Rag, K-V Ran, -X-Y X Yo Rya, and -X-Ra,.

For certain embodiments, including any one of the above embodiments where Ry

is Rag, Rp is Rpy, Ry is Rya, and Ry is Ra,, embodiments where Ry is Rag, Rp i3 Rap, Ry s

. Rya, and Ry is hydrogen, and embodiments of X1, R, 15 -R4a o1 -X-Raa, For certain of

these embodiments, -Ry, is selected from the gfoup consisting of 2-methylpropyl, 2-
hydroxy-2-methylpropyl, and (1-hydroxycyclobutyl)methyl, and -X-Ry, is 2,2-dimethyl-3-
(2-methyl-1,3-dioxolan-2-yl)propyl. For certain of these embodiments, Ri, is -Raa, and
Ry, is 2-methylpropyl or 2-hydroxy-2-methylpropyl. For certain of these embodiments,
Rz is -Ras, and -Ru, is 2-methylpropyl. Alternatively, for certain of these embodiments,
Riais -X-Ras,, and -X-Ry, is 2,2-dimethyl-3-(2-methyl-1,3-dioxolan-2-y)propyl.

‘For certain embodiments, including any one of the above embodiments where Ry
is Rar, Ra is Ruy, Ry is Ry, and Ry is Ry,, embodiments where Ry is Ra1, Rp is Rpg, Ry is
Ry, and Ry is hydrogen, and embodiments of X1, except for embodiments where Ry, is
Ry o -X-Ruy, Ryz is -X-Ya-Rya For certain of these embodiments, X is Cy4 alkylene, and
Y, is -S(0OY- or -N(Rg)-Q-. For certain of these embodiments, -X~Y,-Ra, is selected from
the group consisting of 2-(propylsulfonyljethyl, 2-methyl-2-
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25 Rla, and R2 is hydrogen, and embodiments of Xla, except for
embodiments where R18 is -R4, or -X-R4a, Ria is -X-Y.-R4,. For certain of
these embodiments, X is C2A alkylene, and Ya is -S(O)2- or -N(R5)-Q-.
wohsPHAQf these embodiments, -X-Ya R4a is selected fropgriae-g66008r317
consisting of 2-(propylsulfonyl)ethyl, 2-methyl-2 44 WO 2007/035935

PCT/U82006/037317 [(methylsuIfonyl)amlno]propyl
%}h% o’g%‘% AR e AQ R AN TNGIRIRLRDMRRk0)-2-
Srainh ents, dlng an

one of the above embodlments Where
Rﬁh}éPRHWlRB is RB,, R is Ria, and R2 is Rea, embodiments where RA

is RALIBR i3 RBn B kils R hcAREHR 25 dsoarnbane Srpbemignishefe R,
Xla, except for embodiments where Rla’is -R4a, geﬁ% , Qr -X-Y. R4 Rlski s

i8 BxurRe 1ERpieBrtiiR of #d S Erisedmbodinien 535 o, Ra s R

Kmenpiweli ]gkﬁfym@géhomd)gﬁgwlhaﬁﬂ fcﬂgemptémbmﬁ&nm rabechiiRy, is
of the Qai ere RA is.RAI RB,, RLis,RI

I e e SGre A AL B B Ry oo 4

HniRRoisnhiretegendnadcembodiments of Xla, except for embodlments

where Rta s, -RAa, XRaay X H 3t %mﬁ Xr%xfﬁ@ Ba3e %ﬁl%ﬁfien%‘@vﬁre Ra

selectéd from the group coﬁS|stlng RI")-Q-R4a, -N(R"")-XI-YI-
ammm Rxil-R5b Rrorté Raiis Bm@@bmbweﬁwhﬁaﬁﬁtg«aﬁ em&ofStﬁ@h Ry is

13, oygieRadimEns Wheds RAHRRAr BB 5RBlioRerishBdanaid RIS R 1. is
Rea, Rea is selected from the roup conS|st|E§ of -R4a, 15 -X-Rta,

Beaay 2Bz, AT wRIR K Porecriethbddiments SiNtRRFIS AR BHE B ne

ébﬁiﬁwmbmg%ﬁwbemﬁﬁ—ﬁﬂﬁw&ﬁm leslfgga and R2 |s

R2a, Rea s - R4a certaln es embod| Re?n# eeg:1 whereR

from tl]i:é’rg“r?}'ff’bnc ﬁ?ﬁg}‘gﬂ&a%@%ﬁ prop BB, A

mempkyetmﬂl,ahmmm 1emgx§taaethyl¢(aﬂﬁﬂwdﬁbmgmwwrﬁmhng of -Rag -
am&f_gp e 20 egatlgdlments Rea is selected from the group

-con fétlng("i da%gen rsr?ethyl ethyl, and ethoxymethyl. For certain -
embod?ment@mrmlbdmglaﬁy Erdugin e b BT odiBraiRAheEs Ra

ﬁ Iiﬁi]s ﬁ; Qxdafﬂzdlﬁ%'sﬁf?ﬁ -Ambedinents whemLRhisdbnts,
R% Rl is and R2'is hy 0é}fg]en and embodiments %@ﬂa RAI

%ndsﬁﬁF%YFé %%hﬁ@@%%ﬁfﬁ% T s R A A
R¥iogRMmynalagar:alkuyialeoymaiaxyamlkyliiay naabIN (R)2reimRAthese

e LSS R A
diyoepen&hgroup,

For certain embodiments, including any one of the above embodiments where Ra
is R4y, Ra is Ray, Ry is Ryg, and Ry is Ry, embodiments where Ry is Ry, Ry is Rey, Ry s
Ry, and R is hydrogen, and embodiments of XI;, R4 and Rg; are each independently
selected from the group consisting of hydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio,
and -N(Ro); '

or Ra; and Rp; taken together form a fused bénzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R, group,
or substituted by one Rz, group, or substituted by one R, group and one Ra, group;

or Ra; and Rg; taken together form a fused 5 to 7 membered saturated ring
optionally coniaining one nitrogen atom, wherein the fused ring is unsubstituted or

substituted by one or more R, groups.
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or substituted by one R3a group, or substituted by one Ra group and one
R3a group; 30 or RAI and RBI taken together form a fused 5 to 7
membered saturated ring optionally containing one nitrogen atom,
wiherginthesfused ring is unsubstituted or substituted by one®F1:e66:B37317
groups. 45 WO 2007/035935 PCT/US2006/037317 For certain
embodiments, including any one of the above embodiments where RA is

iy iding ) . ey
RB is g%ﬁ%%ﬁ? %?@nﬁﬁﬁ%@%&?ﬁgﬁ S‘ﬁ%@”@%ﬁfﬁéﬁ?ﬁ of Xla, I§Alre Ra

wRhRBp 7R eah inBeperdiBaif Roemehodimsnistbardtnit Snsiltmig Bpe R is
Rydrpgen, baloasialiod alksmyheatkoxyialylihio: Rane MERMefealently

certain of these embodiments, RAI and RBI are each hyl..Far certali .
%B@Giﬁ@ﬂ&eiﬁaaaﬁf@l%ﬁgﬁ%ﬁé18@%95%%%}89&&ﬁi}mm@%?ﬁ%h%%sxﬁéﬁ@m’»
RALNRRIs. RS cBldmRiahesedinottiRens, @npboadi Renswivdrm&ldyls RAI,.
RBis RBI, Rl is Ri nd R2.is rogen, and bediment
hore AP SR R e B e g o AL Bl Y 4
@mth RB4 talkten, RgstRey forRaiflkedehdndmneiing @ Rivés&initfes is Rpy, Ry is

ﬁ?né‘%@ﬁ%@ %Jar&;gay bstitad arsupstiried oy Qne RRLJIUHR Qftaken together

substitutéd by orie R3a group, or substituted by one Ra group and one

RBAgrO H1FEd beareanbEiRysendRipotikae e Rer SRR KPS PBIETHD NS

ARE R3S e NA PR RONAHRRDE BEVIBXN e beRHaIR, GhHABSEr substituted by
embodiments, the fused benzene ring is substituted by onFe R.er%roup
ARG RS

W BN PEITRLSHEUE ohereRg SR o P S e BISTRo:
aafihehibRheskyarobpaipents, the fusedhhenzenelrengsg, substityledybFor

one.R3a group wherein R3a is meth h b | ,

R LB AT Ry e e e B R AT R Rt Moo

el ithiaf-isnuhs @whetittedi Fog of tpdroambstiments Altctudiivglanfporeatah of
di " X o ) ‘

B e P s P s BBt e i

hythoge pherembeirmints dox Femia WHsrdraisaRd Ri] Fakdpken together

fgethescph-form aifiisad RVhidinesing.dRAl and RBI taken together form
a fused pyridine ring wherein the fused pyridine rina%is unsgf%;tituted r

substifiRBEFH I8 PO GRSH; Bicuinete by he R GRoRASIBES Where Ra
isUhsliRgedry, ;nes¥a grau R aReperrddigraupyaat RyheRin, Re MRBEIR; is
N e T T T e
daydiromyadiukrd mojdancrR3Ris: mret Rexyalphdngstheoform a fused pyridine ring
wherein the fused pyridine ring is unsubstituted or substituted by one R, group, or
substituted by one Rz, group, or substituted by one R, group and one Ra, group; and
~wherein the fused pyridine ring is

o

, wherein the highlighted bond indicates the position where the ring is fused. For
certain of these embodiments, R, is hydroxy or bromo, and R3, is methoxy, phenoxy, or
benzyloxy. For certain of these embodiments, the fused pyridine ring is substituted by one
R, group selected from the group consisting of hydroxy and bromo. Alternatively, for
certain of these embodiments, the fused pyridine ring is substituted by one Rz, group

wherein R, is methoxy, phenoxy, or benzyloxy. Alternatively, for certain of these

embodiments, the fused pyridine ring is unsubstituted.
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benzyloxy. For certain of these embodiments, the fused pyridine ring is
substituted by one R. group selected from the group consisting of hydroxy

and bromo. Alternatively, for certain of these embodiments, the fused
vRYHEPE;58g is substituted by one R3a group 30 wherein R3arigimatioadrsir

phenoxy, or benzyloxy. Alternatively, for certain of these embodiments,

the fused pyridine ring is unsubstituted. 46 WO 2007/035935

PCT/GT520061037317 FQr certais ' ' '

pove Shha et AR RRAUTT I MEWIBGIAGE ShER.
iRRa1, BmisditimBnis RiaeredRa iisFRAPTRAMEE WRFTS RRils B Fedifien Riis

lﬁg’,%?@ﬁ?iﬁﬂ%ﬁ%?%@ﬁ%%ﬁ%@s anshyvhemRAL mq FBRgkeRen together
together can form a fused 5 to 7 memberggﬁ‘saturated ring RAét%r] RBI

rkBRIGGRETE S BTRER St PR st AR ar AtE RE 5%?&?19 fused
5 LRNMIRINGARERtigaanalcpaRIeitnthRifusetk fing jsrumsuhsttteted tie fused
substituted by one or mare %.Rgﬁrou%as. Foreclgrtalj&ogt O§ee%nnbgfitiﬁnseents,
rﬁﬂf%‘fﬁ‘ﬁﬁ‘f&?@rf’f&&ﬁ%ﬂ@? PR o herberad carbocyclic ring
anibedeirtite RuseddiRg, islunsupstitutédnon Sedsstfiuted hyngreeed catbreyRlic ring
roups,, For certain of these.e ' rpg.i
e s S R S e
cegriainfohtieses mdinudim shrduRATHEE R6 TRIRbH b gRipRsy Fos Fing FiRigh is

10 wdddmembgied satiated ing.conAINR L ABEHIKEAGE R AleR, NWDeIRIR i ther

fused ring Is unsubstituted or substituted by one or more R. groups. Far

forpaifretifdad BamksanheRstate RERPIHYIS PRI HAERbSTRE FiRde
AMAIChHS MnsUBsiitHied oF sobistiuten aia Garlas RiQMIRe ORer ecaorefithese

groups. For certain of these emhodiments, .15 the fused 6 m red ring
FRRIRIPIHITe R TR Fig 1S %ﬁ@ﬁ%é?m%?fsﬁmﬁfg%?ﬁ %%‘é“ﬁ?ggﬁ'ﬁgﬁ a5
sopsuinticatesbe positioromdarasheRingasHusta. Foriperfdhese embodiments,
t%%o%i@%gts tie?%%%’ianSany one of the above embodiments which 20

ges & s{%p 0 rea%tlng the compound of Formula IV with an amine of
the forleNHZ, the step is carried out neat and at an elevated
temperatyng: For certain embodiments, including any one of the abpyve
embodiments VREHSiPEHES FYOEIHEE G o q@’&tgeﬁﬁ%&;goﬁdo

iikfRates the position where the ring is fused.

15

For certain embodiments, including any one of the above embodiments which
20 includes a step of reacting the compound of Formula IV with an amine of the formula

RiNH,, the step is carried out neat and at an elevated temperature.

For certain embodiments, including any ene of the above embodiments wherein

E H
loe
I
= L s
RB‘I
RM

25 IV&:

and which includes a step of reacting the compound of Formula IV, with an amine of the

Formula I'V is the Formula IV

formula Ry:NHa, the step is carried out neat and at an elevated temperature,
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RAI 25 IVa, and which includes a step of reacting the compound of
Formula IVa with an amine of the formula R1aNH2, the step is carried out
neat and at an elevated temperature. 47 WO 2007/035935
wWoGHdki320Q6/037317 For certain embodiments, including aryrarsembAises:?
above embodiments which includes a step of reacting the compound of
Formula IV with an amine of the formula RINHZ2, the step is carried out in

a solveg; ANA A AR IRRARIARCYRGRRL o RTRRAUMARIE which

‘wherein the step is carried out neat. For certain of these embodiments,
invdudes olvisniErewiredbTROMRARG A TN éﬁﬁ&‘fgr% 8’&%’&5&9 gt]‘?ﬁ‘ﬁ%‘l?ia
Aritteoraethanol.  soRIeRaRRl. darRidanel Ay aleraad etarptii@ire, except for

1-methyl-2-pyrrolidinone, and tolugne. For gertain of these embodiments,
R MRS B
é%@%ﬁ@%%i&%t@@&éﬁmmgm cboiaigaifireeiodietrmlirciidinestagadne
.of the above embodiments wherein. 10, Formula 1\ | I i
PRI ( CDEBPLARY Ste ey e ByirolE L MR kel For
comipoftisefditroitwiathete e misreothEom PRI AR RCstep
iscarried a%lg%} ina 1%%'2{1?&} Q{gﬂ@.&ﬂggﬁ{symed temperature, except 15 for

embodiments wherein the step is carried out neat. For certain_ of these |
embodeneriisinkembesiianets Rolbdiag FEAhHe b ARRGTROHgTES Wherem
pgthangs) sthargh.dtifiugroethanol, isopropanol, tert-butanol, water,
acetonitrile, 1-methyl-2-pyrrolidinone, and toluene. For certain of these
embodiments, the solvent is selected fram the group consisting of
trifluoroethanol, isopropanol, andNérts 20 For certain

embodiments, including any one. bgve embodiments which

includes a step of reacting the @asmpound of Formula VIII with an amine of
the formula R1NH2, the step is carffed out neat. For certain of these
embodiments, the amine is of the v,

and which includes a step of reacting the compound of Formula [V, with an amine of the
formula R1,NH,, the step is carried out in a solvent and at an elevated temperature, except
for embodiments wherein the step is carried ovt neat. For certain of these embodiments,
the solvent is selected from the group consisting of methanol, ethanol, trifluoroethanol,
isopropanol, 7erz-butanol, Wéter, acetonitrile, 1-methyl-2-pyrrolidinone, and toluene. For
certain of these embodiments, the solvent is selected from the group consisting of
trifluoroethanol, isopropanol, and fer¢-butanol.

For certain embodiments, including any one of the above embodiments which
includes a step of reacting the compound of Formula VIII with an amine of the formula
R NH,, the step is carried out neat. For certain of these embodiments, the amine is of the
formula R,NHs. For certain of these embodiments, the step is carried out at an elevated
temperature. For certain of these embodiments, the compound of Formula VIII is of
Formula VIII,.

For certain embodiments, including any one of the above embodiments which
includes a step of reacting the compound of Formula VIIT with an amine of the formula
RyNHo,, the step is carried out in a solvent, For certain of these embodiments, the solvent

is selected from the group consisting of methanol, ethanol, trifluoroethanol, isopropanol,

48



10

I5

20 .

25

formula RlaNH2. For certain of these embodiments, the step is carried out

at an elevated temperature. For certain of these embodiments, the

compound of Formula VIl is of 25 Formula Vllla. For certain

wHhesimards, including any one of the above embodiments yhigR 10067037317

includes a step of reacting the compound of Formula VIII with an amine of

the formula R1NHZ2, the step is carried out in a solvent. For certain of

these . embodiments, the_ sol | t 1St

e e e s g ren

RETS2 00668 281P disensuthaohlviaids, satesten frge, the group consisting of
GHMhE2:BY HRldingns, foleRe ANehieaRydialuran: feknestainef

these embodiments, the solvent is selected from the group consisting of

S BHBEa e TS0 7B SEPRBERno and ST M DBt SRREgRS, the

dhgsecambodimenksolthaaminmisahé eriar a2 (ke embioiingdnts, the

these embodiments, the 5 step Is carried out n elevated tempgrature.

R L SARI G ST BTG R EEIRE QLIS ST ST A hegpound
dempenaivellkosCRstainlofiigse embodiments, the compound of

Formula VIl is of Formula Villa, For certain e di LAty NEIHEg. aYon
one o ﬁec%%%%g%[r)ﬁk?g%ﬁxﬁ%ﬁ%c% llré%alllﬁ'cﬁ 6{)2 %% éé%vatea temperatyreof
itimbidée ateld ientenapare s nibe (uteh neerFuedsmet syesitan 80 °C.

embodimenis,inciiding.any, arsafie3RaLepmbasimenishichs which

includes an elevated temperature, the elevated temperature is not lower

ifrshirlasin Ple v auh SRRt AR AR SRL IOV R Sam bl ¢
embogigpeigiwbishodiskie sramn ey algthiropaiyiee hatolivaias which

temperature is not higher than 200 T. For certain embodiments, includi
i P L e R G e
temperatketdneelodieshic nmoridiiy eng oat dighesttranciBOdimdagy which

ipgHan smbodinete, aldne. 2R 907 LG AoYe APhodImERS wiien
GG hErevated emperature, the elevated temperature is not higher
than 165 TertForeosraimentih duitndingsansisloelirghernporecatpbingidyahich

iﬁmﬁ%giﬁi%?fa\%ﬁi%é@ﬂt@&mm%e&%w%@%%ﬂ irlewatetss °c.
temperature is not higher than 150 T. 20 For certain embodiments, )
includfy eripbrngptivaBbIBCEIBERIANS e REcabs et whigh
iiemaesr atey e elavaletie npamiied songidughendhannidsTihln 5@ C.
embodiment, the present inventjon provides afc?mgtc,)und 0 tl?ie Form Iah
V- E]aogzer@zg)embodlments, including any one of the above embodiments whic
includes an elevated temperature, the elevated temperature is not higher than 135 °C.

In one embodiment, the present invention provides a compound of the Formula IV:

E

H
NS
|
L LO
RB

Ry
v

wherein R4, Rp, Ry, E, and L are as defined above in method (i). For certain of these

embodiments, Ry, Ry, Ry, B, and L are as defined in any one of the above embodiments of

method (i).
In another embodiment, the present invention provides a compound of the Formula

Va
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RB RA IV 25 wherein RA, RB, R2, E, and L are as defined above in
method (i). For certain of these embodiments, RA, RB, R2, E, and L are
as defined in any one of the above embodiments of method (i). In another

veaedinzes, the present invention provides a compound ofstie/ Fsmemalar31?

IVa: 49 WO 2007/035935 PCTIUS2006/037317 E N YR2a L o Rai RAl
IVa, wherein RAt, RBI, R2a, E, and L are as defined above in method (i)
where RA is RAI, RB is RBI, and R2 is R2a For certain of these
embodiments, RAt, RBI, R2a, E, apd L dfe ar o defined in any one of the
above embodiments of method (i}jwhegre ﬁ}& iS'RAt, RB is RBI, and R2 is
R2a. For certain embodiments,iricigding dhy one of the above
embodiments of method (i), (ii§3tiii)R(iv), (v), (vi), (vii), (viii), or Formula TV
or IVa, E is selected from the group ’gonsisting of hydrogen, fluoro, chloro,
bromo, iodo, hydroxy, phenoxy, -O-S{®)2-R’, and 10 -N(Bn)2, wherein R’

is selected from the group. consisti lkyl, hal : . ;
o <Nulinds oy g R e TG B ey o
RipapdcRNBISHngF af Wbﬁihmm@hyé@?zsﬁﬁ;ﬁ?meﬂwldﬁaz@l aBfd are as
Finanymetnd gyl migined ibihe. sriAGeBl pyridios ingen atm fa,,

orm eafﬁ%g tetrazolo ring shown in Formulas I-I" and IV-I: N-N N-N N
add Ra\is Rz-Rz 'N NYRz 0 RB N Re L 15 RA R1 and RA

For certain embodiments, including any one of the above embodiments of method

@), (i), (i), (v), (v), (vD), (vii), (viii), or Formula _IV or IV, E is selected from the group

consisting of hydrogen, fluoro, chloro, bromo, iodo, hydroxy, phenoxy, -O-S(O)-R, and
“N(Bn),, wherein R' is selected from the group consisting of alkyl, haloalkyl, and aryl
optionally substituted by alkyl, halo, or nitro, and Bn is selected from the group consisting
of benzyl, p-methoxybenzyl, p-methylbenzyl, and 2-furanylmethyl; or B is joined with the
adjacent pyridine nitrogen atom to form the fused tetrazolo ring shown in Formulas I-1

and IV-1:

I-1 - IV-L
For certain eﬁbodhnents, including any one 6f the above embodiments of method
(ix), (%), (x1), (xii), (dif), (xiv), (xv), (xix), (xx), (xxi), or (xxii), E is selected from the
group consisting of hydrogen, fluoro, chloro, bromo, iodo, hydroxy, phenoxy,
-0-S{0)-R’, and -N(Bn),, wherein R’ is selected from the group congisting of aliyl,
haloalkyl, and aryl optionally substituted by alkyl, haio, or nitro, and Bn is selected from

the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and 2-furanylmethyl;

or
E is joined with the adjacent pyridine nitrogen atom of Formulas I and VIII to form

the fused tetrazolo ring in Formulas I-1 and IX:
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I-1 IV-1. For certain embodiments, including any one of the above
embodiments of method (ix), (x), (xi), (xii), (xiii), (Xiv), (xv), (xix), (XX),
(xxi), or (xxii), E is selected from the group consisting of hydrogen, fluoro,

whlsyeydasesgo, iodo, hydroxy, phenoxy, 20 -O-S(0)2-R', andpdBRIR6/037317

wherein R' is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nitro, and Bn is selected from
the group consisting pf.Renzyl, p-metho;éggﬂzyl, p-meﬁylbenzyl, and
2-furanylmethyl; or@ is\joined with the agljacent pyridine nitrogen atom of
Formulas | and VIIl to the-fused tetraz M%;ﬁqrmulas I-1 and
IX: 50 WO 2007/0 S2006/037 N'N-N R{2 NN N~N
N~-R2 ,Rl, RB RB[1L RAR' ﬁnd RA I-I B%. For certain embodiments,
including any one of the Above' embagighents ¥ method (xvi), (xvii), (xviii),
(xxiii), and (xxiv) E is selei:”tid from the group ggnsisting of 5 hydrogen,
fluoro, chloro, bromo, iodo, hydroxy, phenoxy, -O-S(0)2-R2, and -N(Bn)2,
whereffprRearaie rebedimenisiiecitdios suhastifdhs PRy, absdirgmuts o§ method
?Mbﬂ&t}ﬁ}} Ayisubstitytedd-alyh RaleQsit andRinjsceatestedrom
he group_consisting of benzyl, p-methoxybenzyl,pﬁgg&ﬁlbepzyl a}\g(%
By R ERRY ROy LIOPTR: 1 RN 1P e YA S BRE By iR i D o B ahiirey
Wadreil sk asek ¥l dertme tbtipectusrdie vbaiald, intpatikkDrmd sl loptandlly

XHIEN-"N-N N N NyN NN>-R%| RB filf RA R'and RA .I-1 XI|
S L b R By S S TRE SR S BBdTRSheL B
prorgthetaybenzyl, p-methylbenzyl, and 2-furanylmethyl; or

E is joined with the adjacent pyridine nitrogen atom of Formulas I and X1 to form

the fused tetrazolo ring in Formulas I-1 and XIH:
N—N '

i

I-1 XL

For certain embodiments, including any one of the above embodiments of Formula

X1 or XI,, E is selected from the group consisting of hydrogen, fluoro, chloro, bromo,
iodo, hydroxy, phenoxy, -O-S(O)-R', and -N(Bn),, wherein R’ is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and
Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or

E is joined with the adjacent pyridine nitrogen atom of Formula X1 to form the

fused tetrazolo ring in Formula XIII:
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Xl or XI., E is selected from the group consisting of hydrogen, fluoro,
chloro, bromo, 15 iodo, hydroxy, phenoxy, -O-S(0)2-R’, and -N(Bn)2,
wherein R' is selected from the group consisting of alkyl, haloalkyl, and

wiybapliaaaly substituted by alkyl, halo, or nitro, and Bn is seleateshdsaiysi7
the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or E is joined with the adjacent pyridine nitrogen atom of

Formulg, X110 tarmp4he. @gﬁu&&?ﬁzﬁér%'fg@%& FRrmuRvE; Neleai of
NyN-R, NL RB RA XIll. 51 WO 2007/03593 PCT/US2006/037317 For

thesmpmdpdiasats B ibinmmen el erqshaya Geipda @ SRR PN of
Eﬁ%ﬁﬁ@ﬁg@.ﬁiﬂ%ﬁfmgé i_axﬂe[iﬁmzx@wpf@b éwi?pem&@a mw@;ﬁsﬁnfseﬂamémy.
ese embodiments, E is chloro, Alternatiyely, for cert these .
é#ﬁ%saﬁw%hfefaeﬁgtmme T 8?@,%?85?{%%W§¢%®sﬁem&twem for
embedifieals chisdinenaxy (OP(@iarhativety, Rbissdertedfiofithiasgroup
emhodimept is :O: 2:R’ wherein R' is:s ted fram i roup;
CRT R ot IR R S SRR, SRR A B B
ditaitrmivaljteioratively, dothesrirofithese Eriodtipmentd)eciz By s aglected from
S - IS Y: - .
e 2 vy ety
Sdrmirtisrindee ermpafifesecbadimes Fithitheedsjdbdhn sliranrrgdine
RitregenAam Riern-theduseshistazalo ring. For certain embodiments,

including any one of the above embodiments, L is selected from the _ .
group EBEEWWW% RN BRG R R?&OO%[W]EEM g dlﬁ)c(i)nnents, Lis

sEe DR thhesepcRisbiseletiBddmrhibe grauncodsistirgofatiod,
R BB R ) DR oot P anooL i Sl sp v
ipSeteljfeshbiuttideg iy dohsistingrof figorsriehisrobobimads, ivgbiding any one
MQ%?%VQQ%E&%%?%%TBS %@H‘fﬁrﬁ%ﬁ?ﬁ?gﬁg%g@{&x 08 HiMo, chloro,
consisting of alkyl, ha 6al|1<yl, and aryl optionally substituted by alkyl or
PrargoFofearhaip sy taeddO-S(0)-R', wherein R’ is selected from the group consisting
of alkyl, haloalkyl, and aryl optionally substituted by alkyl or halo. For certain of these
embodiments, L is fluore, chloro, bromo, or iodo, and for certain of these embodiments, L
is chloro. Alterﬁativciy, for certain of these embodiments, L is phenoxy. Alternatively,
for certain of these embodiments, L is -O-S(0);-R’, wherein R' is selecied from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro. For
certain of these embodiments, L is -O-S(0)>-R', wherein R’ is selected from the group
consisting of alkyl, haloalkyl, and ary! optionally substituted by alky! or halo.

For certain embodiments, including any one of the above embodiments wherein R’
is present, R is selected from the group consisting of alkyl, haloalkyl, and aryl optionally
substituted by alkyl, halo, or nitro. For certain embodiments, R' is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl or halo. For certain
of these embodiments, R' is alkyl, and for certain of these embodiments, R’ is methyl.
Alternatively, for certain of these embodiments, R' is haloallcyl, and for certain of these
embodiments, R’ is rifluoromethyl. Alternatively, for certain of these embodiments, R' is
aryl optionally substituted by alkyl or halo, and for certain of these embodiments, R' is
phenyl, p-bromophenyl, or p-tolyl. For certain of these embodiments, R’ is aryl optionally
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embodiments, L is fluoro, chloro, bromo, or iodo, and for certain of these
embodiments, L is chloro. Alternatively, for certain of these embodiments,
L is phenoxy. Alternatively, 20 for certain of these embodiments, L is

wO9A)Zds wherein R' is selected from the group consistipg-piabsyb/os7317
haloallcyl, and aryl optionally substituted by alkyl, halo, or nitro.. For
certain of these embodiments, L is -O-S(O)2-R’, wherein R' is

, L : ; _
SReGed %Sllﬂgfkgfw R CORSiSHA %Pt ek, dralpaliulianshan:ortignmly1,

ubstitute of halo. For certain embodiments, including any one o

S
hrranabhsny bR artonsesdior-2i59Bhsdent, R' is selected from the
glrl?ulpﬁ%&%&iﬂ%ﬁﬁgﬁfmeﬁ@,'%m%@?ﬁﬁbwg _ &U%§Hz%§?ﬂﬁﬁ&nﬁ%vh&reini{
alkyl, halo, or nitro. For certain embodiments, R! is selected fro e
RO S SERG o ARG RS ST Bl r o Bt B
1ondaglol, Eoeestalyinidhask N@RbpdifentsiaR if Alyd cattddonessdtriofklected
hese embodiments, R' is methyl. Alternatively, far .certain of t . .
8 RSO T A T S P ot i et B enty, s
ai’sthl_eifﬁ:l@rcﬂﬂmhylomlt‘émams’lypfdh@@r@aih@im@ Emmaﬁm&m@i@% aryl
&%@E@lyg%@é&&%& lkyLanhalgeARdkiay serain.Rkihese
embodiments, R"Is phe

_ henyl, p-bromophenyl, or p-tolyl. For certain of these
embodimesrisinenibedipeonanfsg WPDD 7 ihaskas embodiments wherein R

1Pl PABH ORERIR isubistiistarh Ry isrbupalen sl of BRekiay eautaitmms, R
‘these embodiments, R' is phenyl, p- bromophenyl,p-tolyl, 2-nitrophenyl, or
1ﬁﬁ=mrophenyl. For certain embodiments, including any one of the above

embodinestsiwhateififens. ifebelteRng aeleditd flamcthelgrdingnts wherein R,
.consisting of halogen, hydroxy, alkyl, allcenyl aloalkyl, alkox

SRS R O S R R TR S D S B ehn AP Bl
tfifinortheetroly pioonsistiyiiiab hydroX(Rapd Broneaaizorfchessinngbatipeents, R, is
embodi i - Ol8- ifi rta

ETICEIRENR: S, SR b RSk, PR i e,
cathbitientn i, Rasthe thesippenidn. Fis cariaim Eriserirmbatimpffinlg at the

o5y 206, O thenabaus, esRedimenthwberaib dindRISIIRSe MexGRRefivhere
is selected from the group consisting of hydro nd bromo, R is Ra. ,
f {.ﬁ% 5 m?éerem R

For cRafPHbERRASHE i ARFHATRAPRTE 8 S0 S BRRARRHE
iwvhesein RaisiscasehioR s seleswddwingtbe-BrRup CaOHsH Y Ry,

, . l,.al [, trifl th k. Ithig,
e Pty Ao e Lame i Aot v e,
Ryraxeptasnngigtisg coftyinoysaRd ibrénka, Pdtcoartixilnfonesdain of these
eem%g%:gﬁ%?ﬁj £ -Eaﬁié%aeﬁdr%ﬁaﬁ?gﬂﬂ FALLRHAUDRHIRSE is -O-. For

ments, Ra is at the 7-position. Alternatively, for certain of these.
cevibool e sorolaeke @W@@ﬁz_{y, phenoxy, or benzyloxy. For certain of these

embodiments, R; is at the 7- or 8-position. For certain of these embodiments, Ry is at the
7-position. For certain of these embodiments, R is a benzyloxy group at the 7-position.
Alternatively, for certain of these embodiments, Ry is at the 8-position.

For certain embodiments, including any one of the above embodiments wherein R,
is present except where Rj is -Z-Ry, -Z-X-Ry, methoxy, phenoxy, or benzyloxy, Rz is Rs,.

For certain embodiments, including any one of the above embodiments wherein
Ra. Is present, Ra, is selected from the group consisting of ~Z-Ru, -Z-X-Rae, ~Z-X-Y a-Raa,
Z-X-Y - X-Yo-Rag, and -Z-X-Rs,. For certain of these embodiments, Ry, is -Z-Rys 01

33



10

15

20

25

30

For certain embodiments, including any one of the above embodiments

wherein R3 is present, R3 is selected from the group consisting of -Z-R4,

-Z-X-R4, -Z-X-Y-R4, 20 -Z-X-Y-X-Y-R4, and -Z-X-R5. For certain of these
vERpingELs, R3 is -Z-R4 or -Z-X-R4. For certain of these g{boshimeniss17

R3 is -Z-R4. Alternatively, for certain of these embodiments, R3 is

-Z-X-R4. For certain of any of these embodiments, Z is -0-. For certain of

thegsergMbodimentsRRls PatheeRY 00N QRSN FOF, $6F @R of
these embodiments, R3 is at the 7- or 8-position [%[%:ﬁgr certain of these
thessamrrshrenisaRe:dt theoBar- E&.ﬁ@#%ﬁ PEriPeTT AR diments, Z is -O-.

eml@@&mejﬁﬁaeﬁé?eiﬁ@?&wﬂomwwﬁkw Jehéragitierbedtrnativehsefolin of
ert ese e Q Im IS at the OSIt on E certai
TR o T3 B S L e chngiinepss: Raa i
i meefc@nmmemommam fhest-RebhodineiRe] Anethrobenzyhenyoepupat the 7-
Izylox RBa%V g %%kgdglggg%%sﬁsmﬁtmu@m@y s f,the

Beaad
ove embodiments wherein is present, R3a is selected from the

group E@nm@me@fhzinwszu)dmmg@xmmﬁw ApoxevaRodinrdswAsgin R
e i gﬁ r
7%%%%9!&%&%@%%%%%%?&&%&%4&%&g Retﬂcy? B W Cilkynyl,

935 PCTUUS2006/ or certain of these
@'mbwﬂﬁ%m@whwigwwenxlt@%mﬁv@ﬁ%he@r&&rﬁ ofetfiagsylalkylenyl,

BBadiMeRtskRad isatié Mdidoaly0ss e, tail i@ty ofyineberembe dire ikenyl,
s -Q- in of thes 0 thox henoxy, or
R s el ) e
Bepositidaikin ek el effiesalpitgd) mikmﬁsetaamsmmmpmmmm groups
For.certain fth b nts R3ais a
ERRSIRR QRS SHIBUIER ISR B A RGN R AR Ketected

Bopotit m@amemm efbodi mrlémig:, m&mm@@rh;h@lﬁeliﬁﬂtﬁ@la%%y, halogen,

dSRESEPo BRISHEL IR Ui loxy,
Igc{)l:rq};?lstln fhydrogengﬁylég{ﬁ(engl )g;d’ é/ﬁ/yl aryl, aryialkyle%%(,P eroanyioxy

SRS I BgIEHSAErY REHBR 2T HBHS AN, 10
ﬁm&m@y&e&#ﬁ%&y@,@%ﬁlhﬁd&maﬁw@am&a@e racyekyl, whereisdbeclyl,

alkekSa%I‘I?(;% e(fgfjg ny{eg%%%}%%/ la” ﬁi!ﬁé? §%|OX§%%%%lm%eléyéarKy%nng or
c&&kylﬁeﬁ@mﬁfyl&fﬁabmmbbeﬁamn}mthgscmhstmia‘imhethmgtmmumdtmg of 2-

h
B B
M@g&mﬂ@oﬁt@mﬁw@ﬂwm@méﬂwaﬁmtm@m@m&yw 2-methylpropyl or 2-
YA ARANN &@rqﬂéybeﬂﬁ{ﬁmﬁxk@%ﬂ&%iﬁ[% IGyieRe®XYor

heterocyclyl, amino, allcylamino, dialkylamino, (dial yIamlno)aIk)}E-:-neoxy

and iniHCEEER BRGNS RATAIRG AYY SfPhEerbeYEIRbAZEI R Wherein Ry
isertaimahtiese RIMROMID e MEyRArisraliyhiapifahal s dituied, By is methyl.

hydroﬁroéertain embodiments, including any one of the above embodiments wherein
Ry, is present, Ry, is selecied from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkyiarylenyi, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl
wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl,
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and
heterocyclyl groups can be unsubstituted or substituted by one or more substituents-

independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl,
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oxo. For certain of these embodiments, R4 is selected from the group
consisting of 2 20 methylpropyl, 2-hydroxy-2-methylpropyl,
2,2-dnnethyl-4-oxopentyl, and (1- hydroxycyclobutyl)methyl. For certain of
vihesg-ampediments, R4 is 2-methylpropyl or 2- hydroxy-2-methRsamvhs 7317
For certain of these embodiments, R4 is 2-methylpropyl. For certain
embodiments, including any one of the above embodiments wherein R4

s fhresenitiyl XilBboRhik & hitalkybFey, g%{%g@faﬁg@g @m,hggjm%pts,
Réﬁ%ﬁ(rqggh%/[. fgﬁfor celrthll%n embgdlm[%nts, mclu Ing any oi#? of the above
R ST R AR C 9P CLREa o R HER S pmino,
| | ﬁ?i?hﬁ%&?mpmﬂ(wawm [ hyheam.’ ?Wl [ lrmﬂthese
a rylen eteroar teroar en
B B R B SR e
5 catbpdiaikayRallyssldckd frandaigiam toasidtny alldientty mloayibritbpgtoxy-2-
me %89{3’2{119@9{9@[&51%%&89%{&!?5%5 .%8&9:%&%%%%@ smbcgliments, Raa 18

alkylheteroarylenyl,'and "héterocyclyl groups can be unsubstituted or
LosdiirEryonAdsiavsré-sestlnenys Frusseraaiilose mebedimsiisiiu is 2-
riseangisting of alkyl, allcoxy, hydroxyalkyl, 54 WO 2007/035935
PCT/US2006/037317_ trifluoromethyl, trifluoromethoxy, nitro, hydroxy,
mercaptb CBVaR G TR IR NS RS0 R SR ERAD PR B bsagin
10 Fhete asyialidRnEdky, Reterocyealidylamineeralcvimmino:dialkyaming.anrd
ngg%'ﬁlllfylamino)alkyleneoxy. For certain of these embodiments, R4, is alkyl
optl%hal_ly substituted by hydroxy. For certain of these 5 embodiments,
R4a is'sehetiad ropndineenio iplvdigistinygpoé 2fithetitylpecoyp@inyotowjtedein Rs
: I : Hydraxy. thyl. For certain of these
l?rﬁ%%%?mﬁe?r?gsﬁgg%aé %sﬁ]%ﬂn%r%}l% %{%ﬁ%%@%w%roxy-2-methy|pro pyl. For
certain of these embodiments, Rﬁf g?aZ\ methylproW(qﬁb)@sgrtain :
‘é—rﬂ:?& nts, ETL?&%‘\Q amy bre of the above@mbodiments yvherein 10
R&eris’present -Y-R4a, RaNg8),4-alkyl. For ¢ (@ingese
embodiments, R48 is methyl. For certain’embodiments, including any one
0 bove embotfiigats wherein R5 is present, R5 is selected from the
p ¢bris{Btinghbf: r(CH2)a\ r(CH2)a -N-C(R6) -N-S(0)2 -V'-N A -O-N=

f
u
Ak R1) Rr ~(CHe)y, (@H2)b-~ , and /,-(CH2)a

15 . For certain of these embodiments, Rs is

/ (CHz)a \\
—\ L. N - A
N(CH,), . : :
#0™ . For certain of these embodiments, V' is -NH-C(0)-. For certain of
these embodiments, A is -O-. For certain of these embodiments, a and b are each 2.
For certain embodiments, including any one of the above embodiments wherein Rs
is present, Rs is Rs,,
20 For certain embodiments, including any one of the above embodiments wherein

Rs, 1s present, Rs, is selected from the group consisting of:

(CH,). /(CHQ)a
—N—C(R;) —N—8(0) '_V,,Nf \A {\Nwms)—r\{ \A
( R7/ L R'i/ \‘(CHZ);J-/ and R / (CHy), —
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N-C(R6)-N A 15 Rm) \(CHA For certain of these embodiments, R5 is
((CH2)a ~\ -V'-N A (CH2)b J For certain of these embodiments, Vis
-NH-C(O)-. For certain of these embodiments, A is -0-. For certain of
whess-andeggliments, a and b are each 2. For certain embodigg@iiS2006/037317
including any one of the above embodiments wherein R5 is present, R5 is
Rsa 20 For certain embodiments, including any one of the above
embodiments wherein Rya is present, Rya 4’@@2@; cted from the group
consisting of. r (CH2) a ~ r-(CH2)a -_BK-/C_( 6) -N-~{0)2 -V'-N A (-

N-C(R6)-; A R7 R7 \-(CH2bJ , and \ R10 Cléla)g , b5 WO 2007/035935
rt&in of theserainkddiszents,

P& TA152 006183 T FodHGHR) RN A For Ca

R6a is \ (CH2)h J inof these ey iments, V is -NI-I-C(O)s, For, .
et B R R B R, o S B M ek o i
gféhrﬁetﬁm@émfmﬁ, Fandtbrwinashmbodiments, R,1 and R12 are
independently; Cldalil ouR 7| ang R Zrei Qﬁ%&ﬂ!%&%ﬂi&rﬂ%ﬁﬂ 2URAR ,,

to which they are attached form a 5- or 6-membered ring optionally

tamstaeRvEh- 0 NtosPRmRym oD By st aiitdsbbumehtsr RIcaberrigng
apaRa0Y Rty ancenain ¢mbasinens, ngludinghambenmehi) & ARANR

embodiments where X is present, X is selected from the group consisting
@F&ﬁﬁbﬁ@%ikenylene, alkynylene, 10 arylene, heteroarylene, and
heteroeyctylesie witeigindas, alkildie, alkeonylehnde abavaltybylenengratips X is
can be gptionally jnterrupted or terminated by arylene, heteroarylene .or
e e L Sp B 1y R e b e, e G o
gpttam Iofithespleaembod imemsyotyisr€ 2465alitytbaeliytmecrthin déibesd _
ARRORIDSAIS, X5 62 ¢ AlMEN S ERERRr AR AIRAdIMS ISR Yding
og%iaggthe% abgvg em_bétJ3 imgnlft?; whcla%)Y Is 15 present,% IS selected f?%?rlr%ne o
hplsrgpaelpl eemanstivriionely, ity by ope) oIS O~ €RIY-, For certain of these

embodiments, X is Cy4 alkylene, For certan of these embodiments, X is Co. alkylene.
For certain embodiments, including any one of the above embodiments where Y is

present, Y is selected from the group consisting of -O-, -5(0)g.2-, -S(0)2-N(Rs)~, -C(Re}-,

~O0-C(Re)-, -0-C(0)-O-, -N(Rg)-Q-, -O-C(Re)-N(Rg)-, -C(Re)-N{ORg)-, -O-N(R¢)-Q-,

N-Q—
/
-0-N=C(Ry)-, -C(=N-0-Rg)-, -CH(-N(-0-Rg)}-Q-Ry)-, Ria )
—N-C(Rg)"N-W—  —N-— RTj"Q—" v ,*m
. -\ R? , \ RT ’ \ R‘ID , and
N=C(R,)— m—
e,
0 , . For certain of these embodiments, Y is -S(0)2- or
NRg-Q-.

For certain embodiments, including any one of the above embodiments where Y is

present, Y is Y.
For certain embodiments, including any one of the above embodiments where Y, is

present, Y, is selected from the group consisting of -O-, -S(O)g-2-, -S{0)2-N(Rg)-,

56



10

15

25

-0-C(R6)-, -O-C(0)-0-, -N(R-s)-Q-, -O-C(R6)-N(Rs)-, -C(R6)-N(OR9)-,
-0-N(R8)-Q-, N-Q- -0-N=C(R4)-, -C(=N-0-R8)-, -CH(-N(-O-Rs)-Q-R4)-,
R10 -N C(Re) i'l W-tT -N\ 7/) 7 10 and N C(RB)- 010 Rio/ . For certain of

whesh gipgdiments, Y is -S(0)2- or 20 -N(Rs)-Q-. For certaiyrsaeesos 73ty
embodiments, including any one of the above embodiments where Y is

present, Y is Ya. For certain embodiments, including any one of the above

embodiments where Y. is present, Y. is sel from the group
consisting of -0-, -S(0)o_2-, -S(0)2-N(R8)-{56 W’2007/03%898Re) N -W—

PCTTUS2006/037317 CN- --N-Sgs)-t.- RN Rs)-Q-, -O-&(R6)N(Rs)-,
:WQW(%)&WN@QN@ IR Po and ro For certain of these :

embodiments, Y. is -S(O)2- or -N(Rs)-Q-. 5 As used hereip; terms
&m,q_ Ratkgrgh; "algy@yj@ prefix "dlk-" aned(ngyuswe of Bth
stra{\qht chgin and branche\d chalin groupsiand of cyclic grbup:g. .g.,

]
cycloalRyTand cycloalkenyl. 5ﬁless,@ﬂderwi§§?°specified, these &roups“or certain

contain from,.1 to, 2Q,car toms,, with alkenyl groups containing from 2
(fgtgas%g%%orﬁi Iﬁg%sé%éﬁ%?g@fﬁwrg%@@ @Eintaining from 2 to 20 carbon
atoms. In some embodiments, these groups have a 10 total of up to 10
carborfateshaipitotiecarmsrialithsallsal Salivonlaeomgiearoptalk-" are
RO UGG SRR E HLRGARALY EHGRE ARG 5B ups, e.0.,

preferably have from 3 to 10 ring carbon atoms. Exemplary cyclic groups

et ebprapgikeaybidprtssy RHsIYFCEpeB Y e BBUR IFRaR from 1 to
Ry siepainiy slapanidiveilpseaahexylrexciohexyinsihykasamaniilyny|

and substituted and unsubstituted bomyl, 15 norbornyl, and norbornenyl,
%‘Rﬁ@%@c‘i‘?ﬁ%ﬁé@"%%éﬁi% ?”ﬁﬁ%}l@ﬁﬁ’&‘ﬁ";‘mﬁ’%&ﬁ@?‘i{ﬁﬁ“ﬁr@ﬁiﬂ SFys have a.
toedbofomtodivatebbiormnnd, ihetddlepithoiatkeny| yatads allyotyitgieupsp to 4

ted siigstidiertialdiey. dxsampleracyaliplgtiyisriptipdsugyclopropyl,
cyclopropylmethyl, cyclobutyl, cyclobutylmethyl, eyclopentyl, cyclopentylmethyl,
cyclohexyl, cyclohexylmethyl, adamantyl, and substituted and unsubstituted bornyl,
norbornyl, and norbornenyl.

Unless otherwise specified, "alkylene", "alkenylene”, and "alkynylene” refer to a
divalent form of the "alky!l", "alkenyl", and "alkyny]" groups defined above. The terms,
"alkylenyl", "alkenylenyl”, and "alkynylenyl" are used when "alkylene", "alkenylene", and
"alkynylene“, respectively, are substituted. For example, an arylalkylenyl group
comprises an alkylene moiety to which an aryl group is attached.

The term "haloalkyl" is inclusive of groups that are substituted by one or more
halogen atoms, including perﬂuc;riﬁated groups. This is also true of other groups that
include the prefix "halo-." Examplés of suitable haloalkyl groups are chloromethyl,
irifluoromethyl, and the like.

* The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems.
Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl.
Unless otherwise indicated, the ferm "heteroatom™ refers to the atoms O, S, or N.
The term "heteroaryl” includes aromatic rings or ring systems that contain at least

one ring heteroatom (e.g., O, S, N). In some embodiments, the term "heteroaryl” includes
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20 comprises an alkylene moiety to which an aryl group is attached. The
term "haloalkyl" is inclusive of groups that are substituted by one or more
halogen atoms, including perfluorinated groups. This is also true of other

VEOMPSeRats include the prefix "halo-." Examples of suitable heloatikybs37317
groups are chioromethyl, trifluoromethyl, and the like. 25 The term "aryl"
as used herein includes carbocyclic aromatic rings or ring systems.

A 'ﬁﬁﬁo W FRRURsinGUsie phe oy AarBthy pipheny hlenratyisand O,
indenyl. Unless otherwise indicated, the term "heteroatqm.’ relfetﬁ to fhe vl
SO SR rOTRE e BB AT RS B A MRS BERHGP o

ke thakeRban ahdeast Rem g hete: 6.4, t8r@ply), imidembyl,
%%nbo%i??neng theﬁigr ﬁ%?ero r I|gl Iud?ﬁlgq%?m{/ 20007%2%2%954 ) zoxazolvl
SIS 2006 74570 4 D A RSO o S e 0 5 SRR
Benmgid 3 ringsailaddigiendatantismyaricots pzripl Nashthe Hatekossmelyl
Exemplary heteroaryl arqups include furyl, thieaw.pyL imali
R o P TR o o A
tpiyraizoly lo:oxbazoiyll, thiadiekalhemdoteifany|, benzothiophenyl, carbazolyl,
benzoxgzolyl, Eh@@é%i?y‘ iRERINdaZe M AL IRRXREMTh PORTaHRIBEO bontain at
naphthyridinyl, isoxazolyl, isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 11
Ieaghacio pSdYFCpARIB ARG, Gidz Ny Artetelaf ?Hﬁé&‘?ﬁf&ﬁ%,&#éﬁﬁ%‘g partially
ARLS200 JThRteE b HBtenesschinisliiesaaomagmaic fingsweramgdiments,

systems that contain at least one ring heteroatom (e.g., 0,,S,,N) and )
e PRI T A A ARV, T R Re e atoms, 13

@ighe abevementipastitSpindtylagrbu pstchomomte Erdropelirehttsroepclyl
term "h Iyl j ' i o i
D e s

"~ dietethatonshdinehpipeydietb woyuigingschipsohdndeimidamdiiy L

' v, 1hi t 1 dioxothio ofinyl,
R T P s e
qutrangRl by OB R RO Mo R e g, #2gtidmmy
&Hﬁ%ﬁ%@ﬁkgi&%@@P?I,%?dﬂ;}ﬁbé?@m?wm—@l?di@wmb@mﬁiﬂm-Yl,
azetidinyl, dihydraisoquinolin- -yl, oC roisogquinglin- -y,
ARSI ) 30 SO LB (o SRt g o
1&&zabicyclo[3.2.2]non-3-yl, and the like. 20 The term "heterocyclyl"
includgs Ecand JHeYIE NSIBQAEIRS Y MBS RE R
includetuseé ancf/eor%rn&beglrmgs and spiro rings. Fused rings can

Sncludeg iy chiitiosludedlisstlmadéer ripeat aingsand e ¥Rg: diierdrRaTcan

, iﬂ&%&é‘} fne&(c?cﬁ@ﬂ?to a saturated or partially saturated ring, an aromatic ring, for example,

a benzene ring, Spiro rings include two rings joined by one si::iro atom and three rings
joined by two spiro atoms.

When "heterocyclyl” contains a nitrogen atom, the point of attachment of the
heterocyclyl group may be the nifrogen atom.

The terms “arylene”, "heteroarylene”, and "heterocyclylene” refer to a divalent
form of the "aryl", "heteroaryl”, and "heterocyclyl” groups defined above. The terms,
"arylenyl", "heteroarylenyl”, and "heterocyclylenyl” are used when "arylene",
"'heteroarylene“, and "heterocyclylene", respectively, are substituted. For example, an

alkylarylenyl group comprises an arylene moiety to which an alkyl group is attached.
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a benzene ring. Spiro rings include two rings joined by one Spiro atom
and three rings joined by two spiro atoms. 25 When "heterocyclyl"
contains a nitrogen atom, the point of attachment of the heterocyclyl
oM RYRe the nitrogen atom. The terms "arylene”, "hetenaarylenesis7317
and "heterocyclylene” refer to a divalent form of the "aryl", "heteroaryl",
and "heterocyclyl" groups defined above. The terms, "arylenyl",

“heteragpylenylizands H?ﬁ&%@éyés@utu@fam@ wbRAcAARNGH @are fully

"heteroarylene”, and "heterocy bg/lene p ctively, are substituted. For

@%ﬁﬁeﬁ"&ﬁp%ﬁ?ﬁmmﬁ &oMpHsEs®n arylene moiety to which an
alkyl grgLEnis @Magrq@plsuﬁs%xeﬂéa Bﬂ%}i@aﬁpﬁ@ﬁﬁéﬂlﬂ&z@ﬂﬁw&?ﬁlﬂ aifhBormula

e A L R R et

stiiititlyesmdted vanmblﬁamsmpmumgmam@m oed Rmmm@n‘t then each
RoaBed Deleins AR SHonm (Gh SHARUGR! Q1o A BRI S REIBPRIBERLY, cach
se c‘t‘g xplicit ystate or not. For example, when more than
Bm&@gi@upi@@qm@séhtw@?%ach R' group is independently selected. In
another example, in the formula O(-C(0)-R2)2, each R2 group is
independently selected. The invention is inclusive of the cqmpound?& .ir

descriBéa ReraliPmining BrireRl e SRRHALE AeReIRFS DEEtR IR IR
ﬂhﬁiﬁiﬂ&@ﬂﬁ@m&é@@bl&ﬁﬁiﬁrmiﬁg@@dlnema(etg),rﬂ&c‘s&raaﬂﬁ,smﬂ/ates

polymorphs, rodru s and the lik rtlcular [ ou

A B e R O B CRTy TH R o gt s
enapdiom arsmiallgl ha@vm@iafmmim B@smﬁtthﬁyenalmﬂcmn& df giecukifound's
“”d rstood that 08 ‘ermm%?{“%%ée xﬁa‘}%%@}’so‘i@éh%ﬁ%%%%%od that

er EXpﬁICI?y sta C}nOI’ no at times, "salts” are explicitly

: &lmted) “d@@panatlan@ﬁ?hmemﬁmfﬁd@mfmﬁssﬁé@ﬁ?@rd%‘ﬂdi@bf fted or not

{ﬁ&%ﬁ%ﬂ%ﬂ%ﬁgglbgﬂtgegfé%%ﬁcmmggp in the context of the following

schenies. 20 Some embodiments of the invention are described below in
Reaction Schemes | through IX. For more detailed description of the

meividiah eeTionsigrundee the EXAMPLES section below. The starting -
e AT U LB, SIS SRS R e o
@repatddwiiggdnethads well known to those skilled in the art (e.g.,
prepared by

Some embodiments of the invention are described below in Reaction Schemesi
through IX. For more detailed description of the individual reaction steps, see the
EXAMPLES section below. The starting materials are generally available from
commercial sources such as Aldrich Chemicals (Milwaukee, Wisconsin, USA) or are
readily prepared using methods well known to those skilled in the art (e.g., prepared by
methods generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic
Synthesis, v. 1-19, Wiley, New York, (1967-1999 ed.); Alan R. Katritsky, Otto Meth-
Cohn, Charles W. Rees, Comprehensive Organic Functional Group Transformations, v. 1-
6, Pergamon Press, Oxford, England, (1995); Barry M. Trost and Ian Fleming,
Comprehensive Organic Synthesis, v. 1-8, Pergamon Press, Oxford, England, (1991); or
Beilsteing Handbuch der organischen Chemie, 4, Aufl. Ed. Springer-Verlag, Berlin,

Germany, including supplements (also available via the Beilstein online database)).
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methods generally described in Louis F. Fieser and Mary Fieser,

Reagents for Organic Synthesis, v. 1-19, Wiley, New York, (1967-1999
ed.); Alan R. Katritsky, Otto Meth- Cohn, Charles W. Rees,
viepraprehemsive Organic Functional Group Transformations, p¢ike€006/037317
Pergamon Press, Oxford, England, (1995); Barry M. Trost and lan

Fleming, 30 Comprehensive Organic Synthesis, v. 1-8, Pergamon Press,

Oxfords Englghepd3 09 briah Brigieins.hibrdpeeh e et sehBSreaction
-Verlag, Berlin, any, including

Chennie, 4, Aufl. E pringer Ger, .
gﬁﬂﬁﬁgﬁ?@§t S(%l}é%%@s IR0 THE B TG AL R Cas B e e skilled
BOBZ /08648135 RO IHIGA00 GRS 1Ry v Althooti: spatitie astartingsaadadalglitions.
ents are.depicted in the reaction sche and discussed below, .
B S R e D M R TR i
Bisodetetitsiog tonyeoticiebmeahiedy weld drivative shasrisbilleshistite art.

Conditim%?%%@%@thm%met%éﬂﬁgﬁqgﬁxgﬁﬁﬁﬂpﬁgeg%g\ﬁ’eg%egf o protect

i
further elaborated in light of this 5 disclosure using conventional methods
AR RS tRedlitsrTes Tergtiaaethas Baeitmg! GiRuRteiousippmediate. The

 HRYE RSN MRAYSRRMSTM QD ANRERETANY 1ReRIARS bAIRAIGINAL: functional

function(gg'qt%/. while reacting other functional groups on an intermediate.

FREP ABCHFGPRHETY STLBR SPRER AP d PRI FRP e Reiteetp YR include
peiicuEhhostong kegroupandithun daBditio benaj e tedchion stem-

C}Iéé_clilrflléj Sg)lrgt%gsei?{cl:lude acetyl and

itabl i tecti Jincl 0 acet
et
Hhd@nyhnettioxyter onpliFmeiSiib e dwdrbyageteciniggriips of
ﬁ%@ﬁfg@%ﬁmﬁ Rllyl roups pUGH as.the ﬁ@bb@t»ﬂﬂ_w&}wwgr%gv%ups

Foragene descrlg)tlo_n‘ of protecting groups and their use, see T. W.
i feaEafythets, ). WitenPrbredileydrdups NeorgakidSynti®s, 3'd
edition; oMM YEIRAR SN RN RBes UEAD AR i GRAREAEONEIN be used to-

.methods and techniques of separatign_and purification can be used to
1

STBRABBRIS ER VTG IRB RN S diNes BERdRE IS RS may include,
freahaiaplesahayisdticleotarexaphpltigh fyfemaheb tbmatopraphy dhighy
(@ﬁ;&){ &?&relrll Igﬁe%gr%%g S;q{%g%%ox(ful_ggﬁ% sgr Iuliasnsg r%gnm chrgag,h Yd thin
using-commaon absor uc silica’gel, and thin"Tayer
lgyworhatogtegphphy)ecrstidlizatiom, and diffecatithli @.elidigdibgiddjidxtraction

ian 20 techniques. Methods of the invention are shown in Reaction

Scheme |, wherein RA, R$, R1, R2, E, and L are as defined above. In

step (Medhads 8f Briwsstion SerbatauiRsasticasiame L. sdhpreon Bndindls, Ra,
E;@@arli,taeaamﬁhyé@mm ﬁarmy? &rgtlays)mlaeﬁgntlmén@mmﬁ@yﬁdine,

3-aminoquinoling, or 3-aminonaphthyridine of Formula \g or lll, 25
SrRLHBtRRIy o FRURERB e e CAh T b§rantripersre 2 3
aadnveniitingl Inethedsitddine, or 3-aminonaphthyridine of Formula VI or 111,
respectively, The reduction can be carried out by a number of conventional methods. For
example, the reaction can be carried out by hydrogenation using a heterogeneous
hydrogenation catalyst such as platinum on carbon or Raney nickel. The hydrogenation
can be conveniently carried out at room temperature in a Parr apparatus in a suitable
solvent such as N, N-dimethylformamide (DMF). The reduction can also be carried out
using nickel boride, prepared in situ from sodium borohydride and nickel(II) chloride.
The nickel boride reduction is conveniently carried out by adding a solution of a

compound of Formula V or II in a suitable solvent or solvent mixture such as
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example, the reaction can be carried out by hydrogenation using a
heterogeneous hydrogenation catalyst such as platinum on carbon or
Raney nickel. The hydrogenation can be conveniently carried out at room

vemperadsye in a Parr apparatus in a suitable solvent such agT/us2006/637317
"~ N,N-dimethylformamide (DMF). The reduction can also be carried out 30

using nickel boride, prepared in situ from sodium borohydride and

diicKelghahinrite:thTie tickeltoride escsstioriisndonobyicided pdtdlybiaor
ddln a soluti A ;

Ssé fven orré% l\}Cé%t x(f%i:oérﬁé%&g Hé%%bc?%%%g? gggQ%B&%EW&t At room

RPOTHIS2008138 T3 sdichioluptietherdimraisd SO EIAIR Qe 6F BYepbase

MMHR&&P%@Q&%&&Q qalalyig,af staisliometigdrckaltd)cehteuidady carried

methanol. The reaction can be carried out at room tem a(T))ré)era\tur

R ShSP HeEAYSH Sa PB EieckctGn Ba SR OBM Y Fase
saeimBydhioRite é‘jﬂ)(ﬂﬂﬁ -7Hhe @@@Mrﬁycﬁﬂéiﬁfgi@dmﬁtﬁﬁwme compound
5

conveniently carried 5, out us he conditio scribed
BHOE e RAH DB R EdT HpE %%“?M’épa@‘aﬁ% m
ﬁay @éd@ﬁge&d@umﬂmhlom%eﬂﬂaaﬁdmgmmagﬁﬁdmw cthyliniglogture

%(éploro thane rlddr\%a%er at mble g%gm%rature in the presence of

otassium Car 1c')?u'gl)te and ogen iIbromide, ethyl viologen

duodquaoy QQMW%@?FMWWWWWlG@eHSCFM&?}PWPaTed by

HOHSRT Forpula Mhandhd ar %@g%mﬁaw&eeaaq%mcha
nown methods. For quinolines an gnaph ridines of Formula V and
iy ydueaen Ak iy elitswericsd BiSeRm RS0 3§> SHORREN G P 480 3R

Q@%ﬁf&) ﬁf}t%t@i %}%géﬁ@m@f&ﬁ@ﬁﬁ%@iﬁ w&ﬁbm}&fam@mﬁq@dﬁi\ﬁ@md
umomes etrahydroquinglines, and pyr S0 n whi
BRI & CERAb S e 8 %@é&ﬁ%@%ﬁf&ﬁa e o 68 ropared
fomporposnds FORaly N whibfelEHds ydioxy; mefdoemapim 18, 61 B3ent Nos
4 1 7 |

gyt o T AR R
i $6d (hietsttrantidheastéréht.o8 Lldodshenem atbmiﬁmﬁfé@%ﬁ@a cited
HaRpthyrig g@ﬁo%@aﬂmkap‘x{ﬁﬂhme%mﬁn@w&pﬁ% (GHREHq e apd

L is chloro seé U. S. Patent Nos. 6,194 4zgﬂiGerster et 20
taiyzetel @gz@m@b@ (@&@t@? DA hee et Y Do efeta> (Gerster et

£PMBOLNASINR ToMmItHRe Ll yanuhich Eanber i tﬂa&mxm@ﬁa@dmds of Formula
IErepared from compounds of Forg;ula Ilin h|ch E and/g %)ch ofor 5

el R Ay S g

ompounds
GHED I Iiudith Eukin B2 bads despridpdied fHHP20 mpmmbmﬂ al.),

e
Formula I in whlch E is -0-S(0)-R! accordmg to the methods described in 5 ,395,937
(Nikolaides et al.) and 5,352,784 (Nikolaides et al.).

Several compounds of Formula VI in which E is hydrogen are known compounds,
including unsubstituted and substituted pyridines, quinolines, and naphthyridines of each
isomeric variation. See, for example, U.S. Patent No. 6,110,929 (Gerster et al.) and the
references cited therein. Also, some compounds of Formula I are known. For example,
3-amino-4-chloroquinoline, 3-amino-4,5-dichloroguinoline, and 3-amino-4,7-
dichloroquinoline have been prepared by Surrey et al., Journal of the American Chemical

Society, 73, pp. 2413-2416 (1951),
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Several compounds of Formula VI in which E is hydrogen are known
compounds, including unsubstituted and substituted pyridines, quinolines,
and naphthyridines of each isomeric variation. See, for example, U.S.
wistetNes:6,110,929 (Gerster et al.) and the references citedthgmaisms7317
Also, some compounds of Formula Il are known. For example, 30
3-amino-4-chloroquinoline, 3-amino-4,5-dichloroquinoline, and
3-aminQsth{ @ichieignuinalingnauadsen preparasiyideiRlquinoline, or
Journal of the American Chemijcal ocietyﬂi‘, pp. 2413-2416 (1951). 61
RO DS PIBBOHBE H RS0 0H LTSt S DS CFFbsay it Maheh
saeRane haampopyidinendiemninotuinblioeponidtaf foanalphtiiysidiie

of Formula VI .or. lll is reacted with a carboxylic.acjd .or equivalent .
REROT RN E L e T Bactds AR, AU acid
hﬂmecﬁwyel&ximéqumm@mmwmmi dstmwli;ndé Iacib!e desired
fpoydrides andzacid, %%g'u1§§%§§@m&%ﬁ@%?@%§ﬁl%ﬁﬁiguud in which

equivalent is'determined by the Substituent at R2. For example,
Rhés agecpbbgngeyt Siowe efstbvidecety copsisloranidmierompoing iprapiah Ra is
S'aUR he M5eob SihanaecstibaiialsleBrRvides R caMRORt I YHIGHIR2an
is an ethoxymethyl group. The reaction can be conveniently carried out__.
a5 B A A HONGR SRS RGP ORI S FOTBR it & [ e
GamROWICLef fSren By 6t bithae 14 sidkitblie selvendishithoathane optionally in
ichloromethane .acetonitrile,§r12- icplor.oethang.oeotiogallyin the
FESEIBESGH 4 tarHa) e Sl SE e IE “BYriding, or 4-
diinedtyiytaimineiyiic (B NDIWA Phdieectzactionbeannys susdatal tedpewdure, for
temperaty or _example , perature a o
e R e R e o0 c

Heydrogsnindscohspsuid sfivdrageta agosrnavesphEoaadecyl rs Wigaybe reacted
JaHaHng AAe b SHCH A5 {0f L XUMRIR, disthaxmRaliyiReataeRERCRiic

formic_anhydride. Some compounds of Formula VIl are known; see, for

autrighe, $918° PARAUIE 06 OrBY2 o HEsBP B BELTY: FRLTSIRRI Y-S Fatont
WreagtiomBelemet éhg ydroxy group in a compound of Formula VIl is

converted to a leaving group using conventional activation methods.to
rovidl OB ST O TR oG Bt neund S PLOrmula

- Viytrosyvgraudpda feahigy@orpupicgndy eoivehstitytivarmethods loyprovide a

SOMBIRING: 3 CAMATMACH! EQHMUIR Ao, PhesRNOmISH!LAARIRUHro

0%1800 orination reaction can carried out neat or in a_suitable solvent
gsoighcas b, Roalfiensehyitorrriadids pprmbigiemsrsmenadof deamHrie with
Bwf&séﬁweﬂ%ﬁ%mél\' WR)e1aBehkiZslichloraethane eI eackon 6 a

be carried out at 25 room temperature or at an e)led\ga}t]?d temperature up tq :
sm@w@fﬁgkvwépﬁa%%&%m&@amlde (DMF), dichioromethane, acetonitrile, 1-

methyl-2-pyrrolidinone (NMP), and 1,2-dichloroethane. The reaction can be carried out at

2

room temperature or af an clevated temperature up to the reflux temperature, for example,
at a temperature of 25 °C to 120 °C. Other examples of chlorinating agents include, for
example, thionyl chloride, phosgene, oxaly! chloride, and phosphorus pentachloride.

Other halogenating agents include phosphorus(Ill) oxybromide, phosphorus pentabromide,
diphenylphosphinic chloride, and triphenylphosphine in the presence of bromine. The
hydroxy group in a compound of Formula VII can also be converted to a sulfonate ester by
reaction with, for example, a sulfony] halide or sulfonic anhydride. Suitable sulfonating

agents include methanesulfonyl chloride, methanesulfonic anhydride,
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at a temperature of 25 C to 120 C. Other examples of chlorinating agents
include, for example, thionyl chloride, phosgene, oxalyl chloride, and
phosphorus pentachloride. Other halogenating agents include

vahesphggus{lll) oxybromide, phosphorus pentabromide, PCT/US2606/037317

diphenylphosphinic chloride, and triphenylphosphine in the presence of
bromine. The 30 hydroxy group in a compound of Formula VIl can also be

comveidediaR SUianaialestRl hifieasidathiftalcadmirde arsulfonyl

halide, or, sulfonic anhydride. Sujtable sulfonati agents include .
B P G L R A A i Sesuttonie
2A/A60B5 P35 RE TSRO Shbritid nerometivanewsfifoydcchibyidtéde, p-
rifluorometh Ifonyc anhydride . N- ‘e Yo :
o ANt 2 aiobomeagatfoyt oloideand

bevizebrazaifsniforan ehintis, T ovnoiervihesulfongiies rewbis typically carried
BaPtemehrnzenestlioNc anbidride aR dRNENERWIANRROUAS: as triethylamine.

-toluenésulfonic anhydride, 2-nitrobenenesulfonyl! chloride and 5

heitrapen eandRs FRSHFHCHTb R AR G salvaBtsHAb 5 dehioremptiaige hiis
m&m%m_{éi%e@#mﬂémﬁmig&gmaﬁ_&amﬁ@)mﬁﬁtﬁlgmm q@?jseaa@an may
terti ry amine suchn as Iriet anline. e reactign ca e cajrie ut In
R PTG ST P CPATS B RS P O o PASt R HAne solvent for the
reetonitritbe teﬁmbyidrmﬁuba @dlﬂdf@p%pmﬁmﬂmﬁtuﬂ'm el tiortat égmperature,
130 RTINS R B BYRE Lo W%ﬁ%%?‘@?%%%%?e%@& AMERBSAANLS about
% e solvent for the R%rreactlon. e reaction ma e carried out at room

tesnpsraparawre dnrelbigtedhenficiGiubbessouthadstAesehias fensiseratLeé
Réémoﬁ%m-e'?%ﬁmé%é@mméﬁ@9%@{&59315@953 W 38 uinoline, or 3-

temperature to no higher than 90 C. These methods described for step (3
SninesaRkibH inerh E reateadd v wame IR a s Haih ShRiiRsep (22) of
RBeadninpseHaakine, or 3- aminonaphthyridine of Formula VI to a compound

of Formula 1], as,shown in step (2a) of 15 Reaction Scheme I. In step (4) .
of RodBF SR NEC R SR FURRTBT e ST g mine
of fiormuld R RIIHZ, 05 shl it aliletisadth er eofy ide profideid-Fb dongaand of

f F lal. Th ti '
SRS S, T s B SR 20

e temperatqre require | .
obpereen® hesréitadtiomeibihasibecc arbietbatiommaaz @lso ibaserdehantns

SRGICISMPERIRd RHARIR SO MESH RGO A GNRE SHIRAS such as

methanol, ethanol, trifluoroethanol, isopropanol, and tert-butanol; water;

pebmtrbanMBlaat taerlelspRErRIRel SuiVerERERiy&ater; acetonitrile;
WiftuoseetorRab. ipegteranlvend nhkutanal:Rieiesaktopaeaciianzer:-

TR G B BT AR EFREFENE OO AR A Copbiagor an
Peferablyrdbecfeabhioniterapeiat treperitoe s i figicr OpiioRaANY, dvmse
prpe?ymlﬁyya%dreacﬁon temperature is 110 °C to 165 °C. Optionally, a base may be used
in the reaction. Suitable bases include triethylamine. Optionally, a catalyst such as
pyridine hydrochloride, pyridinium p-toluenesulfonate, or p-toluenesulfonic acid can be
added. For some amines of formula Ry{NH; under certain conditions, an uncyciized 3-
amido-4-amino intermediate may be isolated. The intermediate can then be cyclized in a
subsequent step by heating in a solvent such as toluene, optionally in the presence of a

catalyst such as pyridine hydrochloride or pyridinium p-toluenesulfonate. The cyclization
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in the reaction. Suitable bases include triethylamine. Optionally, a catalyst
such as pyridine hydrochloride, pyridinium p-toluenesulfonate,
orp-toluenesulfonic acid can be added. For some amines of formula
w4 4eer certain conditions, an uncyclized 3- amido-4-amings2006/037317
intermediate may be isolated. The intermediate can then be cyclized in a
30 subsequent step by heating in a solvent such as toluene, optionally in
ﬁﬁ? presenceRt & Satalysl-auahRsRnddineydreceiarideRpRMiieivER:
p-foluenesulfonate. The cyclization 63 WO 2007/035935
Pt1S2006/037317 may be carried out at an elevated temperature,

such aghersel weiempeanaiey e Obifienl sBIGHE, biualer dusepfimdnbhnfingss

of fgrmula R1INH2, qr salts thereaf, suitahle for this, reaction ar
AT TG T FRR B b Wit S fo
5 dormbplexhmiplehtde imetSoBstint DoS. RERBAT N(S0165158210 (G 64N (Birooks
.).6 , rooks et al. L), : :
T U e e R e S g =on
Relipeticray. 2RI AHaY P eisiicatad INermetionudbydlicelien Nerepski
amies pfdhg Jormula RINH2 can be made according to the
following 10 method. For some embodiments, Riisa . .
1-hyd RS RGP BUR N caoPFaBBEn o &itare B fnnias
10 RN 2 Eanhedsepasadday embiningyareygigdkeitnenedzasp. The
cyclopentanone or ¢yclobytan withﬁexcessréll omet ane in as zi:t"i‘{%lgn
R e aR i e Y HBPBTE‘ MEFBPIR T RE BNt 0t A caralytic amount’
sathaseysigiuasmadionydtitakidenorvaddicoe dsydioxidthamdinedudisgethel vent
% UIta%Qgﬁoorpete !':ﬁ%& nslt'tﬁ%terdes]éSc%oéP Q%? i o%@@ﬂﬁ@%khas sodium
He ear%%eneous ﬁly rogena ior conditions. The ydrogenation is typically
etlrxidd outddithelyrbesideaust isduwialy tesisshlasipdiramehy LsplsEge on

15 SAhomPIRd LR AR AP R RIBR8Y Wiaksl di-a it slventsuch as

ethanol. Both the reaction with nitromethane and the reduction can_be

hydraeepsiieis owirescperden Mt srane 8F sraliliet RetBas 824 B
1Rat8ines Jromrsa)paRsdiahsoy taess Orathesy ealdiensy Bihealiz eslwaingich as

now, hetic methods, 64 WO 2007/035935 %.T/uszggaos? 17 |
B R e S e RSP RERR S IPET O3 SR Ly o room
temperature. A wide variety of cyclic ketones can be obtained from commercial sources;

20 others can be synthesized using known synthetic methods.
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R8RARO BRARAVVIVIII(2a) B)EEE NO2(NH NLR NN2
(3)2RLLRLO BRelB RARARA itllIIV (4) EN-ICNN-R2 RB
% RAR, 1A compound of Formula | can be converted to a compound of
vroomules¥assing a 5 variety of methods, depending on the igentity206dz:37317
Examples of these methods are shown in Reaction Schemes Il through
V. For certain embodiments, the amination of a compound of Formula I, is
shown in Reaction Scheme II, ileesiém BclisracHalogen, phenoxy, or
-0-S(0)2-R', an¢t RA, RB, R1, R2 age as defined above.Step (1) of
Reaction Scheme I K@) be used to nvgﬁ a compound O Fopmula
1-4, wherein Bis Rydroky, t a corfjpotind of Fémula IAny ondof the
methods de Hystep (3) an () of Reaction | can be
used. The afin tlon in step (2) 6f R action Scheme I can be
conveniently carrlqﬂ out by heating a ogmblnatlon of a com@pund of
Formula I, and a solution of ammonia jn a suitable solvent such as
methanol. The amination may also bej cayried out by using ggnmonium
acetate or 15 ammonium hydroxide irf combination with a gompound of
Formula I, and feating. The amination is preferably carried qwt at a
temperature MPthad'dho C, g noBaowey %;3’ 2more

preferably nottlo than 140 C. T
R L R
B B
Ra R, ' Ra
i 1§ v

A compound of Formula I can be converted to a compound of Formula X using a
variety of methods, depending on the identity of E. Examples of these methods are shown
in Reaction Schemes II through V.

For certain embodiments, the amination of a compound of Formula I; is shown in
Reaction Scheme II, wherein E; is a halogen, phenoxy, or -0-S(0),-R’, and Ry, Rp, R, Ry
are as defined above. Step (1) of Reaction Scheme II can be used to convert a compound
of Formula I-4, wherein E is hydroxy, to a compound of Formula I;. Any one of the
methods described in step (3) and step (2a) of Reaction Scheme I can be used. The
amination in step (2) of Reaction Scheme II can be conveniently carried out by heating a
combination of a compound of Formula I} and a solution of ammonia in a suitable solvent
such as methanol. The amination may also be carried out by using ammonium acetate or
ammonium hydroxide in combination with a compound of Formula I; and heating. The
amination is preferably carried out at a temperature not lower than 100 °C, preferably not

lower than 125 °C, more preferably not lower than 140 °C. The reaction is preferably
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WO 2007/035935 PCT/US2006/037317 carried out at a temperature not
higher than 200 C, more preferably not higher than 170 DC' Reaction
Scheme 11 OHE1 NH4 N1 (1) N(2)N> N~-RN}-R\N \z\2N N RB
WA MRARBIRA R1 RAR1 (-4 X 5 ~1 Alternatively, a compeamdiefeos/o37317
Formula I1 can be converted in two steps to a compound of Formula X as
shown in Reaction Scheme lll, wherein RA, RB, R1, R2, El, and Bn are
casidelined akayerStepdd)iniReastionSuhamee firefuably useHighalitpiat 20
.Ihe 10 El group in a compound of Formula Il with an amine of Formula
@IN(Bn)Z to provide a compound of Formula 1-6. The displacement can
be conveniently carried out by combining an amine of formula HN(Bn)2
and a compound of Formula Itliga@t%&it@ﬂ&né?jvent such as toluene or
xylenes in the presence of a base such as triethylamine and heating at an
elevated tapaperature such as the réflux temperature of the ent. In

step 15 f Rgaction S emeclil\] otecting g"oups af ved
from the'4-afhind-efm, c undjof Aprmutary - ovidé a dompouid
of For ulayx. r certain emb Bi\ ntshthe deprotectiar,ca be[‘{
convenientry, carRed out on a Parr apparatys under hydrogeRslysiB

conditions usjng a suitable heterogeneous catalyst such as palladium on
carbon in a solvent such as ethanol. A'hternatively, when Bn
isp-methoxybenzyl, step (2) 20 may carried out by combining

empeb P8 B e SEER AN B EHE Ao B RGP T 2 80 C40 T
BRWR2ODTA36036 REHAS2OREEABIheRediliohSehefneRY. R, Ra, E1,
3%%?) grr!:\l al_sl%eﬁlm(::d a%g\%\.Rgte 1{ 1\)I F E{%&%nﬁ&]@%e III can be used to displace the
E; group in a compound of Formula I; with an amine of Formula HN(Bn), to provide a
compound of Formula I-6. The displacement can be conveniently carried out by
combining an amine of formula HN(Bn), and a compound of FormulaI; ina suitable
solvent such as toluene or xylenes in the presence of a base such as triethylamine and
heating at an elevated temperature such as the reflux temperature of the solvent. In step
(2) of Reaction Scheme I11, the protecting groups are removed from the 4-amine of a
compound of Formula I-6 to ?rovide a compound of Formula X. For certain
embodiments, the deprotection can be conveniently carried out on a Parr apparatus under
hydrogenolysis conditions using a suitable heterogeneous catalyst such as palladivm on
carbon in a solvent such as ethanol. Alternatively, when Bn is p-methoxybenzyl, step (2)
may carried out by combining trifluoroacetic acid and a compound of Formula [-6 and

stirring at room temperature or heating at an elevated temperature such as 50 °C to 70 °C,
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BRBRBN RAR1RAR1RAR1111-6 X 5 For certain embodiments, a

compound of Formula | wherein E is hydrogen can be converted in to a

compound of Formula X2 by oxidation and amination as shown in
WReamians8eheme |V, wherein R,&2 and RB2 taken togetherdomm sdoseds17

benzene ring or a fused pyridine ring wherein the benzene ring or

pyridine ring is unsubstituted or substituted by one R group, or substituted

by one R3 group, or substitutedp3etere Rhgroepll0 and one R3 group,

and R, and RR? are as defined aboveth@tep (1) of Reaction Scheme IV,

a compound/of Fgrmula 1-22 is oxidized to a 5N-oxide of Forfnala XX2

le of fotthing N \The
binihg 3-chlor nz0tc

in 'g suitable solV&nt uch. \gs
dichloromethane or chloroform. The réactioh can be carried ovit 15t
room temperature. Alternatively, other!feracids such as peracetfc acid can
be used as the oxidizing agent. The reaction with peracetic acid can be
carried out in a suitable solvent such as ethanol at an elevated
temperature such as 50 C to 60 C. The 5N-oxide of Formula XX2 is then

aminatggl %ﬁ&?@éﬁ%%ﬁ&ﬁ&}@&b&%ﬁﬂ&%kﬁ%ﬂfﬁw %&eﬁ%’i@%’f@ﬂ) é)én can be

Formula X2. The amination can be carried out by the activation of the 5N
RPUKEE By aifosresndotireaids Xadtinsiirniapnng aminata avithoary in
REAsIRiNScagasty Swiiable Relivading agem sonahd eatk v iR @Bds IR Mg or a
Icuhjlé)({idesdsuch as enzer‘be%stgjlfo%l chlori.de,.methanesulfon | chloride, _
Pt ATAHEE SRS T SIE TR DB IR R PR T e At YRR e fonia,
snasiedhb beerftrmomprohydmitided torexdtnplenpns aibsitarid by sakR group
.aS,a ni a e, ammeniym bicarbonate,,and ammonium
B e R Ao S 1v,

pohiraad afdioyreidriids exidisiktore BY-amideaiiGonmhyld SXices gk a
aﬁwéﬂﬁbﬁmﬁ&%@&g&n@mﬁ%@'ﬁﬁﬂiﬂg%&lﬂ&&.ﬁ?ﬁ#%ﬂ%&%mﬁt@%ﬂgﬁmy

chloroform. The reaction can be carried out at room temperature. .
SRRSO R qumRiRtoh SYep ey Beneait Reidbwith E sosmenswk o Beranipd-2 in
HTIMOIHNERHIB 2NN SR00H D Shibrvishautiae kbR @S b xided out

f Formula XX2. Alternatively, the 5N-oxide can be treated in, step (2) with
oA el o BT Sk g AP B8 Ay, e o

an’socya Whereir
f_&et@@ﬁ@mm.gmmaﬂw@mmﬂw@ﬁo i htbeceseliog in a suitable
dotesmediate; Ayl %@&_gmgmﬂlg&%&;?w%g 5HE [SR6UPN TR0 DE oige
convenlen_tlﬁ carried out in two 5 steps by (i) combining an 1Isocyanate

& Rermulr R RolodeaynizergdnsterdRd of Betstion d¢heme IV to provide a

compound of Formula X;. The amination can be carried out by the activation of the 5N~
oxide by conversion to an ester and then reacting the ester with an aminating agent.
Suitable activating agents include alkyl- or arylsulfonyl chlorides such as benzenesulfonyl
chloride, methanesulfonyl chloride, or p-toluenesulfonyl chloride., Suitable aminating
agents include ammonia, in the form of ammonium hydroxide, for example, and
ammonium salts such as ammonium carbonate, ammonium bicarbonate, and ammonium
phosphate. The reaction is conveniently carried out by adding p-toluenesulfonyl chloride
to a mixture of ammonium hydroxide and a solution of the 5N-oxide in a suitable solvent
such as dichloromethane or chloroform. The reaction can be carried out at room

temperature. The oxidation and amination steps may be carried out as a one-pot procedure
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the 5N-oxide in a solvent such as dichloromethane and stirring at room
temperature to provide an isolable amide intermediate. In step (ii), a
solution of the intermediate in methanol can be treated with a base such

V&3 RodnmrIRethoxide at room temperature. Alternatively, a HqIKREI@06037317
Formula XX can be converted to a compound of 10 Formula Il wherein E1
is chloro using one of the methods described in step (3) of Reaction

Widemisolaline thesiitioxj de-of Fsnonobrdotu nll tsarathvety ibeahiineidd can be

S othe e \ i
R L R SR R S S Y
Inde RticRvasiyeigctonal grauppsybreayent hydohise giferieswhesdmermediate
iR it HsoBYTIgINS RITRORY atRimditAocemnaua RhEAM eiata B two

a fused tetrazolo ring, the tetrazolo rin c%n be removed to 20 fP%{m a .
EBTH BB (VR BRI SOSERHE THF A FRESEISRASRIL IS AR endiA siktion of
RBs Rdxianth Rbdreesdefingdhovetiems b isipheny réomtembyaire to

Reaction Sch \/,.a. d of Formula I-l.is. ined with .. , .

R RORE I AR B B TR SRR AR e
retrmdbexiXbe Tieeted aiion kuithsiiprengihhosphihexsirboeontimperature.
Suitabgﬁz%\sag%ﬁg3@@%&?&%@%&%&%&%@{%@%@5@%& ALt Alpound of

atmosphere of nitrogen 25 with heating, for example at the reflux i
Fernpéadtovbenvinipy o)lerrsiaaine schemmsthodiirsmbieimaisnddpaifsaction
dirrmadiate ofsherDUeOK i RydkalyeadirDre idtasomRaund e the

Formula X. The hydrolysis can be _carried out by general methods well
RAGRLS S iroked dRilkeahhECERfdl example, by 68 WO 2007/035935
PCTIUS2006/037317 heating in a lower alkanol or an alkanol/water
solution in the presence of an ﬁ%ia%l tf’o%?c?s téifl‘yoroacetic acid, acetic
acid, or hydrochloric acid. A compoun ot Formula X may also be
obtained through an alternative route as shown in step (la) of R&8ktion
Scheiée’ #\steﬁ (1a){the tetfAagio™ \is reductiv@ly remo a
ormtla -1 t0 5 prow E ﬁgr—n—&?und of Formuld.X. hf?’Rz
reaction gan B}g carried out by rBacting the compound of Féynula I-1iwith
hydrogen‘fh the' presence of a catalye anian acid. The R Ry

1'22 xxz X2

For embodiments wherein E is joined with the pyridine nitrogen atom ina
compound of Formula I to form a fused tetrazolo ring, the tetrazolo ring can be removed to
forma compound of Formula X as shown in Reaction Scheme V, wherein Ra, Rp, Ry, and
R, are as defined above, and Ph is phenyl. In step (1) of Reaction Scheme V, a compound
of Formula I-1 is combined with triphenylphosphine to form an N-triphenylphosphinyl
imtermediate of Formula XXI. The reaction with triphenylphosphine can be run in a
suitable solvent such as toluene or 1,2-dichlorobenzene under an atmosphere of nitrogen
with heating, for example at the reflux temperature.

In step (2) of Reaction Scheme V, an N-triphenylphosphinyl intermediate of
Formula XX1 is hydrolyzed to provide a compound of Formula X. The hydrolysis can be
carried out by general methods well known to those skilled in the art, for example, by
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hydrogenation can be conveniently run at ambient temperature on a Parr
apparatus with a suitable catalyst, such as platinum IV oxide, and a

suitable acid, such as trifluoroacetic acid or hydrochloric acid. The
weamtionzezas optionally be carried out in the presence of a 1®swulueniswatst?
as, for example, ethanol. If step (I a) is used, a compound of Formula I-1

in which RA and RB taken together form a fused benzene ring or a fused
Imatiding dngwnaiilagoboneslehtd/atanspiatind infthoprestacy of ahicld Fih as

RB taken together farm a fuse to 7-me rated rin

A S R e R R A S i o
bnelsested thtbragtotheltemutive sugcepihtevioinstinction oS Beactisrafidayie V. In
Loy, tﬁ?t@m’?&é’i@’hﬂg% PeMUE, b Jeokicedin IER AR R e IR 1-1 to
Schemie V'N- N'N=P(Ph)3 NHz N"N,N (\-R(1) N_R (= \--R RB*NzRB
oy ipke qezronni of Rarmulr X.Rihq reagiancai by asricdopb Ry feacting the

SRbedineNts: HRMPAURER BfdrerUIRRAARME 6e6UeRIyACARTAINELIE. The
Reaction Scheme VI, wherein RA3 and RB3 taken together form a fused

ehroRsEUANSF Bt BE FORERTISHHRA I Ah R DR ATV ER S8 A pparatus with a
pyritieeatiigsissucis ubplitinan: OV sulbdijtuidd byiable Ribdgsatipasitifluoroacetic
substituted one R roup, .or substituted one Rb. group.and one

B R R P R Y R ST R e oa
Riveatavabers, dogespriokalitheoritalfiviep dhe Htvogkna ecomowdatiionhsla I-1 in

&ﬁ%ﬁ%&%ﬁﬁ%ﬁg&%ﬁoﬁﬂbﬁmg&kﬂg G0 RAERE HOURR: @may be

Rlb, R2b, Rib, and Rb-are subsets of R1, R2, R3, and R as defined above
tpaerishistarerBeuREFstpEtr deinaviHal BoapddRp tikerotesothsr form a fused 5

i @ﬂh&@@e@_bl &ﬁé@ﬁgﬁ&i riﬁ@%%&ﬁ%ﬂyi @d%ﬁiﬁfﬁ%&i&ﬂif@%@ﬁ%%g@ﬂ@iﬂ%skin in the
susceptible to reduction under the acidic_ hydrogenation conditigns qf the
R PG S B G SRR o/ B RS Ay
addzalyhgrpupscanilibgrexdpssidarieg (o substituents. As shown in

Reaction Scheme VI, an 1H-imidazo[4,5-c]quinolin-4-amine or 1H- 5
imidazo[4,5-c][1,5]naphthyridin-4-amine of Formula Xb can be reduced to

a 6,7,8,9- tetrahydroquinoline &eestrampdhemgphthyridine of Formula X..
Compouypgds of Formula Xb can be 'PKEB%? according to thqmsthods

describ§d il Reaction Schemes I, I 1V, %r N
N (1) CNTTS 2 N
- I \>~_R2 > P \>_R2 ——'—3"*( ) 1 = \>_R2
R N R N R N
B ! B \ . \
RA 'R‘] RA R1 RA 1

-1 XXl _ X
\(‘i_a)//

For certain embodiments, compounds of Formula Xy, can be reduced according to
Reaction Scheme VI, wherein Ry3 and Rpj taken together form a fused benzene ring or a
fused pyridine ring wherein the benzene ring or pyridine ring is unsubstituted or
substituted by one Ry group, or substituied by one Rga, group, or substituted by one Ry,
group and one Ry, group; Rag and Rpg taken together form a fused 5 to 7-membered
saturated ring optionally containing one nitrogen atom, wherein the fused ring is
unsubstituted or substituted by one or more Ry, groups; and Ryp, Rop, Rap, and Ry, are
subsets of Ry, Ra, Rs, and R as defined above that do not include those substituents that
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V. The reaction is conveniently carried out under hetereogeneous
hydrogenation conditions by adding platinum (IV) oxide to a solution of

the compound of Formula Xb in 10 trifluoroacetic acid and placing the
weagkionsgsyder hydrogen pressure. The reaction can be carried@ut@b@7317
Parr apparatus at ambient temperature. Reaction Scheme VI NH2 NH2
NNNN _R2bI~1N_R2b Rfl3R,\Rib 8A RA4 Rib Xb X. 15 For some
SRENMENS: £Q @&9&%@&@1&@/5&%&@%@9&%@&@ emesutibdioughtMheandic

yn

be further elaborated using conventional s etic methods. ArRin s of
A eéample,

bislipRRARAINAitius @ thEEea 0T f FRESE S BERIS FTPRLEI IS
aﬁf@ﬁ?ﬁtﬁﬁy@bﬂ?ﬂﬂﬂéﬂﬂ@Urﬂpﬁiﬁhg@&%sd&&-ﬁ@tﬁﬁyf&ﬁbﬂh%ﬁmotected
amino, grqup. For.example, protes jamines of Far . .
NS R PGSRBS Ho ol e A S po s pmine o 157
iRifdm{d,sarfiinEhephihysidiildbietrecdF mple Fareo by tedovwd inathddsd-

| i y 1 ula
S B ARE of bt AR ARER RS Chtbon R A
Heen W@@é,ap@@mg@el@%mw%@&w@e@%%m I1, 0, IV, or

verngyrd aftanthe filizatipt.sira shawndnsierdgirbRapdiopSeame |
or after the 25 steps shown in Reaction Schemes |l through V] t eveall, .
Pgﬁﬁ%j 8%&;11111 aXs,in

CRAIEIRR Bleaddin AR SRS it O&HICoR #i8 B G A S
tifiiedbeetdadidiarn alrerohs reatdbwithdanh edideeh lprsiene! Atwrmedetion can be
R4C(O)CI, a sulfonyl chloride of Formula R4S(0)2C1, a sulfonic 70 WO
%ﬁ&é/ﬁé%@é%%ﬁ?%%@?ﬁ%ﬁt tﬁ%ﬁ’;‘?&%‘?ﬁ‘é‘s‘of Formula (R4S(0)2)20,

or an isocyanate of Formula R4N=C=0 to provide a compound of

Formula X in which Rr is ~N-Q;R4.-X-N-R7-K;£-R4 -X-N(R8)-Q-R4, R'/,

or Rr// , where X, R4, R7, R3, and R10 are as defined above and Q is
-C(0)-, -SO2-, or -C(OYtH-. Numerous acid 5 chilérides, sulfonyl

chlorides, sulfonic ag ieles, and isocyanateg mercially

§
'Ba%eparea’usin Xn n\syrﬁhetic methods.
The reaction Ras Rgs \

For some embodiments, compounds shown in Reaction Schemes I through VI can
be further elaborated using conventional synthetic methods. Amines of formula RyNH,,
used in step (4) of Reaction Scheme 1, may contain a protected functional group, such as a

tert-butoxycarbonyl-protected amino group. For example, protected diamines of Formula

. ‘(\N-BOC HZN——X“N(—' &ijoe
R / R

Boc-N(Rg)-X-NHs, 10 , Or 7 are comunercially
available or can be prepared by known methods; see, for example, U.S. Patent Nos.
6,660,747 (Crooks et al.), 6,683,088 (Crooks et al.), and 6,656,938 (Crooks et al.) and
Carceller, E. et al., J. Med. Chem., 39, pp.487-493 (1996). The protecting group may be
removed after the cyclization step shown in step (4) of Reaction Scheme I or after the
steps shown in Reaction Schemes I through VI to reveal, for example, an amino
substituent on the R; group. An amino group introduced in this manner can react with an

acid chioride of Formula R4C(0)CI, a sulfony! chloride of Formula R48(0),Cl, a sulfonic
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can be conveniently carried out by combining the acid chloride, sulfonyl

chloride, sulfonic anhydride, or isocyanate and a solution of an

amino-substituted compound, and a base such as triethylamine in a
woitabiesobsent such as dichloromethane. The reaction can periQxesiieth7

out at room temperature. Amines of formula RINH2 can also contain

other protected functional groups, such as ketal-protected ketones. For

ax@miﬂe 02 Roginiat{BS3CR)p0e dnydnlisdaymmantart- Roryihiis0RyNe@i® o provide a
are xar&gI%ZZ &hllntﬁrngtlonal Publication No. W02005/051317
% , can be use& étlep (4) of Reaction Scheme I. The ketal

protectlng group 15 an ter I he remoyedyby. g0 ogal methods to
provide a compoting of F rmulé lor X in hlchgj
22 ihytA-oxopergl. Aming glcohols o ula H2N -Xetelzam, be, Ry,
used in step (4) of R action che the h unctional grou|
m&mméﬁ) e SR, A e el o
ﬁﬂmﬁi@@mﬁé@q@})@}ﬁm SafeB{EOQ)hPIIRIS); R 13069 ahHIR8IredebidimBtially
R4 -X- -0- .at the Rl pasition
s Sl N A B T L A R R pcn
mdammuw@ Paxtitid hmglbmﬁ&ac)@GM@m\ﬁfamd Ehetridia gulfonic
ﬁiﬁiﬂ%}%@@éﬁ%m%ﬁw 3 WORARBI0.1. 8,50 K SDIRALRE Shace
al.), and’'w020 5/051324;3(@ repski et ai.), respectively. The amine used in

fyipas\aseing - b SHjieCk Boly st sushapai il st ene c drprsaniiparcan be
&gqeag@tlaegow@mp@ﬁﬂy@onverted compound of Formula X wherein Ri
is aBoc prote ed amino grou n be deprotected to provide a 1-amino
comp g %R@%ﬁfﬁ% %}&P&éﬂfbﬂ %ﬁ&‘f‘é&@?@ groups, such
ai&@t@lt@wmmﬁahelﬂmearﬁedaaumb;e,hema‘ingeaiyﬂah(lx-ﬁmhmuqn&ibﬁolan-z-

nd of Formul X in e ro loride. Jh

RS B P T 2 e SR R s Ny G 1317
kinepskBeL Relores, bl ahabr dester beégpmtmn@mr a&@thtttﬁemtﬂctmg group

ééﬁqga%@s&ql&rﬁ%%%%n@ﬁz&?é@m%@ KRI00E £ BEAAIRL Y Grm
solutlon of the tj):édrochlorlde salt of a compound of 71 WO 2007/035935

gty BB X in which Ri is an amino group in a
su Itabl@rﬁmwgmbﬁa@fbﬁﬁat&maqwmgﬂ BLONHe 1 e PreseRaR@indcheme

B PR PR 80T SR LI PHESAUE fr s gmpound
qfd?aﬁmmbd at Arhelevatad-To8(Dratlie-XHE CoshiiRg-Rai Hé(GQ*NIOES)' Q-R4,
R e o R PRI DO B g methods
d@@ﬁb@ém}a@ réxtateniiNe odiftirth YrGPsltigesirila) suftdpternaBppeht ulication Nos.
FVIPIR R aBokALE HAURL I XHERTInS eV R BB AISCDE
W0O2005/018556 (Kshirsagar et al.), and W02005/051324 (Krepski et al.), respectively.
The amine used in step (1) may be rez;t—butyl carbazate, and the resulting
compound of Formula I or subsequently converted compound of Formula X wherein R; is
a Boc-protected amino group can be deprotected to provide a 1-amino compound or a salt
(for example, hydrochloride salt) thereof. The deprotection can be carried out by heating
at reflux a solution of a compound of Formula I or X in ethanolic hydrogen chloride. The
resulting compound of Formula I or X wherein R; is an amino group can treated with a
ketone, aldehyde, or corresponding ketal or acetal thereof, under acidic conditions. For

example, a ketone can be added to a solution of the hydrochloride salt of a compound of
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manipulated in subsequent steps using the methods of U.S. Patent
Application Publication No. 2005/0054640 to provide other compounds of
Formula | or X, wherein R, is 10 -N(R,")-Q-R4, -N(R,")-Xt-Y1-R4, or
wg(RdNexsdRsb. Other transformations at the R, position canpe/mase,/ 037317
See, for example, U.S. Patent Nos. 5,389,640 (Gerster et al.), 6,331,539
(Crooks et al.), 6,451,810 (Coleman et al.), 6,541,485 (Crooks et al.),
FabhilaYor $CHORkscRIR |}, @mammueaiebw aolﬁeﬁﬁéhﬁﬁ& (&xmopamol or

tal), 6,656,938 C k t l ta

R B! S (nes B ok Rl ettt dol
ae)mthearcardnsﬁmnfastiemm B@Wééie\ﬁéi&ﬁélm%wm Ll @mwrhf
%{Bn@*%? Qi ulls 4 5@&1@ e carheylicauivalRntased i fishde a

Reaction S heme | contains a protected or unprotected

deyeiraad gidimpraia | sictcstadishindsgRi&s ) Shive vamERidsschgnd The
BaNalenisIRf disdyBe: %E%&ﬁmeﬁ%@ak!ye%m\@m&e betbRFERRNDSsuitable
prepared by known synthetic methods. rotecteg@ dé%r %er amino
GhoeIp iR EIRRPle fﬁexw%oénréﬁ DAY g
mﬁlbﬂ@&&\@bukm%ﬂﬁpﬁlﬁf@tﬂd Anttisodsto F01Se Pateg] e,mhcahon Publication

r nvenlent |nt by

IR%/dié)ég@H%fg on (c)gpa me ox o e‘fﬁ%(da ylglr‘%ﬁgroup, W |c‘f§;}?J %
INGalieoH-Ry ﬂéﬁﬁg)aﬁnéihﬁxy@mm{i@fﬁdastltuted carboxylic acid 25
equ"’%‘ﬁ%& D58R-{eh R0 3R RN GRCHN SEheme:keT Redealkyialion ean.

be carried out by treating a compound of Formula | or Formula X wherein

Raens Mesaldis, el (Es1ates S abaB B h trisrbinsdalih &4t Srram et

AYch a8 dieh} e&emetéem et@s@um m&&wéﬂmp&@uwgt@gﬁa@ﬁ&&l The
then be oxidized

résufting hydroxy gro t de o

EATASRNCRIP S Boh e LB BB T PER S 6549
(@esgraia s mganmIty(Clidesie: ey trifluoromethanesulfonate group
using rlfluorome nes Ifon|c hydrid e Ies Iti

then be’ ﬂfé’&‘eé’é‘-‘bf’B%mée‘&an tﬁqr%% o%me g u%%alﬁgg/ q‘gﬁ% 8@&%011
1a$1ttwpuwbd@}ﬁﬂr“dmwlmktalD@mﬂa’@ﬂ@(@ﬁ)W@@@ﬁbm%@SmVﬂem used in step

gﬁ)ﬂ@@%@%@&%ﬁ Js%hgl&%lpemm £anihenike feaNked 1381 Bfoup or a

up using heterogeneous hydrogenation conditions. An amino group at

RiveREd R3O ATEHR DB PRI IS il auirah dHin i e atneamIE Gl

HIEBBSINELERMMBHIGNBh LS oA IesHIRg g eUhedsR A ptitkerd Aydrayoor

or, trlfluorometha [fonate group, glso be displaced with V& cthods well

ST BTGOSO HE S P R PR B e h S e o

le{o&rba@emmﬂ jpotiassiti nfnmbmnplke a Ey:h‘exmﬂmmwgﬂweeesmdvemeﬁly
et u |nst II ay Het

a en er et al. ese synthe tic transformations
which can be installed by usmg a methoxy- or ethoxy-substituted carboxylie acid

equivalent in step (2) or (3a) of Reaction Scheme I. The dealkylation can be carried out
by treating a compound of Formula I or Formula X wherein R; is an alkoxyalkylenyl
group with boron tribromide in a suitable solvent such as dichloromethane at a sub-
ambient temperature such as 0 °C. The resulting hydroxy group may then be oxidized to
an aldehyde or carboxylic acid or converted to a leaving group such as, for example, a
chloro group using thionyl chloride or a trifluoromethanesulfonate group using
triftuoromethanesulfonic anhydride. The resulting leaving group can then be displaced by

a variety of nucleophiles. Sodium azide can be used as the nucleophile to install an azide
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may conveniently be carried out as the last steps in the synthesis or prior

to the steps shown in Reaction Schemes Il through VI. 10
IH-Imidazo[4,5-c]quinolines of Formulas Il and V wherein the quinoline
wingoey/eashatituted by a bromo, a benzyloxy, or a methoxy swastitisestsanh7
E is hydrogen are known or can be made according to the methods
described in U. S. Patent Application Publication No. 2004/0147543

grays whidh) candhientbenatioredl 1B ublicatioriap WER20RE0REASM{ indistamtion

J: The jected to the s of .
B o SO 6 BRI BTN e sptoppmice,
dyfamidanctess bengGainsytiongl ansthaded Adewridingroonias Raethatss afchloro or
Bﬁﬁ@@ﬂé@ﬂﬁ&?ﬁ&é&%ﬁﬂﬁw%%‘é’ﬁi%m QHRg! E@@oﬂ@%ﬁamm& a

substituted by a benzyloxy or methoxy group can then be converted to a

AR mhERRinetpTRETF AR B AL RiRraNte IR Darsisre b psmoFAssismorthonate.
SoouwahplevemiBeasianhschrimedy issihe pemetwatgnebamethaxy 20

hstituted ound ca casried out with_borgn tribromide as )
B B RSP o
beceaorechizutlppheatind sheasmetox yisuliatihutevhdesipotmdoviththe steps
@M@Lﬁe%@@%%% Qlﬁr{g% thaQTeIevated temperature, such as 210
of a

C. Remova enzyloXy group can be carried out as described in

InternakidriatifagpiitatidaNeliyyn 00 Bso2Ee $Dagd it slersiethsl guiRline ring is
Edherypinatie sl yabonef, b midareitarslaincing AHRES S8l bre

then be carried out as shown in Reaction Scheme VII, wherein'R31s -R4,
lg{gmyogﬁgp_pg@ag@_appﬂw ﬁ?dh%-’F?@,OdS described in U. 5. Patent Application
RBficafid o QO4RA 4 B8- YR A O Ml BdiRin &) PatieatBe k.

O TR T h Y DR e P e s dashods of
AsaahovSchemstep( by ofiRed¢tionddtoBcheineindlintsenyoinaxiadroy pvhica can

wion Eclmatetiq ol cibion S ghe e e fugadrd
P T S S T T A,

Compeyndsor/aBRhIE noTiS200610 SYStintehbyof thermetiod srdéwerinadup
SarSiBh (LA R EALOTERHER BTG JI0 RLAVIAS 81 COTREMBHRE-amine of

Formula XXIII. Step, (2) of Reaction Scheme VII can be carried out usmgn
e R By BuReaenh § TRt oS stharsaeHyiation Rf a methoxy-
amisiitingd teskoiedatianetbe:Sifleubwatpbng. @bebiiidSRRIashiEn the
coupling accordin any of th thods,described in U, S. Patent |
o L e R S G SR
mwmmWMOMWiWWMMiMammmstmm is

wannateadaf A yilae, waHR. 1 Bamponid oS T B G as

ly be used inthis transformatio

~ described in International Publication No. W02005/020999 (Lindstrom et al.).

Further synthetic elaboration of 1H-imidazo[4,5-¢]quinolin-4-amines can then be
carried out as shown in Reaction Scheme VII, wherein Ry, is -Ry, ~X-Ry4, -X-Y-Ry,
-X-Y-X-Y-Ry, or -X-Rs; Rag 18 ~O-Ry, -0-K-Ry, -0-X-Y-Ry, -0-X-Y-X-Y-Ry, or -O-X-Rs;
Ry is selected from the group consisting of halogen, alkyl, alkenyl, trifluoromethyl, and
dialkylamino; n is 0 or 1; and Ry and R, are defined as above. In step (1) of Reaction
Scheme V11, the hydroxy group of a 1 H-imidazo[4,5-clquinolin-4-amine of Formula XXII

is activated by conversion to a trifluromethanesulfonate (triflate) group according to any
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The Suzuki coupling is carried out with an aryl or vinyl boronic acid, an
anhydride 10 thereof, or a boronic acid ester, The Heck reaction is carried
out with vinyl-substituted compound. Sonogashira and Stille coupling
WeasHn33e3n be carried out with alkynes, and any of the unsatuvatesso37317
compounds prepared by theses couplings can undergo reduction of an
alkenylene or alkynylene group. In step (Ia) of Reaction Scheme VII, a
&xmﬁﬁmmfmmmp 45 45(sjquirelictiénBviieeef foprovideXXI|

is convert %to a nd of Formula XXV using a Williamson-type
QR % hods described in International Publication Nos.
Wozoe@@@wwhmdsﬁomm H1) cancb\R2085/082484 Khirvdspalladitad.)

ST TP R R
5 zngl\amwhﬁQ@qgaabﬁ@mmmacmiﬁd@@éﬁ%@ﬁ%bmgcmﬁ inU. 8.

Ad RiA06,  BYBRLGR ARG S 936t ‘%Ha%%@ﬂi‘?tc}/ﬁl’o%&lei%ﬂ}r@&md of
RB R R11, R12, E, and L are as defined above. In step ( 20f Reacti

Psaﬁa}ﬁécw -9UaPAIGR jHivRICh 8 BT BRSS! igpmsed instead of a tr: e
iR QRBRINUHICHNE Rhinlr XIEIAL o WHSH2RR €19 BE A8 in this transformation.
,@%:g 2006/037317 VI scon ertedt an imi formaml eof F H’]UA@
g 8}%&%‘6‘5 3 }6%&36 Somibhi g%lhopyrl
10 {Bemminaquinadine amdmlﬂ&m&péwhwmtmm Fanmdjtalt wmhﬁabﬂ‘etuted
salt ther W|th I
cotho&p) (chcsgo %Q&f %%Q%ﬁﬂﬁ% &8@%%%%?@%%%&%@?&1&%&5 and

eaction In '[ e presence a formamide of

Aorefulke w@@@}ew (Rmpyrids sispared Rrtheseidesrdbrs Asniandergo reduction of

A SURNRI B AleeyRmercially available, such as, for example,
DMF, N,N-diethy formamlde and 1-formylpiperidine,, Other form ?eg of

this foliR G20 HeRSPEReRSIIRNNR FreosSaRsHase e

15 c]quinolin-4-amine of Formula XX11 is converted to a compound of Formula XXV using a

Williamson-type ether synthesis. The methods described in International Publication Nos.
WO2005/020999 (Lindstrom et ai.) and W02005/032484 (Lindstrom et al.) can be used.

Reaction Scheme VII

/g/‘l )@jj: \>'“R (2) N/
{Radn {Ra)n
XX ‘*S XX Ry, —_—
(1a) "0
NH,
N7 N
. l \>"‘Ra
N
Ryl P R,
20 Ra  wxv

For certain embodiments, methods of the invention are shown Reaction Scheme
VII, wherein Ra, Rp, Ry, Rit, Rz, E, and L are as defined above. In step (1) of Reaction

Scheme VIII, a 3-aminopyridine, 3-aminoquinoline, or 3-aminonaphthyridine of Formula
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amine can be combined with a mixture of formic acid and acetic anhydride
in a suitable solvent such as THF, acetone, acetonitrile, ethyl acetate,
tert-butyl methyl ether, DMF, 10 NMP, dichloromethane, toluene, xylenes,
woetheressand ethanol. The reaction can be carried out at raamyus2006/¢37317
temperature, below room temperature at a temperature of about 0 C up to
room temperature, or at an elevated temperature up to the reflux
& s peniatuikel ¢f dhdnsdbfentaSidp ¢1F ofmiRéatiln Sohemeidd damby deried out

carried. aut in.a solvent such as_dic hape,. 1.2-di ;
AR TR SR A R o
Yeartonichle bdicheriad vithin tetegasim FEePherradbtohina agdsé deaeribed in

<Y @S Q5 IEFHRGIAI S RGN [RAM %%Hﬁ%é%?é%&ﬂ%rﬁ'&e%f%%ﬁ[@wre

not Iower than O C, or at an elevated temperature, such as a temperature

Tk OB e tHevrah formaminanel i d0eM eiiyp Are commercially
a%ﬂ%@%?,rgmms,th@ 5%1&%tffp@'f ) IRONRevAIL " ﬁﬂ@nﬁvfﬁ@maegmm mylﬁqu%mme.
embpao lmen_t ,St (0] eaction Schem can be carried out
i S ey e e G e
aiee san Ditbmabitednyitnaperatuce Dfcanarnealé vatoo tdrndnattide Buchoisble
a.temperatur t higher than 150 T, '

RRGR AR, NS, 1080400 FOF@OME SPPAGIT RO, FME T,
NeviFs dichdosgrethiane, solvenemplodis aribiatied endebaioh dihg reaction can be

AARINAPH NG rFRRIRAUIRRINE, B %&&%ﬁ%a&gﬁ%ﬂm@ Of about 0 °C

Formula VI to a imidoformamide of Formula VIII can be carried out in two

U ADHEO S STHRS TSNS 1A ARG ARO I SEHTEY) orthesEi eamsarive of the

sgﬂ%ntsbt@tgﬁ ﬁ@b@[{(@e{cﬂ@n?d}h@ﬁeoﬁlf < HIQQ&S’%E aeeosding 10 ihi@lﬂ%ﬁthﬁdﬁaﬁl
escribed in step. (3 of Reaction in aso ther than

SRRy L e Ve e o e OGP (i ) e

dndadiinenScihe reacubh loub ire thaerakdsen de oteshalbfendbinga8ioormay be carried

sulfonating agent. In st 3) of Reactio imidaofar. i

G R LGS, BB R TR SIS Y AR AR i 0

°Caltithicre ofc et cvitheraterg, TEIOR 2007708993 HiEhR) SRodrosien 7

iidlazo curReURH QfFeursim s Enddieeastion raaxibe camsisshaui eathigher

at an elevated temperature such as the temperature required to melt the

thanteCT Rerraseeismbrdiisie Bepddhmé R etrtivnSsiatanibliora he sprried out

Hoe iempei AR ARl AT SiRvaal LANMSHSruSHAROBRIABE excess
include alcohols such as methanol, ethanol, trifluoro}?thanol, isopropanal,
SO R bpEber

I3ME, gt aoR o IRDRGTE R OF- 2 AR R RHIRS. (RS ARSSHED 258 EhRST
iefaved. solvants inahadinitifisonddthaag bésppdopahe koietab uFanebnand

SRR RSl S/SEron RS e = er e 250

For some embodiments, the conversion of a 3-aminopyridine, 3-aminoquinoline, or
3-aminonaphthyridine of Formula VI to a imidoformamide of Formula VIII can be carried
out in two steps, such as steps (1a) and (2a) or (1b) and (2b) of Reaction Scheme VIIL
Steps (1b) and (2a) can be carried out according to the methods described in step (3) or
(2a) of Reaction Scheme I in a solvent other than DMF. Steps (1a) and (2b) can be carried
out as described in step (1) of Reaction Scheme VIII but in the absence of a halogenating
or sulfonating agent.

In step (3) of Reaction Scheme VIII, an imidoformamide of Formula VIII is

reacted with an amine of formula RyNHs, or a suitable salt thereof, to provide a 1.H-
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temperature not higher than 200 C or at a temperature not higher than

180 C. Optionally, a base may be used in the reaction. Suitable bases

include triethylamine. Optionally, a 10 catalyst such as pyridine
viydoothievide, pyridinium p-toluenesulfonate, orp- toluenesuffohiesa@ie/e37317

can be added. Under certain conditions, an imidoformamide intermediate

of Formula XI, EH N NON-R7 I ~RL B RA XI, may be formed during
iR ehReas i F SehenalV IThéaasiimenamisockinientstthet at an elevated

intermediate of Formula X] js isolated from reaetion. 15mi T
SPRBTHBETAe R AR DRy R & e . DA Ty aso
beeyrriod oarhedsoiitiy tudetinigtoptiorathpiratisodyehas aley ded iorperature.
Sgssibesin ihe Aravious, HRIAARN ARLARTARAIN 16 RIERERSE 9 Fopanol,

cata%yst such as pyridine hydrochloride, pyridinium p-toluenesulfonate, or
apdéttiehidantiomeiacrecoratale M dobyri andrctrandro e Jerltne is

sBRLRIgReBaRi A0 CetERBICKEIESHIRR IMaY-Ba SR ei At @harAe. Preferably,
temperature not higher thﬁ_g 200 C or

) t a temperat t higher th
st R R RERET b &t G O BT B AR Al =
e eaetoLiigsapneEpip o eedwsrpititon isolagng thaoh§ddindptionally,
Formula VIIl. The method may_.b ied out [ ami
S S s e S A B

chiplyssteph(4) piiREzchiph®bleide MitldoivtiopdiiuasuéaraerPB-mixture
" %ﬁfé&%@&ﬁ@gﬁ%%@@dition of the amine of formula RINH2. The

resulting mixture can then be subjected to the conditions of step (3) to
providenser serigBLasadtimruinidalormaps onirrastiye gt Formula X1,
PCT#US2006/037317 Reaction Scheme VIII E E Rlz NH N t,N, N N R11

|
o
Rq L
RA
X

For some embodiments, the intermediate of Formula X1 is isolated from the reaction

, may be formed during step (3) of Reaction Scheme VIIL

mixture. The intermediate can then be cyclized in a subsequent step. The cyclization may
be carried out by heating optionally in a solvent such as those described in the previous
paragraph and optionally in the presence of a catalyst such as pyridine hydrochloride,
pyridinium p-toluenesulfonate, or p-toluenesulfonic acid. Preferably, the cyclization
reaction temperature is not higher than 250 °C. The cyclization may be carried out at a
temperature not higher than 200 °C or at a temperature not higher than 180 °C.

For some embodiments, steps (1) and (3) of Reaction Scheme VI are carried out
as a one-pot procedure without isolating a compound of Formula VIII. The method may
be carried out by adding an amine of formula R{NH,, or a suitable salt thereof, directly to
the reaction mixture from step (1) of Reaction Scheme VIIL. Optionaily, the reaction
mixture may be filtered prior to the addition of the amine of formula RyNHy. The
resulting mixture can then be subjected to the conditions of step (3) to provide a

compound of Formula I-H.
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RARAVIX11 (1) (1b)1(2a) E Ey Rt2 E N Iz~ NH2 (2b)~ N N~N'R (3)
4~1 N\ LN/RBLRBRBt RARARARL1 lll VIIl I-H For certain
embodiments, methods of the invention are shown Reaction Scheme 5 IX,
wihereini®as RB, R1, E, and L are as defined above. In step #txafc2006/037317
Reaction Scheme IX, a 3-aminopyridine, 3-aminoquinoline, or
3-aminonaphthyridine of Formula VI is converted to an imidoformamide of
Formula XI. Step (1) of ReaclimactohSaherh¥ WHY be carried out under the
conditions described for step (1) of Reactign Scheme VIl using a
formamide of formula HC(O)-NHR¥} instead, i HC(O)-N(RI )RI2. Some
formamide fﬁ‘imul@ai—lC( epmmercially available. Others
can be preparediby krewrr*me ~for example, an amine of formula
RINH2 can be[corffbined withRa mi turé'6f formic acid and acetic
anhydride usifig any of the solvenf®and conditions described in step (1)

of Reaction Scheéthe VH| i({:ll)connectidw with the preparation of
HC(O)-N(RIl)}LZ. Alternatively, alamine of formula RINH2 can be

combined with §iBther for lating Sz%égent such as methyl formate,
formamide, and chloroform in the presenceraf sodium hydroxde under to
conditions known teuqne of s kill inthe a@,‘é&e for %ample, JLOr

Chem., 23, ﬁ‘{l 2 (195853 A em. 805*178,—&—2467 1956),}.
Chem. Sog"p: (1957), Jr em. Soc. 74, p. 56% , and
Tetrahedroh Lett., 7, p. 5 (1955). e compound of Formula K| may, be
isolated from the fgaction mixture prigto step (2) of 20-Reactiop,5cheme
IX, or steps (1) and (2) may be carried out without isolating a compound

of Formula XI. 77 WO 2007/035935 PCT/tiS2006/037317 If an
imidofpgmamitde.afdoamuia, Xdmimlaiah sHamdhatRasainteaeiianmenbine

can be used to cyclize a compoundE%f Formula Xl to a

RN v e o B B A BeSC AL B e ) SERERERPR Scheme I,
dermpeiadyrriie B-as e terolhesaitibeartatisgl (tyndelt tiFoampoliids of

cl;g‘l;ren el t%)( Iain-ril’r}lelc{oe%%}ril%l 3 ?‘Jgf(l)’n% asarriggpow)igﬁeacti‘on Scheme X may be
carried out under the conditions described for step (1) of Reaction Scheme VI using a
formamide of formula HC(Q)-NHR; instead of HC(OQ)-N(R11)Ry2. Some formamides of
formula HC(O)-NFHR,; are commercially available. Others can be prepared by lélown

methods; for example, an amine of formula R;NH; can be combined with a mixture of
formic acid and acetic anhydride using any of the solvents and conditions described in step
(1) of Reaction Scheme VIII in connection with the preparation of HC(O)-N(R;1)R1a.
Alternatively, an amine of formula R;NH, can be combined with another formylating
agent such as methyl formate, formamide, and chloroform in the presence of sodium
hydroxide under to conditions known to one of skill in the art. See, for example, J. Org.
Chem., 23, p. 1032 (1958), J. Am. Chem. Soc. 78, p. 2467 (1956), J. Chem. Soc., p. 858
(1957), J. Am. Chem. Soc. 74, p. 5619 (1952), and Tetrahedron Leit., 7, p. 5 (1959). The
compound of Formula XI may be isolated from the reaction mixture prior to step (2) of
Reaction Scheme IX, or steps (1) and (2) may be carried out without isolating a compound
of Formula X1,
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5 suitable solvent at room temperature or at an elevated temperature.
Suitable solvents include alcohols such as methanol, ethanol,
trifluoroethanol, isopropanol, and tert-butanol; water; acetonitrile; NMP;
woddoloesvaes Preferred solvents include trifluoroethanol, isopropanslgs/s37317
tert-butanol, and acetonitrile. Preferably, the cyclization reaction
temperature is not higher than 250 C. The cyclization may be carried out

at a tenperatstonatigher Ho-than R0 Soited, atgpesaRyanet bighae IX
than 180 C. Optjonally, a bas be,u in the reacfion,. Suitab.
T D A S BT 0L O S g [ The
yeciochlayite cpylidipitmeptatuerdsuliviate ot lushesufo rimpoiduran

be added. ction. Schem E E NdNEZ.LL)L NVIY- ~N. N
R o R RS i, IR e s el
fiabie ko vehicairdsencenpstaierepat e Rkl dfrmerTaiure. XS uiids ephvRps
inRdrassysiog & ¥asehief methedandepending Qe ieptRNIN Ot R butand;

Examples of these methods are shown in Reaction Schemes Il through V,
Virheraneicaiidlac MR sae ielvene syred mbtrradnstude sétiesrastranles
iydr}]ﬁéﬁbﬁﬂﬂ, eanRisabie e@ﬂramoﬁbltﬁlélsil’}ﬁf%@ﬂm %maéeniﬁﬁo&b@a@bb X¥thperature
Wwherein R2b a respectively, are rogen.. EXAMPLES Objects, .
e A e e
thaa RIS dbat shenpamtituianon AtghalthantBarioudis belbofresitadanbe used in
hese ex | well. her_gonditions i, t o
e A0 A Rpyrcine
Indpebisddoeoslisim Flalvgsesulpraisapatidalsenesulfonic acid can be added.

1-[4-Amino-2-(ethoxymethyl)-1H-imidazo[4,5-c]quinolhi-I-yl]-2-
methylpropan-2-ol NH2 N (r) N

Reaction Scheme [X - _

E E H £
NH No N—R ~ N
D O B ) (R B i
= ) =N
R OH R, Re \
R, Ry - Ra R
i~H

Wi X

A compound of Formula I-H can be converted to a compound of Formula X,
wherein Ry is hydrogen, using a variety of methods, depending on the identity of E.
Examples of these methods are shown in Reaction Schemes II through V, wherein R is
hydrogen. The synthetic methods of Reaction Schemes VI and VII can also be carried out
using starting materials Xy, and XXII wherein Ryp, and Ry, respectively, are hydrogen.

EXAMPLES
Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as well

as other conditions and details, should not be construed to unduly limit this invention.
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H 5 Part A Triethylamine (13.1 mL, 94.1 mmol) was added with stirring to

a solution of 3- amino-4-chloroquinoline, see Surrey et al., Journal of the
American Chemical Society, 73, pp. 2413-2416 (1951), (11.2 g, 62.7
wiiholyiwsdtizhloromethane (125 mL). A solution of ethoxyacetyt cisimieles 7317
(9.2 g, 75 mmol) in dichloromethane (35 mL) was then added 10

dropwise, and the reaction was stirred at room temperature overnight. An
analysis by liquid chromatographyisassispectrometry (LC/MS) indicated

kR e R T R

dropwise. The reaction was stimethalmopan-2erhperature overnight.
Saturated aqueous sodium bicarhq}qnzate (100 mL) was added, and 15 the
resulting mixture was stirred at rogm tempe tufe for 30 minutes. The
organic layer was separated afid wash equentially with saturated
aqueous sodium bicarbonate fB0xmT)tand water (2 x 50 mL), dried over
potassium carbonate, filtered,langd conc d under reduced pressure
to provide 17.0 g of N-(4-chloroquinolin-3-yl)-2-ethoxyacetamide as a

ark oil that crystallized upon standing. 20 Part B A mixture of
%’ﬂzﬁ‘chIoroquinolin-3-y|)-2-ethoxyacetamide (4.5 g, 17 nunol), 1-
aminoTiststhylprodnt 2abl 2.3 gi2a rmasclidad dptbicitemesul fosibuticidot 3-

te (; ) i TEE i )
e O R I b e
POCHA KERP&rERTE), Uit R Gs S dtmanmd) (nstichlotomethasedAR by ayaelgtien of
Sagium bisaianaies(23 M LWeS Adead. ARt RS MBI Mass stsreshdor

15 minutés. The organic layer was separated and washed sequentially

Srprastuiatele SAGRORESOHILRT BAER FRBEIRIS S YR &lid WaRrlss by
mlé)d Ghé%ﬁn@tﬁgfaﬁﬂﬁﬁﬁbd@be@ﬁm%i%@mndmdw@ﬂ@pmﬁm& dneafting
redu ressuyre to provide 4. of 1-[2- . \
SRR ah A o A Ao e e e et R R o S D 8
diahkobrmethanit. (YO MIDRECADSEEEHRE T TS 200605784 FtittR M SofES )

t%%iggri%gc}l\%—_& ﬁ@%%t%d;%@i%ﬁ% %J@@af% %&eﬁ]i‘)énﬁ%%%édded, and

solution of oxymet midazo[4,5-c|quinolin-1-yl]-2-

ihretpapiimpaicie y(es S8 e daBranmchRRtHID fordSthuneYs5 It pigamrc layer
FR0leg-ia:2ianR R mately A APd Brchlarape Rxben s aciddvhhef(so

Igg‘groximatel 77% pure material, 5 mmol) was added. The reaction was

éadfgrla{%r %égt@éb@@l@’ %\Eﬁrrgatqléqium carbonate, filtered, and concentrated

under reduced pressure to provide 17.0 g of N-(4-chloroquinolin-3-yl)-2-ethoxyacetamide

as a dark oi] that crystallized upon standing.
Part B

A mixture of N-(4-chloroquinolin-3-yl)-2-ethoxyacetamide (4.5 g, 17 mmol), 1-
amino-2-methylpropan-2-ol (2.3 g, 26 mmotl), and p-toluenesulfonic acid monohydrate
(150 mg, 0.79 mmol) was placed in a TEFLON-lined pressure vessel, heated at 125 °C for
15 hours, and allowed to cool to room temperature. Dichloromethane (150 mL) and
saturated aqueous sodium bicarbonate (25 ml) were added, and the mixture was stirred
for 15 minutes. The organic layer was separated and washed sequentially with saturated
aqueous sodium bicarbonate (2 x 35 mL) and water (25 mL), dried over potassium
carbonate, filtered, and concentrated under reduced pressure to provide 4.6 g of 1-[2-

(ethoxymethyl)-1 H-imidazo[4,5-c]quinolin-1-yl]-2~methylpropan-2-ol as a dark brown oil.
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three hours at room temperature, diluted with dichloromethane (50 mL)
and saturated aqueous sodium bicarbonate (35 mL), and stirred for 15
minutes. The aqueous layer was separated and extracted with

wizhiorarsethane (3 x 25 mL), and the combined organic 10 fragtisisoseres1?

dried over potassium carbonate, filtered, and concentrated under reduced
pressure to provide 0.96 g of :
IR (S Xy caketh$i)-6 reictd: (b -Whid BZ 084 (1 Gy ifvalid-$00.1713.
%Izlﬁ- ethylpropan-2-ol as a brown oil. HRMS (ESI) calcd for

21N303 M+ H+: 316.1661, found 316.1664. Part D 15 A solution of
1-[2-(ethoxytinatiof)-E-dstbivsyishéthidad G4ridezp i Gl qLigtp- 1 -yi]-2-
melRtaRRD-6reb ¢ 90 Addnmelimdishiiometiang SIndubLives

1to 0 C, and trichloroacetyl isocyanate (0.60 mL, 5.0 mmol) was
wpIeFRHRIE G ringrt fechboronsrr iernaeiy esiddd Issmfrrseximetelyafie pure
HaBHired AYBRghiiat doam: kmprtesiMat kaneh iy svesaddadd for

%%i he mixture was stirred for 15 minutes and concentrated 20 under
B OSHTD AL SO emRE B (s b Shderamsiiena il i) aitd safpeted
ooy sedbthoicebihatd B ndfaa28% iwéd felLEiafinien etanoyaslayer was
added. The mixture.was stirred at room temperajure for.three hours. An .
e B e B (S e e Bt
Boclions wethdikide sol ptitwss{and surbpwds Stleed. Fideomaotisrdvasistirdeed

. i ne e in oe
B B e s Jguinolin-1
Hricpdrbreraoinol saakEwa alueous sodium bicarbonate (15 mL) and

BRUESUSSIDeiu Ry droKidetsvanans:a556% widvar @dded, and the

reaction was stirred overnight at room temperature. An analysis by

S again showed that the reaction was incomplete. Potassium
hydroxide»[iini o6 D Eib sohdibyl 1 methahdhmidszafpd]aiebie 1 -y1]-2-
ﬁ%%?#i%?&é’n- l’éEL{QB‘?g %53*1?%&%9@% r‘?g}'c of%ﬁgt%,%:ﬁ‘é)%?mﬁl %%%%%18&’% e,
room temperature, and concentrated under reduced pressure. The
jedidishlorascaisbisheydrpti{Bifid mmdtianeqlsvan pidethwithesbuingor keasaction

WAhet M YalBhtrard Dlah Pl QHRRAIATSIMMER MR AR 935

PCT/US2006/037317 carbonate, filtered, and concentrated under
Meatbran) g edureaspdrdstaddhoreiriyyanas irecattl GRis and concentrated
%m&rmtw@mys%siﬁge@ga(@ waéfgimémvéa/qm@éﬂﬁn@i {00 mL), a_.gd sodium
ichlorgmethane containi ML oI agueous ammoniu \' Xiae per
SR per R A W R T

segedsibtbpedithieedioe SHfrtinee honethanch aind driet@WS ritghtaietite reaction

YRS S RIRNAS SRR Gride solytion (1.0 mL) was added. The

1geeiflegvanpiimed overnight at room temperature and determined to be incomplete.
Hydrochloric acid (5 mL of 10% w/w) was added, and the mixture was stirred for one
hour. Saturated aqueous sodium bicarbonate (15 mL) and aqueous sodium hydroxide (ten
drops of 50% w/w) were added, and the reaction was stirred overnight at room
temperature. An analysis by LC/MS again showed that the reaction was incomplete.
Potassium hydroxide (5 mL of a 0.5 N solution in methanol) was added, and the reaction
mixture was heated at reflux for four hours, allowed to cool to room temperature, and
concentrated under reduced pressure. The residue was dissolved in dichloromethane (75

mL), and the solution was washed with water (2 x 50 mL), dried over potassium
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192-194 C. MS (APCI) na/z 315 (M + H+); HRMS (ESI) caled for
C17H22N402 M+ lii: 315.1821, found 315.1819. 10 Anal. caled for
C17H22N402: C, 64.95; H, 7.05; N, 17.82. Found: C, 64.94; H, 6.94; N,

T 2p47/836988ple 2 Preparation PCT/US2006/037317
ofN-[4-(4-Amino-2-ethyl-IH-imidazo[4,5- c]qumolln I- 15
yl)butyllmethanesulfonamide NH2Ng Hu ™ O Part A A solution of

Mﬂa&%ﬁéﬂa{wﬂmﬁa&ﬁ&@@@&%ﬂé@p&ﬁ&&%@%@ mﬂ-g)%?as

1),in dichl han L
B T b e 0 o BT T B GrLaBeLE (15
dxrth)lmme addethicgpwis efagmeoup enoabofudd hpdinotats, panditiresf eluent).
ﬁ@qgaﬁtmgml@w&dréery&%ﬁ%a ﬁB%%%EQR&@é{éﬁa?éhgy%@g@%? gx@é%g from

An analysis by high performance liquid chromato
rd bkt andes v asHana hTforalo pretigtahriendng2mL
Bh3Rab, BOC-PHARI S 4 SNIQHER 8h B0 3. A EPRRIRS2 o] as tan needles, mp
dlchloromethane (5 mL) were added. The reaction was stirred at room
afure overnight; diluted with dichloromethane (100 mL); washed
SEUErTBl iy ithoister H SatiRAESA BSD ealdd fadiHSonNte 1t 09svAT 1,
%%L{ﬁ%lg 2%% jum hydroxide, saturated 81-WO 2007/035935
6/037317 aqueous sodium carbonate, and brine; dried over
fragreekid festifdiedor sOdedh s diatd s Mictdd2afduwdnCeftrite dumiber N,
{edyced pressure. The resulting brown solid (8.1 g) was recrystallized
from toluene to provide 4.5 g ofN-(4-chloroquinolin-3-yl)propanamide as
beige platelets, mp 151-152 C. 5 Part B In a glass-lined pressure vessel, a
solution of N-(4-chloroquinolin-3- yﬁ@g@@g@@mide (3.3 g, 14 mmol),
N-(4- amln?glgjay rgr? g%%vr']?éis uzltf(m&]é?ﬁ QK%[O?:EII?I{II(?H?ZDH 5-c]quinolin-1-

yhbutylmethanesulfonamide

Part A

A solution of 3-amino-4-chloroquinoline (5.0 g, 28 mmol) and triethylamine (5.8
ml., 42 mmol) in dichloromethane (100 mL) was cooled 1o approximately 0°C, A
solution of propionyl chioride (2.8 g, 31 mmol) in dichloromethane (15 mL) was then
added dropwise over a period of 15 minutes, and the reaction was allowed to warm to
room temperature and stirred overnight. An analysis by high performance liquid
chromatography (HPLC) indicated the presence of starting material, and additional
triethylamine (1.95 ml, 14.0 mmol) and propiony! chloride (0.85 g, 9.2 mmol) in
dichloromethane (5 mL) were added. The reaction was stirred at room temperature
overnight; diluted with dichloromethane (100 mL); washed sequentially with water,

saturated aqueous sodium carbonate, 10% w/w aquecus sodium hydroxide, saturated
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(see Example 199 in U. S. Patent Application Publication No.

2004/0147543, 3.14 g, 15.5 mmol), and triethylamine (3.9 mL, 28 mmol)

in trifluoroethanol (35 mL) was heated at 10 150 C for 16 hours and
wadianeispenol to room temperature. The volatiles were rempyedsosdes7317
reduced pressure, and the resulting amber paste was dissolved in
dichloromethane. The solution was washed sequentially with dilute
apeeasaimmenhimeh oride;sadriafas ca goessodilixcab aodim{ 2utfate,
e s IRucRlL s A A dRedu SMIRLG, i Al
concehtrated under reduced pressure. 1 heé resulting amber syrup (4.

piaie!iach 'mgﬁgmb?Im&é{éTCmo@"ygﬁm"Miﬁwaghmﬁde as
wi%@ [oRMsa6Rtate tnsprevide 3.8 g

ofN-

Tiggh

4-(2-ethyl-IH-imidazo[4,5-c]quinolin-I- yl)butyllmethanesulfonamide as
mber granules, mp 166-168 C. Part C Solid 3-chloroperoxybenzoic
acid (3n/aGREARREGPNRIEEVESRA, AU NG TN A3 1R6 e HAbMas added

in portions to g solution of N-[4-(2-ethyl-]H-imidazo[4,5-¢|quinglin-I- .
%ﬁgﬂm HesBiftbhamle &%{T&@W&sﬂﬁ%ﬁa@ﬁrﬁf fdepghloride
(3t )Eddrepie 408 dm UwasPakithie d fptifutoh Pubsi edtt@oNOI ATPE0aURRI 3R 14 g, 15.5
analysis by. Cindi d the,presence of. starti ial, and

o S s 2 e S e e
Wastierdd toruonnhelipatddonvobinpevatiraipartham oniwtatilss were removed
Mf‘%&%e@ 81594‘:&&’ asadld ?&uﬂ}g WFBQS{Q RIIITR AT 9P H?Hjl{)é%%ethane.

stirred at room temperature for 15 minutes, and then p-toluenesul
Brasabdion wag voreed prapriiiadlyanide dilnte Aeposiamimemisklpadfesgturated

P R R A e
ana w collecte Yy vacuuim titration 4 J) ana recrystallize rom
'S@%ﬁ’ﬂéﬁ% FE0 CopRs TR IR P E R ssgc UL TSR EBber farop (4.8

gbwahmmﬁsﬁmmdﬁiﬁmﬂd&)ﬁiﬁ)gyl acetate. The crystals were washed with propyl
a%%u?é%%t%g%%?eté%;ﬁﬁa@%g iﬁ[g}\?v?%% o%g(ffi;‘%:gﬂtéi%ogpﬁ%fals, m.p.
yigsipliomahamSifaraiidniz BER gMberti)ya@iay @R 0GrIE5935
P& HUS2006/037317 Anal. caled for C17H23N502S: C, 56.49; H, 6.41;
N, 19.37. Found: C, 56.31; H, 6.49; N, 19.13. Example 3 5 Preparation
of N-{ Rl PrihioroReTaRRTaiR Lt Rir fRE BRI SX BRFRRO RN R P material, 13
AiRethdetaBimetbanesutfonamids, txanghydrais NH2 N M Pequinolin-1-
yhbutyl}methanesulfonamide (3.8 g, 11 mmol) in dichloromethane (75 mL). The reaction
was stirred for five hours at room temperature, An analysis by HPLC indicated the
presence of starting material, and additional 3-chloroperoxybenzoic acid (0.5 g) was
added. The reaction was stirred for one hour at room temperature, and ammonium
hydroxide (50 mL) was added. The resulting mixture was vigorously stirred at room
temperature for 15 minutes, and then p-toluenesulfonyl chloride (2.5 g, 0.013 mol) was
“added in one portion. The mixture was stirred vigorously at room temperature overnight,
A fine solid was present and was collected by vacuum filtration (3.4 g) and recrystallized
from ethanol (100 mL). The crystals were dried in a vacuum oven at 60 °C for four hours
to provide 3.0 g of N-[4-(4-amino-2-ethyl-1 H-imidazo[4,5~c]quinolin-1-
yDbutylimethanesulfonamide as straw-colored, feathery crystals, m.p. 198-200 °C.
MS (APCI) m/z 362 (M + H)*;
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N1-6 O Hu™ O Part A A solution of 1,2-diamino-2-metlrylpropane (11.9
mL, 113 mmol), tert-butyl 10 phenyl carbonate (42.1 mL, 227 mmol) and
absolute ethanol (500 mL) was heated at reflux under a nitrogen

vamaesphisgssfor 20.5 hours. The volatiles were removed undecreduweds7317

pressure, and the residue was dissolved in water (560 mL). The solution
was adjusted to approximately pH 3 with the addition of hydrochloric acid
¢ad. gallcdffar 1K) Hntly0a8hedswits; dicible ioNetidate Eduntl O, FiteSanHeeus; N,
$glygion was then adjusted to 15 approximately pH 12 with the addition of
agueous sodium hydroxide (70 mL, of 2 N) and extracted with
dichloromethane (5 x 800 mL). The combined extracts were dried over
sodium sulfate, filtered, concentrateg ypgigrsreduced pressure, and further
dried under vacuum to provide 13.05 g of tert-buty| L
2 BRSO Ayt S MR B i KRR Dl cslrast sty -1 1-
from other runs. 2frRalyBiySohdtionehlRmkdmidd monohydrate
2-amino-2-methylpropylcarbamatﬁ 20.8 g, 111 mmol) and triethylamine
(23.2 mL, 167 mmol) in dichloromgthane (125 miL) was cooled to -9 C. A
solution of methanesulfonic antydrige {2 1.25 g, 122 mmol) in
dichloromethane (106 mL) wassadeeq;over a period of 50 minutes while
maintaining the reaction temperatlre a S bglow -4 C. After the
addition, the reaction was stirred for 30 mi lﬁé,g;\diluted with
diehloromethane (80 mL); washed sequential§ with brine (30 mL),
patukated aqueous ammonium chloride (30 mL), 10% w/w hydrochloric
acid (20 mL), brine (10 mL), saturated aqueous sodium carbonate (20
mL), aftFHiHen b mrdiamieer o ipgrraseti B3 wolidowoibess butyl
PHedyLaAAe0 RS hisutfateniiis ted LevcROLBIAIYSotPRISdEE kated at
I%rfﬁ%s?ur , and. dried under va%%umﬁ?growde' tert-but_)él

R s R ARSNGB R o I ar DA B o5 e b nder
eliead erESRenind s 4obl selutio divsdlyédiioxane) (3R qldehBod was

aq. Stir The.material from Part B.was added.in portions followed b
e kR G e T e
wdreshasvaledinbletoTisthenivent 1ias Temoyedundbrtiedueethpredpusted to
AFolR RIS YA APAESNHRIGA MG F R R droxide (70 mL of 2 N) and

extracted with dichloromethane (5 x 800 mL). The combined extracts were dried over

sodium sulfate, filtered, concentrated under reduced pressure, and further dried under
vacuum to provide 13.05 g of ferr-butyl 2-amino-2-methylpropylcarbamate, which was
combined with material from other runs.
Part B

A solution of fer#-butyl 2-amino-2-methylpropylcarbamate (20.8 g, 111 mmol) and
triethylamine (23.2 mL, 167 mmol) in dichloromethane (125 mL) was cooled to -9 °C. A
solution of methanesulfonic anhydride (21.25 g, 122 mmol) in dichloromethane (106 mL)
was added over a period of 50 minutes while maintaining the reaction temperature at or
below —4 °C. After the addition, the reaction was stirred for 30 minutes; diluted with
dichloromethane (80 mL); washed sequentially with brine (30 mL), saturated aqueous
ammonium chloride (30 mL}), 10% w/w hydrochloric acid (20 mL), brine (10 mL),

saturated agqueous sodium carbonate (20 mL), and brine {10 mL); dried over magnesium
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and dried under vacuum to provide
N-(2-amino-1,1-dirnethylethyl)methanesulfonamide hydrochloride. 10 Part
D In a glass-lined pressure vessel, a solution of

WO @ohigroquinolin-3-yl)-2- ethoxyacetamide (2.0 g, 7.6 mmBYT/US2006/037317
N-(2-amino-1,1-dimethylethyl)methanesulfonamide hydrochloride (2.16 g,
10.7 mmol), and triethylamine (2.6 mL, 19 mmol) in trifluoroethanol (30

stk AR Reatea-ahkaedGas edncei prelsunnatybiiiey hil:Gdfindicatedide

the presence of startin rial, and additignal N-(2-amino-1,1-
f@dﬁﬁ‘&%ﬂﬁéﬁﬁrﬁ]gfﬁgﬁé@éﬂ@%ﬁ e nf/)ipr{)o (ﬁocral‘rjjea?{f "g) and triethylamine
P46&.8 mL) were added. The heating was continued for an additional 16

hours, The volafiles were,remayed \ngRKESAUCEE RIBSSIGrRMIRE 1o 0 °C

resul ir;Yg rgﬁ%le%hégé%g%as%%so%ed in dichloromethane. jThe solution

andasimvalsHBrb sevedel oy Radh Binasaddebibueosinndhitanahirigethanol rinse.
TRatuERIed 4280KHSANS SAAIMLAIRe Raipddna-aRd Qiine sl @neThe solvent

magnesium sulfate and sodium sulfate; filégred; and concenjrated gnderth ol
viesdemetedraadsiedvers RIERGRMBE FMYS W SR KRN BERfRE B o Sthan
2SORHBEN SN RiaraRh ARSIt galitop\diiecthigiofhkétanesulfonamide

(ethoxymethyl)-1H-imidazo[4,5-c]quinolin-1-yl]-1,1-dimethylethyl}methane
hydieshieige " as an amber syrup. 25 Part E Solid 3-chloroperoxybenzoic
PagiD (1.1 g of approximately 77% pure material, 5 mmol) was added in

portians tg a selution of N-{2- 1 igRzl dRstin-3-y1)-2-

c]quicrllfx}jl?r% Sslh]f-if'?cﬁé?%nsﬁﬁﬁ%%%gjlgrg}é%%grgéiwénamide %%hn 43 I?nzmol),

ethodistritaoivietAdhe (3ommoDTidrandeem Wainghrdathsh metenssponghide

HAATPHISMRGRIYTE - ROARIRYSIS IRk mIngieaiad thempregance of a
Small amount of starting material, and zdditional 3-chloro er.o%bﬁﬁf&ic

iy hagplidd sl ars Prasbatlich Wi da Aoyt SREHET &Y foom
BRI AR e andaen ety ibsio Xide (3@ inh)lagaitiad: IThe resulting

84 WO 20071035935 PCT/LIS2006/037317 rixture was vidog

SO PR BTE e I e s b e ol s
adbédridad 09T g GR05htme)l asmatbitdorabihe sasod 1 elpslastivere removed
u%xrt%é&uwa ¥é%8%%93%%&&%@&5@%&?%&%%@5% houesistidiediane.
With - dichioromethane, washed sequentially with saturated aqueous
Teedhlntioanmrienshez wyaatis brinih flyte Ay Smeperim shiptdcasiurated
am%mamemaﬁ@%e& AAChEANGRNIAIeS HAdRkTed yorlpiedsutin

give an amber syrup. The syrup was purified by colymn chromatograph
S B BTN RS AT oM ed B PO AR b (49

was purified by column chromatography on silica gel to provide 1.6 g of N-{2-

(ethoxymethyl)-1 H-imidazo[4,5-c]quinolin-1-y1}-1,1 -dimethylethyl}methanesulfonamide
as an amber syrup.
PartE .

Solid 3-chloroperoxybenzoic acid (1.1 g of approximately 77% pure material, 5
mmol) was added in portions to a solution of N-{2-(ethoxymethyl)-1H-imidazo[4,5-
clquinolin-1-y1]-1,1-dimethylethyl} methanesulfonamide (1.6 g, 4.2 mmol) in
dichloromethane (30 mL). The reaction was stirred for three hours at room temperature.
An analysis by HPLC indicated the presence of a small amount of starting material, and
additional 3-chloroperoxybenzoic acid (0.2 g) was added. The reaction was stirred for one

hour at roorn temperature, and ammonium hydroxide (30 mL) was added. The resulting
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from propyl acetate (10 mL/g) to give 0.8 g of a tan solid. The solid was
recrystallized from ethanol (4 mL) and water (two drops), and the crystals
were dried in a vacuum oven 10 at 60 C for four hours to provide 0.55 g of
wWo{Bd7easmno-2-(ethoxymethyl)-1H- PCT/US2006/037317
imidazo[4,5-c]quinolin-1-yl]-1,1-dimethylethyl}methanesulfonamide
monohydrate as pale yellow crystals, m.p. 161-163 C. MS (ESI) m/z 392

. riturevas Mgatouslicatioedol 5626 NEQEBIG FR(SONIBRIT 2k BEE-N

t&l?;[én%sﬁﬁ) 5%&0&%(?@29(?'5 é%]%sj +§'r)] %@g%ﬁd@%@ﬁ?pﬁﬂﬁpé}rﬁé&%&%n

2-Ethyl-1H-1imi I-yl)butylJmethanesulfonamide N
B rMe wmrmw@WKAme@mﬁﬁﬁrmés%aMw@wm 0.4
d?&fﬂ&%ﬁ@ﬂ%@u%@%@%&ﬂiﬁﬁ@%ﬁ% wfenam 'A’?EMQI SBIRHAS3,R85( P x) and

0.5 mmol) was sealed in a vial, heated at 125 C for 16 _hours, and allowed

Bgnedd Pth Feeo veRTAE R PulToletae maenSRHBLS LR thliccesh o cRpgonirated
i staddal @mmrﬁa@w piradOwiththe aﬂduw@ofmpwme@ayh@mt@

B T

froagrespjd rrselésfe) and/ soaigine SUifate a‘mareﬂ},danﬁcanbé mwwdrmﬁdhzed

SRR BRI ST ok AREMARD-BRSEUATALY 2 owum oven

evidence tha

ay@ld@ﬁméwnah@mW@mmxd@m&héﬂﬁﬂﬁjdﬁmmﬁ (abcnmelyyhrd 347
ng{ldaz %IWQLI%QQ? P?ﬁ%ﬁ%’t@ é%?ﬁ%%%gs%%nﬁﬁ?d@ Blgﬁo%}%lgeeas pale

Prepa ailon
vethospa st -4 litdid 22014, 5-c]quinolin-1-yl)butyljmethanesulfonamide

M@ (BS@)JWC} {gﬁﬁplppﬁﬂ of N-(4-chloroquinolin-3-yl)propanamide (0.05 g,
0.2 mmol), N-(4- aminobutyl)methanesulfonamide hydrochloride (0.047

0 R foR R EHSIESH R DAL a6 A the BNt 5560 1,

dndicated below was sealed in a vial and heated at 128 C for 48 hours. An
analysis by HPLC indicated the ratio of N-[4-(2-ethyl-IH-
imidazo[4,5-c]quinolin-1-yl)butyllmethanesulfonamide to
N-(4-chloroquinolin-3 Example 4

Preparation of N- [4—(2—E1:hyl—1H~imidazo{4,5~c]quinolin—1 -y)butylJmethanesulfonamide

A mixture of N-(4~chloroquinolin-3-yl)propanamide (0.1 g, 0.4 mmol} and N-(4-

.'
Sm,

H

aminobutylimethanesulfonamide hydrochloride (0.095 g, 0.5 mmol) was sealed in a vial,
heated at 125 °C for 16 hours, and allowed to cool to room temperature. Water was added,
and the solution was adjusted to approximately pH 10 with the addition of sodium 7
carbonate, The aqueous solution was extracted twice with dichloromethane (50 mL), and
the combined extracis were washed with brine, dried over magnesium sulfate and sodiam
sulfate, filtered, and concentrated under reduced pressure. Analysis by HPLC and mass
spectrometry gave evidence that N-[4-(2-ethyl-1 H-imidazo[4,5-c]quinolin-1-
yD)butylJmethanesulfonamide was the major product. MS (APCI) m/z 347 (M + H)".
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10 yl)propanamide shown below. Example Solvent Product: Starting
Material 5 tert-butanol 93:7 6 isopropanol 92:8 Example 7 Preparation of
2-Methyl-I -(2-methylpropyl)-1 H-imidazo[4,5-c] [ 1,5]naphthyridin-4-amine
Wb kb3 15 Part A A Parr vessel was flushed with nitrogemn/@sgheso37317
charged with 5% platinum on carbon (1.1 g) and water (5 mL). A solution
of 3 -nitro [1,5]naphthyridin-4-ol (22.0 g, 0.115 mol) in triethylamine (23.3
g, 0.230 mol) and water (1.1 L) was added, and the mixture was placed
under hydrogen pressure (35 pSE)gcﬂ%}éie%QSEE@% for three hours and then
f||tered 20 through a layer of CELITE Tilter agent. The filtrate was
CBEHSR A t%{g&%rﬁr%l&fi@@l%@HySﬁdﬁﬁmh%rﬁﬁbﬁtﬂﬁmgt@m@ifonamzde
allowed to cool. A solid formed wags collected 86 WO 2007/035935
PCT/US2006/037317 by vaculim fiftrajen/to give
3-amino[1,5]naphthyridin-4-o0 s a fine mustard- colored powder,
mp 315-320 T. MS (ESI) m/z (M +'+)+. Part B 5 Phosphorus(lIl)
oxychloride (47.0 g, 0.304 mol) was added-dropwise over a period of 30
minutes to a mixture of 3-amino[l,5]naphthyri i_ns%-ol (20.0 g, 0.124 moal) in
N,N- dimethylformamide (DMF) (200 mL); théirgaction temperature was
maintained between 10 C and 20 C during the addition. When the
additioA- Wéistmﬂ%{éﬂhbmﬁﬂdﬁnvﬂaﬁ)mmmd@mi@n@érmtur.e),fﬂf (4-
SR AR AERIEh R a9l dn MIBHI 0 B1RY SOy B0 tamin

room temperature. Water (150°mL) an were e maintam |ng

£Hé’5%m1pe9ét@f@?ﬁébdwthssglvwmﬁis@tﬂ@hﬂwgﬂmaaéﬁd@omm headed at
fo30 mmggmbem&aiyéﬁ%ﬁﬂ@m!ﬁﬁé&%&%@f&@l@ﬂ?ﬂ?ﬂ {9-E8) d9
e aSIC

TOOéﬂaef ture overnight. The resulting black solution was ma
%6 % AR ethd iR sstionseids forrktrckifreswa dsuiim
ﬁlaphqrmtenf&bemasmaolutlon was extracted three times with 15

tracts-were-washed-with-brine—dried

cnrorpmetnane: IIIC I |un Cu EXtFaetsS V\l\ Vv oo
gjuver ggdlum sulfate ang magnesmm sulfate, and CoRABRt A ng M atertal
reddced pressure to give-busticlty 93:7

) isopropanol - 92:8
Example 7

Preparation of 2-Methyl-1-(2-methylpropy!)-1 H-imidazo[4,5-¢][ 1,5 naphthyridin-4-amine

Part A

A Parr vessel was flushed with nitrogen and charged with 5% platinum on carbon
(1.1 g) and water (5 mL). A solution of 3-nitro[1,5]naphthyridin-4-0] (22.0 g, 0.115 mol)
in triethylamine (23.3 g, 0.230 mol) and water (1.1 L) was added, and the mixture was
placed under hydrogen pressure (35 psi, 2.4 x 10° Pa) for three hours and then filtered
through a layer of CELITE filter agent. The filirate was concentrated to a volume of 400

mL by flash evaporation at 75 °C and allowed to cool. A solid formed and was collected
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amber paste. The paste was triturated with warm diethyl ether for 30
minutes, and the resulting solid was collected by vacuum filtration to give
4-chloro[1,5]naphthyridin-3- amine (11 g) as brown granules, mp 188-190
WO 20MBs¢ES1) m/z 180 (M + H)+. Part C A solution of PCT/US2006/037317
4-chloro[1,5]naphthyridin-3-amine (4.0 g, 0.022 mol) and triethylamine
(4.6 mL, 0.033 mol) in 1,2-dichloroethane (80 mL) was cooledto 3 T. A
LoQUbinmafiaaain whierdR4didof] S)0amhinaiiin-48t dlehiaipathdine (Tar)-
was added 25 dropyise, guer a period of five minutes. The reaction was
ca@a%w@ara%ﬁ%%&? five hours; allowed to cool to room temperature;
nMiEshwith dighiidreEthane (100 mL); washed sequentially with
Psa%drated aqueous sodium carbonate (2 x), water (1 x), and brine (1 x);
8fiétl over sodium sulfate and magnesium sulfate; filtered; and

conceittoapbdrus(@@) oredbloedpi€s a0 t204ivel wag ofdtdritrppixiss Swiich period
of 56 RQUAYAS JRER Ukz%qgﬁﬂ 1?%%%%9&&'1&!&-&2& b3 soliesdedtdnv, v

two crops to give N-(4-chloro[1,5]nap ridin-3- yl)acetamide (3.0 g) as

disreibni Sonemni PR (09 pig; the TeRpHOTEPIPEIPeS eRBREained between

15 A1 $2696/33 Rl heRaidLA WidHigddition was complete, the reaction was
N-(4-chloro[1,5]naphthyridin-3-yl)aeetamide ( p{% 0.073 mot) and
[

16
sisoBlay rarTHerPgahes ot Aotrvisairbidd it dda snnissatnoipyed to
CBYEIEbE, RHNMEHIE. CRAtIA(180MIS RHIBIRAIWE  a08AGAER (Ratmealiliothe

of water (100 mL) and 5 saturated aqueous sodium carbonate (20 mL?.

A
teReTBiAERPHISA. "Fhel iU 4es stiFfed 2L PoBhicTBRTFAITLe fPs 48 mimites,

HPQRES: 308 Seernr artRitAle Y asICAlIRAE dob YRRUYO illialiom a0 dvaHEgHeN The
the filter funnel to give 2-methyl-|- 2-methﬁX/IpropyI)-1H-

reswiREdTleck SfENR ARG e e D SRy HPiRE sotidiedivg GarboRts B
s%ﬁﬁa@étf’%@ﬁeﬂﬂi s%ﬁi\,l@l/bdrﬁdhirte.lﬁ)}@%ﬁsﬁ stidod-ehlosepesnedtherzoieaaith
.8 g of approxjmately,77% pure material, 0.0078 mot) w, dded in.
BRSO R B PTG b ISl R (ed 696 dun
siftdaznd4 mm]Etisin sydfitiey ricine (dedBatrdu008 0 edatydrpaithisriorgtihasacky
mL), The r iQn jred.
e rote ) e

resylibna sofidetisrealisstedarecuumn Shraioadagtie dichlerelhetnaghsriin-3-
aﬁﬁggzt{ipleg)%gggw@%@g ﬂ{ﬁrpgguggbe@_with brine, dried over
MS (BESI) m/z 180 (M + H).
Part C

A solution of 4-chloro[1,5]naphthyridin-3-amine (4.0 g, 0.022 mol) and
triethylamine (4.6 mL, 0.033 mol) in 1,2-dichloroethane (80 mL}) was cooled t03°C. A
solution of acety! chloride (4.4 g, 0.056 mol) in 1,2-dichloroethane (5 mL) was added
dropwise over a period of five minutes. The reaction was then heated at reflux for five
hours; allowed to cool to room temperature; diluted with dichloromethane (100 mL);
washed sequentially with saturated aqueous sodium carbonate (2 x), water (1 x), and brine
(1 x); dried over sodium sulfate and magnesium sulfate; filtered; and concenirated under
reduced pressure to give 4.7 g of dark brown solid. The solid was recrystallized from
acetonitrile (20 mL) and collected in two crops to give N-(4-chloro{1,5]naphthyridin-3-
ylacetamide (3.0 g) as brown solids.
MS (BST) m/z 222 (M + HY".
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sodium sulfate and magnesium sulfate, filtered, and concentrated under
reduced pressure to give
2-methyl-I-(2-methylpropyl)-5-oxido-1H-imidazo[4,5-c][1,5]naphthyridine
Wo.3g)0amyellow solid. 20 MS (APCI) m/z 257 (M + H)+. PartFuUSs2006/037317
p-Toluenesulfonyl chloride (1.2 g, 0.0061 mot) was added to a vigorously
stirred mixture of 2-methyl- | -(2 -methylpropyl)-5 -o xi-do-1 H-imidazo [4,
PatEl [ 1, 5] n aphthyridine (1.3 g, 0.0051 tnol), dichloromethane (25 mL),

and ammonium oxide (17.mL). The ] i i
rod R e r e L e T S Ll e
isthtedeysiaalioived. 0. 6Elanadtl forstivatbdine. stajdvipiteté 20 fi) edeamight,
as collected by vacuum filtration.to give 0,9 I
IR T ety ST o A A S BN IS0 Lo
satnysitalsqueoesciidiiin Gimoatrtlbovdn. ab GOeCirdRit Jermedr sHes gisture was
stfg'@f ma%%-mfémemé%m%mm%gé%ﬁlmém@wﬁmm&mm
./ g) as colorless needles, m 2?7-229 . MS (ESI) m/z 256 (M + H)+;
ﬂs@wzédm@ssma@smg?ﬁeﬂﬂn% 2CRRBF Y HH NS
kﬁd@z@ﬁgﬂ[ﬁﬁﬂé hdiae FOMNG £5.88 D3ilded88:1hp- 2if. 38, Example
8 5 Preparation of 1-(2-Methylpropyl)-1H-imidazo[4,5-c]quinoline \1> N
M R 2 il BB ‘mL) was slowly added with stirring to acetic

panipydride (0.8 mL), and the reaction was stirred at room temperature for

2.75 hours.and then addedtQa 1 utign of 3-aniino-4-chloroquinolin
050 BB PRSI ST T Soros Tl 1 R B BeE
0SHTR a0y wneatidet mtpacientampeshttioe. oA 2soldhyat-(resshy woepyhed?-

RS AT SiRkenand herhed S D AU PINGI D OMHEA (909:2) e

arnide as abeige solid, mp 175-177 T. Part B 1
remisitur &/ o SrbdorOge I GBS rRRI 01930y asher bl srterated
a %Mx@d}m&&&%{@ kb et anasiaaieminawaniedadah ahbd Gies with

vernight an .
dichloromethane. The combined organic fractions were washed with brine, dried over

sodium sulfate and magnesium sulfate, filtered, and concentrated under reduced pressure
1o give 2-methyl-1-(2-methylpropyl)-5-oxido-1H-imidazo[4,5-c][1,5]naphthyridine (1.3 g)
as yellow solid.
MS (APCI) m/z 257 (M + H)".
Part F

p-Toluenesulfonyl chloride (1.2 g, 0.0061 mol) was added to a vigorously stirred
mixture of 2-methyl-1-(2-methylpropyl)-5-oxido-1 H-imidazo[4,5-c][1,5]naphthyridine
(1.3 g, 0.0051 mol), dichloromethane (25 mL}), and ammonium hydroxide (17 mL). The
reaction was vigorously stirred at room teniperature for two hours, and then the stirring
was stopped and the layers allowed to separate for two hours. A precipitate formed and
was collected by vacuum filtration to give 0.9 g of ivory needles. The needles were
recrystallized from isopropanol (12 mL), and the collected crystals were dried in a vacuum
oven at 60 °C for five hours to give 2-methyl-1-(2-methylpropyl)-1A-imidazo[4,5-
c}{1,5]naphthyridin-4-amine (0.7 ) as colorless needles, mp 227-229 °C.
MS (ESD) m/z 256 (M + H)";
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allowed to cool to room temperature. Dichloromethane (1 mL) and
agueous ammonium chloride (1 mL of 10% w/w) were added. The
organic layer was separated and washed with 10% w/w aqueous
waonenisgysehloride, dried over sodium sulfate, concentrateb29uases 037317
reduced pressure, and dried overnight in a vacuum oven at 35 C to
provide 41 mg of a brown crystalline solid that was analyzed by LC/MS
And! fonlod for IR, 8 T Es6RE: H, 6.71; N, 27.43. Found: C, 65.53; H, 6.68; N,
é%—ggethylpropyl)-lH-imidazo[4,5-c]quino|ine and
-amino-4-chloroquinoline. Example 9 25 Preparation of
1-(2-Metlrylpropyl)-IH-imidazo[4,5-c]quinoline N, N N- 89 WO
2007/035935 PCT/U82006/0373lﬁfﬂglg\fhosphorous oxychloride (90
mL, 0.97 mol) was added dropwise to a'stirred slurry _of
3- amlnoqun’%ﬁﬁ%%%%ilo%wﬁ@éiﬂwg gty th SolwnobrOMF,
The temperature of the mixture increased to about 100 C over the course
of the addition. The 5 reaction mixXjurejjva$ allowed to cool to room
temperature, then about two-thir, DMFE was removed under
reduced pressure. The mixture hen f»m-:{ed and the solid dried to
provide N-(4-chloroquinolin-3-yl)-NN-dimethylimidoformamide (118 g), MS
fEpld M/z 234 (M + H)+, Part B 10 A glass vial was charged with
N-(4- chloroqumolln -3-yl)-N,N- dimethylimidoformamide (0.10 g, 0.40
mmol)FREBaAAHRS mIsoamsieyAtden vathrtsinaisiasatio anhydmde (0.8

R/ RN ERUEARME (2998002 FHRCRmbBRNIR! MRS PIaeee IRNd8A sieeh to a

pressure reactor a ghthe vessel heated in an oven at. 150 C for 15 hours,

RAHOZSYItig TR Yoot LEBEAER O eRemmratiBhedr s o rBdoraby The
tequithehiomatogea iy dasohb Epeciresoslnindicated Eh@bﬁd&af@ﬁ}ﬁ’éﬁ&ht and
was | 0 the vesse a inside the

R B S A S R s Qo
ehtarmipatioin-Gf therreantieramitizipe flilguipl Iﬂ‘ﬁdﬂﬂat@graphy/mass

rometry indicated that the major product of the reaction was

1-(2-methylpropyl)-1H-imidazo[4,5- cjquinoline, MS (ESI) in/z 226 (M +
H)+. 26 Exitiplef fockasparaedin-ofylformamide (0.050 g, 0.24 mol) and

iLotanMSiwiPrepy st mIgAzH4as A0 Psealed vial at 110 °C overnight and

allowed to cool to room temperature. Dichloromethane (1 mL) and agueous ammonium

chloride (1 mL of 10% w/w) were added. The organic layer was separated and washed
with 10% w/w aqueous ammonium chloride, dried over sodium sulfate, concentrated
under reduced pressure, and dried overnight in a vacuum oven at 35 °C to provide 41 mg
of a brown crystalline solid that was analyzed by LC/MS and found to be a mixture of 1-
(2-methylpropyl)-1H-imidazo[4,5-c]quinoline and 3-amino-4-chloroquinoline.

Example 9
Preparation of 1-(2-Methylpropyl)-1/-imidazo[4,5-c]quinoline
N - l N\

s
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N N> A flask was charged with 3-aminoquinolin-4-ol hydrochloride (1.0 g,
5.1 mmol), 25 20 mL of acetonitrile and 1.5 mL of DMF. Phosphorous
oxychloride (0.7 mL, 7.5 mmol) was added to the stirred slurry. The
Wit etere3sess stirred at ambient temperature for 21 hours. TheCcmideses0eEs17
filtered to remove solids, rinsing with acetonitrile. To the filtrates was
added isobutylamine (2.5mL, 25.5 mmol). An exotherm was observed
mpOER addition and the solution became a slurry. The mixture was placed

in a glass pressure vessel 90.WQO.2007(03593 . .
T o0 PSRBTl A GOEN 96 Cos SIRBE R pimd sty
afGelimgntaomiintérmplydtoraioarafiithgoh 76ftob ieabfeonlnoiEivE bifhieuid

t%:ﬁ‘{%m?&%géﬁﬁl%%m TrPe?e%Q&*%SE[ JRdieaEE el HIecdGREUP ARIition, The
maﬁ nia

y complete. The slurry was taken up in 50 mL of water and 50 mL of

refcHioyorvsuaves Fiewed tr sankiereepdempgrahie. prcthoutie ditds olcte
kR 4R et andishleremethdnasubichiyas cambinedhwithiieiserarntesid

dichloromethane layer. Examination of the combined dichloromaﬁag
drgie BPGKif CArehkerRsErapRARdRL At B ArarR e e the
MBBSDeduzs nas L1 methylpropyl)-IH-imidazo[4,5- c]quinoline, MS
éﬁE{gﬁ m/z 226 (M + H)+. The layers were dried with magnesium sulfate,
ed and concentrated to provide 0.17 g (15%) of a sticky amber

residud. ghishiiR 80 Ohbtedd i hDMBiderSundin(S - IIHN.8-43 (s, 1H),

, I | A7 = Hy,
ST op e AMharfbl, el it g ond
prginzapitalvrnepiaRsy(Sier AT srmebicldievisbnrs P lireddnsidenaicel

REIGRE doswPaRishaPe RYRLSRHONSCHREh hersiraraNeaipaatadécooling to
reference in their entirety as if each were individually incorporated

ORI SETERSTABN: StfBmLPAT e T eRa EALIRD TSGR it buEaIRRaphy/mass
sppRaseetioansesidiethinréaciart washacsopletsfinoticonstbbvanapiscadack

.Spirit of this_invention, | uld be.understod that this invention is no
APt bR RO S0 T e oAbt e e
mampt'emsaétﬁemmmiam@tboaﬁqmmwg@pmdmbp@ﬁ?mﬂmare
18&?&%%%?%&/\{%@ £5811RP I8 ﬁ@'%ﬁ(\é‘ﬁ*&ﬁ%§ qgﬁiﬁnr?étﬂﬁfﬁ)_ ¥§ﬂ-ti%imiciazo [4,5-

intended to be limited only by the claims set forth herein asfollows. 9
ajgripotirs MSNIMBEDE230 Middod for preparing a
1H-imidazo[4,5-c]pyridine compound or analog thereof or a
pharmaceutically acceptable salt thereof comprising: 5 providing a
compound of the Formula IV: %XampIe f"

Preparation of 1-(2-Methylpropyl)-1/-imidazo[4,5-c]quinoline

N - N
>
N%
A flask was charged with 3-aminoquinolin-4-ol hydrochloride (1.0 g, 5.1 mmol),
20 mL of acetonitrile and 1.5 mL of DMF. Phosphorous oxychloride (0.7 mL, 7.5 mmol)

=

was added to the stirred slurry. The mixture was stirred at ambient temperature for 21
hours, The mixture was filtered to remove solids, rinsing with acetonitrile. To the filtrates
was added isobutylamine (2.5mL, 25.5 mmol). An exotherm was observed upon addition

and the solution became a slurry. The mixture was placed in a glass pressure vessel and
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N NYR2 0 <RA IV and reacting the compound of Formula IV with an
amine of the formula RINH2 to provide a IH-imidazo[4,5-c]pyridine or
analog thereof of the Formula1: E NN 11\>-R2 Re 10RAR, lora
vhasoiacsitically acceptable salt thereof; wherein: E is seleptadufsosmtisss17
group consisting of hydrogen, fluoro, chloro, bromo, iodo, 15 hydroxy,
phenoxy, -O-S(0)2-R’, and -N(Bn)2, wherein R' is selected from the group
ensistng efallsyh Ttrdonikyh padanifeptosially wubstiutathétalkydxhalaation
or pitro, and Bn is selected from the group, consisting of benzyl,
O TR TFSE BRI AR ERAR RIS AR TR AP SR e sairb et e
irethgl aes mhpyhdioe pitteg @headmmyol sdakeuml ap bafh@l M. tof foater 2 fenl of
used tetrazolo ring in Formulas I-1 & - 1. IN- N N-N H N N~R N
PTG oL R ek 163 Yool PRl o o
divlgronptiomesistiin sfasorabishibrdthbe b aistis, gndntometiang layer.
EQmtd s MBSHRIbRedSaRalRELRe:fhore ﬂé&%ﬂ@# ﬂ@ﬂ@%ﬁ%ﬁ&@%ﬁigwrgm
an

haloalkyl, and  aryl optionally substituted by alkyl, halo, or nitro; RA,

REF LRSI GBS A e RaaTIERHNh B Grast G gy ikiAG idao 4,5~
MHoBReIEhRIBRREENA H NI e TiRgdseunaehstifdedar substiiadulfate,
DO R OO rated to provide 0.17 g (15%) of a sticky amber residue, "H NMR (300
MHz, DMSO-de) § 9.24 (s, 1H), 8.43 (s, 1H), 8.35 (m, 1H), 8.18 (m, 1H), 7.74 (m, 2H),
453 (d, J=17.5 Hz, 2H), 2.22 (m, 1H), 0.93 (d, J= 6.6 Hz, 6H); HRMS (EST) caled for

- CiaHsNs [M+ HJ': 226.1344, found 226.1352.

The complete disclosures of the patents, patent documents, and publications cited
herein are incorporated by reference in their entirety as if each were individually
incorporated. Various modifications and alterations to this invention will become
apparent to those skilled in the art without departing from the scope and spirit of this
invention. It should be understood that this invention is not intended to be unduly limited
by the illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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or substituted by one R3 group, or substituted by one R group and one R3
group; R is selected from the group consisting of: bromo, and hydroxy;
10 R1 is selected from the group consisting of: 2-methylpropyl,
2-hydroxy-2-methylpropyl, 2.2-dimethyl-4-oxopentyl, (I-
hydroxycyclobutyl)methyl, 2,2-dimethyl-3-(2-methyl-L3-dioxolan-2-

wybharepytl 2:prepyisulfonyl)ethyl, 2-methyl-2-
[(methylsulfonyl)amino]propyl, 4-methylsulfonylaminobutyl, 2 15
(acetylamino)-2-methylpropyl, and 4-[(morpholin-4-

1. %Icgﬂbmatﬂ@mmqi'h Imﬂﬁé'ilngi igrseleie |- i Id(ﬁr,@m]t?a,eigﬁ%lm@l 5 éatkrtg @{]'allog thereof

ydrogen, methyl, ethyl, propyl, butyl, 2-methoxvethyl, 2-hydroxyethyl,

or e IRGRAEAR bR a5 AR {mﬁr%%%ﬁ§;’i’§géelected from the group
CoNngissigind: a methdwnd Bhanoxysmandienzyloxy. 25 2. The method of
claim 1 further comprising the steps of: providing a compound of the
Formula Ill: E N NH2 R aRA Ill 93 ang reacting the compound of
Formula 11l with a carboxylic acidntalide ¥f.th&2formula hal-C(0)-R2.
wherein hal is chloro or bromo, gfa hydride or mixed anhydride of the
formula O(-C(0O)-R2)2 to provi8le an corhpound of Formula IV. 5 3. The
method of claim 2 further comprising,the steps of: providing a compound

of the Formula ll: E N NO2 v

and reacting the compound of Formula IV with an amine of the formula RyNH,

to provide a 1 H-imidazo[4,5-c]pyridine or analog thereof of the Formula I:

E
N
N
| \>_ Ry
Ry N\
Ra R,

or a pharmaceutically acceptable salt thereof;
wherein:

E is seiected from the group consisting of hydrogen, fluoro, chloro, brome, iodo,
hydroxy, phenoxy, -O-S{Q);-R’, and -N{Bn)-, Wherein R'is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, hale, or nitro, and
Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyi; or

E is joined with the adjacent pyridine nitrogen atom of Formulas [ and IV to form
the fused tetrazolo ring in Formulas I-1 and IV-1: |

NN
1




hn

10

R B ~ RA Il and reducing the compound of Formula Il to provide a

compound of Formula 1ll. 10 4. The method of claim 2 further comprising
the steps of: providing a compound of the Formula VI: E N NH2 RE OH
RA VI 15 and converting the hydroxy group at the 4-position of Formula
VI to an L group to provide a compound of Formula 1ll. 5. The method of

Formi VI K N T RO L0 U Ahe S e tha-Hy Ry

angroup(atith' 4xpesitioR'of Fariatafitintchamrbugronpitoingrovidk:a, haloalky} and
ar}%w% oﬁﬁln]%fsubs?ﬁrﬂuéabv an%l 6héll'he me: hod of claim 5 further comprising

steps prow Ingac mpourrof)ofl% e’Formula VI: E NH2 N RB OH

RA BAdahdyesetinggtibadnmpoaridsefl Benaumar gtz dusadqoxidic:aci

h@% g%h%f‘genzene ring or pyridine ring is unsubstituted or substituted by one R group,

or substituted by one Rz group, or substituted by one R group and one R3 group;

28]

R is selected from the group consisting of:
bromo, and
hydroxy;,

R is selected from the group consisting of:
2-methylpropyl, 2-hvdroxy- '—methylpropyl, 2.2-dimethyl-4-oxopentyi, (1-
hydroxyeyclobutylmethyl, 2,2-dimethyl-3-(2-methvi-1.3-dioxolan-2-
yhpropyl, 2-{propytsulfonyl)ethyl, 2-methyl-2-
[(methylsulfonylyamino]propyl, 4-methylsulfonylaminobutyl, 2-
(acetylamino)-2-methyipropyl, and 4-[(morpholin-4-
vicarbonyl)aminoJbutyl;

R; 15 selected from the group consisting of:
hydrogen, methyl, ethyl, propyl, butyl. 2-methoxvethyl, 2-hvdroxyethyl,
ethoxymethyl, and hydroxymethyl; and

R3 is selected from the group consisting of:
methoxy,
phenoxy, and

benzyloxy.

The method of claim 1 further comprising the steps of:
providing a compound of the Formula 111

E

NS NB,
l

R, L
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formula hal-C(O)-R2, wherein hat is a chloro or bromo, or an anhydride or
mixed anhydride of the formula O(-C(O)-R7)2 to provide an compound of
Formula VII. 10 7. The method of claim 4 or 6 further comprising the steps
of: providing a compound of the Formula V: E N NO2 RB OH RA V and
reducing the compound of Formula V to provide a compound of Formula
VI. 15 8. A method for preparing a 1H-imidazo[4,5-c]pyridine gogna?ound

or afRbEHEREIR O EBRARD L& Gieatly HEraptavtaratttheasid halide of the

foreRMPRAITY CRIRYI HiRe8i £ MRS UARRS Shedaindiany ik dRdié dr MikxManhydride
NN | Rgi L RB RA 20 VIII and reacting the compound of Formula Vi

of {iH SRR R X rdriOUPEORIIR I 46TBPB IR Formula V.

1H-imidazo[4,5-c]pyridine or analog thereof of the Formula I: 95 E N N \>-

. RZ 11 R8RARI] |orapharmaceutically acceptable salt thereof;
3. whergif-method of claim 2 further comprising the steps of:

providing a compound of the Formula II:

and reducing the compound of Formula Il to provide a compound of Formula I

4. The method of claim 2 further comprising the steps of:
providing a compound of the Formula VI:

E

and converting the hydroxy group at the 4-position of Formuia VI 1o an L group 10

provide a compound of Formula 1IL

5. The method of claim 1 further comprising the steps of:

providing a compound of the Formula VII:

ﬁ/X’ m

N R
N 2
M \IC‘I)/
R, | OH
RA
VII

and converting the hydroxy group at the 4-position of Formula VII to an L group to

provide a compound of Formula I'V.

04
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5 E is selected from the group consisting of hydrogen, fluoro, chloro,
bromo, iodo, hydroxy, phenoxy, -O-S(0)2-R’, and -N(Bn)z, wherein R' is
selected from the group consisting of alkyl, haloalkyl, and aryl optionally
substituted by alkyl, halo, or nitro, and Bn is selected from the group
consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or 10 E is joined with the adjacent pyridine nitrogen atom
of Formulas | and VIII to form the fused tetrazolo ring in Formulas 1-1 and
6. IX: N MALRZNhins Futhid MbmpridhNiRigide ¥ Z Re L RA R and
RA I-1 lé‘% L is selected from the group consisting of fluoro, chloro, bromo,
iodoPIREHBR? SYBBAPISISS TSR Wihtlein R’ is selected from the group
consisting of alkyl, haloalkyl, and aryk optionally substituted by alkyl, halo,
or nitro; RA and RB taken together ,\mged benzene ring or a fused
pyridine ring wherein the benzenejring or pyridine ring is unsubstituted or
substituted by one R group, or 1 ftatecbhy one R3 group, or
substituted by one R group and one R3 group; 20 R is selected from the
group consisting of: bromo, and hydroky; Rl is selected from the group
consisting of: 2-methylpropyl, 2-hydroxy-2-methylpropyl,
2,2-dimethyl-4-oxopentyl, P%l- 25 hydraoxycyclobutyl)methyl, ,
2 2 R SR RS YRy, SRR erRf e
for@matayﬁz%mmy&aﬂ %ﬁ@mdbfl\mﬁﬁgn}m[tzbwnéﬁﬁ?@w!ﬁﬁh@@ﬂﬂ@miﬁﬁiaéliyl,
2- (acetylamino)-2-m ropyl, and 4-[(morpholin-4-
Wﬁ&?ﬁ&%&ﬁ%ﬁ%ﬁ@ﬁé@?@% FOGEAVISR! (CoLHarRs LR S RTHIEAGYShp

consisting of:

7. The method of claim 4 or 6 further comprising the steps of:
providing a compound of the Formula V:

E
P
Rg GH
RA
v

and reducing the compound of Formuia V to provide a compound of Formula V1.

8. A method for preparing a 1 H-imidazo[4.3-c]pyridine compound or analog thereof
or a pharmaceutically acceptable salt thereof comprising:

providing a compound of the Formula VIII:

E '?12
NS
i
L
Ry L
RA

VIII
and reacting the compound of Formula VIII with an amine of the formula Ri{NH-

to provide a 1 F-imidazo[4.5-c]pyridine or analog thereof of the Formula [:
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methoxy, phenoxy, and benzyloxy; 10 9. The method of claim 8 further
comprising forming an intermediate of Formula XI: HN~N'R | L RB RA XI
after reacting the compound of Formula VIII with an amine of the formula
RINH2. 15 10. The method of claim 9 wherein the intermediate of Formula
Xl is isolated after reacting the compound of Formula VIII with an amine
of the formula RINH2. 11. The methgd of claim 8 or claim 9 further
comprising: providing a compound of the Formula VI: E N NH2 RB OH
20 RA VI converting the hydroxyngr the 4-position to an L group,
and reacting the amino group at |
formula H-C(O)-N(RI I)RI2 to &ﬁbvi e a compound of Formula VIII. 25 97
12. The method of claim 11 whereinthe C(ﬁnpound of Formula VIIl is
provided without being isolated prior tQ reacting with an amine of the
formula R1INH2. 13. A method for prep%ring a IH-imidazo[4,5-c]pyridine

or 6YMRAIRERANRAdpeot.h e=dpharmaceutically acceptable salt

hthe,r.eof comprising: providing a compound of the Formula XI: EH N NON
WNHETEIN:

E is selected from the group conststing of hydrogen, fluore, chloro, bromo, iodo,
hydroxy, phenoxy, -O-S(O),-R', and -N{Bn),, wherein R’ 15 selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitre, and
Bn is selected from the group consisting of benzyl, p-methoxvbenzyl, p-methylbenzyl, and
2-furanyimethyvl; or

E is joined with the adjacent pynidine nitrogen atom of Formulas I and VHI to form
the fused tetrazolo ring in Formulas I-1 and IX:

N—N
I

L is selected from the group consisting of fluoro, chloro, bromo, iodo, phenoxy,
and -0-S{O)-R/, wherein R' is selected from the group consisting of atkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nitro;
Ra and Rp taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituted or substituted by one R group,
or substituted by one R; group, or substituied by one R group and one R group;
R 1is selected from the group consisting of:
bromo, and
ﬁydroxy;

R; is selected from the group consisting of:
2-methylpropyl, 2-hydroxy-2-methylpropyl, 2,2-dimethyl-4-oxopentyl, (1-
hydroxyeyclobutylymethyl, 2.2-dimethyi-3-(2-methyl-1.3-dioxolan-2-
yDpropyl, 2-(propyisulfonyljethyl, 2-methyl-2-
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R, L RB RA Xl and forming a IH-imidazo[4,5-c]pyridine or analog thereof
of the Formula 1: ENN R_ RN 10 RA R, | or a pharmaceutically
acceptable salt thereof, wherein: E is selected from the group consisting
of hydrogen, fluoro, chloro, bromo, iodo, 15 hydroxy, phenoxy,
-O-S(0O)c-R', and -N(Bn)2, wherein R' is selected from the group
.consisting aof alkyl,.hal allg}gl and.aryl optionally substituted by .alkyl, halo,
o nito, and B TR B b et
p-methoxybecazviaprmetythehzybramd, 2afudafyhmeliyiinot-E is joined with
the adjacentlgyédin% nitro%itr]] %tfm of Formulas | and XI to form 20 the
fused tetrazOrs Mg iH FOMMUIAS 7-1 and XII: N-N N-N N° NN H N v-R
NON:RisRBi#deeRB RA R'and RA 1-1 XllI; 98 L is selected from the
c group consisti f flugro, chloro, bromo, iedo, phenoxy, and
7 -O-Sg@ﬁfsﬁlls? ?/{v%‘e%@%} eigrgél%g?él l?r%)nr% ?E‘e group consisting of alkyl,
haloalkyl, ancttiaryl optionally substituted by alkyl, halo, or nitro; RA and
RB taken tgp%%tg\&r foarnrg a fused benzene ring or a fused pyridine ring 5
wherein thé’benzené ring or pyridine ring is unsubstituted or substituted

by one R graumayioxy;

i0 9. The method of claim 8 further comprising forming an intermediate of Formula XI:

1

N
N7 s \R1
L
Ra
after reacting the compound of Formula VII with an amine of the formula RyNH;.

15 i0. The methéd of claim 9 wherein the intermediate of Formuia XI is isolated after

reacting the compound of Formula VIII with an amine of the formula RyNH..

11, The method of claim § or claim 9 further comprising;
providimg a compound of the Formula VI:

E

o

Rg aH
RA
Vi
converting the hydroxy group at the 4-position to an L group,
and reacting the amino group at the 3-position with a formamide of the formula

H-C(O)}-N(R;1)R1; to provide a compound of Formula VIIL

12
th
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10

or substituted by one R3 group, or substituted by one R group and one R3
group; R is selected from the group consisting of: bromo, and hydroxy;
10 Rl is selected from the group consisting of: 2-methylpropyl,
2-hydroxy-2-methylpropyl, 2.2-dimethyl-4-oxopentyl, (1-
hydroxycyclobutyl)methyl, 22- dimethyl -3- (2 methyl-Il,3-dioxolan-2-

yhpr ropylsulfonyl)e eth
12[(me(t‘t?‘%su %oﬁé)l gn?mo gr}{)pygf ﬁ% ony%%ﬁ%ﬂ&? XIPS"‘S provided
witboatpkang mm)lazedmmmupmmgdwﬂﬁ(mmmh&hnﬁae formula RyNH,.
ylcarbonyl)amino]butyl; R2 is hydrogen; R3 is selected from the group
consisting of: methoxy, 20 phenoxy,and benzyloxy. 14. The method of
13 claim\ IBefiirth ésrqoermisipg: proiridig e £ompouiidnefdhe fomt weablok thereof
or I—h a@e%t%al_h 25ch:$eA V}gl coqv%lrtln 1‘the hydroxy group at the 4-position
foPaR T group, and reé)cf;l 5 e APRiRG é:%n ) 4t'the 3-position with a
formmﬂﬁr@&%r&muml@oﬂt—&(ﬁ)ffﬂﬂmm provide a compound of
Formula XI. 99 15. The method of[(_:‘,lalm 14 wherein the compound of
Formula Xl is provided without being isolated prior to forming a
compound of Formula I. 5 16. Thé apy one of claims 11, 12, 14,
- and 15 further comprising: prowidi Lcompound of the Formula V: E N

NO2 Ra

X1

or a pharmaceutically acceptable salt thereof;
wherein:

E is selected from the group consisting of hydrogen, fluore, chloro, bromo, iodo,
hydroxy, phenoxy, -0-S(0),-R!, and -N(Bn),, whérein R'is selected from the group
consisting of alkyl, haloalkyl, and ary] optionally substituted by allyl, hale, or nitro, and
Bn 15 selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethyl; or

E is joined with the adjacent pyridine nitrogen atom of Formulas I and X1 to form

the fused ietrazolo ring in Formulas I-1 and XIII:
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20

'RB OH RA V and reducing the compound of Formula V to provide a _
compound of Formula VI. 10 17. The method of any one of claims |
through 16 further comprising the step of converting E to an amino group
in the compound of Formula | to provide a compound of the Formula X:
NH2 NN 1!'-RZRB N RAR1 15 X. or a pharmaceutically acceptable

saltthereof 18.41he {H@E}B Oécﬁlﬁ'mrgﬂ oMRELSIN EisBYgregs e henoxy,
compound of Formula I IS the Formula 1-2: N -R2 11 RB N 20 RAR, 1-2,

andahtt 3HQ)stBp whewsindttingelrsthg drogehagranmpsmo sy inlthe haloalky?, and

19(?52!&' rggmsggn%bdlzmg the compound of Formula
Mypgg@{%gp%%%gga the !\#f e of Formula XX: 100 N NI\-R2 B R RA Ri

XX %@é&m&n@m@ﬁ@mm@fm@m@m%@ﬁ@é&p@mm Ting
wh&%mﬁ?éjggg%%geo 15 Vr"\xj?] YQ%@HE&%%@%%@Q!&%‘WS&S% cg‘oup

od of ¢lai erein E is Hal, and the compound of
or fRbeitiutad by e Rs group, or substituted by one R group and one R group:

R is selected from the group consisting of:
bromo, and
hydroxy;

R, is selected from the group consisting of:
2-methylpropyl, 2-hyvdroxy-2-methyipropyl, 2.2-dimethyl-4-oxopentyl, (1-
hydroxycyclobutyl)methyl, 2.2-dimethyl-3-(2-methyl-1,3-dioxolan-2-
yhpropyl, 2-(propylsulfonyllethyl, 2-methyl-2-
[(methylsulfonylyamino]propyl, 4-methylsulfonylaminobutyl, 2-
(acetylamino)-2-methyipropyl, and 4-f(morpholin-4-
ylcarbonylyaminoJbutyl;

R, is hydrogen;

R; is selected from the group consisting of:
methoxy,
phenoxy, and

benzvloxy.

14, The method of claim 13 further comprising:

providing a compound of the Formula VI:

VI
converting the hydroxy group at the 4-position to an L group.
and reacting the amino group at the 3-position with a formamide of the formula

H-C(O)-NH(R}) to provide a compound of Formula XI.

9%
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Formula 1-3: HaiN NI/\>-R2 RN B RARi |-3 10 wherein Hal is fluoro,
chloro, bromo, or iodo, and the step of converting the Hal group to an
amino group in the compound of Formula I-3 comprises aminating the
compound of Formula I-3 to provide the compound of Formula X, or a
pharmaceutically acceptable salt thereof. 15 20. The method of claim 17
-wherein E is hydroxy, the compound of Formula | is the Formula 1-4: OH
NON >-R2 N RB RA Ri 1-4, and the step of converting the hydroxy

15groug s arctantimg ejeoup! ih whereonipogntpsuad ¢idrmmiald X cemmoniskst without

group to provide a compound o t of Form -
R N RA RI 1-3 wherein Hal is fluoro, ehioro, bromo, or iodo; and

1 6?(;};%% %r(]g})ﬁro‘fpg@ Q%‘J GHeO&F c%fﬂﬂjq 1'?1 59 ! ? z\ilﬁ%el ghﬁngfgc-[:? %81%'1%%91;@:
providing a compound of the Formula V;

E

; . _ it la 1-4 to a hal
besANNRIING s Pyeligrn Arone.al b, Bpslion.of formula L-ato afalo

and reducing the compound of Formula V to provide a compound of Formula V1.

17. The method of any one of claims ! through 16 further comprising the step of

converting E to an amino group in the compound of Formula I to provide a compound of

the Formula 3

NH,
2N
F?ﬁ P \>"”R2
Re ™ N\
R, R,
or a pharmaceutically acceptabie salt thereof.
18. The method of claim 17 wherein E is hydrogen, the compound of Formula I is the
Formula I-2:
NN
| P \>MR2
Ra f\{
R, R4
-2,

and the step of converting the hydrogen to an amino group in the compound of Formula I-

2 comprises:

oxidizing the compound of Formula I-2 1o provide a the SN-oxide of Formula XX:
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5 a pharmaceutically acceptable salt thereof. 21. The method of claim 17
wherein E is hydroxy, the compound of Formula | is the Formula 1-4: OH
N -Rz RN RARIi 10 1-4, and the step of converting the hydroxy group to
an amino group in the compound of Formula 1-4 comprises: sulfonating
the compound of Formula 1-4 by reaction with a compound of the formula
hal-S(0)2-R' wherein hal is chlgro or bromo, or the formula O(-S(0)2-R")2,
to 15 provide a compound of tﬁehlfo 1-%: OS(O)2R'N>-NRzR N

B RA RI I-5 displacing the -OéS “gfoupFin Formula 1-5 by an amino
group of the formula -N(Bn)2 to%provide aicompound of the Formula 1-6:
102 N(Bn)2 N-RN RB RAR1 1-6R4<emoF\</ing the Bn protecting groups in
Formula 1-6 to provide the compoun Formula X, or a pharmaceutically
acceptable salt thereof. 22. The method of claim 17 wherein E is phenoxy,
and ihe semposnchetbopouta bisF thenHeiil@ brévoPtdNcompound of Formula

X, or a pharmaceutically acceptable salt thereof.

19. The method of claim 17 wherein E is Hal, and the compound of Formula I 1s the

Formuia [-3:

wherein Hal is fluoro, chloro, bromo, or iodo, and the step of converting the Hal group to
an amino group in the compound of Formula I-3 comprises aminating the compound of

Formula 1-3 1o provide the compound of Formula X, or a pharmaceutically acceptable salt

thereof.
20. The method of claim 17 wherein E 1s hydroxy, the compound of Formula ] is the
Formula 1-4:
?H
N
N
f P \>“'R2
Ry '\{
Ra R
I-4,

and the step of converting the hydroxy group to an amino group in the compound of
Formula I-4 comprises:
converting the hydroxy group at the 4-position of Formula I-4 to a halo group to

provide a compound or salt of Formuia I-3:
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'tg~Y\RZ RBN RARI 17 10 wherein Ph is phenyl, and the step of
converting the phenoxy group to an amino group in the compound of
Formula 1-7 comprises arninating the compound of Formula 1-7 to
provide the compound of Formula X. or a pharmaceutically acceptable salt
thereof. 23. The method of claim 17 wherein E is -O-S(0)2-R’, the
compound of Formula | is 15 the Fpgpula 1-5: OS(O)ZR' N N\ V~- R2
RB N RA Ri and the step of conver g_tm-:‘ -O-5(0)2-R' group to an amino
group in the compound of Formtﬁia 1% ises: 20 displacing the
-0-S(0)2-R' group by an aming nhe formula -N(Bn)2 to provide a
compound of the Formula 1-6: 101 (Bn)&zR N>Rz RNeRARIi 1-6 and
removing the Bn protecting groups iR“Formula 1-6 to provide the
compound of Formula X, or a pharmageutically acceptable salt thereof. 5
24. The method of claim 17 wherein E is -N(Bn)2, the compound of

whersimbiil is$lteeo. Rbiaaldmmo, or iodo; and

aminating the compound of Formula I-3 o provide the compound of Formula X, or

a pharmaceutically acceptable salt thereof.

21.  The method of claim 17 wherein E is hydroxy, the compound of Formula I 1s the
Formula I-4:
OH
NN
Bl P \>’—R2
Rg N\
R, R
i-4,

and the step of converting the hydroxy group to an amino group in the compound of
Formula I-4 comprises:

sulfonating the compound of Formula I-4 by reaction with a compound of the
formula hal-S(O),-R' wherein hal is chloro or bromo, or the formula O(-5(O):-R'), to

provide a compound of the Formula 1-5:
O8(0

N
NJ\T \>—_R2

[-5

7
A

<\_
=

0
4
P

Ry

displacing the ~0-S(0):-R' group in Formula I-5 by an amine group of the formula

-N{(Bn); to provide a compound of the Formuia I-6:
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N(Bn)2 N~R RB N/NRARi 1-6, 10 and the step of converting the
-N(Bn)c group to an amino group in the compound of Formula 1-6
comprises removing the Bn protecting groups to provide the compound of
Formula X. or a pharmaceutically acceptable salt thereof. 25. The method
of claim 17 wherein E is joined with the adjacent pyridine nitrogen 15
atom of Formula Ito form the fused,\ggé@zolo ring in Formula 1-1: N-N R2
BINRRARL I-1, and the step of_.con{erting the fused tetrazolo ring to
an amino group in the compouncN]of ormgula I-1 comprises the steps of.
20 reacting the compound of =Y &'with*triphenylphosphine to
provide a compound of the Fofmula XXI! 104 N=P(Ph)3 N NI, ~Rz N
RB RA Ri XXI and hydrolyzing theR@ompo’und of Formula XXI to provide
the compound of Formula X, or a ph [gwaceutically acceptable salt
thereof. 5 26. The method of claim 17 wherein E is joined with the
adjacentpygitin®ninogeriraternupk Fofmuiaiiol form thevfde dk tetrapolod of

Foﬁﬁ%"‘kf&r? &%rlrhla:ceuticaﬂy acceptable sait thereof.

22.  The method of claim 17 wherein E is phenoxy, and the compound of Formula [ 1s

the Formula i-7:

1-7,
wherein Ph is phenyl, and the step of converting the phenoxy group to an amino group in
the compound of Formula I-7 comprises aminating the compound of Formula I-7 1o

provide the compound of Formula X, or a pharmaceutically acceptab’}e salt thereof.

23, The method of claim 17 wherein E is -O-S(0),-R', the compound of Formula I 1s

the Formula I-5:
OS(O),R
|

i O,
] R,
RBJ\,’)\N

e

and the step of converting the -0O-S(O),-R' group to an amino group in the compound of
Formula I-5 comprises:
displacing the -0-S(O)-R' group by an amino group of the formula

-N{Bn), to provide a compound of the Formula 1-6:
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N-N uNN N\~-RZ RN B RARI I-1. 10 and the step of converting the
fused tetrazolo ring to an amino group in the compound of Formula I-1 h
comprises the step of. reductively removing the tetrazolo ring from the
compound of Formula 1-1 to provide the compound of Formula X, or a
pharmaceutically acceptable salt thereof. 15 27. The method of any one of
claims 1 through 7 or any one of clqu@%)y through 26 as dependent on

any one of claims | through 7 wherejn regcting the compound of Formula

IV with an amine of the formula Isgargied out neat and at an

elevated temperature. 28. The, any ‘one of claims 1 through 7

or any one of claims 17 through®26 20 as'dependent on any one of claims

| through 7 wherein reacting the corﬁpound‘of Formula IV with an amine

of the formula RINH- is carried out in; solvent and at an elevated
temperature. 29. The method of claim 28 wherein the solvent is selected
frontidegrovngdhsiBlingozSofnetian oh, Btranwdd, ktfieanoetdanad, compound of

FBnG L0k S0 e MG o S 25 WRSTen he ol s selected

from the group consisting of trifluoroethanol, isopropanol, and
tert- o} claj t 0 rel
24 teT-Byla Qig ) j “@
the D ST TR T Thih b L A S e e
Forynaaof-6laims 27 through 31 wherein the elevated temperature is not
lower than 110 'C. 10 33. The metthBgf any one of claims 27 through 32
not

wherein the elevated temperature i ’ igher than 180 'C. 34. The
method of any one of claims 27 tmou ggzerein the elevated

\

R

temperature 15 is not higher tl;&g |
RA

i-6,
and the step of converting the -N{Bn), group to an amino group in the compound of
Formula I-6 comprises removing the Bn protecting groups to provide the compound of

Formula X, or a2 pharmaceutically acceptable salt thereof.

25, The method of claim 17 wherein E 1s joined with the adjacent pyridine nitrogen

atom of Formula I to form the fused tetrazolo ring in Formula I-1:

and the step of converting the fused tetrazolo ring to an amino group in the compound of

Formula I-1 comprises the steps of:

reacting the compound of Formula I-1 with triphenylphosphine to provide a

compound of the Formula XXI:
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35. The method of any one of claims 8 through 12, claim 16 as dependent
on claim 11 or claim 12, or any one of claims 17 through 26 and 29
through 45 as dependent on any one of claims 8 through 12 wherein
reacting the compound of Formula VIl with an amine 20 of the formula
RINH, is carried out neat. 36. The method of any one of claims 8 through
12, claim 16 as dependent on claim f}-"JF’@{hfﬁlaim 12, or any one of claims
17 through 26 as dependent on any pne of claims 8 through 12 wherein
reacting the compound of Formul ith an, amine of the formula 25
R1NH2 is carried out in solven . ethdd of claim 36 wherein the
solvent is selected from the group cansisting of methanol, ethanol,
trifluoroethanol, isopropanol, tert-butmol, water, acetonitrile, 1-
methyl-2-pyrrolidinone, toluene, and tetrahydrofuran. 30 38. The method
of claim 37 wherein the solvent is selected from the group consisting of
trifluercettidrdizisgphepanabotertblifarmol pend Bt etgnitvilde 106c881pAund of
Fo%%?%nod ?f }pa Fa%rerﬂtli'cl:%lw 'alczclél t'e}{) &5 ?'hezléoiR B RAXI 5 wherein: E
is selected from the group Con&sﬁng ofsﬁy rogen, fluoro, chloro, bromo,
iodo, hydroxy, phenoxy, -O-S(0)2-R’, and -N(Bn)z, wherein R' is selected
from r sisting of.alkyl, haloalkyl, and aryl optionally . .. .
2o B i T s S0 AR Mg misosen
atcgordiStnywé benaytiptmdtisostytbenzyle pamethijtivendyli-and 10
2-furanylmethyl; or E is joined wjthfhe adjacent pyridine nitrogen atom of
Formula XI to form the fused tg}'ra lo ring in Formula XIlII: N-N H

N*N",~~" N-R, L : N N
' l N\>_‘R2

I-1.
and the step of converting the fused tetrazolo ring to an amino group in the compound of

Formula I-1 comprises the step of:
reductively removing the tetrazolo ring from the compound of Formula I-1 to

provide the compound of Formula X, or a pharmaceuticaliv acceptable salt thereof.

27. The method of any one of claims | through 7 or any one of claims 17 through 26
as dependent on any one of claims 1 through 7 wherein reacting the compound of Formula

IV with an amine of the formula R,NH; is carried out neat and at an elevated temperature.

28.  The method of any one of claims 1 through 7 or any one of claims 17 through' 26
as dependent on any one of claims 1 through 7 wherein reacting the compound of Formula
IV with an amine of the formula RyNH> is carried out in a solvent and at an elevated

temperature.

29, The method of ciaim 28 wherein the solvent is selected from the group consisting
of methanol, ethanol, triffuoroethanol. isopropanol, fers-butanol, water, acetonitrile, 1-

methyl-2-pyrrolidinone, and toluene.
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R RA XIlI; 15 L is selected from the group consisting of fluoro, chloro,
bromo, iodo, phenoxy, and -O-S(O)2-R’, wherein R' is selected from the
group consisting of alkyl, haloalkyl, and aryl optionally substituted by
alkyl, halo, or nitro; RA and RB taken together form a fused benzene ring
or a fused pyridine ring wherein the benzene ring or pyridine ring is
unsubstituted or substituted by one R group, 20 or substituted by one R3
group, or substituted by one R group and one R3 group; R is selected
30from AR TBFER CoRLEng S BrRMBE AR Y dicRiER] IS BEaORB TP RRiSting
of GiAUBreeMmaiRiNg Qs MathyiRroRyhrdihydroxy-2-methylpropyl,
2,2-dimethyl-4-oxopentyl, (1- hydroxycyclobutyl)methyl,
2,2-dimethyl-3-(2-methyl-l,3-dioxolan-2 107 yi)propyl,
31 2-(propylasifenyiethy b metha-dmasthdauionyDaminRdRieryed temperature
. 4-methylsulfonylaminobutyl, 2- (acetylamino)-2-methylpropyl, and
15 DY ANBFREBINA- Gicarbonyl)aminolbutyl; 5 R3 is selected from the group
consisting of: methoxy, phenoxy, and benzyloxy; or a pharmaceutically
...acceptable salt thereof. 10 40. The compound or salt of claim 39 wherein
32R1 id Bemetberird rrinensr 6l p agHsistifg v hahsipib i clevated temperature
is e methylpropyl, 2,2-dimethyl-4-oxopentyl, (I -
hydroxycyclobutyl)methyl, and
2.2-dimethyl-3-(2-methyl-l,3-dioxolan-2-yl)propyl. 15 41. The compound or

33 salt ohelaigmal whereihRhizRimethytpranyh 42whbBRcomporostar sahefarure

. claim 40 wherein Ri is selected from the group consisting of
is ol B o g ethyl, 2-methyl-2-[(methylsulfonyl)amino]propyl, 4- -
methylsulfonylaminobutyl, and 2-(acetylamino)-2-methylpropyl. 20 43. The
4 comj?ound or salt of claim 40 wherein R1 is 4-[(morpholin-4-

-

he method of any one of claims 27 through 33 wherein the elevated temperature

1s not higher than 165 "C.

35.  The method of any one of claims § through 12, claim 16 as dependent on claim 11
or claim 12, or any one of claims 17 through 26 and 29 through 45 as dependent on any
one of claims § through 12 wherein reacting the compound of Formula VIII with an amine

of the formula RN is carried out neat.

36.  The method of any one of claims 8 through 12, claim 16 as dependent on claim 11
or claim 12, or any one of claims 17 through 26 as dependent on any one of claims 8
through 12 wherein reacting the compound of Formuia VIII with an amine of the formula

RNH; is carried out in solvent.

37. The method of claim 36 wherein the solvent is selected from the group consisting
of methanol, ethanol, trifluoroethanol, isopropanol, zerr-butanol, water, acetonitrile, 1-

methyl-2-pyrrolidinone, toluene, and tetrahydrofuran.

38. The method of claim 37 wherein the solvent is selected from the group consisting

of trifluoroethanol. isopropanol, fers-butanol, and acetonitrile.
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_ ylcarbonyl)amino]butyl. 44. The compound or salt of any one of claims 39
through 43 wherein RA and RB taken 25 together form a fused benzene
ring wherein the benzene ring is unsubstituted. 45. The compound or salt
of any one of claims 39 through 43 wherein RA and RB taken together
form a fused pyridine ring wherein the fused pyridine ring is unsubstituted,
and wherein the fused pyridine ring is ~N 30, wherein the highlighted

bond indicates the position where the ring is fused. 108
39, A compound of the Formula XL

E

N\NQ:/

I
2N

R, L
RA

N
\RT

X1
wherein:

E is selected from the group consisting of hvdrogen, fluoro, chiore, bromo, iodo,
hydroxy, phenoxy, -0-S(O),-R!, and -N(Bn},, wherein R’ is selected from the group
consisting of alkyl, haloalkyl, and aryl optionally substituted by alkyl, halo, or nitro, and
Bn is selected from the group consisting of benzyl, p-methoxybenzyl, p-methylbenzyl, and
2-furanylmethvi; or

E is joined with the adjacent pyridine nitrogen atom of Formula XI to form the

fused tetrazolo ring in Formula XIIL:

L is selected from the group consisting of {luoro, chloro, bromo, todo, phenoxy,
and ~O-S(0}-R/, wherein R' is selected from the group consisting of alkyl, haloalkyl, and
aryl optionally substituted by alkyl, halo, or nifro;

R, and Ry taken together form a fused benzene ring or a fused pyridine ring
wherein the benzene ring or pyridine ring is unsubstituied or substituted by one R group,
or substifited by one R; group, or substituted by one R group aﬂd one Ry group;

R is selected from the group consisting of!

brome, and
hydroxy:;
R, is selected from the group consisting of:
2-methylpropyl, 2-hydroxy-2-methyipropyl, 2.2-dimethyi-4-oxopentyl, (1-

hydroxyeyclobutylDmethyl, 2,2-dimethyl-3-(2-methyi-1.3-dioxolan-2-
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25

30

vlypropyl, 2-(propyisulfonylethyl, 2-methyl-2-
[(methylsulfonyDaminojpropyl, 4-methylsulfonylaminobutyl, 2-
(acetylamino}-2-methylpropyl, and 4-[{morpholin-4-
vlearbonylamino |butyl;

R; is selected from the group consisting of:
methoxy,
phenoxy, and
benzyloxy;

or a pharmaceutically acceptable salt thereof.

40.  The compound or salt of claim 39 wherein R; is selected from the group consisting
of 2-methylpropyl, 2-hydroxy-2-methylpropyl, 2,2-dimethyl-4-oxopentyl, (1-
hydroxycyclobutylymethyl, and 2,2-dimethy}-3-(2-methyl-1,3~-dioxolan-2-y!)propyl.

41.  The compound or salt of claim 40 wherein R, is 2-methvlpropvl.

42. The compound or salt of claim 40 wherein R, is selected from the group consisting
of 2-(propylsulfonyliethyl, 2-methyl-2-[(methyisulfonyl}aminopropyl, 4-

methylsulfonylaminobutyl, and 2-(acetylamino}-2-methyipropyl.

43. The compound or salt of claim 40 wherein R, is 4-[(morpholin-4-

ylearbonyljaminojbutyl.

44, The compound or salt of any one of claims 39 through 43 wherein R4 and Rp taken

together form a fused benzene ring wherein the benzene ring is unsubstituted.

45, The compound or salt of any one of ciaims 39 through 43 wherein R4 and Ry
taken together form a fused pyridine ring wherein the fused pyridine ring is unsubstituted,

and wherein the fused pyridine ring is

=N

»

. wherein the highlighted bond indicates the position where the ring 1s fused.
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