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() ABSTRACT
N-Heterocyclic derivatives of the formula (I):
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are described herein, as well as other N-helerocycles, as
inhibitors of nitric oxide synthase. Pharmaceutical compo-
sitions containing these compounds, methods of using these
compounds as inhibitors of nitric oxide synthase and pro-
cesses for synthesizing these compounds are also described
herein.
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[2161] 2,4-bis(1H-imidazol-1-yl)-6-methylpyrimidine;
[2162] N{(3,4-dimethoxyphenyl)ethy!]-6-[2-(1H-imi-
dazol-1-yl)pyrimidin-4-y1}-N-methyl-5,6,7,8,-tetrahy-
dropyrido[ 5,6-c]pyrimidine-4-amine;

[2163] 2-[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-
yl1]-N-[(1,4-benzodioxan-6-yl)ethyl lisoquinoline-3car-
boxamide; and

[2164] 4-chloro-2-(1H-imidazol-1-y1)-6-[(2-methox-
yphenyl)aminoJpyrimidine.

[2165] While the present invention has been described
with reference to the specific embodiments thereof, it should
be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a
particular situation, material, composition of matter, pro-
cess, process step or steps, to the objective, spirit and scope
of the present invention. All such modifications are intended

to be within the scope of the claims appended hereto.

What is claimed is:
1. A compound of formula (I):

i 0
(é(R‘S)H)m
o - (CRHIT— (CRPH)—C—(CR)R¥)r—A
2
]
U\Y)\ N\
e

wherein:

A is —R?, —OR?, —C(O)N(R)R?, —P(O)[N(R)R?L,,
—NRYHC(O)R?, —NgR”)C(O)OR”, —N(RHR?,
—N(R*)C(O)N(RHR?°, —S(0),R?,
—SO,NHC(O)R!, —N(R')SO,R®, —SO,N(R)H,
—C(O)NHSO,R%, or —CH==NOR’;

each X, Y and Z are independently N or C(R*®);

each U is N or C(R*), provided that U is N only when X
is N and Z and Y are CR™;

Vis NR?), S, O or C(R)H;
each Wis N or CH;

Q is chosen from the group consisting of a direct bond,
—C(0)—, —0—, —C(=N—R"—, —S(0),, and
—NR)—;

m is zero or an integer from 1 to 4;

n is zero or an integer from 1 to 3;

q is zero or one;

r is zero or one, provided that when Q and V are
heteroatoms, m, q, and r cannot all be zero; when A is
—OR?, —NRHC(0)R?, —N(R*$)C(O)OR?,
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—NRIRY, —NRIOCONRIR™, —S(O)R’
(where t is zero), or —N(R')SO,R?*, n, g, and r cannot
all be zero; and when Q is a heteroatom and A is
_OR), —NR)COR?, —NR¥)C(O)OR?,
—NRHR®, —NRI)CO)NRYRY, —S(O)R?
(when t is zero) or —N(R')SO,R?%, m and n cannot
both be zero;

t is zero, one or two;

each R? and R? are independently chosen from the group
consisting of hydrogen, optionally substituted C,-C,,
alkyl, optionally substituted cycloalkyl, —{C,-Cq
alkyl}—R®, —{[C,-C, alkenyl]—R®, —[C,-Cg alky-
nyl}—R®, —{[C,-C, alkyl]—R*° (optionally substituted
by hydroxy), —[C,-Cg}—R"" (optionally substituted
by hydroxy), and optionally substituted heterocyclyl;

or R! and R? together with the nitrogen atom to which
they are attached is an optionally substituted N-hetero-
cyclyl;

R? is chosen from the group consisting of hydrogen, alkyl,
cycloalkyl, optionally substituted aryl, haloalkyl,
—{C-C, alkyl—C(O)N(R)R?, —[C,-C, alkyl]—
NRR?, [C,-C; alkyl]—R®, —[C,-Cy alkyl]—R"°,
—C,-Cg alkyl]—R", and heterocyclyl (optionally sub-
stituted by one or more substituents selected from the
group consisting of halo, alkyl, alkoxy and imidazolyl);

or when Q is —N(R®)— or a direct bond to R? R*® may
additionally be aminocarbonyl, alkoxycarbonyl, alkyl-
sulfonyl, monoalkylaminocarbonyl, dialkylaminocar-
bonyl and —C(==NR*#)}—NH,;

or —Q—R?® taken together represents —C(O)OH,
—C(O)N(R)R?, —C(=NH)}—NR")R? or

O,
R!
—N,
R%
(¢]

R* is chosen from the group consisting of hydrogen, alkyl,
aryl, aralkyl and cycloalkyl, provided that when A is
—R or —OR?, R* cannot be hydrogen, and when V is
CH, R* may additionally be hydroxy;

R’ is chosen from the group consisting of hydrogen, halo,
alkyl, haloalkyl, optionally substituted aralkyl, option-

ally substituted aryl, —OR'S, —S§(0)—R*S,
—N(R™R?, —N(R')C(O)N(RYR®,
—N(R¥)C(0)OR!S, —NR!)C(O)R'S, —{Co-Cq
alkyl—C(O)OR', —[C,-Cs  alkyl}—C(H)

[C(0)OR'®],, and —[Cy-C; alkyl—C(QO)N(RY)R';

R® is chosen from the group consisting of hydrogen, alkyl,
cycloalkyl, —[C;-Cy alkyl]—R®, —[C,-Cg alkyl}—
R*°, —[C,-C, alkyl}—R'?, acyl, —C(0)R®, —C(0)—
[C,-Cq alkyl}—R®, alkoxycarbonyl, optionally substi-
tuted  aryloxycarbonyl, optionally  substituted
aralkoxycarbonyl, alkylsulfonyl, optionally substituted
aryl, optionally substituted heterocyclyl, alkoxycarbo-
nylalkyl, carboxyalkyl, optionally substituted arylsul-
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fonyl, aminocarbonyl, monoalkylaminocarbonyl,
dialkylaminocarbonyl, optionally substituted arylami-
nocarbonyl, aminosulfonyl, monoalkylaminosulfonyl,
dialkylaminosulfonyl, arylaminosulfonyl, arylsulfony-
laminocarbonyl, optionally substituted N-heterocyclyl,
—C(=NH)—N(CN)R!, —C(0)—R?»>—N(RY)R?,
—C(0)—RZ—N(RHC(0)—R*>—N(R"R?, and
—C(0)—NRH)—R*?—C(0)OR?;

cach R® and R® are independently chosen from the group
consisting of haloalkyl, cycloalkyl (optionally substi-
tuted with halo, cyano, alkyl or alkoxy), carbocyclyl
(optionally substituted with one or more substituents
selected from the group consisting of halo, alkyl and
alkoxy), and heterocyclyl (optionally substituted with
alkyl, aralkyl or alkoxy);,

each R is independently chosen from the group consist-
ing of halo, alkoxy, optionally substituted aryloxy,
optionally substituted aralkoxy, optionally substituted
—S(0)—R?*, acylamino, amino, monoalkylamino,
dialkylamino, (triphenylmethyl)amino, hydroxy, mer-
capto, and alkylsulfonamido;

each R is independently chosen from the group consist-
ing of cyano, di(alkoxy)alkyl, carboxy, alkoxycarbo-
nyl, aminocarbonyl, monoalkylaminocarbonyl and
dialkylaminocarbonyl;

each R*2, R'3, R™, R*'%, RY?, and R?® is independently
hydrogen or alkyl;

each R'® is independently hydrogen, alkyl, optionally
substituted aryl, optionally substituted aralkyl or
cycloalkyl,;

R!® is hydrogen, NO,, or toluenesulfonyl;

each R is independently hydrogen, alkyl (optionally
substituted with hydroxy), cyclopropyl, halo or
haloalkyl;

each R* is independently hydrogen, alkyl, cycloalkyl,
optionally substituted aryl, optionally substituted
aralkyl, —C(O)R?* or —SO,R?*%;

or R?* taken together with R and the nitrogen to which
they are attached is an optionally substituted N-hetero-
cyclyl;

or R?! taken together with R*® and the nitrogen to which
they are attached is an optionally substituted N-hetero-
cyclyl;

each R# is independently alkyl, cycloalkyl, optionally
suz?stiluled aryl or optionally substituted aralkyl; and
R is an amino acid residue;

as a single stereoisomer or mixture thereof, or a pharma-
ceutically acceptable salt thereof.
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2. The compound of claim 1 having the formula (Ia),

formula (Ib) or formula (Ic):

(I2)
Q—R?
('IC(R‘S)H)m

v (CRH)7— (C(RP)H)— C— (CRR¥)7—A:

e
=

NI N
RS )\)\ IN/\
N
W/
()
Q—R?
(A(R")H)m
- (CRDDT— (CRPH—C— (CRMR¥)T—A; or
Y Rl7
®
)\ e
RS N T/\\
N
W/
(k)
Q—R?
' 15
(CRP)H)p
_A(CRBH)T— (CRH)—C— (CRRZ)7—A.
Y R17
[ ]
RS N/klr/\
N
v/
3. The compound of claim 2 wherein:
A is R’, —OR!, —C(O)N(RV)RZ,

—N(R™)C(O)N(RHR',
—N(RHRZ,;

V is N(R*); and

W is CH.
4. The compound of claim 3 wherein:

A is —C(O)N(RH)R?

R? is hydrogen; and

R? is alkyl or —{C,-C}—R®;
R* is hydrogen or alkyl;

—NRIC(O)R? or

R® is hydrogen, halo, alkyl, or alkoxy; and

R? is optionally substituted phenyl, tolyl, anisyl, 1,4-
benzodioxan-6-yl, 1,3-benzodioxol-5-yl, 2-thienyl,
pyridinyl or morpholinyl.
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5. The compound of claim 4 where:

A is —C(O)N(RHR?

q, r, n and m are each zero;

Q is a direct bond to R? and

R? is hydrogen.

6. The compound of claim 5, i.e., 2{[2-(1H-imidazol-1-
yD)-6-methylpyrimidin-4-yl]}(methyl)amino]-N-[(1,3-benzo-
dioxol-5-yl)ethyl]acetamide.

7. The compound of claim 5 selected from the group
consisting of:

2-{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-N-{2-(3,4-dimethoxyphenyl)ethyl]acetamide;
2-[[6-chloro-2«(1H-imidazol-1-yl)pyrimidin-4-y1](me-
thyl)amino]-N-[(1,3-benzodioxol-5-yl)methyl]aceta-
mide;
2-{[6-chloro-2<(1H-imidazol-1-yl)pyrimidin-4-yl](me-
thyl)amino]-N-{(pyridin-4-yl)methyl acetamide;
2-[{2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl]}(me-
thyl)amino]-N-{2+1,3-benzodioxol-5-yl)ethyl Jaceta-
mide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethyl]acetamide;
2-[[2-(1H-imidazol-1-y)pyrimidin-4-ylJamino]-N-{2-(1,
3-benzodioxol-5-yl)ethyl]acetamide;
2-{[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N-octylacetamide;
2-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl](phe-
nylmethyl)amino]-N{2-(1,3-benzodioxol-5-yl)ethyl]
acetamide;
2-[2-(1H-imidazol-1-yI)-6methylethyl)pyrimidin-4-yl]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethylJacetamide;
2-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N-[2+(3,4-dimethoxyphenyl)ethyl]-aceta-
mide;
2-{[2-(1H-imidazol-1-yl)pyrimidin-4-yl(methyl)amino]-
N-[2-(1,3-benzodioxol-5-yl)ethylJacetamide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-y1](meth-
ylethyl)amino]-N-{2-(1,3-benzodioxol-5-yl)ethyl]ac-
etamide;
2-[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N-[241,3-benzodioxol-5-oxy)ethyl]aceta-
mide;
2-[[4-(1H-imidazol-1-yl)-6-(methylethyl)pyrimidin-2-yl]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethylJacetamide;
2-[[4-(1H-imidazol-1-yl)-6-methylpyrimidin-2-yl]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethyl]acetamide;
2-[[2-(1H-imidazol-1-y])-6-methylpyrimidin-4-yl]
amino]-N-[2-(3-chloro-4-methoxyphenyl)ethyljaceta-
mide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N-[2-(1,4-benzodioxan-6-yl)ethyljacetamide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N-[2-(4-methoxyphenyl)ethyl]acetamide;,
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2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl}(me-
thyl)amino }-N{2-(1,4-benzodioxan-6-yl)ethyl]aceta-
mide;

2-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl}
amino]-N-[(1,3-benzodioxol-5-yl)methyllacetamide;
and

2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N-{(1,4-benzodioxan-6-yl)methyl]acetamide.

8. The compound of claim 4 where A is —C(O)N(R)R?

and is selected from the group consisting of:

2-[[2-(1H-imidazol-1-yl)pyrimidin-4-yl Jamino]-3-hy-
droxy-N-{(1,3-benzodioxol-5-yl)methyl}propanamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl1]
amino]-3-carboxy-N-(2-carboxyethyl)propanamide;

2-{[2-(1H-imidazol-1-yl)pyrimidin-4-ylJamino]-3-
(thiophen-2-y1)-N4{3-(morpholin-4-yl)propyl]propana-
mide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-3{(1,1-dimethylethyl)thio]-N-[3-(methylthi-
o)propyllpropanamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-3{(1,1-dimethylethyl)thio]-N-[3-(phenyl)pro-
pyllpropanamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-3{(1,1-dimethylethy)thio]-N-[2(3,4-
dimethoxyphenyl)ethyllpropanamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-N-[2+(3,4-dimethoxyphenyl)ethyl]propana-
mide;
2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-3-hydroxy-N-[(1,3-benzodioxol-5-y)methyl]
propanamide;
2-[[6-(1H-imidazo}-1-yl)pyrimidin-4-yl Jamino]-3-hy-
droxy-N-{(1,3-benzodioxol-5-yl)methyl]propanamide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-34(3,4-dimethylphenyl)methylthio]-N{(cy-
clopropyl)methylJpropanamide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl1]
amino]-3{(3,4-dimethylphenyl)methylthio]-N-[(cy-
clopropyl)methyllpropanamide;
2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-3-(thiophen-2-y1)-N{(4-chlorophenyl)methy1]
propanamide;
3-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N+[(1,3-benzodioxol-5-yl)methyllpropana-
mide;
3-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl]
amino]-N-[(4-trifluoromethylphenyl)methyllpropana-
mide;
3-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-y1]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethyl]propana-
mide;
3-[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N{(6-methoxypyridin-2-yl)methylJpro-
panamide;

2@9



US 2003/0004137 Al

3-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-y1](me-
thyl)amino]-N-{(3,5-dimethoxyphenyl)methyl}pro-
panamide;

3-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N-{(pyridin-2-yl)methylJpropanamide;

2-[[6-chloro-2«(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-3-methylthio)-N-{(1,3-benzodioxol-5-yl)m-
ethylJbutanamide; 2-[[6-chloro-2-(1H-imidazol-1-
yD)pyrimidin-4-ylJamino]-4-(methylthio)-N-[(4-
methoxyphenyl)methyl]butanamide;

2-[[ 6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-4-(methylthio)-N-[2-(3,4-dimethoxyphenyl)
ethylJbutanamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-4-(methylthio)-N-(methyl)butanamide;

2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl1]
amino]-N{2-(1,3-benzodioxol-5-yl)ethyl]-4-methylth-
iobutanamide;

2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino]-N-[(4-methoxyphenyl)methyl]-4-methylsulfo-
nylbutanamide;

2-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl]
amino}-N-[2-(1,3-benzodioxol-5-yl)ethyl]-4-(butylth-
io)butanamide;

2-{[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl]
amino]-N-{(1,3-benzodioxol-5-yl)methyl]-4-methylth-
iobutanamide;

2-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-y1]
amino]-N-[(2,5-dimethoxyphenyl)methyl-3-methyl-3-
[(phenylmethyl)thio]Jbutanamide;

4-[[2-(1H-imidazol-1-y])-6-methylpyrimidin-4-yl]
amino]-N-[2-(1,3-benzodioxol-5-yl)ethyl Jbutanamide;

4-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-yl](me-
thyl)amino]-N-[(1,3-benzodioxol-5-yl)methyl Jbutana-
mide;

4-[[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-y1l](me-
thyl)amino]-N-(1,3-benzodioxol-5-yl)butanamide;

2-[[2-(1H-imidazol-1-yl)pyrimidin-4-ylJamino]-N-[(1,3-
benzodioxol-5-yl)methyl]pentane-1,5-diamide;

2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]
amino]-N-[(4-methoxyphenyl)methyl]pentane-1,5-dia-
mide;
2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-N-{2-(3,4-dimethoxyphenyl)ethyl]pentane-1,5-
diamide;
2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl1]
amino]-N-[(1,3-benzodioxol-5-yl)methyl]pentane-1,5-
diamide;
2-[[6-(1H-imidazol-1-yl)pyrimidin-4-ylJamino]-N-{(1,3-
benzodioxol-5-yl)methyl]pentane-1,5-diamide;

2-[[2-(1H-imidazol-1-y])pyrimidin-4-ylJamino]-5-[] ami-
no(nitroimino)methyl]amino]-N-[(1,3-benzodioxol-5-
yl)methyl]pentanamide;
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2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-5{[amino(nitroimino)methylJamino]-N-[(1,3-
benzodioxol-5-yl)methyljpentanamide;

2-{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl1]
amino]-N-[(4-methoxyphenyl)methyl]-5{[imino(ami-
no)methylJamino Jpentanamide;
2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]Jamino]
N{(4-methoxyphenyl)methyl]-5-[[ imino(nitroami-
no)methylJaminoJpentanamide;
2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-5{[amino(imino)methyl]Jamino]-N{(1,3-ben-
zodioxol-5-yl)methyl]pentanamide;
6-amino-2-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-
ylJamino]-N{2-(3,4-dimethoxyphenyl)ethyl Jhexana-
mide;
6-[[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-N-[(1,3-benzodioxol-5-yl)methyl]hexanamide;
5-amino-2-[[ 6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-
yl]Jamino]-N{(1,3-benzodioxol-5-yl)methyl Jpentana-
mide,
5-amino-2-[[ 6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-
ylJamino]}-N-butyl-pentanamide;
2-[[6-(1H-imidazol-1-yl)pyrimidin-4-yl Jamino]-4-me-
thyl-N-[(1,3-benzodioxol-5-yl)methyl Jpentanamide;
2-[[6-(1H-imidazol-1-yl)pyrimidin-4-yl Jamino}-4-me-
thyl-N-[2-(3,4-dimethoxyphenyl)ethyl]pentanamide;
5-[[amino(imino)methylJamino]-6-(1H-imidazol-1-
yl)pyrimidin-4-yl]-N-phenylmethyl)pentanamide;
5-[[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-yl]
amino]-N-[(1,3-benzodioxol-5-yl)methyl]pentana-
mide;
5-[2-(1H-imidazol-1-y1)-6-methylpyrimidin-4-ylJamino]-
N-{(1,4-benzodioxan-6-yl)ethylJpentanamide; and
7-{[2-(1H-imidazol-1-yl)-6-methylpyrimidin-4-y1]
amino]-N-2-phenylcyclopropyl)heptanamide;
a{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]
amino]-N-[2-(3,4-dimethoxyphenyl)ethyl]-2-
thiophenepropanamide;
a{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]
amino]-N-(butyl)-2-thiophenepropanamide;
a{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]
amino]-N-{(1,3-benzodioxol-5-yl)methyl]-2-
thiophenepropanamide;
N-[(1,3-benzodioxol-5-yl)methyl]-a{[6-(1H-imidazol-1-
yD)pyrimidin-4-ylJamino Jbenzenepropanamide;
a{[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]
amino]-N-[3-methylsulfonyl)propyl]benzene-propana-
mide; and
N-[2-(3,4-dimethoxyphenyl)ethyl]-a{[6-1H-imidazol-
1-yl)pyrimidin-4-ylJamino}-2-thiophenepropanamide.
9. The compound of claim 3 wherein A is R’,

—NR'C(O)R? or —N(R)R?! and sclected from the group
consisting of:
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N{(1,3-benzodioxol-5-oxy)ethyl]-2(1H-imidazol-1-
yDpyrimidine-4-amine;
2-(1H-imidazol-1-yl)-6-fluoro-4-[[(3,4-dimethoxyphe-
nyl)ethyl]Jamino Jpyrimidine;
2-(1H-imidazol-1-yl)-6-flucro-4-{[(phenyl)ethyl Jamino]
pyrimidine;
2-(1H-imidazol-1-yl)-6-methyl-4-[[3-[(1,3-benzodioxol-
S-y)methylcarbonylJaminopropyl]-(methyl)amino Jpy-
rimidine;
2-(1H-imidazol-1-y1)-6-methyl-4-[[3-[2-(1,3-benzo-
dioxol-5-yl)ethylcarbonylJaminopropyl]-(methy-
I)amino Jpyrimidine;
2-(1H-imidazol-1-y1)-6-methyl-4-[[ 3-[(1,3-benzodioxol-
S-yl)methylJaminopropyl]-(methyl)amino Jpyrimidine;
2-(1H-imidazol-1-y1)-6-methyl-4-[[ 3-[(1,4-benzodioxan-
6-yD)methylJaminopropyl]-(methyl)amino Jpyrimidine;
2-(1H-imidazol-1-y1)-6-methyl-4-[] 3-[(6-methoxynaph-
thyl)methyl Jaminopropyl]-(methyl)aminoJpyrimidine;
2-(1H-imidazol-1-yl)-6-methyl-4-[[3-[(3,5-dimethylphe-
nyl)methyl]aminopropyl]-(methyl)amino]pyrimidine;
2-(1H-imidazol-1-yl)-6-methyl-4-[{ 3-(3,5-dimethox-
yphenyl)methylJaminopropyl]-(methyl)aminoJpyrimi-
dine;
2-(1H-imidazol-1-yl)-6-methyl-4-[[ 3-[[ 3-(dimethylami-
no)phenyl]methyl]aminopropyl]-(methyl)aminoJpyri-
midine;
2-(1H-imidazol-1-yl)-6-methyl-4-[[ 3-[(3-methoxyphe-
nyP)methyl]aminopropyl]-(methyl)amino Jpyrimidine;
2-(1H-imidazol-1-y1)-6-methyl-4-[[3-[(n-undecany-
DaminoJpropyl](methyl)amino]pyrimidine;
2-(1H-imidazol-1-y1)-6-(1-methylethyl)-4-[] 3-[2-(3-
ethoxyphenyl)ethylJaminopropyl]-(methyl)amino]py-
rimidine;
2-(1H-imidazol-1-y1)-4{[3 (pyridin-1-yl)methyl]amino-
propyl)(methyl)amino Jpyrimidine;
2-(1H-imidazol-1-yl)-6-methyl-4-[[ 3-[(6-methoxypyri-
din-1-yl)methylJaminopropyl}-(methyl)aminoJpyrimi-
dine;
2-(1H-imidazol-1-y])-6-(1-methylethyl)-4-[[ 3-[(pyridin-
2-yl)methylJaminopropyl]-(methyl)amino Jpyrimidine;
and
2-(1H-imidazol-1-yl)-6-methyl-4-[[3-[(6-methylpyridin-
2-yl)methylJaminopropyl]-{(methyl)aminoJpyrimidine.
10. The oompound of claim 2 wherein

A —OR’,  —C(ONR)R,
N(R“)CSO)N(R‘)R“ —NR!C(O)R®  or
—N(R)RZ;

Vis O, S or C(R*H; and

W is CH.

11. The compound of 10 selected from the group consist-
ing of:
N-{2-(1,3-benzodioxol-5-yl)ethyl]-6-chloro-2-(1H-imi-
dazol-1-yl)pyrimidine-4-propionamide;
N{(1,3-benzodioxol-5-yl)methyl}-2-(1H-imidazol-1-
ylpyrimidine-4-propionamide;
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N-[2-(1,3-benzodioxol-5-yl)ethyl]-2-(1H-imidazol-1-
yl)pyrimidine-4-propionamide;

N-[2-1,3-benzodioxol-5-yl)ethyl]-2-{(2-(1H-imidazol-1-
yDpyrimidin-4-yl)oxy]acetamide; and

N-[2-(1,3-benzodioxol-5-yl)ethyl]-2-{(2-(1H-imidazol-1-
yDpyrimidin-4-yl)thioJacetamide.

12. A compound of formula (II):

(m
(-}—(C(R“)R”)i—ﬁ\
N
ﬁ)\x
U\Y)\N /\
s
wherein:
A is —R!, —OR?!, —C(O)N(RHR?, ——P(O)[N(RI)RZJ?,
N(RI)C(O)R2 —N(R'®) C(O?O —N(RYHR*,

—N(R®)C(O)NRHR'®, S(O)R’, —SO ,NHC(O)R,
—N(R)S0,R??, —SO,N(R)H, —C(O)NHSO,R*,
or —CH=NOR?;

each X, Y and Z are independently N or C(R*®);

each U is N or C(R®), prov1ded that U is N only when X
is N and Z and Y are CR*®;

each W is N or CH;
n is zero or an integer from 1 to 3;

t is zero, one or two;
T

is an optionally substituted N-heterocyclyl;

each R and R? are independently chosen from the group
consisting of hydrogen, optionally substituted C,-C,,
alkyl, optlonally substituted cycloalkyl —[C -Ca
alkyl]—R®, —{C,-C; alkenyl}—R®, —{C,-C, alky-
nyl}—R?, —[C -Cq alkyl]—R' (optlonally substituted
by hydroxy), —[C -Cg}—R** (optionally substituted
by hydroxy), optionally substituted heterocyclyl;

or R* and R? together with the nitrogen atom to which
they are attached is an optionally substituted N-hetero-
cyclyl;

% is chosen from the group consisting of hydrogen, halo,

alkyl haloalkyl, optionally substituted aralkyl, option-
ally substituted aryl, —OR“ —S(0)—R"*S,
_N(RIG)RZJ RJG)cgo)N(RJ)RIG
—N(R*®)C(0)OR'S, N(R‘“)C O)R'™, —Cy-Cq
alkyl}—C(O)OR?®, —Co-Cq alkyl]—CgH)
[C(O)oR“]z, and —{ C,-Cg alkyl —C(O)N(R')R'®;

each R® is independently chosen from the group consist-
ing of haloalkyl, cycloalkyl (optionally substituted with
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halo, cyano, alkyl or alkoxy), carbocyclyl (optionally
substituted with one or more substituents selected from
the group consisting of halo, alkyl and alkoxy), and
heterocyclyl (optionally substituted with alkyl, aralkyl
or alkoxy);

each R? is independently chosen from the group consist-
ing of halo, alkoxy, optionally substituted aryloxy,
optionally substituted aralkoxy, optionally substituted
—S(0),R??, acylamino, amino, monoalkylamino,
dialkylamino, (triphenylmethyl)amino, hydroxy, mer-
capto, alkylsulfonamido;

each R*! is independently chosen from the group consist-
ing of cyano, di(alkoxy)alkyl, carboxy, alkoxycarbo-
nyl, aminocarbonyl, monoalkylaminocarbonyl and
dialkylaminocarbonyl;

each R** and R?® are independently hydrogen or alkyl;

each R¢ is independently hydrogen, alkyl, optionally
substituted aryl, optionally substituted aralkyl or
cycloalkyl;

each R’ is independently hydrogen, alkyl (optionally
substituted with hydroxy), cyclopropyl, halo or
haloalkyl;

each R?! is independently hydrogen, alkyl, cycloalkyl,
optionally substituted aryl, optionally substituted
aralkyl, —C(Q)R?? or —SO,R%%;

or R*! taken together with R* and the nitrogen to which
they are attached is an optionally substituted N-hetero-
cyclyl;

or R?! taken together with R'¢ and the nitrogen to which
they are attached is an optionally substituied N-hetero-
cyclyl; and

each R? is independently alkyl, cycloalkyl, optionally
substituted aryl or optionally substituted aralkyl;

as a single stereoisomer or mixture thereof, or a pharma-
ceutically acceptable salt thereof.

13. The compound of claim 12 having the formula (Ila),
formula (IIb) or formula (Tlc):

(}—(C(R“)R"’),.—A;
N
N)\ N

A

W/
Q—(C(R")R”)n—'i\; or

(Ila)

()
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-continued
(Ilc)
(}—-(C(R“)R”),—-A.
N
[ ]
S,

14. The compound of claim 13 wherein the N-heterocy-
clyl is selected from the group consisting of imidazolyl,
piperidinyl, piperazinyl, pyrrolidinyl, morpholinyl, thiomor-
pholinyl, azetidinyl, indolyl, pyrrolyl, imidazolyl, teirahy-
droisoquinolyl, and perhydroazepinyl.

15. The compound of claim 14 wherein the N-heterocy-
clyl is piperazinyl substituted by RS, i.e., the compound of
formula (1Id), formula (IIe) or formula (IIf):

= %)
|
™
E )—(C(R“)Rz")..—A;
N
W*\“
RSJ\)\T/\
N
W/
R (Tle)
|
™
[ )_(C(RM)RZO)H A; or
N
N| X
R5)\N/ T/\
N
W/
{an

( \'— (CR'"R?)FA;

N
(]
RS N)\N/\
dio
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where R® is chosen from the group consisting of hydro-
gen, alkyl, cycloalkyl, —{C,-Cg alkyl]—R®, —{C,-C;
alkyl]—R*%, —{C,-C, alkyl]—R'?, acyl, —C(O)R®,
—C(0)y—C,-C, alkyl}—R®, alkoxycarbonyl, option-
ally substituted aryloxycarbonyl, optionally substituted
aralkoxycarbonyl, alkylsulfonyl, optionally substituted
aryl, optionally substituted heterocyclyl, alkoxycarbo-
nylalkyl, carboxyalkyl, optionally substituted arylsul-
fonyl, aminocarbonyl, monoalkylaminocarbonyl,
dialkylaminocarbonyl, optionally substituted arylami-
nocarbonyl, aminosulfonyl, monoalkylaminosulfonyl],
dialkylaminosulfonyl, arylaminosulfonyl, arylsulfony-
laminocarbonyl, optionally substituted N-heterocyclyl,
—C(=NH)—N(CN)R!,  —C(0)—R*—N(R")R?,
—C(0)—RZ—N(R")C(O)—R*—N(R")R?, and

C(0)—N(R")—R?3*C(0Q)OR?;

each R® is independently selected from the group consist-
ing of haloalkyl, cycloalkyl (optionally substituted with
halo, cyano, alkyl or alkoxy), carbocyclyl (optionally
substituted with one or more substituents selected from
the group consisting of halo, alkyl and alkoxy), and
heterocyclyl (optionally substituted with alkyl, aralkyl
or alkoxy); and

each R?? is an amino acid residue.
16. The compound of claim 15 where:

A is —OR!, —C(O)N(R')R?, —N(R'*)C(O)N(R)R,
—NR C(O)R? or —N(R*)R?’; and

W is CH.

17. The compound of claim 16 where:

A is —C(O)N(RY)RZ;

R! is hydrogen;

R? isolowcr alkyl, —{C,-C; alkyl]}-R®, or —{C,-Cg]—
R

R® is hydrogen, acetyl, t-butoxycarbonyl, 4-methoxyphe-
nylaminocarbonyl, 4-methoxyphenylmethyl, methoxy-
carbonyl, methyl or benzyl;

R® is hydrogen, halo, alkyl, or alkoxy; and

nis Oor 1.
18. The compound of claim 17 where:

R? is —CH,—R® or —{C,-C-C4]—R%;

R® is optionally substituted carbocyclyl or optionally
substituted heterocyclyl; and

R° is methylthio.
19. The compound of claim 18 where:

R? is —CH,—R®;
R is hydrogen, acetyl or t-butboxycarbonyl; and

R? is optionally substituted phenyl, tolyl, anisyl, 1,4-
benzodioxan-6-yl, 1,3-benzodioxol-5-yl, or 2-thienyl.

20. The compound of claim 19 where R? is chloro, R® is
acetyl and R® is p-tolyl.

21. The compound of claim 19 where R* is chloro, R® is
hydrogen and R?® is p-tolyl.

22. The compound of claim 19 where R? is chloro, R is
hydrogen and R° is 1,4-benzodioxan-6-yl or 1,3-benzo-
dioxol-5-yl.
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23. The compound of claim 19 where R? is chloro, R® is
t-butoxycarbonyl and R? is 1,4-benzodioxan-6-yl or 1,3-
benzodioxol-5-yl.
24. The compound of claim 15 selected from the group
consisting of:
N-[(1,3-benzodioxol-5-yl)ethyl]-4-{2(1H-imidazol-1-yl)-
6-methylpyrimidin-4-y1]-1(2-methyl-1-oxopropy-
Dpiperazine-2-acetamide;

N-[(1,3-benzodioxol-5-yl)methyl]-1{2-(1H-imidazol-1-
yDpyrimidin-4-yl]-4-(methoxycarbonyl)piperazine-2-
acetamide;

N-[(1,4-benzodioxan-6-yDmethyl]-1-{2-(1H-triazol-1-

yDpyrimidin-4-yl]-4-[(dimethylethoxy)carbonyllpip-
erazine-2-acetamide;
N-[(1,3-benzodioxol-5-yl)methyl]-4{2-(1H-imidazol-1-
yl)-6-methoxypyrimidin-4-yl]-1-(methoxycarbon-
yl)piperazine-2-acetamide;

1-(acetyl)-N-[(1,3-benzodioxol-5-yl)methyl]-4-6-
chloro-2(1H-imidazol-1-yl)pyrimidin-4-yl]pipera-
zine-2-acetamide;

1{6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(4-
methoxy-3-chlorophenyl)methyl]-4-(methylsulfo-
nyl)piperazine-2-acetamide; and

1-[2+(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(pyridin-3-
yl)methyl1]-4-(tetrahydro-3-furanoyl)piperazine-2-car-
boxamide.

25. The compound of claim 15 selected from the group
consisting of:

1-[2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(4-methox-

yphenyl)methylJpiperazine-2-acetamide;
1-[2-(1H-imidazol-1-yl)pyrimidin-4-yl]-N-[(4-meth-
ylphenyl)-methylJpiperazine-2-acetamide;
1{2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(1,3-benzo-
dioxol-5-yl)methylJpiperazine-2-acetamide;
1-[6-chloro-2<1H-imidazol-1-yl)pyrimidin-4-yl]-N-[ (4~
chlorophenyl)methyllpiperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(4-
methylphenyl)methyl}piperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-yl]-N-[(1,
3-benzodioxol-5-yl)methyl]piperazine-2-acetamide;
1-[6-chloro-2(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[(4-
methoxyphenyl)methyljpiperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-
[phenylmethyllpiperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[2-
(3,4-dimethoxyphenyl)ethyl Ipiperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-[3-
phenylpropyl]piperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-{2-
phenylethyl]piperazine-2-acetamide;
1-[6-chloro-2<(1H-imidazol-1-yl)pyrimidin-4-y1]-N-
[(thiophene-2-yl)methyl]piperazine-2-acetamide;
1-[6-chloro-2-(1H-imidazol-1-yl)pyrimidin-4-y1]-N-(me-
thyl)piperazine-2-acetamide;
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(&) ABSTRACT
The present invention relates to a novel method for synthe-

sizing imidazole derivatives having 4-aryl, 5-pyrimidine
heterocyclic rings using a novel cycloaddition reaction.
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Example 13

1-(1-Benzyl-4-piperidinyl)-4-(4-fluorophenyl)-5-
acetylimidazole

Bn

|
N

& Q
N,

(]

F

To a solution of the imine described in Example 12 above
(assumed 100% yield for Example 12, 0.64 g, 2.44 mmol) in
5 mL of DMF at 0° C. was added a-(p-toluenesulfonyl)-4-
fluorobenzylisonitrile (0.85 g, 2.93 mmol) and K,CO; (0.40
g, 2.93 mmol). The solution was stirred at 0° C. for 2 h, then
gradually warmed to room temperature over 15 h. The
solution was diluted with 70 mL of EtOAc and washed with
100 and 50 mL of water. The organic layer was acidified
with 2x55 mL of 3N HCI. The aqueous layers were com-
bined and neutralized with solid NaHCOj, then basified with
30 mL of 10% KOH. The aqueous layer was transferred to
a separatory funnel, extracted with 2x50 mL of E1OAc and
concentrated in vacuo to yield the title compound (0.38 g,
41%) which was used in subsequent steps: 'H NMR
(CDCly) & 7.78 (1H, s), 7.43 (2H, m), 7.27 (5H, m), 7.11
(2H, 1, J=8.6 Hz), 4.80 (1H, tt, J=3.9, 11.8 Hz), 3.55 (2H, s),
3.02 (2H, d, J=11.9 Hz), 2.16 (2H, m), 2.10 (3H, s), 1.94
(2H, m).

Example 14

1-(1-Benzyl-4-piperidinyl)-4-(4-fluorophenyl)-5{2-
(amino)-4-pyrimidinylJimidazole

Bn

.

N

To a solution of the ketoimidazole prepared in Example
13 above (0.38 g, 1.01 mmol) in 5 mL of EtOH was added
N,N-dimethylformamide dimethyl acetal (0.4 mL, 0.36 g,
3.02 mmol) and the solution was heated at 90° C. for 3 h.
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After 3 h, an additional 1 mL of DMFDMA was added and
heated for 3 h., At this time, TLC indicated no starting
material and the solution was cooled to 70° C. and
guanidine*HCI (0.19 g, 2.02 mmol) and NaOMe (25% w/w
solution, 0.46 mL, 0.44 g, 2.02 mmol) were added. After 15
hours, additional N-methylguanidinesHCl (0.19 g, 2.02
mmol) and NaOMe (25% w/w solution, 0.46 mL, 0.44 g,
2.02 mmol) were added and heated at 75° C. for 24 h. The
solution was cooled to room temperature, diluted with 50
mL of water and extracted 2x50 mL of EtOAC. The com-
bined organics were concentrated and the residue was
recrystallized from EtOAc to give 0.2 g (47%) of the title
compound: 'H NMR (CDCl,) 8 8.19 (1H, d, J=5.2 Hz), 7.76
(1H, s), 7.44 (2H, m), 7.33 (5H, m), 7.01 (2H, t, J=8.6 Hz),
6.50 (1H, d, J=5.2 Hz), 5.17 (2H, br s), 4.54 (1H, m), 3.53
(2H, s), 3.02 (2H, m), 2.09 (6H, m).

Additional compounds produced using the analogous
methods to those indicated above include:

Example 15: 5-(2-Phenylamino-4-pyrimidinyl)-4-(4-
fluorophenyl)-1-(4-piperidinyl)imidazole

Example 16: 1-[1-Carboethoxy)piperidin-4-yl]-4-(4-
fluorophenyl)-5-[[2-[3-benzyloxy)phenylamino]
pyrimdin-4-yl]imidazole

Example 17: 1-[1-Carboethoxy)piperidin-4-yl]-4-(4-
fluorophenyl)-5-[[2-[4-benzyloxy)phenylamino]
pyrimdin-4-ylJimidazole

Example 18: 1-(Piperdin-4-yl)-4-(4-fluorophenyl)-5-[2-(3-
triflucromethylphenyl)amino Jpyrimidin-4-yl)imidazole

Example 19: 1-(Piperdin-4-yl)-4-(4-fluorophenyl)-5-[2-(3-
4,difluorophenyl)amino Jpyrimidin-4-yl)imidazole

The above description fully discloses the invention
including preferred embodiments thereof. Modifications and
improvements of the embodiments specifically disclosed
herein are within the scope of the following claims. Without
further elaboration, it is believed that one skilled in the are
can, using the preceding description, utilize the present
invention to its fullest extent. Therefore the Examples herein
are to be construed as merely illustrative and not a limitation
of the scope of the present invention in any way. The
embodiments of the invention in which an exclusive prop-
erty or privilege is claimed are defined as follows.

What is claimed is:

1. A compound of the formula

vD

Ry

wherein

R is hydrogen, unsubstituted or substituted C,_,, alkyl,
unsubstituted or substituted aryl, halogen, hydroxyl,
thiol, C,_,4 alkoxy, C,_,, alkylthio, C,_,, alkylsuifinyl,
CH,0R,,, amino, mono or di-C,_,, alkyl substituted
amino, NHR,;, N(R,;)C(O)R,, an N-heterocyclyl ring
having 5 to 7 members, or an N-heterocyclyl ring
having 5 to 7 members containing an additional het-
eroatom selected from oxygen, sulfur or NRg;

R, is hydrogen, C, ¢ alkyl, C, , cycloalkyl, aryl, arylC,_,
alkyl, heteroaryl, heteroarylC,_,alkyl, heterocyclyl, or
heterocyclylC, , alkyl;
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R, is an unsubstituted or substituted phenyl, unsubstituted
or substituted naphth-1-yl or unsubstituted or substi-
tuted naphth-2-yl, or unsubstituted or substituted het-
eroaryl ring;

R, is —(CR,oR,),,OR,, heterocyclyl, heterocyclylC, ,,
alkyl, C, joalkyl, halo-substituted C, ;o alkyl, C, o
alkenyl, C,_ ,, alkynyl, C; , cycloalkyl,
C;.,cycloalkylC, ;o alkyl, Cs.; cycloalkenyl,
Cs.,cycloalkenyl-C, _-alkyl, aryl, arylC, ,, alkyl,
heteroaryl, heteroaryl-C, ,,-alkyl, (CR,,0R,),OR,,,
(CR,6R;0),5(0),,R15, (CR40R;0),NHS(O),R 4,
(CR;6R,0),NR R, (CR,R,0),NO,, (CRyR,),CN,
(CR;oR20),:8O,R 4, (CRy(R;(),8(0),, NR,;R,,
(CR1R;0),C(Z)Ry1, (CR;oR,0), 0C(Z)R,,,
(CRyoR20), C(Z)OR,y, (CRyoR40), C(ZNR R,
(CR10R30),C(Z)NR1,0Ro, (CR;0R20),NR16C(Z)R 5,
(CRyoR L), NRGCE(Z)NR 3R 14, (CR6R,0),N(OR)C
(Z)NR 3R 4, (CR16R,0),N(OR)C(Z)R 5, (CR,0R;0),,

C(=NORR ;, (CR,R;0),NR;(C(=NR ()NR ;R ,,,

9 (CR1oR0),0C(Z)NR ;R s, (CR,oRz0), NR;oC(Z)
NR13R141 (CRJORZO)nNRIOC(Z)ORJO’ 5'(R]8)'1r2’4"
oxadiazol-3-yl or 4R ,;,)-5-(R;4R,g)4,5-dihydro-1,2,
4-oxadiazol-3-yl; wherein the aryl, arylalkyl,
heteroaryl, heteroaryl alkyl, heterocyclic and heterocy-
clic alkyl groups are unsubstituted or substituted;

n is an integer having a value of 1 to 10

n' is 0, or an integer having a value of 1 to 10;

m' is an integer having a value of 1 or 2,

‘ Z is oxygen or sulfur;

R; is hydrogen, —C(Z)R,, or unsubstituted or substituted
C,.10 alkyl, S(O),R ;4, unsubstituted or substituted aryl
or unsubstituted or substituted aryl-C,_, alkyl;

R, and Ry, is each independently selected from hydro-
gen or C,_, alkyl;

R,, is hydrogen, C,_;, alkyl, C5_, cycloalkyl,
heterocyclyl, heterocyclyl C,_jpalkyl, aryl, arylC, ,q
alkyl, heteroaryl or heteroarylC, _,, alkyl;

R, is hydrogen or R,4;

R,; and R, is each independently selected from hydro-
gen or unsubstituted or substituted C,_, alkyl, unsub-
stituted or substituted aryl or unsubstituted or substi-
tuted aryl-C,_, alkyl, or together with the nitrogen to
which they are attached form a heterocyclic ring of 5 to
7 members, or together with the nitrogen to which they
are attached form a heterocyclic ring of 5 o 7 members
containing an additional heteroatom selected from
oxygen, sulfur or NRy;

Rys is Ry or &(Z)—C,., alkyl;

R, is C,_, alkyl, halo-substituted-C,_, alkyl, or C;_,
cycloalkyl;

R,z is C, ;o alkyl, C;, cycloalkyl, heterocyclyl, aryl,

‘ arylalkyl, heterocyclyl, heterocyclyl-C, ;o alkyl, het-

eroaryl or heteroarylalkyl;

R, is hydrogen, cyano, C, , alkyl, C,, cycloalkyl or

aryl; and

R,, is alkyl, aryl, arylC, salkyl, heterocyclic,

heterocyclylC, ¢ alkyl, heteroaryl, heteroarylC,_salkyl,
wherein each of these moieties may be unsubstituted or
substituted.

2. The compound according to claim 1 wherein R, is
4-fluorophenyl, and R, is an unsubstituted or substituted
heterocyclic, C,_y, alkyl, C;_, cycloalkyl, or C;_; cycloalkyl
C,.10 alkyl.

3. The compound according to claim 2 wherein R is
hydrogen, C,_, alkoxy, C,_, alkyl thio, or amino.

20

25

30

35

40

45

50

55

60

26
4. A process for making a compound of Formula (VI)

vn

wherein

R is hydrogen, unsubstituted or substituted C,_,, alkyl,
unsubstituted or substituted aryl, halogen, hydroxyl,
thiol, C,_,, alkoxy, C,_,, alkylthio, C,_,, alkylsulfinyl,
CH,OR,,, amino, mono or di-C,_,, alkyl substituted
amino, NHR,,, N(R,,)C(O)R, an N-heterocyclyl ring
having 5 to 7 members, or an N-heterocyclyl ring
having 5 to 7 members containing an additional het-
eroatom sclected from oxygen, sulfur or NR,g;

R, is hydrogen, C, ¢ alkyl, C; , cycloalkyl, aryl, arylC, ,
alkyl, heteroaryl, heteroarylC, _,alkyl, heterocyclyl, or
heterocyclylC,_, alkyl;

R, is an unsubstituted or substituted phenyl, unsubstituted
or substituted naphth-1-yl or unsubstituted or substi-
tuted naphth-2-yl, or unsubstituted or substituted het-
eroaryl ring;

R, is —(CR,oR,), OR,, heterocyclyl, heterocyclylC, ,,
alkyl, C, joalkyl, halo-substituted C, ;o alkyl, C,,q
alkenyl, C,_ ,, alkynyl, C5_, cycloalkyl,
C,_qcycloalkylC, ;o alkyl, Cs., cycloalkenyl,
Cs.cycloalkenyl-C,_,o-alkyl aryl, arylC, ,, alkyl,
heteroaryl, heteroaryl-C,_;5-alkyl, (CR,,R;),OR;;,
(CRyoR20),S(0),R15, (CRyoR;0),NHS(O);R 4,
(CRJORZO)HNR13R]4! (CR]0R20)nN02’ (CR10R20)nCN’
(CR10R2O)n‘SO2R187 (CR10R20)HS(O)M'NR13R14v
(CR10R20)nC(Z)R11’ (CRloRZO)nOC(Z)Rll’
(CRyoR0), C(Z)OR,;, (CRyR;0),C(Z)NR SR,
(CRR;0),C(Z)NR, OR,, (CR,0R;0),NR 1 ,C(Z)R 5,
(CR;0R50),NR,C(Z)NR ;3R 14, (CR;gR20),N(OR)C
(ZNR 3R 4, (CR,R),N(OR)C(Z)R 1, (CR10R50),,
C(=NORgR,;, (CR oR,(),NR;,C(=NR ;;)NR ;R ,,
(CRyoR20),0C(Z)NR 3R 4, (CR,0R;0), NR(C(Z)
NR;3R4; (CRyoR;0),NR,C(Z)OR 0, 54{R,5)-1,2,4-
oxadiazol-3-yl or 4-(R,,)-5-(R 4R g)-4,5-dihydro-1,2,
4-oxadiazol-3-yl; wherein the aryl, arylalkyl,
heteroaryl, heteroaryl alkyl, heterocyclic and heterocy-
clic alkyl groups are unsubstituted or substituted;

n is an integer having a value of 1 to 10

n' is 0, or an integer having a value of 1 to 10;

m' is an integer having a value of 1 or 2,

Z is oxygen or sulfur;

R, is hydrogen, —C(Z)R,, or unsubstituted or substituted
C,.10 alkyl, S(O),R 4, unsubstituted or substituted aryl
or unsubstituted or substituted aryl-C, _, alkyl;

R,, and R, is cach independently selected from hydro-
gen or C,_, alkyl;

R,, is hydrogen, C, ,, alkyl, C,_, cycloalkyl,
heterocyclyl, heterocyclyl C,_jpalkyl, aryl, arylC, ,,
alkyl, heteroaryl or heteroarylC,_,, alkyl;

R,, is hydrogen or R,g;

R,; and R,, is each independently selected from hydro-
gen or unsubstituted or substituled C,_, alkyl, unsub-
stituted or substituted aryl or unsubstituted or substi-
tuted aryl-C,_, alkyl, or together with the nitrogen to

0.3
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which they are attached form a heterocyclic ring of 5 to
7 members, or together with the nitrogen to which they
are attached form a heterocyclic ring of 5 to 7 members
containing an additional heteroatom selected from
oxygen, sulfur or NRg;

R;s is Ry or C(Z)—C,_, akkyl;

Ry¢ is C,., alkyl, halo-substituted-C, , alkyl, or C;_,
cycloalkyl;

R,g is C,_ ;o alkyl, C;, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heterocyclyl, heterocyclyl-C,_,, alkyl, het-
eroaryl or heteroarylalkyl;

R,o is hydrogen, cyano, C,_, alkyl, C; ; cycloalkyl or
aryl; and

R,, is alkyl, aryl, arylC, salkyl, heterocyclic,
heterocyclylC, ¢ alkyl, heteroaryl, heteroarylC,_qalkyl,
wherein each of these moieties may be unsubstituted or
substituted

wherein a compound of Formula V1 is prepared by reacting
a compound of the formula

av)
N
g,

wherein R and R, are as defined above in Formula (VI),
with a compound of Formula (V) and a suitable base,

(&)
Ar
SO,
m* N=

wherein Ar is an unsubstituted or substituted aryl; and R,
is as defined for Formula (VI); to yield a compound of
Formula (VI).
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5. The process according to claim 4 wherein the imine is
formed by reacting a compound of formula (II), as defined
below

(D

wherein R is as defined in Formula (VI), with a compound
of formula (III)

R,NH, (m

wherein R, is defined as for Formula (VI).

6. The process according to claim 5 wherein the imine of
Formula (IV) is prepared in situ, followed by reaction with
a compound of Formula (V).

7. The process according to claim 6 wherein the imine
formation further comprises a solvent which is THF, MeCN,
toluene, EtOAc, DMF, DMSO or mixtures thereof.

8. The process according to claim 6 wherein the imine
formation utilizes a temperature from about 0° C. to about
65° C.

9. The process according to claim 6 wherein the reaction
further comprises a base which is potassium carbonate,
sodium carbonate, K,PO,, K,HPO,, Na,HPO,, secondary
and tertiary amine base, or tetramethyl guanidine.

10. The process according to claim 4 wherein in Formula
(VI), R, is 4-fluorophenyl, and R, is an unsubstituted or
substituted heterocyclic, C,_,q alkyl, Cs , cycloalkyl, or C,_,
cycloalkyl C,_ ;4 alkyl.

11. The process according to claim 4 wherein in Formula
(VI), R is hydrogen, C,_, alkoxy, C,_, alkyl thio, or amino.

* * * * *

L
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Compuestos y composiciones como inhibidores de la proteina quinasa
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Reivindicaciones 1 a 5: Se reivindican compuestos de féormula (1) y compuestos
de féormula (la):

(R15)n
,\.\
R1o\ =
R3 R5 N (R16)q
(R)—rﬂ'/\rTl NJ\N \ Nl/\N J\
200 g1 - ) N o N N
eI N AL
R] Ro)m ]
Formula (1) Formula (la)

Dentro de las especies quimicas reivindicadas se encuentran los compuestos:

o N-[4-metil-3-(1-{6-[4-(2-morfolin-4-il-etil)-fenil-amino]-pirimidin-4-il}-1H-
imidazol-2-ilamino)-fenil]-3-trifluoro-metil-benzamida

e {6-[2-(2-cloro-fenil-amino)-imidazol-1-il]-pirimidin-4-il}-(4-morfolin-4-il-fenil)-
amina

¢ 3-{1-(6-ciclopropil-amino-pirimidn-4-il)-1H-imidazol-2-ilamino]-5-metoxi-N-
[4-(2-metil-imidazol-1-if)-3-trifluoro-metil-fenil]-benzamida

Reivindicacion 6: Se reivindican las formulaciones farmacéuticas que
comprenden el principio activo de férmula () y excipientes.

Reivindicaciones 7 y 8: Se reivindica un método para el tratamiento de una
enfermedad en un animal en donde la inhibicién de la actividad quinasa puede
inhibir o reducir la patologia y esto se logra mediante la administracion de
compuestos conforme a la clausula (l).

Reivindicacién 9: Se reivindica el uso un compuesto conforme a la clausula 1 en
la fabricacién de un medicamento, el cual se destina para el tratamiento de una
enfermedad asociada a la actividad de la quinasa Abl, BCR-Abl, PDGF-R, trkB, c-
SRC, BMX, FGFR3, entre otras.

Sustento Descriptivo

La invencion hace referencia a una clase de compuestos y composiciones
farmacéuticas que comprenden los compuestos sefialados, que presentan
actividad moduladora de la accidon de las quinasas: Abl, BCR-Abl, PDGF-R, trkB,
c-SRC, BMX, FGFR3, b-RAF, SGK, Tie2, Lck, JNK2a2, MKK4, c-RAF, MKK®G,
SAPKa y SAPK2.

¢ Una vez catalogada la invencién ésta se clasifico en la seccion: A 61 K 3114178
de la Clasificacion Internacional de Patentes.

3. De la solicitud de Patente

3.1. Reivindicaciones (articulo 30 D. 486)

Teniendo en cuenta el contenido y alcance de la materia reivindicada a lo largo de
las clausulas 1 a 5 esta Dependencia se permite sefalar lo siguiente:
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¢ Dentro del lenguaje técnico empleado para definir las connotaciones quimicas
atinentes a un grupo especial se prefiere el lenguaje que permite identificar de
manera inequivoca la clase de grupo funcional y el numero de atomos y
heteroatomos del radical, en especial en los casos que sea de caracter
monociclico, biciclico, de naturaleza carbociclica, cicloalquilico, arilico o
heterociclico, es decir mediante la denominacién particular de la especie
quimica y no del género funcional al cual pertenece.

El contenido y alcance de las clausulas 1 a 5 incluye las connotaciones particulares
para los radicales R1, Rs, Rg, Ro, R3, R11 Yy R13 en las que si bien es cierto se
emplean términos comunes en el lenguaje de la quimica organica para definir los
grupos y sustituciones, pero con el uso de expresiones genéricas se cobija una serie
de compuestos con sustituciones que no encuentran sustento técnico en el aparte
descriptivo de la solicitud.

Con fundamento en las normas publicadas por la IUPAC para la denominacion de
compuestos orgénicos’, es evidente la falta de claridad y precision en el lenguaje
empleado para definir los sustituyentes de las férmulas (1) y (Il), dado el alcance de
las expresiones que refieren géneros funcionales de la quimica organica. Por lo que
en virtud del presente examen técnico se requiere al sefior solicitante para que
defina de manera precisa los grupos que fueron objeto de comprobacion técnica y
que se encuentran debidamente sustentados en el aparte descriptivo de la solicitud,
dejando de lado aquéllos que no permiten una interpretacion inequivoca del alcance
de la invencioén, lo anterior, a fin de dar cumplimiento a las disposiciones normativas
del articulo 30 de la Decision 486.

1 ARYL GROUPS:
Groups derived from arenes by removal of a hydrogen atom from a ring carbon atom. NOC Rule A-13.5. Groups similarly derived from
heteroarenes are sometimes subsumed in this definition (see heteroaryl groups). E.g. o-tolyl.

ARENES:
Monocyctic and polycyclic aromatic hydrocarbons. NOC Rule A-12.4. (See aromatic compounds).

AROMATIC COMPOUNDS:

Historically, the term "aromatic” originally referred to the smel! of selected compounds that later were found to contain benzene or fused
benzene rings in the structure. In a structural sense, it designates compounds that, in accordance with the theory of Hiickel, have a cyclic,
delocalized (4n+2) pi-electron system. This includes arenes and their substitution products. E.g. benzene, naphthalene, toluene. The term
has been generalized to include aromatic heterocyclic structures, such as thiophene and pyridine, but itis more precise to call compounds
of the latter type heteroaromatic. See also arenes, heteroarenes. GTPOC (aromatic).

HETEROARENES:

Heterocyclic compounds formally derived from arenes by replacement of one or more methine (-C=) and/or vinylene (-CH=CH-) groups by
trivalent or divalent heteroatoms, respectively, in such a way as to maintain the continuous -electron system characteristic of aromatic
systems and a number of out-of-plane -electrons corresponding to the Hiicket rute (4n +2); an altemative term is hetarenes. Comprehensive
Heterocyclic Chemistry, Vol. 1, Ed. O. Meth-Cohn, Pergamon, 1984, p. 3.

HETEROARYL GROUPS:
The class of heterocycly! groups derived from heteroarenes by removal of a hydrogen atom from any ring atom; an alternative term is
hetaryl. E.g. 2-pyridyl (pyridin-2-yl), indol-1-yl.

HETEROCYCLYL GROUPS:
Univalent groups formed by removing a hydrogen atom from any ring atom of a heterocyclic compound. E.g. 4-pyridyl, pyrrolidin-1-yl,
pyrrolidin-2-yl.

CYCLOALKYL GROUPS:
Univalent groups derived from cycloalkanes by removat of a hydrogen atom from a ring carbon atom.

URL: http://www.chem.qmut.ac.uk/iupac/class/rings.htmi#12.
Glossary of class names of organic compounds and reactive intermediates based on structure (IUPAC Recommendations 1994).
Miscellaneous.
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En la clausula § se reivindican algunas especies quimicas que forman parte
caracteristica de la invencién, y en ellas se incluyen las sustituciones mas
representativas que acompafian la estructura de férmula (1), por lo que se
recomienda tener en cuenta la definicién de radicales organicos alli sefialada para
definir por medio de su denominacién comun los radicales ciclicos, carbociclicos,
heterociclicos o arilicos de interés.

4. Excepcion a la patentabilidad (articulo 20 D. 486 literal a)-d))

Las clausulas 7 y 8 reivindican un método para el tratamiento de una enfermedad en
un animal en donde la inhibicién de la actividad quinasa puede inhibir o reducir la
patologia y esto se logra mediante la administracion de compuestos derivados de la
definicién que acompania la clausuia 1.

Al respecto es preciso sefalar que el articulo 20 literal d) de la Decisiéon 486
contempla la excepcién a la patentabilidad para los métodos de tratamiento humano
y animal, por lo que el contenido de la presente solicitud no constituye un objeto
patentable conforme a la disposicidén legal y debe ser excluido del contenido del
pliego reivindicatorio.

5. Reivindicaciones relativas a un uso (articulos 14 D. 486)

La clausula 9 hace referencia al uso un compuesto conforme a la clausula 1 para la
fabricacién de un medicamento, el cual, se destina al tratamiento de una enfermedad
asociada a la actividad de la quinasa Abl, BCR-Abl, PDGF-R, trkB, c-SRC, BMX,
FGFR3, entre otras.

Al respecto es preciso sefialar que mediante las clausulas sefialadas la solicitud
incorpora una categoria de invencidbn que no ha sido contemplada por el
ordenamiento juridico andino. La Decision 486 define de manera taxativa el grupo de
invenciones susceptibles de proteccién a través del privilegio de patente y precisa
que sélo los productos y procedimientos en los diversos campos tecnoldgicos
pueden ser objeto del titulo de exclusividad, situacion por la cual, resulta procedente
requerir al sefior solicitante en los términos del presente examen técnico para que
elimine del alcance de su invencién las clausulas en comento.

6. Determinacion del Estado de la Técnica

Considerando que la fecha de presentacién de la primera solicitud de patente de la
cual se reivindica prioridad es: 10/06/2004, se procedi6 a efectuar la busqueda de
documentos relacionados en el estado de la técnica con fecha de publicacion
anterior a ésta.

Fecha de

Documento Titulo Publicacion

“N-heterocyclic derivatives as NOs

US2003/0004137 inhibitors” 02/01/2003

“Synthesis for 4-aryl-5-pyrimidine 29/05/2001

US6239279 imidazole substituted derivatives”

Anterioridades D1 y D2 en los folios 283 a 290

AR-
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7. Analisis de patentabilidad (articulo 14 D. 486)

7.1 Nivel inventivo (articulo18 D. 486)

El nivel inventivo del objeto reclamado se evalué por comparacién entre las
caracteristicas esenciales de los compuestos de férmula (1) y (la) definidos en el
pliego reivindicatorio y los elementos esenciales de los compuestos revelados por el
arte previo:

e Se reivindican compuestos derivados del nucleo de la formula (1) y (la):

(R15)n
‘\
R1o\ =
Rs R N (Rie)q
R NNy e Ny
R1 (R4)m R6
Férmuia (1) Formula (a)

o El estado del arte previo a la invencion presenta los siguientes
documentos:

Anterioridad D1:

La publicaciéon D1 revela estructuras que presentan el nucleo:
3

Q—R
CR")H)m
e CR MR “Hr——C——(CRR™)—A
A

Anterioridad D2:
La publicacion D2 revela compuestos quimicos con las siguientes caracteristicas
técnicas:

Bn
|
N
)l\/ N

HN" N ( Z

F
Diferencias Técnicas:

Al evaluar los elementos caracteristicos de los compuestos reivindicados a fa luz de
las anticipaciones mas cercanas reveladas por el estado de la técnica es posible
concluir que las diferencias entre ellos estriban en lo siguiente:
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Con respecto al documento D1 la diferencia estriba en que la sustitucion alquilica
mas compleja se encuentra sobre el anillo de pirimidina, mientras que la materia
reivindicada presenta un sustituyente N-arilico sobre el anillo de imidazol.

Respecto del contenido de la publicacién D2 se encuentra que el anillo de imidazol
presenta un sustituyente carbociclico directamente enlazado a uno de los
heteroatomos del ciclo y ademas se encuentra un segundo sustituyente aromatico en
posiciéon 3.

Sin embargo, al combinar las ensefianzas que revelan cada uno de los documentos
técnicos es posible derivar las caracteristicas estructurales que se atribuyen a los
compuestos reivindicados, toda vez que uno y otro subsana las falencias y
diferencias encontradas. Por ejemplo: el documento D1 sefiala que el sustituyente
complejo se encuentra sobre el anillo de pirimidina, mientras que el documento D2
sefiala que se ubica sobre el anillo de imidazol y las caracteristicas de esta
sustitucion en términos de volumen y presentan el mismo comportamiento iséstero.

Del efecto técnico y el problema obijetivo:

De acuerdo con el sustento descriptivo de la solicitud la invencién corresponde a una
alternativa terapéutica para el tratamiento de melanomas en etapa tardia, dado que
los compuestos de la invencién inhiben los procesos celulares que involucran la
quinasa B-Raf y de esta manera proporcionan una nueva oportunidad terapéutica
para el manejo del cancer.

El efecto técnico que se pretende alcanzar con el disefio estructural deriva de la
capacidad de los compuestos para actuar sobre mas de una de las especies
bioquimicas de protein quinasas, por lo que su espectro farmacologico resulta
amplio.

El estado del arte reporta para las estructuras mas relacionadas actividad sobre la
Oxido nitrico sintasa en especial para los compuestos revelados en el documento
D1, mientras que el documento D2 no sefala aplicacion terapéutica alguna para el
caso de las estructuras alli reveladas.

No obstante lo anterior, estructuralmente existen analogia considerable entre el
estado del arte revelado por los documentos D1 y D2 y los compuestos
reivindicados, dado que conservan la estructura anular derivada de la unién de los
anillos pirimidina e imidazol, por lo que esta Dependencia considera que el estado
del arte afecta la altura inventiva de la materia reivindicada en los folios 218 a 237 y
considera que existe incumplimiento de las disposiciones contempladas en el articulo
18 del ordenamiento juridico andino.

8. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

Reivindicaciones
Afectadas

Requisito que Afecta

Documento N°

UsS2003/0004137 1a9 Nivel Inventivo

US6239279 1a9 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias

O\L\
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contados a partir de la fecha de notificacion de la presente comunicacién. En caso

de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesidn, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del

El anterfor requerimiento fue notificado por fijacibn en lista, de fecha

1 7 JUL. 200




