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POTASSIUM CHANNEL INHIBITORS

BACKGROUND OF THE INVENTION

The present invention relates broadly to compounds that are useful as potassium channel
inhibitors. Compounds in this class may be useful as Kv1.5 antagonists for treating and preventing
cardiac arthythmias, and the like.

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia in clinical
practice and is likely to increase in prevalence with the aging of the population. While AF is rarely fatal,
it can impair cardiac function and lead to complications such as the development of congestive heart
failure, thromboembolism, or ventricular fibrillation.

Currently available antiarrhythmic agents have been developed for the treatment of
ventricular and atrial/supraventricular arrhythmias. Malignant ventricular arrhythmias are immediately
life-threatening and require emergency care. Drug therapy for ventricular arrhythmia includes Class Ia
(eg. procainamide, quinidine), Class Ic (eg. flecainide, propafenone), and Class IIT (amiodarone) agents,
which pose significant risks of proarrhythmia. These Class I and Il drugs have been shown to convert
AF to sinus thythm and to prevent recurrence of AF (Mounsey, IP, DiMarco, JP, Circulation, 102:2665-
2670), but pose an unacceptable risk of potentially lethal ventricular proarthythmia and thus may
increase mortality (Pratt, CM, Moye, LA, Am J. Cardiol., 65:20B-29B, 1990; Waldo et al, Lancez, 348:7-
12, 1996; Torp-Pedersen et al, Expert Opin. Invest. Drugs, 9:2695-2704, 2000). These observations
‘demonstrate a clear unmet medical need ta develop safer and more cfficacious drugs for the treatment of
atrial arrhythmias. Class Il antiarrhythmic agents cause a selective prolongation of the APD without
significant depression of cardiac conduction or contractile function. The only selective Class Il drug
approved for clinical use in atrial fibrillation is dofetilide, which mediates its anti-arthythmic effects by
blocking g, the rapidly activating component of I found in both atrium and ventricle in humans
(Mounsey, IP, DiMarco, IP, Circulation, 102:2665-2670). Since Ix; blockers increase APD and
refractoriness both in atria and ventricle without affecting conduction per se, theoretically they represent
potentially uscful agents for the treatment of arrhythmias like AF (Torp-Pedersen, et al, Expert Opin.
Invest. Drugs, 9:2695-2704, 2000). However, these agents have the major liability of an enhanced risk of
proarrhythmia at slow heart rates.

The ultrarapid delayed rectifier K* current, I, has been observed specifically in human
atrium and not in ventricle. The molecular correlate of Iy, in the human atrium is the potassium channel
designated Kv1.5. g, is believed to contribute significantly to repolarization in human atrium,
Consequently, a specific blocker of I, that is a compound which blocks Kv1.5, would overcome the
shortcoming of other compounds by prolonging refractorinss through retardation of the repolarization in
the human atrium without causing the delays in ventricular repolarization that underlie arrhythmogenic
afterdepolarizations and acquired long QT syndrome observed during treatment with current Class Il
drugs. Kv1.5 blockers exhibiting these properties have been described (Peukert et al, J. Med. Chem.,
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46:486-498, 2003; Knobloch et al, Naunyn-Schmedieberg’s Arch. Pharmacol.
366:482-287, 2002; Merck & Co., Inc. W00224655, 2002).

The compounds described in this invention represent a novel structural class of
Kv1.5 antagonist.

5 SUMMARY OF THE INVENTION
The invention concerns compounds of formula 1 which antagonize the Kvl.5

potassium channel:

X H
- Y
|

The compounds of this invention are useful in the treatment and prevention of

10 cardiac arrhythmias, and the like. Also within the scope of this invention are

pharmaceutical formulations comprising a compound of Formula I and a pharmaceutical
carrier.

A first aspect of the invention provides for a compound of the formula

X H
ON
|
15 or a pharmaceutically acceptable salt thereof, wherein

A is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon
atom,
wherein the pyridyl ring is unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R®, trisubstituted with groups independently
2 selected from R*, or tetrasubstituted with groups independently selected from R*, and
wherein the N pyridyl ring atom is unsubstituted or substituted with oxo;
C is selected from the group consisting of
1) an aryl ring, wherein any stable aryl ring atom is independently
unsubstituted or substituted with a group selected from R*,
25 2)  a heteroaryl ring, wherein the point of attachment to the heteroaryl ring
is a carbon atom, and the heteroaryl ring is selected from the group consisting of:
a) a S-membered unsaturated monocyclic ring with 1, 2, or
3 heteroatom ring atoms selected from the group consisting of N, O or S,
b)  a 6-membered unsaturated monocyclic ring with 1 or 2 N atoms,
3 and

(3435343 1:KZA
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¢) an 8, 9- or 10-membered unsaturated bicyclic ring with 1 or
2 heteroatom ring atoms selected from the group consisting of N, O or S,

wherein any stable atom is independently unsubstituted or substituted with a group
selected from R

3)  a cyclopropyl ring, wherein any stable ring atom is independently
unsubstituted or substituted with a group selected from R*,

4)  a4-6 membered saturated heterocyclic ring with 1 or 2 heteroatom ring
atoms selected from the group consisting of N and O, wherein any stable ring atom is
independently unsubstituted or substituted with a group selected from R?, and

5)  C;-Cg alkyl, wherein any stable atom is independently unsubstituted or
substituted with a group selected from R%;

B is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon
atom wherein the pyridyl ring is unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R’, trisubstituted with groups independently
selected from R* or tetrasubstituted with groups independently selected from R*, and
wherein the N pyridyl ring atom is unsubstituted or substituted with oxo;

X is selected from the group consisting of hydrogen, OH, OCH3 and F;

Y is selected from the group consisting of

0
t/Rz /Nr\’>
>

N S
1) NRR?, 2):'19 R® | 3)OR’, 4)SO}zR’, 5

7y

o O

6) G, 7) G s 8)” , 9
N-RY
3"
R
N
R b
N N _N G
10)}7’7 s 11)}‘9 , and ]2)}7” ;

G, each time it occurs, is independently selected from the group consisting of H,
and O;

Z is selected from the group consisting of C(Rﬁ)z, NR®, NC(O)R®, NC(O)OR?,
NC(ON(R®)z, NS(0)12R?, S(0)oz, -N(R®)C(O)-, -C(R*)=C(R%)- and O;

(3435341 1hKZA
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R4, in each instance in which it appears, is independently selected from the group
consisting of

1) hydrogen,

2) C1-Ce alkyl,

3) halogen,

4) aryl,

5) heterocycle,

6) C3-Cq0 cycloalkyl, and

7) ORS,

said alkyl, aryl, heterocycle and cycloalkyl is unsubstituted or substituted with at
least one substituent selected from R6;

R? and R? are independently selected from the group consisting of

1) hydrogen,

2) (CRa2)4ORS3,

3) (CRag)nNRS)y,

4) (CRa2)n C(O)R5,

5) (CRa)n C(O)ORS,

6) (CR22)nR5,

7) (CR22)p S(O)mRS,

8) (CRa2)n S(O)mN(RS)2,

9) C(O)R3,

10) C(O)ORS5,

11) C(O)N(RS)2,

12) S(O)mR5,

13) S(O)mNRS)2,

14) (CR22)nN(RS)(CR22)nC(OIN(R3)2,

15) (CR#2)nC(O)N(RS)2,

16) (CR22)nN(RS5)(CR22),C(O)ORS, and

17) (CR32)sN(R)S(O)mR;

R*, in each instance in which it appears, is independently selected from the group
consisting of

1) hydrogen,

2) halogen,

3)NOz,

4)CN,

5) CR4=C(R5)p,

6) C=CRS5,

7) (CR22)[0RS,

8) (CRa)nN(R)2,

(3435343 1¥KZA
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9) (CR22)n C(O)R,

10) (CRa2) C(O)ORS5,

11) (CR22)nR5,

12) (CR22)n S(O)mRS,

13) (CR32)y S(O)mN(RS)2,

14) 0S(O)mRS,

15) N(RS)C(O)RS3,

16) N(R5)S(O)mR5,

17) (CR22)nN(RO)R5,

18) (CR32)nN(R3)(CR22)nC(O)N(RS),

19) (CR22)nN(RS)(CR22)nC(O)ORS,

20) N(RS)(CRa2)nRS,

21) N(RS)(CR22)pN(R5)7, and

22) (CR22)nC(ONRSY;

R®, in each instance in which it appears, is independently selected from the group
consisting of

1) hydrogen,

2) unsubstituted or substituted C1-Cg alkyl,

3) unsubstituted or substituted C3-Cy( cycloalkyl,

4) unsubstituted or substituted aryl,

5) unsubstituted or substituted heterocycle,

6) CF3,

7) unsubstituted or substituted C2-Cg alkenyl, and

8) unsubstituted or substituted C2-Cg alkynyl,

or in the case where RS is attached to a nitrogen atom that is disubstituted with RS,

each RS is independently selected from C1-Cg alkyl, and the nitrogen atom together with
each RS form a ring;

R, in each instance in which it appears, is independently selected from the group
consisting of

1) hydrogen,

2) unsubstituted or substituted C)-Cg alkyl,

3) halogen,

4) ORS,

5) CF3,

6) unsubstituted or substituted aryl,

7) unsubstituted or substituted C3-C]¢ cycloalkyl,

8) unsubstituted or substituted heterocycle,

9) S(O)mN(R5),

10) C(O)ORS,

(3435343 11KZA
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11) C(O)R3,

12) CN,

13) CONRS)2,

14) N(RS)C(O)RS5,

15) N(R5)C(O)ORS,

16) N(RS)C(OIN(RS),,

17) OC(O)N(R5),,

18) S(O)mRS,

19) OS(O)mRS3,

20) NOg,

21) N(R3)2;

22) SC(O)RS,

23) N(R5)S(O)mRS,

R7 is independently selected from the group consisting of

1) S(O)mNR3)2,

2) C(O)ORS,

3) C(O)RS,

4) C(O)N(R5)2, and

5) S(O)mRS;

m is independently 0, 1 or 2;

n is independently 0, 1, 2, 3, 4, 5 or 6;

uis0, 1 or2; and

vis0, 1or2.

A second aspect of the invention provides for a method of treating a condition in a
mammal, the treatment of which is effected or facilitated by Kv1.5 inhibition, which
comprises administering a compound of the first aspect of the invention, or a
pharmaceutically acceptable salt thereof, in an amount that is effective at
inhibiting Kv1.5.

A third aspect of the invention provides for a pharmaceutical formulation
comprising a pharmaceutically acceptable carrier and the compound of the first aspect of
the invention or a pharmaceutically acceptable crystal form or hydrate thereof.

A fourth aspect of the invention provides for a pharmaceutical composition made
by combining the compound the first aspect of the invention, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

{3435343 1:KZA
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DETAILED DESCRIPTION OF THE DISCLOSURE
The invention includes compounds of formula I:

or a pharmaceutically acceptable salt, wherein:

A is selected from the group consisting of

1) an aryl ring,

2) a heteroaryl ring, wherein the point of attachment to the heteroaryl ring is a

carbon atom, and the heteroaryl ring is selected from the group consisting of:

a) a S-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom

ring atoms selected from the group consisting of N, O or S,

b) a 6-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom

ring atoms selected from the group consisting of N, 0 or S, and

c) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1, 2, 3, or 4

heteroatom ring atoms selected from the group consisting of N, 0 or S;

3) CI-C10 alkyl, wherein any stable atom is independently unsubstituted or

substituted with a group selected from R4,

4) a C3-C cycloalkyl ring, wherein any stable ring atom is independently

unsubstituted or substituted with a group selected from R4, and

5) a 4-6 membered saturated heterocyclic ring with 1, 2 or 3 heteroatom ring atoms

selected from the group consisting of N, 0 and S,

3435343 1KZA
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said aryl, heteroaryl, cycloalkyl, and saturated heterocyclic ring is unsubstituted, mono-substituted
with RY, disubstituted with groups independently selected from R, trisubstituted with groups
independently selected from R®, or tetrasubstituted with groups independently selected from RY, and
wherein any stable S or N heteroary! or heterocyclic ring atom is unsubstituted or substituted with
0X0;
B is a heteroaryl ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and
wherein the heteroaryl ring is selected from the group consisting of
a) a 5-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms selected
from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyelic ring with 1, 2, 3, or 4 heteroatom ring atoms selected
from the group consisting of N, O or S, and
¢) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S;
said heteroaryl ring is unsubstituted, mono-substituted with R?, disubstituted with groups
independently selected from R®, trisubstituted with groups independently selected from R, or
tetrasubstituted with groups independently selected from R*, and wherein any stable S or N heteroaryi
ring atom is nnsubstituted or substituted with oxo;
C is selected from the group consisting of
1) an aryl ring, wherein any stable aryl ring atom is independently unsubstituted or substituted with
a group selected from R?,
2) a heteroary! ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and
the heteroaryl ring is selected from the group consisting of:
a) a 5-membered unsaturated monocyclic ring with 1,2,3,0r 4 heteroatom ring atoms selected
from the group consisting of N, O or 8,
b) a 6-membered unsaturated monocyclic ring with 1,2,3,0r 4 heteroatom ring atoms
selected from the group consisting of N, O or S, and
c) an 8-, 9- or 10-membered unsaturated bicyelic ring with 1,2,3,0r 4 heteroatom ring atoms
selected from the group consisting of N, O or S;
3) a C5-Cyp cycloalkyl ring, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R*,
4) a 4-6 membered saturated heterocyclic ring with 1, 2 or 3 heteroatom ring atoms selected from
the group consisting of N, O and S, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R?,
5) C;-Cyp alkyl, wherein any stable atom is independently unsubstituted or substituted with a group
selected from RY,
6) COORS,
7) C{OYORS, and
8) C{O)N(R3)2, wherein two R’ groups can be linked to form a ring,

<3-
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said aryl, heteroaryl, cycloalkyl, and saturated heterocyclic ring is unsubstituted, mono-substituted
with R, disubstituted with groups independently selected from R”, trisubstituted with groups
independently selected from R, or tetrasubstituted with groups independently selected from RY, and
wherein any stable S or N heteroaryl or heterocyclic ring atom is unsubstituted or substituted with
0X0; '

X is selected from the group consisting of H, OR’, NR'R, F, CN, S(O)..R®, C(O)ORS, and

C(ON®R3)2;
Y is selected from the group éonsisting of

T -R2 22', Ng

N B
SN
1) NR?R?, 2):1‘% R, 3)OR.  4HSONR’, 5 o o0

P
6) G, 7 G . 87 .97 .

% }{2:;:6
12) and

10) }LS , 1D }L‘» N
13) a nitrogen-containing heteroaryl ring, wherein the point of attachment to the heteroaryl ring is
a nitrogen atom, and wherein the heteroaryl ring is selected from the group consisting of :
a) a S-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S, and
¢) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1, 2, 3, or 4 heteroatom ring
atoms selected from the group consisting of N, O or S;
said nitrogen-containing heteroaryl ring is unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R*, trisubstituted with groups independently selected
from R*, or tetrasubstituted with groups independently selected from R?, and wherein any stable S
or N heteroaryl or heterocyclic ring atom is unsubstituted or substituted with oxo;
G, each time it occurs, is independently selected from the group consisting of Hy and O;
Z is selected from the group consisting of C(R®),, NR?, NC(O)R®, NC(O)OR®, NC(O)N(R®),, NS(O);2R,
8(0)os, -N(R)C(O)-, -C(RY)=C(R)- and O;
R, in each instance in which it appears, is independently selected from the group consisting of
-4
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1) hydrogen,
2) C1-Cg alkyl,
3) halogen,
4) aryl,
5) heterocycle,
6) C3-C1p cycloalkyl, and
7) ORS,

said alkyl, aryl, heterocycle and cycloalkyl is unsubstituted or substituted with at least one substituent

selected from R6;

R*and R? are independently selected from the group consisting of
1) hydrogen,
2) (CR22),0R5,
3) (CRa2)nN(R)2,
4) (CRe) C(O)RS,
5) (CRa2), C(O)OR3,
6) (CR22)nRS,
7) (CR22)5 S(O)mR,
8) (CR22)n S(O)mN(R)2,
9) C(O)R3,
10) C(Q)ORS,
11} C(ONRS)2,
12) S(O)mR3,
13) S(O)mNR3)2,
14) (CRa2)nN(RSHCRE2)nC(ON(R Y,
15) (CRa2)pC(OINR )2,
16) (CR22);,N(R5)(CR22)5C(O)OR5, and
17) (CRa2)uN(R5)S(O)mRS;
R®, in each instance in which it appears, is independently selected from the group consisting of

1) hydrogen,
2) halogen,
3HINO2,
4)CN,
5) CRA=CR)2,
6) C=CR5,
7) (CR#2)nOR5,
8) (CRa)nNR)z,
9) (CRaz)n C(O)RS,
10} (CR22) C(O)ORS,

-12-
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11) (CRag)nR5,
12) (CR#2)y S(O)mR3,
13) (CR%) S(O)mNRSY,
14) OS(O)yRS3,
15) N(RS)C(O)RS,
16) N(R3)S(0)mRS3,
17) (CRa2)uN(RO)RS,
18) (CR&2)nN(R5)(CR22)nC(OINRS)2,
19) (CRa)nN(R3)(CRa2),C(O)ORS,
20) N(RS)(CR22)RS,
21) N(RS)CRa)yN(R5)2, and
22) (CRa2),CO)N(RS);
R’, in each instance in which it appears, is independently selected from the group consisting of
1) hydrogen,
2) unsubstituted or substituted C1-Cg alkyl,
3) unsubstituted or substituted C3-C1( cycloalkyl,
4) unsubstituted or substituted aryl,
5) unsubstituted or substituted heterocycle,
6) CF3,
7) unsubstituted or substituted C3-Cg alkenyl, and
8) unsubstituted or substituted Cp-Cg alkynyl,
or in the case where RS is attached to a nitrogen atom that is disubstituted with RS, each RS is
independently selected from C1-Cg alkyl, and the nitrogen atom together with each RS form a ring;
RS, in each instance in which it appears, is independently selected from the group consisting of
1) hydrogen,
2) unsubstituted or substituted C1-Cg alkyl,
3) halogen,
4) ORS,
5) CF3,
6) unsubstituted or substituted aryl,
7) unsubstituted or substituted C3-C1¢ cycloalkyl,
8) unsubstituted or substituted heterocycle,
9) S(O)mNR)2,
10) C(0)ORS,
11) C(O)RS,
12) CN,
13) C(OIN(RSp,
14) N(R3)C(O)R5,

13-
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15) N(RS)C(O)ORS,
16) NRS)C(ONRS),,
17) OC(ON(RSY,,
18) S(O)mR3,
19) OS(O)mR3,
20)NOp,
21)NRSY;
22) SC(O)R5,
23) NR)S(O)mR>,
R7 is independently selected from the group consisting of
1) S(OmN R,
2) C(O)ORS,
3) C(O)R3,
4) CON(RS)p, and
5) S(O)uRS;
m is independently 0, { or 2;
n is independently 0, 1,2,3,4, 5 or 6;
uis 0, 1 or2; and
vis0,1or2.
An embodiment of the invention is a compound or a pharmaccutically acceptable salt
there of wherein
B is a heteroaryl ring, wherein the peint of attachment to the heteroaryl ring is a carbon atom, and
wherein the heteroary! ring is selected from the group consisting of pyridine and pyrimidine,
wherein the heteroaryl ring is unsubstituted, mono-substituted with R*, disubstituted with groups
independently selected from R*, trisubstituted with groups indepcndently selected from RY, or
tetrasubstituted with groups independently selected from R, and wherein the N heteroaryl ring
atom is unsubstituted or substituted with oxo; and
X is selected from the group consisting of hydrogen, OH, OCH3 and F.
A preferred embodiment of the invention is a compound or a pharmaceutically
acceptable salt thereof wherein
A is selected from the group consisting of
1) a phenyl ring,
2) a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon atom, and
3) C-Cyo alkyl, wherein any stable atom is independently unsubstituted or substituted with a
group selected from R®,
wherein the phenyl ring and pyridyl ring are unsubstituted, mono-substituted with R*, disubstituted

with groups independently selected from R*, trisubstituted with groups independently selected from
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R, or tetrasubstituted with groups independently selected from R*, and wherein the N pyridyl ring
atom is unsubstituted or substituted with oxo; and
C is selected from the group consisting of
1) an aryl ring, wherein any stable aryl ring atom is independently unsubstituted or substituted
with a group selected from R,
2) aheteroaryl ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and
the heteroaryl ring is selected from the group consisting of:
) a 5-membered unsaturated monocyelic ring with 1, 2, or 3 heteroatom ring atoms selected
from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyclic ring with 1 or 2 N atoms, and
¢) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1 or 2 heteroatom ring atoms
selected from the group consisting of N, O or S,
wherein any stable atom is independently unsubstituted or substituted with a group selected
from R4',
3) acyclopropyl ring, wherein any stable ring atom is independently unsubstituted or substituted
with a group selected from R*,
4) a4-6 membered saturated heterocyclic ring with 1 or 2 heteroatom ring atoms selected from the
group consisting of N and O, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R?, and
5) Cy-Cy alkyl, wherein any stable atom is independently unsubstituted or substituted with a group
selected from R”.
A more preferred embodiment of the invention is a compound or a pharmaceutically
acceptable salt thereof wherein
B is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon atom, and wherein the
pyridyl ring is unsubstituted, mono-substituted with R, disubstituted with groups independently
selected from R*, trisubstituted with groups independently selected from R, or tetrasubstituted
with groups independently selected from R, and wherein the N atom is unsubstituted or
substituted with oxo;
X is selected from the group consisting of hydrogen, OH, OCH3 and F;
A s selected from the group consisting of
1) a phenyl ring,
2) a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon atom, and
3) -C(CH3)3,
whercin the phenyl ring and pyridyl ring are unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R, trisubstituted with groups independently selected from
R, or tetrasubstituted with groups independently selected from R*, and wherein the N pyridyl ring
atom is unsubstituted or substituted with oxo;
C is selected from the group consisting of
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Another embodiment of the invention includes compounds of formula 1:

wherein:

A is selected from the group consisting of

1) an aryl ring,
2) aheteroary! ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and
the heteroary] ring is selected from the group consisting of:
a) a 5-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S, and
¢) an 8-, 9- or 10-membered unsatvrated bicyclic ring with 1, 2, 3, or 4 heteroatom ring
atoms selected from the group consisting of N, O or S;
3) C-Cyo alkyl, wherein any stable atom is independently unsubstituted or substituted with a group
selected from R*,
4) a C3-Cyq cycloalkyl ring, whercin any stable ring atom is independently unsubstituted or
substituted with a group selected from R, and
5) a 4-6 membered saturated heterocyclic ring with 1, 2 or 3 heteroatom ring atoms selected from
the group consisting of N, O and S,
said aryl, heteroaryl, cycloallyl, and saturated heterocyclic ring is unsubstituted, mono-substituted
with RY, disubstituted with groups independently selected from R, trisubstituted with groups
independently selected from RY, or tetrasubstituted with groups independently selected from R*, and
wherein any stable S or N heteroaryl or heterocyclic ring atom is unsui)stimted or substituted with

0X0;

B is a heteroaryl ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and

wherein the heteroaryl ring is selected from the group consisting of
a) a 5-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms selected
from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyclic ring with 1, 2, 3, or 4 heteroatom ring atoms selected
from the group consisting of N, O or S, and
c) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S;
said heteroaryl ring is unsubstituted, mono-substituted with R?, disubstituted with groups
independently selected from R*, trisubstituted with groups independently selected from RY or
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tetrasubstituted with groups independently selected from R?, and wherein any stable S or N heteroary!
ring atom is unsubstituted or substituted with oxo;
C is selected from the group consisting of
1) an aryl ring, wherein any stable ary! ring atom is independently unsubstituted or substituted with
a group selected from R?,
2) a heteroaryl ring, wherein the point of attachment to the heteroary! ring is a carbon atom, and
the heteroaryl ring is selected from the group consisting of*
a) a S-membered unsaturated monocyclic ring with 1,2,3,or 4 heteroatom ring atoms selected
from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyelic ring with 1,2,3,0r 4 heteroatom ring atoms
selected from the group consisting of N, O or S, and
c) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1,2,3,0r 4 heteroatom ring atoms
selected from the group consisting of N, O or S;
3) a Cs-Cyp cycloalkyl ring, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R*,
4) a 4-6 membered saturated heterocyclic ring with 1, 2 or 3 heteroatom ring atoms selected from
the group consisting of N, O and 5, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R*,
5) C,-Cy alkyl, wherein any stable atom is independently unsubstituted or substituted with a group
selected from RY,
6) C(O)RS,
7) C{O)OR3, and
8) C(OIN(R5)2, wherein two R’ groups can be linked to form a ring,
said aryl, heteroaryl, cycloalkyl, and saturated heterocyclic ring is unsubstituted, mono-substituted
with R®, disubstituted with groups independently selected from R, trisubstituted with groups
independently selected from R’ or tetrasubstituted with groups independently selected from R, and
wherein any stable S or N heteroaryl or heterocyclic ring atom is unsubstituted or substituted with
0Xx0;
X is selected from the group consisting of H, OR’, NR’R’, F, CN, S(Q)s2R’, C(O)ORS, and
C(ONR3)y;

Y is selected from the group consisting of
(0] v RE

=
| re 'I%/NQ 3N, 2
1) NRR’ 2)E7v/ R A i

, DHOR’, 4)SO0nR’, 9 6) G,
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v RE R7

n & 8)}5%/ 9)}{N ,IO)EN ,

s

//
17 % ,and

12) a nitrogen-containing heteroaryl ring, wherein the point of attachment to the heteroaryl ring is
a nitrogen atom, and wherein the heteroaryl ring is selected from the group consisting of :
a) a S-membered unsaturated monocyelic ring with 1, 2, 3, or 4 heteroatom ring atoms
selected from the group consisting of N, O or S,
b) a 6-membered unsaturated monocyelic ring with 1, 2, 3, or 4 beteroatom ring atoms
selected from the group consisting of N, O or S, and
c) an 8-, 9- or 10-membered unsaturated bicyclic ring with 1, 2, 3, or 4 heteroatom ring
atoms selected from the group consisting of N, O or S;
said nitrogen-containing hetero‘aryl ring is unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R’, trisubstituted with groups independently selected
from R", or tetrasubstituted with groups independently selected from R?, and wherein any stable S

or N heteroaryl or heterocyclic ring atom is unsubstituted or substituted with oxo;

G is selected from the group consisting of H, and O;
Z is selected from the group consisting of C(R®),, NR’, NC(O)R®, NC{OYOR®, NC(ON(R),, NS(0)1.R’,
$(0).2, NR)C(O)-, CR)=C(R)- and O;
R, in each instance in which it appears, is independently selected from the group consisting of
1) hydrogen,
2) C1-Ce alkyl,
3) halogen,
4) aryl,
5) heterocycle,
6) C3-C1 cycloalkyl, and
7) OR3,
said alkyl, aryl, heterocycle and cycloalkyl is unsubstituted or substituted with at least one substituent
selected from R6;
R? and R are independently selected from the group consisting of
1) hydrogen,
2) (CRa2)nOR3,
3) (CR22)pNR),
4) (CRaz) C(O)RS,
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5) (CRa2), C(OYORS,

6) (CR22)R3,

7) (CR32)p S(O)mR3,

8) (CRa2)y S(O)mNR ),
9) C(O)RS,

10) C(O)ORS,

11) CO)N(R5)2,

12) S(O)mR3,

13) S(O)mN(R3)2,

14) (CR32)pN(R5)(CRa32), C(O)N(RS)7, and
15) (CR&)pC(OIN(R3)y;

PCT/US2005/026868

R’, in each instance in which it appears, is independently selected from the group consisting of

1) hydrogen,

2) halogen,

3) NOy,

4) CN,

5) CRA=CRS),,

6) C=CRS,

7) (CR#2)50R5,

8) (CRa2)yN(RS),

9) (CR2p)p C(O)RS,

10) (CRa2); C(O)ORS,

11) (CRa2)pR5,

12) (CR32)y S(O)mR3,

13) (CRa2)p S(O)mNRS)2,
14) OS(O)mRS,

15) N(R5)C(O)RS,

16) N(R5)S(0)mRS5,

17) (CR22)pN(RO)RS,

18) (CR22)N(RS)CR2)nC(OIN(R ),
19) (CR#)nN(R5)(CRA2)nC(O)ORS,
20) N(R3)(CRa)4RS,

21) N(R5)(CR&2)nN(R5)32, and
22) (CR)NC(ONR3);

R’, in each instance in which it appears, is independently selected from the group consisting of

1) hydrogen,
2) unsubstituted or substituted C1-Cg alkyl,
3) unsubstituted or substituted C3-C10 cycloalkyl
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4) unsubstituted or substituted aryl,
5) unsubstituted or substituted heterocycle,
6) CF3,
7) unsubstituted or substituted Cp-Cg alkenyl, and
8) unsubstituted or substituted C-Cg alkynyl,
or in the case where R3 is attached to a nitrogen atom that is disubstituted with RS, each RS is
independently selected from C1-Cg alkyl, and the nitrogen atom together with each RS form a ring;
RS, in each instance in which it appears, is independently selected from the group consisting of
1) hydrogen,
2) unsubstituted or substituted C1-Cg alkyl,
3) halogen,
4) ORS,
5) CFs,
6) unsubstituted or substituted aryl,
7) unsubstituted or substituted C3-C1q cycloalkyl,
8) unsubstituted or substituted heterocycle,
9) S(O)mNR)2,
10) C(O)ORS,
11) C(O)RS,
12)CN,
13) CONRS ),
14) N(RS)C(O)R,
15) N(RS)C(O)ORS,
16) NRIIC(OINR3),,
17) OC(O)N(RS),,
18) S(O)mR3,
19) OS(Q)mRS,
20) NOp, and
2D NR)2;
R7 is independently selected from the group consisting of
1) S(OmNR)2,
2) C(O)ORS,
3) C(O)RS,
4) C(OIN(R3),, and
5) S(O)mR3;
m is independently 0, 1 or 2;
n.is independently 0, 1, 2, 3, 4, 5 or 6;

uis 0,1 or2; and
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vis0, lor2.
An embodiment of the invention is a compound wherein
B is a heteroaryl ring, wherein the point of attachment to the heteroary] ring is a carbon atom, and
wherein the heteroaryl ring is selected from the group consisting of pyridine and pyrimidine,
wherein the heteroaryl ring is unsubstituted, mono-substituted with R, disubstituted with groups
independently selected from R, trisubstituted with groups independently selected from R, or
tetrasubstituted with groups independently selected from R*, and wherein the N heteroaryl ring
atom is unsubstituted or substituted with oxo; and
X is selceted from the group consisting of hydrogen, OH, OCH3 and F.
A preferred embodiment of the invention is a compound wherein
A is selected from the group consisting of
1) aphenyl ring,
2) a pyridyl ring, whercin the point of attachment to the pyridyl ring is a carbon atom, and
3) C-Cyo alkyl, wherein any stable atom is independently unsubstituted or substituted with a
group selected from R,
wherein the phenyl ring and pyridyl ring are unsubstituted, mono-substituted with R’, disubstituted
with groups independently selected from R*, trisubstituted with groups independently selected from
RY, or tetrasubstitutcd with groups independently selected from R, and wherein the N pyridyl ring
atom is unsubstituted or substituted with oxo; and
C is selected from the group consisting of
1) an aryl ring, wherein any stable aryl ring atom is independently unsubstituted or substituted
with a group selected from R",
2) a heteroaryl ring, wherein the point of attachment to the heteroaryl ring is a carbon atom, and
the heteroaryl ring is selected from the group consisting of:
a) a 5-membered unsaturated monocyclic ring with 1, 2, or 3 heteroatom ring atoms selected
from the group consisting of N, O or S,
b) pyridine, and
¢) an §-, 9- or 10-membered unsaturated bicyclic ring with 1 or 2 heteroatom ring atoms
selected from the group consisting of N, O or S;
3) a cyclopropyl ring, wherein any stable ring atom is independently unsubstituted or substituted
with a group selected from RY,
4) a 4-6 membered saturated heterocyclic ring with 1 or 2 heteroatom ring atoms selected from the
group consisting of N and O, wherein any stable ring atom is independently unsubstituted or
substituted with a group selected from R*, and
5) C,-Cg alkyl, wherein any stable atom is independently unsubstituted or substituted with a group
selected from R,

=20 -
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A more preferred embodiment of the invention is a compound wherein
Bisa pyrldyl ring, wherein the point of attachment to the pyridy! ring is a carbon atom, and whersin the
pyridyl ring is unsubstituted, mono-substituted with R*, disubstituted with groups independently
selected from R’ trisubstituted with groups independently selected from R®, or tetrasubstituted
with groups independently selected from R, and wherein the N atom is unsubstituted or
substituted with oxo;
X is selected from the group consisting of hydrogen, OH, OCH3 and F;
A is selected from the group consisting of
1) aphenyl ring,
2) apyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon atom, and
3) -C(CH3)3,
wherein the phenyl ring and pyridyl ring are unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R*, trisubstituted with groups independently selected from
R’, or tetrasubstituted with groups independently selected from R, and wherein the N pyridyl ring
atom is unsubstituted or substituted with oxo;

C is selected from the group consisting of

—) B
§ » -CHy, §@ . “CHCHs | (CHp,CH; . -CH(CHy),

“(CH2sCHy ,  <(CHR4CH; , <CHZ)aCH | CHZ)Z—Q  on 2)@
é@ Q —O <C(0)OCHCH,
Br

CH3

AN
-C(O)N(CHy): CO)—N 0 -C(O) —N
a2 A /j N’N .

Ha

?-g\ - OO O
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C(0)OCH; CH,OH G(O)NHCH; C{O)N(CHj),
O IS G

C(O)NH(CH-),0H

§—Né . -NHCH,C(O)NHCH, —@ NH(CH,),0H ,

o 0
N= N

(o]

-NHC(0) —ﬂ -NHC(O)(CH2)3@ , -NHC(O)(CH2)2@ .
N~ O

-NHC(O)CHzOCH2© ! -NHC(O)—Q ' -NHC(O)(CH2)4©,

-NHC(O)N(CHg)CHZ—Q ,-NHC(O)NHCH2~© , -NHCH2—<§\
N-N ! N
O
0

-NHCH,CN , -OCH;CF;, -OCH, , §—o—<j . -OCH,CG(0)OCH; , §~N \> ,and

consisting of

(2)-2-Morpholin-4-y/-2-phenyl-1,1-dipyridin-3-yl-ethanol,
(£)-3-methyl-2-morpholin-4-yl-1,1-dipyridin-3-ylbutan-1-ol,
(£)-2-[(2-methoxyethyl)(methyl)amino]-2-phenyl-1,1-dipyridin-3-ylethanol,
(#)-2-phenyl-2-piperidin-1-y1-1,1-dipyridin-3-ylethanol,

An example of a compound of the invention is a compound selected from the group

(#)-2-phenyl-1,1-dipyridin-3-y]-2-pyrrolidin-1-ylethanol,

()-tert-butyl 4-(2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl)piperazine-1-carboxylate,
2-[(15,48)-2-0xa-5-azabicyclo[2.2.1]hept-5-y1]-2-phenyl-1,1-dipyridin-3-ylethanol,
(*)-2-(1,4-oxazepan-4-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(%)-2-phenyl-1,1-dipyridin-3-yl-2-thiomorpholin-4-ylethanol,
(+)-2-(diethylamino)-2-phenyl-1,1-dipyridin-3-ylethanal,

(£)-2-(7-azabicyelo[2.2.1]hept-7-y1)-2-phenyl-1,1-dipyridin-3-ylethanol,
-29.
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(3)-2-(3,3-difluoropyrrolidin-1-y1)-2-phenyl-1,1-dipyridin-3-ylethanol,
(+)-2-phenyl-1,1-dipyridin-3-yl-2-[2-(trifluoromethylpyrrolidin-1-yl]ethanol,
()-2-(2-isopropylpyrrolidin- [-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(2R)-2-cyclopropyl-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(£)-2-[cyclobutyl{ethylamine]-2-phenyl-1,1-dipyridin-3-ylethanol,
()-2-{ethyl(2,2,2-trifluoroethyl)amino]-2-phenyl-1,1-dipyridin-3-ylethanol,
(2)-2-(3-fluoropyrrolidin-1-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(+)-2-morphotin-4-3i-1,2-diphenyl-1-pyridin-2-yi-ethanol,
2-morpholin~4-yl-2-phenyl- 1-pyridin-2-yl-1-pyridin-3-ylethanol,
(+)-2-phenyl-2-(phenylsulfonyl)-1,1-dipyridin-3-ylethanol,
(+)-2-(1,3-dimethyl-1H-1,2,4-triazol-5-y1)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
+)-1,2-diphenyl-2-(1H-pyrazol-1-yl)-1-pyridin-4-ylethanol,
+)-3-(2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl)-1,3-oxazolidin-2-one,

— o~

(#)-3-[2-hydroxy-1-(2-0x0-1,3-0xazolidin-3-y1)-2,2-dipyridin-3-ylcthylJbenzonitrile,
(£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]-3-methylimidazolidin-2-one,
(#)-1-tert-butyl-3-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyljimidazolidin-2-one,
(#)-3-(2-hydroxy-1-pyridin-2-y1-2,2-dipyridin-3-ylethyl)-1,3-oxazolidin-2-one,

(+)-2-(1 H-pyrazol-1-y1)-2-pyridin-2-yl-1,1-dipyridin-3-ylethanol,

(+

pan

-2-(1 H-pyrazol-1-yl)-1,1,2-tripyridin-3-ylethanol,
+)-1,1,2-tripyridin-3-yl-2-(1H-1,2,3-triazol-1-yl)ethanol,
(#)-4-[2-hydroxy-2,2-dipyridin-3-y1-1-(2H-1,2,3-triazol-2-yl)ethyl]benzonitrile,
(+)-3-[2-hydroxy~2,2-dipyridin-3-yl-1-(1H-1,2,3-triazol-1-yl)ethyl]benzonitrile,
(£)-(1-benzyl-1H-pyrazol-5-y1)(dipyridin-3-yl)methanol,
{£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]pyridin-2(1H)-one,
(#)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]pyrazin-2(1H)-one,
()-2-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyljpyridazin-3(2H)-one,
(R)-1-2-hydroxy-1-pyridin-2-y}-2,2-dipyridin-3-ylethyl)pyridin-2(1H)-one,
(8)-1-(2-hydroxy-1-pyridin-2-yl-2,2-dipyridin-3-ylethyl)pyridin-2(1H)-one,
(+)-3-(2-hydroxy-2,2-dipyridin-3-y1-1-pyrrolidin-1-ylethy)benzonitrile,
()-2-(4-flucrophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(%)-2-(3-methoxyphenyl)-1,1-dipyridin-3-y)-2-pymrolidin- 1-ylethanol,
2-[(2r)-2-(methoxymethyl)pyrrolidin-1-yl]-2-phenyl-1,1-dipyridin-3-ylethanol,

—
=

(£)=2-(3-bromophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,

(:)-2+(3,3-difluoroazetidin-1-yl)-2-(4-fluorophenyl)-1,1-dipyridin-3-ylethanol,

()-2-(5~chloro-2-thienyl)-1, 1-dipyridin-3-y}-2-pyrrolidin-1-ylethanol,

2-{(3RAR)-3,4-difluoropyrrolidin-1-yl}-2-phenyl-1,1-dipyridin-3-ylethanol,

(+)-1~(2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl)piperidin-3-ol,

2-(4-fluorophenyl)-2-[(25)-2-(hydroxymethyl)pyrrolidin-1-y1]-1,1-dipyridin-3-ylethanol,
230 -
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(£)-2-(cyclobutylamino)-2-(4-fluorophenyl)-1,1-dipyridin-3-ylethanol,
(£)-2-phenyl-1,1-dipyridin-3-yl-2-[(2,2,2-trifluoroethyl)-aminoJethanol,
2-(benzyloxy)-N-[(1R)-2-hydroxy--phenyl-2,2-dipyridin-3-ylethyl]acetamide,
N-[(1R)-1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl}-3-pyridin-2-yl-1H-pyrazole-5-
carboxamide,
N-[(1R)-1-(4-flucrophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]-4-phenylbutanamide,
benzyl [(1R)-1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl|carbamate,
N-[(1R)-1-(4-flucrophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl}-1-phenyl-1H-pyrazole-4-carboxamide,
(£)-2-phenyl-1,1-dipyridin-3-yl-2-(1 H-pyrrol-1-yl)cthanol,
(£)-3-(2-hydroxy-1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(+)-3,3'(1-fluoro-2-phenyl-2-pyrrolidin-1-ylethane-1,1-diyl)dipyridine,
(£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyljazetidin-3-ol,
(£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl Jazetidin-3-yl phenylcarbamate,
(£)-2-(3,3-difluoroazetidin- 1 -yl)-2-(4-fluorophenyl)-1-(1-oxidopyridin-3-yl1)-1-pyridin-3-
ylethanol,

(+)-4-[1-(6-methoxypyridin-2-yl)-2,2-dipyridin-3-ylethyl Jmorpholine,
(3)-NV-[1-(4-fluorophenyl)-2-phenyl-2-pyridin-3-ylethyl]-2-methoxyacetamide,
(£)-4-[1-(4-fluorophenyl)-2-phenyl-2-pyridin-3-ylethylJmorpholine,
(£)-1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl|pyrrolidin-2-one,
(£)-4-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
(£)-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl](2,2,2-trifluoroethyl)amine,
(+)-4-[1-(3,4-dichlorophenyl)-2,2-dipyridin-3-ylethyl]Jmorpholine,
()-4-(1-pyridin-2-y1-2,2-dipyridin-3-ylethyl)morpholine,
(£)-3,3"-[2-(4-fluorophenyl)-2-pyrrolidin-1-ylethane-1, 1-diyl]dipyridine,

(#)~4-[ 1-(4-fluorophenyl)-2-pyridin-2-yl-2-pyridin-3-ylethylJmorpholine,
(#)-4-[1-(3-chlorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
(£)-4-[1-(3,5-dichlorophenyl)-2,2-dipyridin-3-ylethyljmorpholine,
(£)~[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl](3,3,3-triflucropropyl)amine,
(£)-[1-(3-chlorophenyl)-2,2-dipyridin-3-ylethyl](2,2.2-trifluoroethyl)amine,
()-[1-(3,5-dichlorophenyl)-2,2-dipyridin-3-ylethyl](2,2,2-trifluoroethyl)amine,
(£)-[1-(3,4-dichlorophenyl)-2,2-dipyridin-3-ylethyl](2,2,2-trifluoroethyl)amine,
(£)-3.3-[2-(1,1dioxidoisothiazolidin-2-y1)-2-(4-fluorophenyl)ethane-1,1-diyl]dipyridine,
(£)-4-[1-(6-methoxypyridin-2-yl)-2-phenyl-2-pyridin-2-ylethyljmorpholine,
(£)-4-[1-(6-bromopyridin-2-yI)-2,2-dipyridin-3-ylethylJmorpholine,
(£)-6-(1-morpholin-4-y1-2,2-dipyridin-3-ylethyl)pyridin-2-amine,
(+)-N-methyl-6-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)pyridin-2-amine,
(£)-methyl [6-(1-morpholin-4-y1-2,2-dipyridin-3-ylethy])pyridin-2-yl]carbamate,
(#)-[1-(3-bromophenyl)-2,2-dipyridin-3-ylethyl] {[ 1-(phenylsulfonyl)- 1 H-pyrrol-2-yl]methyl} amine,
231-
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(#)-methyl 1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]prolinate,
()-3-{1-[2-(hydroxymethyD)pyrrolidin-1-yI}-2,2-dipyridin-3-ylethyl} benzonitrile,
()-1-[1-(3-cyanophenyl)-2,2~dipyridin-3-ylethyl]-V, N-dimethylprolinamide,
(4)-1-[1-(3-bromophenyl)-2,2-dipyridin-3-ylethyl]-4-methylpiperazine-2,3-dione,
(#)-3-[1-(6-bromopyridin-2-y1)-2,2-dipyridin-3-ylethyl]-1,3-0xazolidin-2-one,
(£)-3-[1-(2-0x0-1,3-0xazolidin-3-y1)-2,2-dipyridin-3-ylethyl]benzonitrile,

(£)-benzyl (1,2,2-tripyridin-3-ylethyl)carbamate,
(#)-n-[1-(3-cyanophenyl)-2,2-dipyridin-3-yletliyI}-2-phenylcyclopropanecarboxamide,
()-3(1-{[(1-phenyl-1h-pyrazol-4-ylmethyllamino}-2,2-dipyridin-3-ylethyl)benzanitrile,
(R)-3-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(S)-3-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(£)-3-[2-(4-fluorophenyl)-1-pyridin-3-yl-2-(2,2,2-trifluoroethoxy)ethyl jpyridine,
(£)-3-[2-(4-fluorophenyl)-2-methoxy-1-pyridin-3-ylethyljpyridine,
()-3-[2-(cyclopentyloxy)-2-(4-fluorophenyl)-1-pyridin-3-ylethyl]pyridine,
()-1-[1-(6-chloropyridin-2-y1)-2,2-dipyridin-3-ylethyl|pyridin-2(1 #)-one,
(£)-1-(1-pyridin-2-y1-2,2-dipyridin-3-ylethylpyridin-2(1 H)-one,
(R)-1-(1-pytidin-2-y1-2,2-dipyridin-3-ylethyl)pyridin-2(1 H)-one,
(S)-1-(1-pyridin-2-yl-2,2-dipyridin-3-ylethyl)pyridin-2(1 H})-one,
()-2-[1-(1H-pyrazol-1-y1)-2,2-dipyridin-3-ylethyl]pyridine,
(£)-2-[2-(4-fluoropheny!)-1-{1 H-pyrazol-1-vi)-2-pyridin-3-ylethyl]pyridine,
(£)-2-[2-(4-fluorophenyl)-1-(1 H-pyrazol-1-yl)-2-pyridin-3-ylethyl]pyridine,
(£)-2-[1-(4-fluoropheny!)-2-(1 H-imidazol-1-yl)-2-pyridin-3-ylethyl]pyridine,
(£)-1-(1,2,2-tripyridin-3-ylethyl)pyridin-2(1H)-one,
(£)-2-[2,2-dipyridin-3-y)-1-(1H-1,2,3-triazol-1-ylethyl]pyridine,
(#)-3-|12,2-dipyridin-3-yl-1-(1H-1,2,3-trjazol-1-yl)ethyl]benzonitrile, and
(2)-1-[12H)-yI)-2,2-dipyridin-3-ylethyl}pyridin-2(1LH)-one.

The above-listed compounds are active in one or more of the assays for Kv1.5
described below.

Another embodiment of the invention is a method of treating or preventing a
condition in a mammal, the treatment or prevention of which is effected or facilitated by Ky1.5
inhibition, which comprises administering an amount of a compound of Formula I that is effective at
inhibiting Ky1.5.

A preferred embodiment is a method of treating or preventing cardiac arrhythmias, e.g.
atrial fibrillation, atrial flutter, atrial arrhythmia, and supraventricular tachycardia, in 2 mammal, which
comprises administering a therapeutically effective amount of a compound of Formula L

Another preferred embodiment is a method of preventing thromboembolic events, such
as stroke.

Another preferred embodiment is a method of preventing congestive heart failure.
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Another preferred embodiment is a method of treating or preventing immunodepression
or a disorder involving immunodepression, such as AIDS, cancer, senile dementia, trauma (including
wound healing, surgery and shock) chronic bacterial infection, certain central nervous system disorders,
and conditions including resistance by transplantation of organs or tissuc, graft-versus-host diseases
brought about by medulla ossium transplantation. Within this embodiment is a method for treating or
preventing immunodepression by administering a compound of the invention with an immunosuppresant
compound.

Another preferred embodiment is a method of treating or preventing gliomas including
those of lower and higher malignancy, preferably those of higher malignancy.

Another preferred embodiment is a method for inducing in a patient having arial
fibrillation, a condition of normal sinus rhythm, in which the induced rhythm corresponds to the rhythm
that would be considered normal for an individual sharing with the patient similar size and age
characteristics, which comprises treating the patient with a compound of the invention.

Another preferred embodiment is a method for treating tachycardia, (i.e., rapid heart rate
e.g. 100 beats per minute) in a patient which comprises treating the patient with an antitachycardia device
(e.g. a defibrillator or a pacemaker) in combination with a compound of Claim 1.

The present invention also encompasses a pharmaceutical formulation comprising a
pharmaceutically acceptable carrier and the compound of Formula T or a pharmaceutically acceptable
crystal form or hydrate thereof. A preferred embodiment is a pharmaceutical composition of the
compound of Formula I, comprising, in addition, a second agent.

The compounds of the present invention may have asymimetric centers or asymmetric
axes, and this invention includes all of the optical isomers and mixtures thereof. Unless specifically
mentjoned otherwise, reference to one isomer applies to any of the possible isomers. Whenerevr the
isomeric composition is unspecified, all possible isomers are included.

In addition compounds with carbon-carbon double bonds may occur in Z- and E- forms

with all isomeric forms of the compounds being included in the present invention.

List of abbreviations:

AAS atomic absorption spectroscopy
AIDS acquired immunodeficiency syndrome
AF atrial fibrillation
ACE angiotensin converting enzyme
ACN acetonitrile
APD action potential duration
CHO Chinese hamster ovary
DAST (diethylamino)sulfur trifluoride
DCM dichloromethane
dba dibenzylidineacetone
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DMA
DMF
DMSO
dppf
EDTA
EGTA
ESI
EtOAc
Et,O
FAAS
FBS
HBSS
HEPES
HPLC
HRMS
i-BuOH
i-Pr2Net
INH
LDA
LiHMDS
LRMS
LYS
MCPBA
MeOH
MS
MsCl
n-Buli
NMO
NMR
NSAID
PBS

RT

SUP
TAF!
TFA
THF
TMSCHN;
TPAP

dimethylacetamide
dimethylformamide

- dimethylsulfoxide

1,1’(diphenylphosphino)ferrocene
ethylenediaminetetraacetic acid
ethylenebis(oxyethylenenitrilo)tetraacetic acid
electrospray ionization

ethy] acetate

diethyl ether

flame atomic absorption spetroscopy

fetal bovine serum

Hank’s balanced salt sofution

PCT/US2005/026868

N-2-hydroxyethylpiperazine-N’-2-ethanesulphonic acid

high pressure liquid chromatography
high resolution mass spectrum
isobutanol

N, N-diisopropylethylamine
inhibition

lithium diisopropylamide

lithium hexamethyldisilazide

low resolution mass spectrum

lysate

m-chloroperbenzoic acid

methanol

mas$ spectrum

methanesutfonyl chloride
n-butyllithium
N-methylmorpholine-N-oxide
nuclear magnetic resonance
non-steroidal antiinflammatory drug
phosphate-buffered saline

room temperature

supernatant

thrombin-activatable fibrinolysis inhibitor
tritluoroacctic acid

tetrahydrofuran
trimethylsityldiazomethane

tetrapropylammonium perruthenate
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As used herein except where noted, "alkyl" is intended to include both branched- and

straight-chain saturated aliphatic hydrocarbon groups, including all isomers, having the specified number

of carbon atoms. Commonly used abbreviations for alkyl groups are used throughout the specification,

e.g. methyl may be represented by “Me” or CHj, ethyl may be represented by “Et” or CH,CH, propyl
may be represented by “Pr” or CH,CH,CH, butyl may be represented by “Bu” or CH;CH,CH,CHs , ete.
“C1-6 alkyl” (or “C1-Cg alkyl”) for example, means linear or branched chain alky! groups, including all
isomers, having the specified number of carbon atoms. Cj-g alkyl includes all of the hexyl alkyl and
pentyl alkyl isomers as well as n-, iso-, sec- and t-butyl, n- and isopropyl, ethyl and methyl. “C1.4 alkyl”
means 1, iso-, sec- and t-butyl, n- and isopropyl, ethyl and methyl. The term "alkoxy" represents a linear
or branched alkyl group of indicated number of carbon atoms attached through an oxygen bridge.

The term "alkenyl" includes both branched and straight chain unsaturated hydrocarbon
groﬁps containing at least two carbon atoms joined by a double bond. The alkene ethylene is
represented, for example, by "CH,CH," or alternatively, by "H,C=CH,". “Cp-5 alkenyl” (or “C2-C5
alkenyl”™) for example, means linear or branched chain alkenyl groups having from 2 to 5 carbon atoms
and includes all of the pentenyl isomers as well as 1-butenyl, 2-butenyl, 3-butenyl, 1-propenyl, 2-
propenyl, and ethenyl (or ethylenyl). Similar terms such as “C2.3 alkenyl” have an analogous meaning.

The term "alkynyl" includes both branched and straight chain unsaturated hydrocarbon
groups containing at least two carbon atoms joined by a triple bond. The alkyne acetlyenc is represented,
[or example, by "CHCH" or alternatively, by "HC=CH". “Cp_5 alkynyl” (or “Cp-Cj5 alkynyl”) for
example, means linear or branched chain alkynyl groups having from 2 to 5 carbon atoms and includes
all of the pentynyl isomers as well as 1-butynyl, 2-butynyl, 3-butynyl, 1-propynyl, 2-propynyl, and
ethynyl (or acetylenyl). Similar terms such as “C2-3 alkynyl” have an analogous meaning.

Unless otherwise specifically noted as only “unsubstituted” or only “substituted”, alkyl,
alkenyl and alkyny! groups are unsubstituted or substituted with 1 to 3 substituents on each carbon atom,
with halo, C1-C2p alkyl, CF3. NHp, N(C1-Cg alkyl)2, NO2, oxo, CN, N3, -OH, -O(C1-Cg alkyl), C3-
C10 cycloalkyl, C2-Cg alkenyl, C2-Cg alkynyl, (Co-Cg alkyl) S(0)0-2-, (Co-Cg alkyl)S(0)p-2(Co-Cg
alkyl)-, (Cg-Cég alkyl)C(O)NH-, HoN-C(NH)-, -O(C1-Cg alkyl)CF3, (Co-Cg alky)C(0)-, (Co-Ce
alkyDOC(O)-, (Co-Cé alky))O(C1-C alkyl)-, (Co-Cg alkyl)C(0)1-2(Co-C alkyl)-, (Co-Cs
alkyDOC(O)NH-, aryl, aralkyl, heterocycle, heterocyclylalkyl, halo-aryl, halo-aralkyl, halo-heterocycle,
halo-heterocyclylalkyl, cyano-aryl, cyano-aralkyl, cyano-heterocycle and cyano-heterocyclylalkyl.

The term “Cq” as employed in expressions such as “Cq-g alkyl” means a direct covalent
bond. Similarly, when an integer defining the presence of a certain number of atoms in a group is equal
1o zero, it means that the atoms adjacent thereto are connected directly by a bond. For example, in the

Q,ﬁﬁ/‘s QYH'
structure T, wherein s is an integer equal to zero, 1 or 2, the structure is T when s is
Zero.

The term “C3..8 cycloaliyl” (or “C3-Cg cycloalkyl”) means a cyclic ring of an alkane

having three to eight total carbon atoms (i.e., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
-35.
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cyclobeptyl, or eycloocetyl). The terms “C3-7 cycloalkyl”, “C3-6 cycloalkyl”, “C5-7 cycloalkyl” and the
like have analogous meanings.

The term "halogen” (or “halo™) refers to fluorine, chlorine, bromine and iodine
(alternatively referred to as fluoro (F), chloro (CI), bromo (Br), and iodo (I)).

The term “C]-g haloalkyl” (which may alternatively be referred to as “C1-Cg haloalkyl”
or “halogenated C1-Cé alkyl”) means a Cj to Cg linear or branched alkyl group as defined above with
one or more halogen substituents. The term “C1-4 haloalkyl” has an analogous meaning. The term “Cq-
¢ finoroalkyl” has an analogous meaning except that the halogen substituents are restricted to fluoro.
Suitable fluoroalkyls include the serics (CH2)04CF3 (i.e., trifluoromethyl, 2,2,2-trifluoroethyl, 3,3,3-
trifluoro-n-propyl. cte.).

The term “carbocycle® (and variations thereof such as “carbocyclic” or “carbocyelyl”) as
used herein, unless otherwise indicated, refers to (i) a C3 to Cg monocyelic, saturated or unsaturated ring
or (ii) a C7 to C12 bicyclic saturated or unsaturated ring system. Each ring in (ii) is either independent
of, or fused to, the other ring, and each ring is salurated or unsaturated. The carbocycle may be attached
to the rost of the molecule at any carbon atom which results in a stable compound. The fused bicyclic
carbocycles are a subset of the carbocycles; Le., the torm "fused bieyclic carbocycle” generally refers to a
C7 to C1¢ bicyclic ring system in which each ring is saturated or unsaturated and two adjacent carbon
atoms are shared by each of the rings in the ring system. A fused bicyclic carbocycle in which one ring is
saturated and the other is saturated is a saturated bicyclic ring system. A fused bicyclic carbocycle in
which one ring is benzene and the other is saturated is an unsaturated bicyclic ring system. A fused
bicyclic carbocycle in which one ring is benzene and the other is unsaturated is an unsaturated ring
system. Saturated carbocyclic rings are also referred to as cycloalkyl rings, .g., cyclopropyl, cyclobutyl,
etc. Unless otherwise noted, carbocyele is unsubstituted or substituted with C1.6 alkyl, C1-6 alkenyl,
C1.-6 alkynyl, arvl, halogen, NH2 or OH. A subset of the fused bicyclic unsaturated carbocycles are
thosc bicyclic carbocycles in which one ring is a benzene ring and the other ring is saturated or
unsaturated, with attachment via any carbon atom that results in a stable compound. Representative

examples of this subset include the following:

CoCo oo

The term "aryl" refers to aromatic mono- and poly-carbocyclic ring systems, wherein the
individual carbocyclic rings in the polyring systems are fused or attached to each other via a single bond.

Suitable aryl groups include phenyl, naphthyl, and biphenylenyl,

~36-
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The term “heterocycle” (and variafions thereof such as “heterocyclic” or “heterocyclyl”)
broadly refers to (i) a stable 4- to 8-membered, saturated or unsaturated monocyclic ring, or (ii) a stable
7- to 12-membered bicyclic ring system, wherein each ring in (ii) is independent of, or fused to, the other
ring or rings and each ring is saturated or unsaturated, and the monocyclic ring or bicyclic ring system
contains one or more heteroatoms (e.g., from 1 to 6 heteroatoms, or from 1 to 4 heteroatoms) selected
from N, O and S and a balance of carbon atoms (the monocyclic ring typically contains at least one
carbon atom and the ring systems typically contain at least two carbon atoms); and wherein any one or
more of the nitrogen and sullur heteroatoms is optionally oxidized, and any one or more of the nitrogen
heteroatoms is optionally quaternized. The heterocyclic ring may be attached at any heteroatom or
carbon atom, provided that attachment results in the creation of a stable structure. When the heterocyclic
ring has substituents, it is understood that the substituents may be attached to any atom in the ring,
whether a heteroatom or a carbon atom, provided that a stable chemical structure results.

Unless otherwise specifically noted as only “unsubstituted” or only “substituted”,
cycloalkyl, aryl and heterocycle groups are unsubstituted or substituted. As used herein, the terms
“substituted C3-C1q cycloalkyl”, “substituted aryl” and “substituted heterocycle” are intended to include
the cyclic group containing from 1 to 3 substituents in addition to the point of attachment to the rest of
the compound. Preferably, the substituents are selected from the group which includes, but is not limited
to, halo, C1-Cog alkyl, CF3, NHp, N(C1-Cg alkyl)z, NO2, oxo, CN, N3, -OH, -O(C1-Cg alkyl), C3-C10
cycloalkyl, Co-Cg alkenyl, C2-Cg alkynyl, (C-Cg alkyl) S(0)0.2-, aryl-S(0)p-2-, (Co-Cg alkyl)S(0)0-
2(Co-Cg alkyl)-, (Cp-Cg alkyl)C(O)NH-, H2N-C(NH)-, -O(C1-Cg alkyl)CI'3, (Co-Cg alkyDC(0)-, (Co-
Cé alkyD)OC(O)-, (Co-Cpalkyl)O(C1-Cg alkyl)-, (Co-Cg alkyDC(0)1-2(Co-Cg alkyl)-, (Co-Co
alkyl)OC(Q)NH-, aryl, aralkyl, heteroaryl, heterocyclylalkyl, halo-aryl, halo-aralkyl, halo-heterocycle,
halo-heterocyclylalkyl, cyano-aryl, cyano-aralkyl, cyano-heterocycle and cyano-heterocyclylalkyl.

Saturated heterocyclics form a subset of the heterocycles; i.e., the term "saturated
heterocyclic” generally refers to a heterocycle as defined above in which the entire ring system (whether
mono- or poly-cyclic) is saturated. The term "saturated heterocyclic ring" refers to a 4- to 8-membered
saturated monocyclic ring or a stable 7- to 12-membered bicyclic ring system which consists of carbon
atoms and one or more heteroatoms selected from N, O and S. Representative examples include
piperidinyl, piperazinyl, azepanyl, pyrrolidinyl, pyrazolidinyl, imidazolidinyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl (or
tetrahydrofuranyl).

Heteroaromatics form another subset of the heterocycles; i.e., the term "heteroaromatic”
(alternatively “heteroaryl””) generally refers to a heterocycle as defined above in which the entire ring
system (whether mono- or poly-cyclic) is an aromatic ring system. The term "heferoaromatic ring" refers
a 5- or 6-membered monocyclic aromatic ring or a 7- to 12-membered bicyclic which consists of carbon
atoms and one or more heteroatoms selected from N, O and S. In the case of substituted heteroaryl rings
containing at least one nitrogen atom (e.g., pyridine), such substitutions can be those resulting in N-oxide

formation. Representative examples of heteroaromatic rings include pyridyl, pyrrolyl, pyrazinyl,

-37-

-44-




10

15

20

25

30

WO 2006/015159 PCT/US2005/026868

pyrimidinyl, pyridazinyl, thienyl (or thiophenyl), thiazolyl, furanyl, imidazolyl, pyrazolyl, triazolyl,

tetrazolyl, oxazolyl, isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl.
Representative examples of bicyclic heterocycles include benzotriuzolyl, indalyl,

isoindolyl, indazolyl, indolinyl, isoindolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl,

isochromanyl, tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,
(o)

2,3-dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxiny! (i.., 07), imidazo(2,1-b)(1,3)thiazole,

S
o= 0 0
N~ ) ©: >
(ie., \)\3 ), and benzo-1,3-dioxolyl (i.c., QO ). In certain contexts herein, 0 is

alternatively referred to as phenyl having as a substituent methylenedioxy attached to two adjacent
carbon atoms.

Unless expressly stated to the contrary, an “unsaturated” ring is a partially or fully
unsaturated ring. For example, an “unsaturated monocyclic Cg carbosycle” refers to cyclohexene,
cyclohexadiene, and benzene.

» Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heterocyele described as containing from "1 to 4 heteroatoms" means the heterocycle can
contain 1, 2, 3 or 4 heteroatoms.

‘When any variable occurs more than one time in any constituent or in any formula
depicting and describing compounds of the invention, its definition on each occurrence is independent of
its definition at every other occurrence. Also, combinations of substituents and/or variables are
permissible only if such combinations result in stable compounds.

The term "substituted" (e.g., as in “aryl which is optionally substituted with one or more
substituents ...”) includes mono- and poly-substitution by a named substituent to the extent such single
and multiple substitution (including multiple substitution at the same site) is chemically allowed.

In compounds of the invention having N-oxide moieties, e.g., pyridyl N-oxide moieties,
the N-oxide moiety is structurally depicted using using conventional representations. For example, a

pyridyl-N-oxide portion is structurally depicted as
- N—0 T \eo
\ 4 or \_# N0

For variable definitions containing terms having repeated terms, e.g., (CRIRj)y, where r

which have equivalent meanings.
is the integer 2, Ri is a defined variable, and Ri is a defined variable, the value of Ri may differ in each
instance in which it occurs, and the value of Ri may differ in each instance in which it occurs. For

example, if Ri and Ri are independently selected from the group consisting of methyl, ethyl, propyl and
butyl, then (CRIRJ)2 can be
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wan
H3CH1C—(:3—CH3
H;CH,CH,CH,C— Ic— CH,CH,CH,
An

Pharmaceutically acceptable salts include both the metallic (inorganic) salts and organic
salts; a list of which is given in Remington's Pharmaceutical Sciences, 17th Edition, pg. 1418 (1985). It
is well known to one skilled in the art that an appropriate salt form is chosen based on physical and
chemical stability, flowability, hydro-scopicity and solubility. As will be understood by those skilled in
the art, pharmaceutically acceptable salts include, but are not limited to salts of inorganic acids such as
hydrochloride, sulfate, phosphate, diphosphate, hydrobromide, and nitrate or salts of an organic acid such
as malate, maleate, fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p-
toluenesulfonate or palmoate, salicylate and stearate. Similarly pharmaceutically acceptable cations
include, but are not limited to sodium, potassinm, calcium, aluminum, lithium and ammonium (especially
ammonium salts with secondary amines). Preferred salts of this invention for the reasons cited above
include potassium, sodium, calcium and ammonium salts. Also included within the scope of this
invention are orystal forms, hydrates and solvates of the compounds of Formula I.

Methods for preparing the compounds of this invention are illustrated in the following
schemes. Other synthetic protocols will be readily apparent to those skilled in the art. The examples
illustrate the preparation of the compounds of Formula I and as such are not to be considered as limiting
the invention set forth in the claims appended hereto. Example described hereinafter comprises a further

embodiment of the present invention.

SCHEME 1
® @, &%
, Y-H, base Li B
_ —_— Y
MeO,C ™ Br MeO,C” Y HO

The variables C, B, and Y in the scheme are as defined in "Formula I”.

EXAMPLE 1

Step A:
Methyl a-bromophenylacetate (3.79 g, 16.5 mmol) was dissolved in 50 mL of dry ACN, to

which triethylamine (3.46 mL, 24.8 mmol) and morpholine (1.73 mL, 19.8 mmol) were added and the

mixture was stirred for 18 hours. The mixture was poured into water, exiracted twice with EtOAc. The
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combined organic extracts were dried with NapSO4, filtered and concentrated in vacuo, providing methyl
morpholin-4-yl(phenyl)acetate. ESI+ MS: 236.2 [M-+HHT*.
Step B:

3-Bromopyridine (8.37 mL, 13.9 mmol) was dissolved in 350 mL of dry EtpO and was cooled to
78 °C. n-Butyl lithium (35.1 mL, 2.5M solution in hexanes, 87.8 mmol) was added dropwise via an
addition funnel over 30 minutes. After stirring for 15 minutes, a 50 mL (4:1; EtpO/THF) solution of
methyl morpholin-4-yi-(phenyl)acetate (6.88 g, 29.3 mmol) was added dropwise over 30 minutes. The

reaction was stirred for 1 hour at -78 °C and was warmed to 0 °C and stirred for 30 minutes. The
reaction was quenched with NaHCO3(aq sat) and poured into NaHCO3(aq sat), extracted 3X with

FtOAc, dried NapSOy, filtered and coneentrated in vacuo. The residue was purificd by silica gel
chromatography (100/0/0 to 92/8/0.8 CH2Clp/MeOH/NH40H) to provide the titled compound.

'H NMR (500 MEz, CDCls): 8 9.01 (d, J= 1.9 Hz, 1H), 6.53 (dd, J=2.4, 0.7 Hz, 1H), 8.48 (dd, /= 4.6,
1.5 Hz, 1H), 8.16 (dd, J= 4.8, 1.6 Hz, 1H), 8.02 (dt, J= 8.0, 2.3 Hz, 1H), 7.58 (d, /= 8.3 Hz, 1H), 7.30-
7.22 (m, 3H), 7.16-7.08 (m, 3H), 6.95 (dd, J= 8.1, 4.9 Hz, 1H), 5.63 (br s, 111), 4.55 (s, 1H), 3.59-3.51
(m, 4H0), 2.41 (br dt, J=12.0, 4.7 Hz, 2H), 2.18 (br dt, /= 11.7, 4.8 Hz, 2H). BRMS [M+H] Cy:HaulN;0,
caled 362.1863 , found 362.1851.

The following compounds were made according to Scheme 1, where intermediates in the scheme were
modified according to literature methods. Example 2 was isolated from a reaction of 2-pyridyllithium
(prepared from 2-bromopyridine and t-buty] lithium) with methyl 3-morpholin-4-yl-3-phenylpropanoate.
Example 51 was prepared from the corresponding secondary alcohol rers-butyldimethylsilyl ether by

standard deprotection. Unless otherwise shown, structures of compounds in Examples 2-51, 58-121, 4-1

to 4-21, 123-201, 202-302, and 3-1 listed in the tables are represented by defining variables @ and
“Y? of the structure
NG
Hoy—(
Y

Ny 7

EXAMPLES 2-51

Example Compound ' Name MS (M+1)
2 Z N (£)-3,3-dimethyl-1-morpholin-4-yl-1-  363.2069
% phenyl-2-pyridin-2-ylbutan-2-0l (M+Na*)

(diastereomer A)

9Ly ¢

(+)-2-morpholin4-yk-1,1-dipyridin-3-  300-1701
ylpropan-1-ol

f—cHy v= N

)
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4 ® =g_CN v= (j (£)-1,1-dipyridin-3-yl-2-pyridin-4-yl-  347.1867
/ 2-pyrrolidin-1-ylethanol

(&)-tert-butyl (2-hydroxy-1-phenyl- 392.1966
2,2-dipyridin-2-ylethyl)carbamate

J A

6 (©) = crot v= N b (£)-2-morpholin-4-yl-1,1-dipyridin-3-  314.1864
" ylbutan-1-0l
7 (©) = -CHCHLH; v g_NCO ()-2-morpholin-d-yl-1,1-dipyridin-3- 3282019
ylpentan-1-ol
8 (© =-cHoH v g_NCO (2)-3-methyl-2-morpholin-4-yl-1,1- 3282019
dipyridin-3-ylbutan-1-ol
9 (D) = (CHCHy v 5‘”©° ()-2-morpholin-4-yl-1,1-dipyridin-3-  342.2173
ylhexan-1-ol
10 (© =cHac v- g_,{\:/\o (%)-2-morpholin-4-yl-1,1-dipyridin-3-  356.2330
ylheptan-1-ol
11 (©) =-{CHasCH; = g_N’\:/\o ()-2-morpholin-4-yl-1,1-dipyridin-3-  370.2487
yloctan-1-o0l
12 © = onor— ) v # p  (t)-2-morpholin-4-yl-4-phenyl-1,1- 390.2176

dipyridin-3-ylbutan-1-ol

B (© =§© {#)-2-[2- 364.2027

methoxyethyl)(methyl)amino]-2-

Y= -N(CH3)}(CH,CH,0CHy) ~ phenyl-1,1-dipyridin-3-ylethanol
14 @ =§@ ()-2-[bis(2-methoxyethylamino]-2- 4082279
phenyl-1,1-dipyridin-3-ylethanol
Y= -N(CH,CH,OCHj),

15 ®- g@ - §‘NC> (#)-2-phenyl-2-piperidin-1-yl-1,1- 360.2072

dipyridin-3-ylethanol

+)-2- -1,1-di 1din-3-y1-2-
16 ®- ;_© v E—NO ()-2-phenyl-1,1-dipyridin-3-y1-2 346.1910

pyrrolidin-1-ylethanol

17 ®- @ (&)-tert-butyl 4-(2-hydroxy-1-phenyl-  461.2537
2,2-dipyridin-3-ylethyl)piperazine-1-
I\

v §—N\_/NC(O)OC(CH3)3 carboxylate
18 P (£)-4-(2-hydroxy-1-phenyl-2,2- 375.1803
©- %‘@ Y= ?—NC/{N dipyridin-3-ylethyl)piperazin-2-one
19 @=§_@ vei Q—OCHQ (£)-2(4-methoxypiperidin-1-yl}-2-  390.2167
phenyl-1,1-dipyridin-3-ylethanol

_4]-
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=0

-N{CHg),
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@ =§@ Y= -N(CHZOCH;
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©-=
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2-[(15,48)-2-0xa-5-
azabicyclo[2.2.1Thept-5-y1]-2-phenyl-
1,1-dipyridin-3-ylethanol (1:1 mixture
diastereomers)
(+)-2-(1,4-oxazepan-4-yl)-2-phenyl-
1,1-dipyridin-3-ylcthanol
(£)-2-[(2R.68)-2.6-
dimethylmorpholin-4-y1]-2-phenyl-1,1-
dipyridin-3-ylethanol

(£)-2-[(3-
methoxypropyl)(methyl)amino]-2-
phenyl-1,1-dipyridin-3-ylethanol

(x)-2-phenyl-1,1-dipyridin-3-yl-2-
thiomorpholin-4-ylcthanol
(£)-2-azetidin-1-yl-2-phenyt-1,1-
dipyridin-3-ylethanol
(+)-2~(dimethylamino)-2-phenyl-1,1-
dipyridin-3-ylethanol
(2)-2-(diethylamino)-2-phenyl-1,1-
dipyridin-3-ylethanol
(£)-2-[methoxy(methyl)amino]-2-
phenyl-1,1-dipyridin-3-ylethanol
(£)-2-(7-azabicyclo[2.2.1]hept-7-y1)-2-
phenyl-1,1-dipyridin-3-ylethanol
(+)-2-morpholin-4-yl-3-phenyl-1,1-
dipyridin-3-ylpropan-1-ol

(£)-2-(3 3-difluoropyrrolidin-1-yl)-2-
phenyl-1,1-dipyridin-3-ylethanol

(£)-2-(3.3-dimethylpyrrolidin-1-y1)-2-
phenyl-1,1-dipyridin-3-ylethanol

(£)-2-2,5-dihydro-1H-pyrrol-1-y1)-2-
phenyl-1, 1-dipyridin-3-ylethanol
(£)-2-phenyl-1,1-dipyridin-3-yl-2-[2-
(trifluoromethyl)pyrrolidin-1-
yl]ethanol (diastereomer A)
(£)-2-phenyl-1,1-dipyridin-3-y1-2-[2-
(trifluorométhyl)pyrrolidin-1-
yl]ethanol (diastereomer B)

42-
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374.1846

376.2001

390.2168

378.2167

378.1617

332.1760

320.1752

348.2004

336.1698

372.2061

376.2035

382.1717

3742210

344.1762

414.1798

414.1810
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(i)—l-(Z-isopropylpyrrolidjn—1—yl)—2—
phenyl-1,1-dipyridin-3-ylethanol
(diastereomer A)

()-2-(2-isopropylpyrrolidin-1 yl)-2-
phenyl-1,1-dipyridin-3-ylethanol
(diastereomer B)

(£)-2-(3-bromophenyl)-2-morpholin-4-
yl-1,1-dipyridin-3-ylethanol

(2R)-2-cyclopropyl-1,1-dipyridin-3 <yl
2-pyrrolidin-1-ylethanol

(28)-2-cyclopropyl-1,1-dipyridin-3 -yl-
2-pyrrolidin-1-ylethanol
{#)~2-[eyclohexyl(sthyl)amino]-2-
phenyl-1,1-dipyridin-3-ylethunol

(#)-2-[cyclopentyl(ethyl)amino]-2-
phenyl-1,1-dipyridin-3-ylethanol

(£)-2-[eyclobutyl(ethylyamino]-2-
phenyl-1,1-dipyridin-3-ylethanol

(£)-2-[eyclopropyl(ethylamino]-2-
phenyl-1,1-dipyridin-3-ylethanol

(£)-2-[tert-butyl(ethyl)amino)-2-
phenyi-1,1-dipyridin-3-ylethano!

(£)-2-ethyl(2,2,2-
trifluoroethyl)amino]-2-phenyl-1,1-
dipyridin-3-ylethanol

(£)-2-[cyclobutyl(ethyl)amino]-2-(3,4-
difluorophenyl)-1,1-dipyridin-3-
ylethanol

-43 -

-50-

388.3

388.3

440.0978

310.1915

310.1913

402.2542

388.2376

374.2234

360.2067

376.2378

402.1807

410.2053
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48 @ =§_© tert-butyl (15)-2-hydroxy-1-phenyl- ~ 392.1986
2,2-dipyridin-3-ylethylcarbamate
=+ iINHC(Q)OC(CHa)s
49 @ =§@ tert-butyl (1R)-2-hydroxy-1-phenyl-  392.1985
2.2-dipyridin-3-ylethylcarbamate

50 F o (#)-2-(3-fluoropyrrolidin-1-y1)-2- 364.1813
©- ;@ - %—N(j (E)-2+( pyTT i)

phenyl-1,1-dipyridin-3-ylethanol (1:1
mixture diastereomers)
51 O (4)-1-(2-hydroxy-1-phenyl-2,2- 362.1879
©- = =T dipyridin-3-ylethylypyrrolidin-3-ol
(1:1 mixture diastereomers)

SCHE

EME 2
@NM 'E' ©® o@
Me0,0 Y ——— SNy u. (&) y— hel Y
)

Me(MeONH 9

The variables C, B, A, and Y in the scheme are as defined in "Formula I”,

EXAMPLE 52

Step A:

N, O-Dimethylhydroxylamine hydrochloride (1.66 g, 17.0 mmol) was suspended in 20 mL of
dry THF and cooled to 0 °C. Trimethylalumioum (8.50 mL, 2.0M solution in toluene, 17.0 mmol) was
added slowly and stirred for 30 minutes. Methyl morpholin-4-y/-(phenyl)acetate (1.00g, 4.25 mmol) was
added to the cooled mixture in an 8 mL THF solution. The reaction was allowed to warm to ambient
temperature while for 18 hours. The mixture was poured into 1N HC(aq) and stirred for 1 hour, The
mixture was then poured into NaHCO3(saf) and extracted 3X with EtOAc. The combined organic layers
were washed 1X with brine, dried with NapSOy, filtered and concentrated in vacuo to provide N-
methoxy-N-methyl-2-morpholin-4-yl-2-phenylacetamide. HRMS [M+H] C1,H;N,0; cale’d 265.1547,
found 265.1553.

Step B:

N-Methoxy-N-methyl-2-morpholin-4-pl-2-phenylacetamide (215 mg, 0.813 mmol) was

dissolved in 10 mL of dry THF and cooled to -78 °C. In a separate flask, 2-bromopyridine (97 uL, 1.0

_44 .
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mmol) was dissolved in 5 mL of dry THF and cooled to -78 °C, to which was added fert-Butyl lithium
(1.20 mL, 1.7M solution in pentane, 2.0 mmol) dropwise. After stirring for 30 minutes, the mixture
transferred to the amide flask dropwise and stirred for approximately one hour. The mixture was
quenched with NalICO3(sat), warmed to ambient temperature and poured into water. The aqueous layer
was extracted 3X with EtOAc and the combined organic extracts were dried with Na2804, filtered and
concentrated in vacuo. The residue was purified by silica gel chromatography (100/0/0 to 9/1/0.1
CHClp/MeOH/NH4OH), providing partially purified titled product. The residue was further purified by
preparative reverse phass HPLC. The appropriate fractions were poured into NaHCOs(aq sat) and
extracted twice with BtOAc. The combined organic extracts were dried with Na,SO, filtered and
concentrated in vacuo to provide 2-morpholin-4-yl-2-phenyl-1-pyridin-2-ylethanone. ESI+ MS: 283.1
[M+H]".
Step C:
2-Morpholin-4-yl-2-phenyl-1-pyridin-2-yl-ethanone (15 mg, 0.053 mmol) was dissolved in 3 mL

of dry THF and cooled to -78 °C. Phenylmagnesium bromide (159 pL, 1.0 M solution in THF, 0.159
mmol) was added dropwise and the mixture was allowed to stir for 15 minutes. The reaction was
quenched with 1 mL of aqueous NaHCO3(sat) and warmed to ambient temperature. The mixture was
poured into NaFICO3(sat) and extracted 2X with EtOAc. The combined organic extracts were dried with
NaS04, filtered and concentrated in vacuo. The residue was purified by preparative HPLC. The
appropriate fractions were poured into NaHCO3(sat) and extracted 2X with EtOAc. The combined
organic extracts were dried with NapSO4, filtered and concentrated in vacuo to provide the titled
compound.
TH NMR (500 Mz, CDCly): & 8.19 (d, J= 4.6 Hz, 1H), 7.86 (d, J = 7.6 Fiz, 2H), 7.47-7.41 (m, 2H),
7.36-7.28 (m, 4H), 7.22 (t, J= 7.2 Hz, 1H), 7.13-7.05 (m, 2H), 6.86 (ddd, J=6.5,4.9, 1.4 Hz, 1H), 6.28
brs, 1H), 4.62 (br s, 1H), 3.56-3.39 (br m, 4H), 2.65-2.60 (br m, ZH), 2.42-2.20 (br m, 2H). HRMS
[M+H] CHasN;0; cale’d 361.1911, found 361.1914.

The following compounds were made according to Scheme 2, where intermediates in the
scheme were modified according to literature methods.

) EXAMPLES 53-55
Example Compound Name MS (M+1)
53 2-morpholin-4-yl-2-phenyl- ~ 362.1857

1-pyridin-2-yl-1-pyridin-3-
ylethanol (diastereomer A)

54 ()-3-methyl-2-morpholin-4- 327.207%
yl-1-phenyl-1-pyridin-3-

H ylbutan-1-o0l (diastereomer
oo

o]

_45-

-52-




WO 2006/015159 PCT/US2005/026868

55 - (#)-3-methyl-2-morpholin-4- 327.2079
W’ yi-1-phenyl- 1-pyridin-2-
H ylbutan-1-ol (diastereomer
N—> A)
g
SCHEME 3

° Y-H, base e \Li °
B —— Y

- HO v
o o
The variables C, B, A, and Y in the scheme are as defined in "Formula I”.
The following compound was made according to Scheme 3.
5
56 Q 7 N\ 2-[(28)-2- 3752063
=N (hydroxymethy))pyrrolidin-
H OH 1-y1}-1,2-diphenyl-1-pyridin-
OfU Q 2-ylethanol (Diastereomer
A)
SCHEME: 4
n-BuLi or LDA
or LIHMDS G
[e] A
The variables C, B, A, and Y in the scheme are as defined in "Formula I”.
10
EXAMPLE 57
(&)-1-[1-{(4-Fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]pyridin-2( 1 H)-one
F
Step A
15 n-BulLi (42 mL, 1.6M, 67 mmol) was added to a solution of 3-bromopyridine (5.9 mL, 9.74 g, 62

mmol) in ether (200 mL) at -78 C. The resulting yellow suspension was stirred for 1 h. A solution of
nicotinaldehyde (5.3 mL, 6 g, 56 mmol) in ether (25 mL) was then added. After stirring for 0.5 h, the
reaction mixture was allowed to warm gradually to 0 C. The reaction mixture was then quenched by
addition of half saturated brine (100 mL). The resulting mixture was extracted once with ethyl acetate
20 and once with chloroform. Drying (1:1 Na;SQ, / K,COs) and concentration gave dipyridin-3-ylmethanol

as a very viscous orange oil which was used without further purification.

46 -
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TEINMR (CD;0D, 400MHz) 5 8.58 (d, 21, ] = 1.74 Hz); 8.42 (dd, 2H, T = 1.28, 4.85 Hz); 7.82 (m, 2H);
739 (m, 2H); 5.93 (s, 1H).

Step B:

To a solution of dipyridin-3-ylmethanol (9 g, 48 mmol) in 9:1 methylene chloride / acetonitrile
(100 mL) was added powdered 4A molecular sieves (24 g) and NMO (8.5g, 72 mmol). The resulting
mixture was cooled in an ice bath and TPAP (0.85 g, 2.4 mmol) added carefully in 3 portions at 5 min
intervals, After stirring for 15 min the ice bath was removed and stirring was continued at RT, After
stirring for 3 days, the reaction mixture was filtered through Celite and the cake washed well with
methylene chloride and then chloroform. The filtrate was concentrated to approximately 1/3 the original
volume then silica gel was added. The remaining solvent was removed leaving the crude material
adsorbed onto the silica gel as a dark green powder. This powder was layered on top of an equal volume
of silica gel in a Buchner funnel and flushed with ether. These washings were discarded. The silica pad
was then flushed repeatedly first with methylene chloride then with chloroform until no further product
eluted. The dark red filtrate was concentrated to give a red brown solid. Trituration with ether gave
dipyridin-3-ylmethanone as a white powder. The mother liquors were stripped and the residue
chromatographed (cluting with 24:1 methylene chloride / methanol). The fractions enriched in product
were combined, stripped, and the residue triturated with ether to give a second crop of pure ketone.
HNMR (CD30D, 400MEz) § 8.92 (m, 2H); 8.79 (m, 2H); 8.22 (m, 2H); 7.61 (m, 2H).
Step C:

NaH (0.61 g, 25 mmol) was added to a solution of 2-hydroxypyridine (2 g, 21 mmol) in DMF (20
mL) at 0 C. After stirring for 15 min, p-fluorobenzyl bromide (4.4 g, 2.9 mmol, 23 mmol) was added and
the reaction mixture allowed to warm gradually to RT. The reaction mixture was quenched by addition
of ico then poured into ether and extracted several times with ice water. The organic phase was then
dried over Na,SQ4, concentrated and the resulting yellow oil purified by normal phase Gilson
chromatography eluting with 10% DCM, 70% Hexane, 20% EtOAc. 1-(4-Fluorobenzyl)pyridin-2(1H)-
one was isolated as a white solid.
'HNMR (CD:OD, 400MHz) 8 7.67 (m, 1H); 7.50 (i, 1H); 7.34 (m, 2H); 7.05 (m, 2H); 6.54 (m, 1FD;
6.37 (m, 1H); 5.15 (s, 2H).
StepD:

A solution of dipyridin-3-ylmethanone (1 g, 5.9 mmol) and 1-(4-fluorobenzyl)pyridin-2(1H)-one
(1 g, 4.9 mmol) in THF (50 mL) was cooled to -78 C. To the resulting white suspension was added ina
dropwise manner, LIEIMDS (1M in THF, 6 mL). The resulting cream suspension was stirred for 30 min
then allowed to warm up gradually to -30 C over | h. The reaction mixture was quenched with saturated
NaHCO; and then it was extracted once with cther and once with ethyl acetate. The combined extracts
were dried over Na2804 and concentrated. The resulting yellow oil was purified by normal phase
Gilson chromatography eluting with 98% DCM, 2% methanol. The product was isolated as a white

solid.

_47-
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THNMR (CD:OD, 400MHz) & 8.63 (s, 1H); 8.49 (br s, 1H); 8.36 (m, 3H); 7.93 (m, LH); 7.75 (br s, 1H);
7.54 (br s, 2H); 7.34 (m, 3H); 7.15 (br s, 1H); 6.96 (m, 2ET); 6.29 (m, 2H).

The following compounds were made according to Scheme 4, where intermediates in the
scheme were modified according fo literature methods. Examples 58-64 were prepared from 1-
benzylpyrrolidine and the requisite ketone using the method of Kessar (Chem Rev. 1997, 97, 721).
Example 120 was prepared by trifluoroacetic acid deprotection of the corresponding 1-(2,4-
dimethoxybenzyl)-3-methyl-1H-pyrazol-1-yl derivative. Example 121 was prepared by hydrogenation of
the corresponding pyridinone ring benzyl ether.

EXAMPLES 58-121 and 4-1 to 4-21

Example Compound Name MS (M+1)
58 (£)-1(1H-indol-4-y)-2-  384.2059
phenyl-1-pyridin-2-yl-2-
pyrrolidin-1-ylethanol

(1:1 mixture of
diastereomers)

(£)-1,2-diphenyl-1- 345.1966
pyridin-2-yl-2-pyrrolidin-

1-ylethanol (diastcrcomer

2)

(£)-1-(4-methoxypyridin-  375.2063
2-y1)-1,2-diphenyl-2-
pyrrolidin-1-ylethanol

(diastereomer a)

59

60

61 (£)-1-phenyl-2-pyridin-  297.1962
2-yl-1-pyrrolidin-1-
HO ylbutan-2-ol
N= @ (diastereomer A)

62 (£)-1-phenyl-2-pyridin-  297.1959
2-yl-1-pyrrolidin-1-
HO ylbutan-2-ol
N=

D (diasterecomer B)
\_/

63 (£)-1-phenyl-2-pyridin-  283.1808
2-y1-1-pyrrolidin-1-
HO ylpropan-2-ol
N=( N
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HO:

N—N
SRS
@- 1 v+

)
CHy

@: §~—<’:~NH Y= §~N<]
(8]

)
CH,CH;

@O I

(+)-2-phenyl-2-
(phenylsulfonyl)-1,1-
dipyridin-3-ylethanol

(£)-ethyl  3-hydroxy-3-
phenyl-3-pyridin-2-yl-2-
pyrrolidin-1-ylpropanoate
(diastereomer A)

(£)-3-hydroxy-N,N-
dimethyl-3,3-dipyridin-
3-yl-2-pyrrolidin-1-
ylpropanamide
(£)-3-morpholin-4-yl-3-
ox0-1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylpropan-1-
ol
(£)-3-ox0-1,1-dipyridin-
3-y1-2,3-dipyrrolidin-1-
ylpropan-1-ol

(£)-2-(1,3-dimethyl-1H-
1,2,4-triazol-5-y1)-1,1-
dipyridin-3-yl-2-
pyrrolidin-1-ylethanol
(+)-1,2-diphenyl-2-(1L&-
pyrazol-1-yl)-1-pyridin-4-
ylethanol  (diastereomer

A)

(£)-2-(1,3-dimethyl-15-
1,2,4-triazol-5-y1)-1,1-
dipyridin-3-yl-2-
pyrrolidin-1-ylethanol
(£)-4-ethyl-5-(2-hydroxy-
2,2-dipyridin-3-yl-1-
pyrrolidin-1-ylethyl)-2.4-
dihydro-3H-1,2,4-triazol-
3-one

(£)-3-[1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-ylethyl)-
1,3~oxazolidin-2-one

_49.
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417.1257

341.1855

341.2

383.2070

367.2124

365.2090

342.1598

365.2090

381.2025

380.1444
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79

80

81

82

83

(+)-3-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-1,3-oxazolidin-2-
one
(£)-3-[2-hydroxy-1-2-
oxo-1,3-oxazolidin-3-y1)}-
2,2-dipyridin-3-
ylethyl]benzonitrile
()1 1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-
3-methylimidazolidin-2-
one
(£)-1-tert-butyl-3-[1-(4-
fluorophenyl)-2-hydroxy-
2.2-dipyridin-3-
ylethyl]imidazolidin-2-
one

(£)-3~(2-hydroxy-1-
pyridin-2-yl-2,2-
dipyridin-3-ylethyl)-1,3-
oxazolidin-2-one
(&)-2«(1H-pyrazol-1-y1)-
2-pyridin-2-yl-1,1-
dipyridin-3-ylethanol
(£)-2-(1H-pyrazol-1-yl)-
1,1-dipyridin-3-yl-2-
pyridin-4-ylethanol
(£)-2-(1B-pyrazol-1-yl)-
1,1,2-tripyridin-3-
ylethanol

()-methyl 1-(2-hydroxy-
1-pyridin-2-y1-2,2-
dipyridin-3-ylethy1)-111-
pyrazole-3-carboxylate

(£)-2-(5-fluoropyridin-2-
y1)-2-(1H-pyrazol-1-yl)-
1,1-dipyridin-3-ylethanol

~50-
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362.1542

387.1464

393.1767

435.2203

363.1

344.1502

344.1507

344.1504

402.1558

362.1413
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(1)-1,1,2-tripyridin-3-yl-
2-(1H-1,2,3-triazol- 1~
vlethanol
(£)-4-[2-hydroxy-2,2-
dipyridin-3-yl-1-(ZH-
1,2,3-triazol-2~
yDethyl]benzonitrile

(£)-4-[2-hydroxy-2,2-
dipyridin-3-y1-1-(1H-
1,2,3-triazol-1-
yl)ethyl]benzonitrile

(£)-3-[2-hydroxy-2,2-
dipyridin-3-yl-1-(1H-
1,2,3-triazol-1-
yl)ethyl]benzonitrile
(£)-3-[2-hydroxy-2,2-
dipyridin-3-yl-1-(2H-
1,2,3-triazol-2-
yljethylbenzonitrile
(+)-2-(1 Heimidazol-1-y1)-
2-phenyl-1,1-dipyridin-3-
ylethanol

(£)- (1-benzyl-1H-
pyrazol-5-yl)(dipyridin-3-
ylmethanol
()-2-(3-methoxyphenyl)-
2-(1H-pyrazol-1-ylI)-1,1-
dipyridin-3-ylethanol

(£)-2-(4-fluorophenyl)-2-
(1H-pyrazol-1-yD)-1,1-
dipyridin-3-ylethanol

()14
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]pyridin-2(1H)-one

-58-
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345.1463

369.1456

369.1457

369.1459

369.1454

343.1553

343.1554

373.1673

361.1466

388.1461
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(#3-1-¢-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]pyrimidin-4(3H)-
one

(t)-1-[1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]pyrazin-2(1H)-
one

(£)-3-[2-hydroxy-1-(2-
oxopyridin-1(2H)-yl)-2.2-
dipyridin-3-
ylethyl]benzonitrile
(2)-1-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)pyridin-2(1H)-one

(#)-3-[2-hydroxy-1-(1H-
pyrazol-1-y1)-2,2-
dipyridin-3-
ylethyl|benzonitrile
(21
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl}pyridazin-3(2H)-
one

(£)-4-[2-hydroxy-1-(2-
oxopyridin-1(2H)-yl1)}-2,2-
dipyridin-3-
ylethyl]benzonitrile

1-[1-(4-fluoropheny!)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]pyridin-2(1H)-one
(enantiomer A)

-52-
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389.1417

389.1413

3952

370.2

368.1506

389.1416

395.1520

388.1
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1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyllpyridin-2(1H)-one
(enantjomer B)

(Z)-methyl 1{1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-
2-0x0-1,2-
dihydropyridine-3-
carboxylate

(£)-ethyl 1-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-1H-pyrazole-4-
carboxylate

(£)-1{1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyllpyrimidin-2(1H)-
one

(H)-1-[1-(4-
fluoropheny!)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-
2-0x0-1,2-
dihydropyridine-3-
carbonitrile

(£)-1-(2-hydroxy-1-
pyridin-2-yl-2,2-
dipyridin-3-
ylethyl)pyridin-2(1H)-one
(£)-2-phenyl-1,1-
dipyridin-3-yl-2-(1H-
1,2,3-triazol-1-yl)ethanol
(£)-1-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)pyrazin-2(1H)-
one

(£)-2-phenyl-1,1-
dipyridin-3-yl-2-(211-
1,2,3-triazol-2-yl)ethanol
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415.1786

389.2

413.1

371.1520

344.1505

3711516

344.1516




111

112

113

114

115

116

117

118

119

WO 2006/015159

@+ ()
: VS ) /
@4 ) v )
N\ / ) /

N= S

@) ()
) v ) J

(£)-methyl 1-[1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-
6-0x0-1,6-
dihydropyridine-3-
carboxylate

(£)-~5-bromo-1-[1-(4~
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]pyridin-2(1H)-one

(F)-1-1-(¢-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-
6-0x0-1,6-
dihydropyridine-3-
carbonitrile

(£)-1-(2-hydroxy-1,2,2-
tripyridin-3-
ylethyl)pyridin-2(1H)-one

(£)-2-(2-hydroxy-1-
pyridin-2-yl-2,2-
dipyridin-3-
ylethyDpyridazin-3(2H)-
one
(+)-2-(2-hydroxy-1,2.2-
tripyridin-3-
ylethyDpyridazin-3(2H)-one
1-(2-hydroxy-1-pyridin-2-
yl-2,2-dipyridin-3-
ylethyl)pyridin-2(1H}-one
(enantiomer A)
1-(2-hydroxy-1-pyridin-2-
yl-2,2-dipyridin-3-
ylethyl)pyridin-2(1H)-one
(enantjomer B)
(£)-1-(2-hydroxy-1-
pyridin-2-yl-2,2-
dipyridin-3-
ylethyl)pyrazin-2(1H)-
one

Z54-

61-

PCT/US2005/026868

446.5

468.2 (M+2)

413.5

371.4

372.5

372.2

3712

371.2
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120 N-.CHs (&)-2-(3-methyl-1F-1,2,4- 3511
© =§*<’N7Nr v=5N ] triazol- 5y 1,1-

dipyridin3-yl-2-
pyrrolidin-1-ylethanol

121 @‘% < > E (£)-1-[1-(4- 404.5
- fluorophenyl)-2-hydroxy-

— 2,2-dipyridin-3-ylethyl]-
=N )—OH 4-hydroxypyridin-2(LH)-

one

41 ()-1-phenyl-1,2- 344.1511

dipyridin-3-yl-2-(1H-
1,2,3+triazol-1-yl)ethanol
(Diastereomer A)

42 (i)-l-phenyl-l,z- 344.1512
dipyridin-3-yl-2-(1H-
1,2,3-triazol-1-yl)ethanol
(Diastereomer B)

4-3 (i)—l-phenyl- l-pyridjn-z- 144.1504
y1-2-pyridin-3-y1-2(1H-
1,2,3-triazol-1-yl)ethanol

(Diastersomer A)

44 (£)-1-phenyl-1-pyridin-2- 344 1513
yl-2-pyridin-3-y1-2-(1H-
1,2,3-triazol- 1-yl)ethanol

(Diastereomer B)

(£)-4-[2-hydroxy-2,2- 369.1477
dipyridin-3-yl-1-(1B-

1,2,3-triazol-1-

yl)ethyl]benzonitrile

4-6 (£)-1-(2-hydroxy-2- 3703
phenyl-2-pyridin-2-yl-1-
pyridin-3-ylethyl)pyridin-

2(1H)-one

-55-

-62-
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4.7

4-8

49

4-11

4-12

4-13

4-14

(£)-1-(2-hydroxy-2-
phenyl-1,2-dipyridin-3-
ylethyDpyridin-2(1H)-one
(Diastereomer C)

(£)-1-(2-hydroxy-2-
phenyl-1,2-dipyridin-3-
ylethyDpyridin-2(1H)-one
(Diastereomer D)

(H)-1-(2-hydroxy-2-
phenyl-2-pyridin-2-yl-1-
pyridin-3-ylethyl)pyrazin-
2(1H)-one

(£)-2-(6-bromopyridin-3-
yl)-1,1-dipyridin-3-y1-2-
(1H-1,2,3-triazol-1-
vDethanol

(£)-3-[1-hydroxy-2-(2-
oxopyridin-1(2H)-y1)-2-
pyridin-2-yl-1-pyridin-3-
ylethyl]benzonitrile
(Diastereomer X)

(£)-3-[1-hydroxy-2-(2-
oxopyridin-1(2H)-yl)-2-
pyridin-2-yl-1-pyridin-3-
ylethyl]benzonitrile
(Diastereomer Y)

(£)-3-(2-hydroxy-1-
pyridin-2-yl-2,2-
dipyridin-3-ylethyl)-1,3-
oxazinan-2-one
(£)-3-[26-
bromopyridin-3-yl)-1-
hydroxy-1-pyridin-3-y1-2-
(1H-1,2,3-triazol-1-
yl)ethyljbenzonitrile
(Diastereomer A)

_56-

63-
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3703

370.3

371.3

423.0582

395.2

3952

377.1607

447.0558
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415 (#)3-[2-(6- 447.0559
bromopyridin-3-yl)-1-
hydroxy-1-pyridin-3-yl-2-
(LH-1,2,3-triazol-1-
ylethyljbenzonitrile

(Diastereomer B)

4-16 (£)-3-[1-hydroxy-1,2- 369.1457
dipyridin-3-yl-2-(1H-

1,2,3-triazol-1-

yl)ethyl]benzonitrile

4-17 (2)-3-[1-hydroxy-2- 369.1464
pyridin-2-yl-1-pyridin-3-
yI-2-(1H-1,2,3-triazol-1-
yl)ethyl]benzonitrile

(Diastereomer A)

4-18 (i)-3—[1-hydr0xy-2— 369.1464
pyridin-2-yl-1-pyridin-3-
y1-2-(1H-1,2,3-triazol-1-
yl)ethyl]benzonitrile

(Diastereomer B)

4-19 (i)-3—(2—hydroxy— 1- 376.1646
phenyl-2,2-dipyridin-3-
ylethyl)-1,3-oxazinan-2-

@=§’@y=§——N/_> one

4-20 (#)-3-[1-hydroxy-2~(2- 4011
ox0-1,3-0xazinan-3-y1)-2-
pyridin-2-yl-1-pyridin-3-
ylethyl]benzonitrile

421 (£)-1-(2-hydroxy-1-pyridin- 396 4
2-y1-2,2-dipyridin-3-ylethyl
2-0x0-1,2-dihydropyridine~

©=§ _{:—} Y=§~N>/=_>_CN carbonitrile
g

-57-
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SCHEME $

_ 0 O
How)k amine TMSCHN, Li Y
H HO. T weo " HO
0 ArB(OH), Y ¥ e
o 0

The variables C, B, and Y in the scheme are a5 defined in "Formula I”,

EXAMPLE 122
(2)-3-(2-hydroxy-2.2~dipvridin-3-yl-1-pvirolidin-1-ylethyl)benzonitrile

Step A:
To a mixture of glyoxylic acid monohydrate (1.54 g), pyrrolidine (1.19 g), and 220 mL

acetonitrile was added 3-bromopheny] boronic acid (3.35 g). The reaction was heated at 80 C for 93 h.
After cooling to room temperature, volatiles were removed in vacuo, and the residue was dissolved in 75
mL of benzene and 38 mL of methanol. Trimethylsilyldiazomethane (2M in hexanes, 16.7 mL) was
added via syringe, and the reaction was stirred at room temperature for 2.5 h. The volatiles were
removed in vacuo, and the residue was purified by flash chromatography to provide 1.53 g of methyl (3-
bromophenyl)(pyrrolidin-i~yl)acetate. MS 298, 300 (Br).

A solution of 3-bromopyridine (1.62 g) in 40 mL of diethyl ether was cooled to -78 C. n-BuLi
(2.87 M in hexanes, 3.6 mL) was added via syringe, and the resulting mixture was stirred for 15 min. A
solution of methyl (3-bromophenyl)-(pyrrolidin-1-yl)acetate (1.53 g) in 10 mL of THF was added via
cannula. The reaction was stirred for 5 min at -78 C then for 2.5 h at 0 C. After quenching with
saturated aqueous NH,CI, the mixture was partitioned between ethyl acetate and saturated aqueons
NaHCQs;. The aqueous solution was extracted once with ethy] acetate, and the combined organic
solutions werc dried (Na,SOy) and concentrated in vacuo. Flash chromatography provided a solid that
was triturated with diethyl ether to give 893 mg of 2~(3-bromophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-
ylethanol, HRMS caled for CoHpBrN-O (M+H)": 424.1019; found: 424.1025. 'H NMR (CDCl, 500
MHz) 8 9.11 (d,J=2.4 Hz, 1H); 8.51-8.48 (m, 2H); 8.14-8.11 (m, 2H); 7.60 (ddd, J= 1.6, 2.3,
8.2 Hz, 1H); 7.46 (t, J=3.5 Hz, 1H); 7.29 (dd, T =4.8, 8.1 Hz, 1H); 7.20 (t, ] = 8.7 Hz, 2H);
6.97-6.92 (m, 2H); 5.94 (s, 1H); 4.44 (5, 1H); 2.26 (m, 4H); 1.63 (m, 4H).
Step C:

2-(3-bromophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol (40 mg, 0.094 mmol), Pdx(dba)s
(3 mg, 0.003 mmol), dppf (4 mg, 0.008 mmol), Zn(CN); (22 mg, 0.189 mmol) and zinc powder (1 mg,

_58-

-65-
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0.011 mmol) were combined in a flask, purged with argon, and then 1.5 mL DMA was added. This
mixture was heated at 120 °C for 3.5 hthen cooled to room temperature. The reaction mixture was then
diluted with EtOA¢ and washed with 2N aqueous NH,OH (1x). The organic layer was dried aver Na,SO,
and concentrated. The resulting viscous liquid was purified by reverse phase HPLC. Pure fractions were
combined and extracted from saturated aqueous NaHCO; with CH,Cl, (3x). The combined organic
extracts were dried over Na,SO, and concentrated to yield the titled compound as a white solid (22 mg,
63%). HRMS calcd for Cy3Hy,N,O (M+H)': 371.1853; found: 371.1867. "H NMR (CDCls, 500 MHz) §
9.11(d, =22 Hz, 1H); 8.51 (dd, J=1.2, 4.6 Hz, 1H); 8.47 (d, ] = 1.9 Hz, 1H); 8.13 (m, 2H); 7.64 (s,
1H); 7.59 (m, 1H); 7.53 (br d, J= 6.6 Hz, 1H); 7.37 (d, J = 7.8 Hz, 1H); 7.51 (dd, T=4.6,7.8 Hz, 1H);
721 (t,J="7.8 Hz, 1H); 6.94 (dd, J = 4.6, 8.1 Hz, 1H); 5.71 (br, 1H); 5.30 (s, 1H); 2.25 (br d, J=26.9
Hz, 4H); 1.65 (s, 4H).

The following compounds were made according to Scheme 5, where intermediates in the
scheme were modified according to literature methods. Example 181 was prepared by acid deprotection
of the corresponding fert-butyl carbamate derivative. Examples 182-189 were prepared by fluoride-
mediated deprotection of the corresponding primary or secondary zers-butyldimethylsilyl ethers.

Example 192 was prepared by trifluoroacetic acid deprotection of Example 191, and Examples 193-201

were prepared in likewise fashion from the corresponding 4-methoxybenzyl amines.

EXAMPLES 123-201
Example Compound Name MS (M+1
123 ©=§_©_()CH3Y=;_N<] (+)-2-(4-methoxyphenyl)-  376.2047
1,1-dipyridin-3-y1-2-
pyrrolidin-1-ylethanol

124 R (2)-2-(2-fluorophenyl)-1,1-  364.1817
© =§@ ngkN(] dipyridin-3-yl-2-pyrrolidin-

1-ylethanol
125 F (£)-2-(3-fluorophenyl)-1,1-  364.1816

. dipyridin-3-yl-2-pyrrolidin-

= —< f) =N

@ % YE G 1-ylethanol

126 @=§_@FY=§_N® (1)-2-(4-fluorophenyl)-1,1-  364.1817

dipyridin-3-yl-2-pyrrolidin-
T-ylethanol

b #)-2-33-
©= ’Q’OCH’ V=§_'(\j_F difluoropyrrolidin-1-yl)-2-
(4-methoxyphenyl)-1,1-
dipyridin-3-ylethanol
128 OCHs (£)-2-(2-methoxyphenyl)-  376.2039

1,1-dipyridin-3-yl-2-
_ N »1-d1pyT Y
@ §‘© Y=3 (j pyrrolidin-1-ylethanol

129 Pofs (£)-2-(3-methoxyphenyl)-  376.2042
©=§O Y=§—N:] 1,1-dipyridin-3-y1-2-

pyrrolidin-1-ylethanol

127 412.1849

-59-

-66-
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Cl

© s@ 'S

Cl

@=s@ 'S
@© =§-©—c1 Y= §—N<j

@+ (T

E

©+ Q0

@+ T

E

@ =§\©—F y=§— <:|

OCH;

e+ w0

=§—NC><>NC(0)occc»-13)3

(+)-2-(2-chlorophenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
(£)-2-(3-chlorophenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
(#)-2-(4-chlorophenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol

(£)-2-3,3-
difluoropyrrolidin-1-yI)-2-
(4-fluorophenyl)-1,1-
dipyridin-3-vlethanol
(£)-2-(3.4-difluorophenyl)-
1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol
(H)-2-(3,3-
diftuoropyrrolidin-[-yl)-2-
(3-methoxyphenyl)-1,1-
dipyridin-3-ylethanol
(£)-2-(2,4-difluorophenyl)-
1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol
(£)-2-(3-methoxyphenyl)-2-
piperidin-1-yI-1,1-dipyridin-
3-ylethanol
(£)-2-(4-fluorophenyl)-2-
piperidin-1-yl-1,1-dipyridin-
3-ylethanol
(£)-2-(2-fluoro-3-
methoxyphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
(£)-2+2,6-difluorophenyl)-
1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol

(+)-2-(3-methoxyphenyl)-
1,1-dipyridin-3-yl-2-[4-
(trifluoromethyl)piperidin-1-
yl]ethanol

(+)-tert-butyl 7-[2-hydroxy-
1-(3-methoxyphenyl)-2,2-
dipyridin-3-ylethyl]-2,7-
diazaspiro[3.5]nonane-2-
carboxylate

-60 -
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380.1536

380.1525

380.1546

400.1646

382.1722

412.1837

382.1722

390.2173

378.1973

394.1929

382.1719

458.2077

531.2993
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CH,OCH;

@ =%—@—CH; y:E—N(j

© =§OCHZCHECH3
Y=§—ﬁ:]

OCH,CHs

2-((@1)-2- .
(methoxymethyl)pyrrolidin-
1-y1]-2-phenyl-1,1-dipyridin~
3-ylethanol (1:1 mixture
diastereomers)
(£)-2-(4-tert-butylphenyl)-
1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol

(£)-2-(4-ethylphenyl)-1,1-
dipyridin-3-y1-2-pyrrolidin-
1-ylethanol

(£)-2-(2-methylphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
(£)-2-(3-methylphenyl)-1,1-
dipyridin-3-y1-2-pyrrolidin-
1-ylethanol
(£)-2-(4-methylphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
(+)-2-(4-propylpbenyl)-1,1-
dipyridin-3-y}-2-pyrrolidin-
1-ylethanol

(+)-2-(2-ethoxyphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol

()-2-(3-ethoxyphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
i-ylethanol

()-2-(1,3-benzodioxol-5-
y1)-1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol
(2)-1,1-dipyridin-3-yl-2-
pyrrolidin-1-y1-2-[3-
(trifluoromethoxy)phemnyl]et
hanol
(#)-1,1-dipyridin-3-y1-2-
pyrrolidin-1-y1-2-[4-
(trifluoromethoxy)phenyl]et
hanol
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390.2175

402.2554

374.2264

360.2093

360.2079

360.2078

388.2379

390.2184

390.2188

390.1819

430.1738

430.1736
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156

157

158

159

160

161

162

163

164

165

166

167

168

CH,

Y=§—N<j

OCF,

® %-@ v

@+ (s

o ees

© sd thﬁ )

o S
o

@) (]
@+ (J

(£)-2-(4-fluoro-2-
methoxyphenyl)-1,1-
dipyridin-3-y1-2-pyrrolidin-
1-ylethanol
(£)-2-(4-fluoro-2~
methylphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
{£)-2-(4-fluoro-3-
methylphenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
()-2-[4-(1h-pyrazol-1-
yl)phenyl}-1,1-dipyridin-3-
yI-2-pyrrolidin-1-ylethanol

(+)-1,1-dipyridin-3-y1-2-
pyrrolidin-1-y1-2-[2-
(trifluoromethoxy)phenyljet
hanol
(%)-2-(4-fluoropiperidin-1-
¥D-2-(3-methoxyphenyi)-
1,1-dipyridin-3-ylethanol
()-2-(4,4-difluoropiperidin-
L-y1)-2-(3-methoxyphenyl)-
1,1-dipyridin-3-ylethanol
(:£)-2~(3,3-difluoropiperidin-
1-y1)-2-(3-methoxyphenyl)-
1,1-dipyridin-3-ylethanol
(£)-2-(3-fluoropiperidin-1-
y1)-2-(3-methoxyphenyl)-
1,1-dipyridin-3-ylethanol
(L:1 mixturc diastereomers)
(£)-2-(2-bromophenyl)-1,1-
dipyridin-3-y1-2-pyrrolidin-
1-ylethanol
()-2-(4-bromophenyl)-1,1-
dipyridin-3-y1-2-pyrrolidin-
1-ylethanol
(£)-2-[allyl(methyl)amino]-
2-phenyl-1,1-dipyridin-3-
ylethanol
(£)-2-(3-bromophenyl)-1,1-
dipyridin-3-yl-2-pyrrolidin-
1-ylethanol
2-[(38)-3-fluoropyrrolidin-1-
y1]-2-(3-methoxyphenyl)-
1,1-dipyridin-3-ylethanol
62 -
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394.1921

378.1975

378.1970

4122120

430.1743

408.2091

426.1988

426.1995

408.2097

424.1021

424.1021

346.1923

424.1025

394.1931
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(diastereomer A)
169 . 4:> N, (8)-2-(33-difluoroazetidin-  368.1568
@ § : TF 1-y1)-2-phenyt-1,1-dipyridin-
3-ylethanol
170 . @ ey e ()23 3-difluoroazetidin-  386.1466
©- % <>L 1-y1)-2-(4-fluorophenyl)-1,1-
dipyridin-3-ylethanol
171 - oo (+)-1,1-dipyridin-3-yl-2- 352.1485
© -+ v J pyrrolidin-1-y1-2-(3-
thienyl)ethanol
172 =é—© . O (2)-2-(3-furyl)-1,1- 336.1704
© % v dipyridin-3-yl-2-pyrrolidin-
1-ylethanol

173 . _</\/© e (&)-2-(1-benzothien-2-yl)-  402.1649
@=L vt J 1,1-dipyridin-3-yl-2-
pyrrolidin-1-ylethanol

174 < ‘; (+)-2-(4-fluorophenyl)-2-(3-  380.1765
@ "g F methoxyazetidin-1-y1)-1,1-
= %"‘N<>— OCH,8 dipyridin-3-ylethanol

s +)-2-(5-chloro-2-thienyl 386.1110
175 @ =§_@\C|Y=§_NG (£)-2-(5~chioro-2-thienyl)-

1,1-dipyridin-3-y}-2-
pyrrolidin-1-yiethanol

176 R fPers . (#)-2-(33-diffuoroazetidin-  416.1573
CF: veiNOF  LyD)-2-2-fluoro-3-
methoxyphenyl)-1,1-
dipyridin-3-ylethanol

177 F ¢ (D-2-(-chlorophenyl)-2-  402.1183
© -+ vi-n(MLF  (33-diftuoroazetidin1-yl)-
1,1-dipyridin-3-ylethano!
178 QCHy ; (B2(3-difluoroazetidin-  398.1674
©) =§© y:E—Ny—F 1-y1)-2-(3~methoxyphenyl)-

1,1-dipyridin-3-ylethano}

179 = F 2 [(3RAR)-3,4- 382.1744
© =}——@ Y%_N:j; difluoropyrrolidin-1-y1}-2-

phenyl-1,1-dipyridin-3-
ylethanol (diastereomer A)

150 P 2[BRAR)IA- 382.1740
© =§@ Y=§~N\/-r,, difluoropyrrolidin-1-y1]-2-

phenyl-1,1-dipyridin-3-
ylethanol (diastereomer B)
181 cl H 2-(3-chlorophenyl)-2- 407.1617
@+ ) Y=§_‘§\N [(15:49)25-
1 diazabicyclo[2.2.1]hept-2-
yl]-1,1-dipyridin-3-ylethanol
(2:1 mixture diastereomers)
182 PH - (3)-1-(2-hydroxy-1-phenyl-  376.2010
E_NS 2,2-dipyridin-3-
ylethyl)piperidin-3-ol (1:1
- 63 -

-70-
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185

186

187

188

189

190

191

192
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® EO §—C§ H

OCF3
OH
©+) (T
Cl GH,0H
®+0) v
GHoOH

O+ oot

CEaY,

SO,N(CHg)z

m

CR R WA IR

mixture diastercomers)
(£)-3-[2-hydroxy-1-(3-
hydroxypiperidin-1-y1)-2,2-
dipyridin-3- '
ylethyl]benzonitrile (2:1
mixturc diastereomers)
(£)-1-[2-hydroxy-1-(3-
methoxyphenyl)-2,2-
dipyridin-3-
ylethyl]piperidin-4-ol
(3R)-1-[1~(3-chlorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]pyrrolidin-3-o] (1:1
mixture diastereomers)
(3R)-1-[1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]pyrrolidin-3-o01 (1:1
mixture diastereomers)
(3R)-1-{2-hydroxy-2,2-
dipyridin-3-yl-1-[3-
(trifluoromethoxy)phenyl]et
hyl}pyrrolidin-3-ol (1:1
mixture diastereomers)
2-(3-chlorophenyl)-2-[(2S)-
2-
(hydroxymethypyrrolidin-
1-y1]-1,1-dipyridin-3-
ylethanol (diastereomer A)
2-(4-fluorophenyl)-2-[(2S)-
2-
(hydroxymethyl)pyrrolidin-
1-y1]-1,1-dipyridin-3-
ylethanol (diastereomer A)
(£)-1-(2-hydroxy-1-phenyl-
2,2-dipyridin-3-ylethyl)-n,n-
dimethylpiperidine-3-
sulfonamide (diastereomer
A)

(£)-2-[cyclobutyl(4-
methoxybenzyl)amino-2-(4-
fluorophenyl)-1,1-dipyridin-
3-ylethanol

(£)-2~(cyclobutylamino)-2-
phenyl-1,1-dipyridin-3-
ylethanol

_64 -

71-

PCT/US2005/026868

401.1947

406.2132

396.1490

380.1770

446.1694

410.1642

394.1943

467.2109

484.2425

346.1918
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193

194

195

196

197

198

199

200

WO 2006/015159

@+ ()
CER W@
@ 4 v-incro,
CERW R L
CERWIE ST

OCH;
®+) vim

Cl

@+ e
@)

(+)-2-(cyclopentylamino)-2-
phenyl-1,1-dipyridin-3-
ylethanol

()-2-(cyclohexylamino)-2-
phenyl-1,1-dipyridin-3-
ylethanol
(+)-2-(ethylamino)-2-
phenyl-1,1-dipyridin-3-
ylethanol
(+)-2~(cyclobutylamino)-2-
(4-fluorophenyl)-1,1-
dipyridin-3-ylethanol
(+)-2-phenyl-1,1-dipyridin-
3-yl-2-0(2,2,2-
trifluoroethyl)amino]ethanol
(£)-2-phenyl-1,1-dipyridin-
3-yl2-[(2,2,2-
trifluoroethyl)amino]ethancl

(2)-2-(3-chlorophenyl)-2-
(cyclobutylamino)-1,1-
dipyridin-3-ylethanol
()-2-(4-fluorophenyl)-1,1-
dipyridin-3-y1-2-[(2,2,2-

PCT/US2005/026868

360.2075

3742230

320.1769

364.1818

374.1471

376.2016

380.1521

392.1378

y= E_N HCH,CF; trifluoroethyl)amino]ethanol

201 o
© =§—© Y=}-NHCH,GF,

(#)-2-(3-chlorophenyl)-1,1-  408.1100

dipyridin-3-y1-2-[(2,2,2-
trifluoroethyl)amino]ethanol

The following compounds were made from compounds in Examples 1-201, using methods
known to those skilled in the art. Examples 202, 203, 281 and 284 were prepared by acid deprotection of
Examples 48, 49, 142 and 17, respectively. Example 217 was prepared by acid deprotection of the
corresponding zers-butyl carbamate. Examples 204-280, 282 and 285, were prepared from Examples
202,203, 217 or 284 by acylations or reductive aminations or combinations of both. Example 283 was
prepared by O-alkylation of Example 1. Example 286 was prepared by trifluoroacetic acid treatment of
Example 77, and Example 287 was prepared from Example 286. Example 288 was prepared by MnO,
oxidation for Example 33. Examples 289 and 290 were prepared by reduction of Examples 82 and 104,
respectively. The acid 291 was prepared from bromide 165 by palladium mediated carbonylation, and
was converted to amides 292 and 293 by standard amide coupling. Amides 295 and 296 were prepared
in likewisc fashion from the carboxylic acid derived from carbonylation of bromide 167, and ester 294
was prepared from the same acid using trimethylsilyldiazomethane. Example 297 was prepared by
hydrolysis of Example 103. Example 298 was prepared by palladium mediated cyanation of bromide 38.

- 65 -

-72-
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Example 299 was prepared from example 166 by olefin dihydroxylation, and Example 300 was prepared

from example 299 by NalO, oxidative cleavage followed by sodium borohydride reduction. Example

301 was prepared by oxidation of example 51, and 301 was converted to 302 using excess methyl

Grignard.

Example
202

203

204

205

206

208

209

EXAMPLES 202-302 and 5-1

Compound

G g N
© =§© Y=§ —NH,

@)
Y=} »uNHC(O)CH,0CH, -@

© =)

Y=§ 1iNHC(0)CH,0CH;

©+4)

Y=§ INHC(O) KOH

©-)

Y=§ —=NHC(O)CH,OCHs

Y= —NHG(O)CH,OCH, @

@+ )

Y=} —NHSO,

Name
(25)-2-amino-2-phenyl-1,1-
dipyridin-3-ylethano]

(2R)-2-amino-2-phenyl-1,1-
dipyridin-3-ylethanol

2-(benzyloxy)-N-[(15)-2~
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyl]acetamide
N-[(18)-2-hydroxy-1-phenyl-
2,2-dipyridin-3-ylethyl]-2-
methoxyacetamide

1-hydroxy-N-{(1.5)-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyljcyclopropanecarbox
amide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl])-2-
methoxyacetamide
2~(benzyloxy)-N-[(1R)-2-
hydroxy-1-phenyl-2,2~
dipyridin-3-ylethyl]-
acetamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]benzenesulfonamide

-66-

73-

MS (M+1)

292.1454

292.1455

440.1970

364.1657

376.1664

364.2

440.1974

4322
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210

211

212

213

214

215

216

217

218

219

CESW)

Y=§ —NHS0,CH,

©=4

Y=} —~=NHC(0)CH,0

@+
Y=} ~=NHC(O)CH;NHG(0) —@

@+

Y=§—-NHG(O){:HZNH(:(O)OC(CHs)3

©-<
Y=3—=NHSO,(CHy), —@

CEa®

Y= —=NHSO0,{CHa)g

@+ )

Y=§ —NHC(0)OC(CHy);
® =;OF Y=§—NH,
@)
Y=§—NHG(0) T~

Ay
® =g~©—p

Y=§—=NHG(0) —y==

O A~
0

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-1-
phenylmethanesulfonamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-
phenoxyacetamide
(1R)-N"-benzoyl-N'-(2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyl)glycinamide
(1R)-N*-Boc-N"-(2-hydroxy-
1-phenyl-2,2-dipyridin-3-
yletbyDglycinamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-
phenylethanesulfonamide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-3-phenylpropane-1-
sulfonamide

tert-butyl (1R)-1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethylcarbamate

(2R)-2-amino-2-(4-
fluorophenyl)-1,1-dipyridin-
3-ylethanol
N-[(1R)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-5-phenylisoxazole-
3-carboxamide

N-[(1R)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-3-phenylisoxazole-
S-carboxamide

-67-

-74-

PCT/US2005/026868

446.3

426.4

453.2

449.5

460.0

474.2

410.1879

310.2

481.3

481.3
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220

221

222

223

224

225

226

227

228

229

©§=§_@F

Yo} —nHo(0

©-+ )
Y=3—NHC(O)%

@+
Y=§iNHC(0) .<>

00 .,
Y=§ -+ uNHC(0) A@

OCH,3

Y=§ —NHC(0) O

¥=§ —NHC(0) —<]

N-[(1R)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridio-3-
vylethy1]-3-phenyl-1H-
pyrazole-S-carboxamide

N-[(1LR)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-3-pyridin-2-y1-1H-
pyrazole-5-carboxamide

N-[(18)-2-hydroxy-1-phenyl-
2,2-dipyridin-3-
ylethyl]cyclobutanccarboxa

mide

N-[(1S)-2-hydroxy-1-pheny!-
2,2-dipyridin-3-ylethyl]-1-
(trifluoromethyl)cyclobutane
carboxamide

N-ethyl-N'-[(15)-2-hydroxy-
1-phenyl-2,2-dipyridin-3-
ylethyllurea
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl}-3-
methoxybenzamide
(1R)-ethyl {[(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)amino]carbonyl}carb
amate
(1R)-N-ethyl-N'-(2-hydroxy-
1-phenyl-2,2-dipyridin-3-
ylethylyurea

(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-N-phenylurea

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyIJcyclopropanecarbox
amide

-68 -

-75-

PCT/US2005/026868

480.6

481.3

374.1886

4421736

363.1816

426.1801

4071717

363.1815

411.1816

360.1
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230

2
W
&)

233

234

235

236

237

238

CERY.

Y=} —=NHC(0) -—<>

0+0
v=§ -—NHC(O)/D

Y=§—NHCH2 —@

CEaY

Y=§ —NHC(0)CH(CF2)(OH)

© -4

Y=§ ~=NHC(O)CF3

©-+<( )

Y=} —NHG(O)(CHa)z

@)

Y=§ —N(CH)C(0)

N~

0

(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)cyclobutanecarboxa
mide

(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-1-
(triflucromethyl)cyclobutane
carboxamide

benzyl [(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]carbamate

phenyl [(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyllcarbamate

(1R)-3,3,3-trifluoro-n-(2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyl)propanamide

(2R)-2-phenyl-2-[(1H-
pyrazol-5-ylmethyl)amino]-
1,1-dipyridin-3-ylethanol

(1R)-3,3,3-trifluoro-2-
hydroxy-N--(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)propanamide
(1R)-2,2,2-trifluoro-N-(2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyl)acetamide
(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-3-
phenylpropanamide
(1R)-N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-N-methylbenzamide

-69-

-76-

PCT/US2005/026868

374.1855

4421714

426.1799

412.1655

402.1405

372.1825

418.1369

388.1283

424.2017

410.1860
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240

241

242

243

244

245

246

247

248

249

Y=§ ~=NHC(0)

@ =§@ OCH;s
-0

CER W
Y=} —=NHG{O)CH, —@

¥=§ —NHG(OXCH)s
N/
HO: Q

N
o]
N
O
OC(CHz)s

©-+O
Y=} —~NHG(O)(CHZC(0) —@

(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-~3-
ylethyl)-2-
methoxybenzamide

(1R)-N-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-2-phenylacetamide

{1R)-2<(benzylamina)-2-
phenyl-1,1-dipyridin-3-
ylethapol

(1R)2-
[(cyclopropylmethyl)amino]
-2-phenyl-1,1-dipyridin-3-
ylethanol

(1R)-2-
[(cyclohexylmethyl)amino}-
2-phenyi-1,1-dipyridin-3-
ylethanol

@R)2-
[(cyclopentylmethyl)amino]-
2-phenyl-1, 1-dipyridin-3-
ylethanol

(1R N--(2-hydroxy-1-
pheny!-2,2-dipyridin-3-
ylethyl)-4-phenylbutanamide
tert-buty! [(18)-1-({[(1LR)-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethylJamino}carbonyl)-3-
phenylpropyl|carbamate

tert-butyl [(1R)-1-({[(1R)-2-
hydroxy-1-phenyl-2.2-
dipyridin-3-
ylethyl]amino}carbonyl)-3-
phenylpropyljcarbamate

N-{(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-4-ox0-4-
phenylbutanamide

-70-

77-

PCT/US2005/026868

426.4

410,860

382.1912

346.1913

388.2381

374.2218

438.2174

5563.2786

5632787

452.1950
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250

251

252

253

254

255

256

Y=} —=NHC(O)

G W)
y=} ——NHC(O)(C[-IZ)Q?H @

NHCHz
@+

Y=§ —NHC(O)(CHy)2 ol

(25)-2-amino-N-[(1R)-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-ylethyl|-4-
phenylbutanamide

(2R)-2-amino-N-[(1R)-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-ylethyl]-4-
phenylbutanamide

trans-N-[{1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-
phenylcyclopropanecarboxa
mide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-4-(methylamino)-4-
phenylbutanamide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-3-(1H-indol-3-
yl)propanamide
(28)~-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-
[(methylsulfonyl)amino]-4-
phenylbutanamide

(28)[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl}-2-

[(methylsulfonyl)amino]-4-

phenylbutanamide

-71-

-78-

PCT/US2005/026868

453.2269

453.2268

436.2015

467.2435

463.2127

531.2051

531.2054
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259

260

261

262

263

264

265

HSC(O)C;§ \—Q

AN
HO 0

—( HN
N/
HC(O)CHN

CERY,

Y=§ ——NHC(O)(GHz)zcl:H
OH

@44y
N
Y=§ —NHC(O)(CHa)s 4<_J\>:>

@+
Y=} —KHC(O)CH, —NCN—@

CERW) 7’©
Y={ —NHC(0)CH, _<\S’ T

©0+0
Y=§ —=NHC(O)CH,S “(\z:©

©- )

N
Y=} —NHC(O)(CHy)z —Ng

@+ 8
Y=§ —~NHC(O)(CHy), — N

(2S)-2~(acetylamino)-N-
[(IR)-2-hydroxy-1-phenyl-
2,2-dipyridin-3-ylethyl]-4-
phenylbutanamide

(2R)-2-(acetylamino)-N-
[(1R)-2-hydroxy-1-phenyl-
2,2-dipyridin-3-ylethyl]-4-
phenylbutanamide

4-hydroxy-N-[(1R)-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-ylethyl]-4-
phenylbutanamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
vlethyl}-4-(5,6,7.8-
tetrahydro-1,8-naphthyridin-
2-yDbutanamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-(4-
phenylpiperazin-1-
yl)acetamide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-2-(2-phenyl-1,3-
thiazol-5-yl)acetamide
2-(1,3-benzothiazol-2-
ylthio)--N-[(1R)-2-hydroxy-
1-phenyl-2,2-dipyridin-3-
ylethyl]acetamide
3-(1-H-benzimidazol-1-yl)-
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]propanamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-3-(1-H-pyrazol-1-
ylpropanamide

-72-

-79-

PCT/US2005/026868

405.2394

405.2305

4542137

494 2547

494.2552

493.1699

499.1249

464.2077

414.1927
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266

267

268

269

270

271

272

273

274

275

CERW)

/N\
Y=§ —NHG(O)(CHa)2 —N\;/

@ =§© =N
Y=§ —NHC(O)CH2)2 _<N- j

CES W
¥=§ —=NHC(O)CHy), —/—NH
O
- \
CERY)
¥=f () —CN/\@
Z

CEaW
Y=§ —=NHC(0) ACN”{, i/>

@)

¥=§ —=NHC(OHCHs

@)+

Y=§ ~NHC(O)CH,0CH,

@)
Y=§ —NHC(0)OCH, @

Y=§ —NHC(0)O(CHy),

@+
Y=§ —<NHC(O)(CHy)s —@N

\_/

N-[(1-R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-3-(3-methyl-1-h-
pyrazol-1-yl)propanamide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-3-pyrazin-2-
ylpropanamide

3-(2-hydroxy-2,3-dihydro-
1,3-benzoxazol-2-yl)-N-
[(1R)-2-hydroxy-1-phenyl-
2,2-dipyridin-3-
ylethylJpropanamide

N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-1-(pyridin-3-
ylmethyl)piperidine-4-
carboxamide
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-1-pyrimidin-2-
ylpiperidine-4-carboxamide

N-[(1R)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-4-phenylbutanamide

2-(benzyloxy)-N-[(1R)-1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]acetamide

benzyl [(1R)-1-(4-
fluoropheny!)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]carbamate

2-phenylethyl [(1R)}-2-
hydroxy-1-phenyl-2,2-
dipyridin-3-
ylethyl]carbamate
N-[(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-4-pyridin-4~
ylbutanamide

-73-

-80-

PCT/US2005/026868

428.2076

426.1920

483.2040

494.2562

481.2350

456.2089

458.1885

4441725

440.1907

439.2129
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276

277

279

280

280a

281

282

284

@+ )
v=§ —NHC(O)—CE

(CHAICHs
QCHa
CEE WA E et
Y=3—N  NC(O)CH,OH
/ g

N-[(1R)-1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-1-phenyl-1H-
pyrazole-4-carboxamide

N-[(1R)-1-(4-fluorophenyl}-
2-hydroxy-2,2-dipyridin-3-
ylethyl]-4-(6-oxopyridazin-
1(6H)-yDbutanamide

N-[(1R)-1~(4-fluoropheny])-
2-hydroxy-2,2-dipyridin-3-
ylethyllpyrazolo[1,5-
aJpyridine-2-carboxamide

N-{(1R)-2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl]-5-phenyl-2-
furamide

(2R)-2-phenyl-2-{[(1-
phenyl-1h-pyrazol-4-
yDmethyl]amino}-1,1-
dipyridin-3-ylethanol

(t)-N-[ 1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]-5-propylisoxazole-
3-carboxamide

(£)-2-2,7-
diazaspiro[3.5non-7-y1)-2-
(3-methoxyphenyl)-1,1-
dipyridin-3-ylethanol
(£)-2-phenyl-2-(N-
hydroxyacetyl)-piperazin-1-
yl-1,1-dipyridin-3-ylethanol

(£)4-(2-methoxy-1-

phenyl-2,2-dipyridin-3-
ylethyl)morpholine

(x)-2-phenyl-2-piperazin-
1-y1-1,1-dipyridin-3-
ylethanol

-74 -

-81-

PCT/US2005/026868

480.1830

474.1928

454.1688

462.1818

448.2136

4471849

461.2435

419.2097

376.2023

361.2020
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285

286

287

288

289

290

291

292

293

295

©+4)

Y={—N  NC({O)CH
\_/ (O)CH,

@+~
CEnYs:

Q
v} _N\»;NC(O)NHCHZCHS

_CHOH

@=%_® Y=§VN’\N;|,CH;OH

@ :E—Q‘C(O)OH
Y=§—N<j

(© =§‘©—C(O)NHCH3
Y=§~N<]

(© =§*@C(O}N{CH¢
y=§— (:]

C(O)OCH3
@44 v~

C(OIN(CHa),
®+()

C{O)NHCH;z

CE=E } vei—{J

()-2~(4-acetylpiperazin-
1-y1)-2-phenyl-1,1-
dipyridin-3-ylethanol

(2)-1-[1-(4-fluorophenyl)-
2-hydroxy-2,2-dipyridin-
3-ylethyllimidazolidin-2-
one

(#)-N-ethyl-3-[1-(4-
fluoropheny!)-2-hydroxy-
2,2-dipyridin-3-ylethyl]-2-
oxoimidazolidine-1-
carboxamide
(+)-2-phenyl-1,1-
dipyridin-3-yl-2-(1H-
pyzrol-1-yl)ethanol
(£)-2-[3~(hydroxymethyl)-1H-
pyrazo}-1-y1]-2-pyridin-2-yl-
1,1-dipyridin-3-ylethanol
(+)-2-[4-(bydroxymethyl)-
1H-pyrazol-1-yl]-2-phenyl-
1,1-dipyridin-3-ylethanol
(£)-4-(2-hydroxy-2,2-
dipyridin-3-yl-1-pyrrolidin-
1-ylethyl)benzoic acid

(+)-4-(2-hydroxy-2,2-
dipyridin-3-y1-1-pyrrolidin-
1-ylethyl)-N-
methylbenzamide
(F)-4-(2-hydroxy-2,2-
dipyridin-3-yl-1-pyrrolidin-
1-ylethyl)-N,N-
dimethylbenzamide
{)-methyl 3-(2-hydroxy-
2,2-dipyridin-3-yl-1-
pyrrolidin-1-
ylethyl)benzoate
(£)-3-(2-hydroxy-2,2-
dipyridin-3-yl-1-pyrrolidin-
1-ylethyl)-N,N-
dimethylbenzamide
(£)-3-(2-hydroxy-2,2-
dipyridin-3-yl-1-pyrrolidin-
1-ylethyl)}-N-
methylbenzamide

-82-

PCT/US2005/026868

403.2126

379.1575

" 450.1

342.1607

374.1624

373.2

390.1795

403.2108

417.2287

404.1956

4172301

403.2147
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298

299

300

301

302

5-1

(0)OH

v=3 ——Ot\g

Y=£ —N(CH,)CH,CH,0H
== o]
@+ -

CHy

©+H )=

O+
ey (CHaaCHs
v=4 —NHC(0>—<N:|)/

(#)-1-{1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]-2-ox0-1,2-
dihydropyridine-3-
carboxylic acid

(#)-3-(2-hydroxy-1-
morpholin-4-y1-2,2-
dipyridin-3-
ylethyl)benzonitrile
(£)-3-[(2-bydroxy-1-phenyl-
2,2-dipyridin-3-
ylethyl)(methyl)amino]propa
ne-1,2-diol (1:1 mixture
diastereomers)

(£)-2-
[hydroxyethyl(methyl)amino
1-2-phenyl-1,1-dipyridin-3-
ylethanol
(4)-1-(2-hydroxy-1-phenyl-
2,2-dipyridin-3-
ylethyDpyrrolidin-3-one
(#)-1-(2-hydroxy-1-
phenyl-2,2-dipyridin-3-
ylethyl)-3-
methylpyrrolidin-3-ol (5:1
mixture diastereomers)
()-N-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl}-5-propylisoxazole-
3-carboxamide

PCT/US2005/026868

432.1354

387.1817

380.1959

350.1851

360.1709

376.2009

4471849

The following fluorinated compounds werc made by treatment of Examples 1-201

compounds with DAST, in accordance with literature methods. Structures of compounds 303-319 are

represented by defining variables @ and “Y” of the structure

EXAMPLES 303-319
Name MS (M+1
(+)-3.3[2-(2,5-dihydro- 14~ 346.1719
pyrrol-1-y1)-1-fluoro-2-
phenylethane-1,1-

Example Compound

303 ® =§@ Y=§—N<]
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305

306

307

308

309

310

311

312

313

314

315

0

@0

@+ i
@+ (Y

HsC

OO 1-C

(©)=4~c(ocHs),

v=§ —N@

diyl]dipyridine
(£)-3,3-[2-(3-chlorophenyl)-
2~(3,3-difluoroazetidin-1-
y1)-1-fluoroethane-1,1-
diyl]dipyridine
(3R)-1-[2-fluoro-1-(3-
methoxyphenyl)-2,2-
dipyridin-3-
ylethyl]pyrrolidin-3-ol
(£)-3,3"-[1-fluoro-2-
pyrrolidin-1-y1-2-(3-
thienyl)ethane-1,1~
diyl}dipyridine
(£)-3,3'(1-fluoro-2-phenyi-
2-pyrrolidin-1-ylethane-1,1-
diyf)dipyridine
(%)-3,3-diflucro-1~[2-fluoro-
1-(2-fluoro-3-
methoxyphenyl)-2,2-
dipyridin-3-ylethyljazetidine
(+)-3,3"[1-fluoro-2-(4-
fluorophenyl)-2-piperidin-1-
ylethane-1,1-diyl]dipyridine
(%)-3,3[1-fluoro-2-(4-
methylphenyl)-2-pyrrolidin-
[-ylethane-1,1-
diyl{dipyridine
(£)-3.3[2-(1,3-
benzodioxol-5-y1)-1-fluoro-
2-pyrrolidin-1-ylethane-1,1-
diyl]dipyridine
()-N-ethyl-N-(2-fluoro-1-
phenyl-2,2-dipyridin-3-
ylethyl)cyclobutanamine
(1)-3,34[23.3-
difluoropyrrolidin-1-y1)-1-
fluoro-2-phenylethane-1,1-
diyl]dipyridine
()-3,3-[1-fluoro-2-(4-
fluoro-2-methylphenyl)-2-
pyrrolidin-1-ylethane-1,1-
diyl]dipyridine
(%)~3-fluoro-N,N-dimethyl-
3,3~dipyridin-3-yl-2-
pyrrolidin-1-ylpropanamide

77 -
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404.2

394.1921

354.1448

348.1871

4183

380.1938

362.2031

392.1822

376.2190

384.1681

380.1943

343.1932
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316 B (£)-3.3%{1-fluoro-2- 432.1736
@ < < > OCFs pyrrolidin-1-y1-2-[4-
y= E _Ng (trifluoromethoxy)phenyljet
) hane-1,1-diyl} dipyridine
317 CHa ()-3,3"[1-fluoro-2-(4- 380.1957
(©= EO‘r v=4 —Nij fluoro-3-methylphenyl)-2-
pyrrolidin-1-ylethane-1,1-
diyl]dipyridine
318 < > (£)-4-(2-fluoro-2,2- 373.1834
@ B g CN dipyridin-3-yl-1-pyrrolidin-
1-ylethyl)benzonitrile
= —NG
(£)-3-(2-fluoro-2,2- 373.1828

dipyridin-3-yl-1-pyrrolidin-

b {3
= Y=2—
@ § \_/ E 1-ylethyl)benzonitrile

The following compounds were made from 2-(3-{[zer#-butyl(dimethyl)silyl]oxy} azetidin-
1-y1)-2-(4-fluorophenyl)-1,1-dipyridin-3-ylethanol, which was prepared in accordance with scheme 5,
using methods known to those skilled in the art. Unless otherwise shown, structures of compounds 320-

334 and 335-342 are represented by defining variables @ and “Y” of the structure

EXAMPLES 320-334
Example Compound Name MS (M+1
320 @ 'E_OF (£)-1-[1-(4-fluorophenyl)-2-  366.1595
- hydroxy-2,2-dipyridin-3-
Y=§ —Ni>*OH ylethyl]azetidin-3-ol
321 @ 'EOF ()-1-[1-(4-fluorophenyl)-2-  444.1374
- hydroxy-2,2-dipyridin-3-
v=3 —N(}osozcm ylethylJazetidin-3-yl
methanesulfonate
322 @ '5‘@4 (H)-2-(3-aminoazetidin-1-  365.1763
- v1)-2-(4-fluorophenyl)-1,1-
Y=§_N&NH2 dipyridin-3-ylethanol
323 <:> (#2-3- 393.2064
@ —§ F (dimethylamino)azetidin-1-
y=§ _NQ_N(CHs)z y!]-Z-‘(Lt.-ﬂuorophenyl)-1,1-
dipyridin-3-ylethanol
324 (£)-V-{1-[1-(4- 443.1534

fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]azetidin-3-
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325

326

327

328

329

330

331

332

333

334

@)+

=4 —N<>—-NHC(O)CH3

CERWA
v=i—N>—sch,

@+ )

v=} —NQ—OC(O)NHz
@+ )

ved _N<>—302N Hy
@)~
Y=§—N<>—SOZN(CH3)2

@+ )
v=i —N<>—NHC(0)NH _Q

RS
Y=§—N<>—OC(O)NH@
CER s
v=}—N>—oc(0) - N(j
CEnUai

v=3 —N:>—OC(O)NHCH3

@+~
=} —N<>—OC(O)NH —@—F

yl}methanesulfonamide
(E)-N={1-[1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]azetidin-3-
yl}acetamide
(£)-2-(4-fluorophenyl)-2-[3-
(methylthio)azetidin-1-ylI]-
1,1-dipyridin-3-ylethanol

(£)-1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]azetidin-3-yl
carbamate
(£)-1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]azetidine-3-
sulfonamide
(£)-11-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]-N.N-
dimethylazetidine-3-
sulfonamide
()-N-{1-[1-(4-
fluorophenyl)-2-hydroxy-
2,2-dipyridin-3-
ylethyl]azetidin-3-y1}-N-
phenylurea
(£)-1-{1-(4-flucrophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]azetidin-3-y
phenylcarbamate
(£)-1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]azetidin-3-yl
pyrrolidine-1-carboxylate
(£)-1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyllazetidin-3-yl
methylcarbamate
()-1-[1-(4-fluorophenyl)-2-
hydroxy-2,2-dipyridin-3-
ylethyl]azetidin-3-y1 (4~
fluorophenyl)carbamate

PCT/US2005/026868

407.1857

396.1554

409.1667

429.1357

457.1700

484.2135

485.1966

463.2154

423.1845

503.1897

The following compounds were made from compounds in Examples 1-201, using oxidation

methods known to those skilled in the art. MCPBA oxidation was used to convert example 24 to 335,
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example 316 to 336 and 337, example 1 to 338, and example 16 to 339. Methyltrioxorhenium was used
to convert example 1 to 340 and 341, and example 170 to 342

EXAMPLES 335-342

Example  Compound Name MS (M+1
35 @A) i s @201 4101513

dioxidothiomorpholin-4-y1)-
2-phenyl-1,1-dipyridin-3-

ylethanol

(£)-2-(4-flucrophenyl)-2-[3-  428.1457
(methylsulfonyl)azetidin-1-
v1]-1,1-dipyridin-3-ylethanol

336

337 (£)-2-(4-fluorophenyl)-2-[3-  444.1391
(methylsulfonyl)azetidin-1-
yl]-1<(1-oxidopyridin-3-y1)-
1-pyridin-3-ylethanol (1:1

mixture diastereomers)

338 (£)-2-(4-oxidomorpholin-4-  378.1799
yl)-2-phenyl-1,1-dipyridin-3-
ylethanol

(#)-2-(1-oxidopyrrolidin-1-  362.1859
yl)-2-phenyl-1,1-dipyridin-3-

ylethanol

(£)-2-(4-oxidomorpholin-4-  410.1711
y1)-1,1-bis(1-oxidopyridin-3-
yl)-2-phenylethanol

339

340

341 (£)-2-morpholin-4-yl-1,1- 394.1762
bis(1-oxidopyridin-3-yl)-2-

phenylethanol

342 (£)-2-(3,3-difluoroazetidin-  402.1447
1-y1)-2-(4-fluorophenyl)-1-
(1-oxidopyridin-3-yl)-1-
pyridin-3-ylethanol (1:1

mixture diastereomers)
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SCHEME 6
6 o HZE‘NE‘Z Q OHC@ e NH
(5 o (8 uHwps (B)

The variables C, B, A, and Y in the scheme are as defined in "Formula 7.

EXAMPLE 343
-2.2-dipyridin-3-vlethylJmorpholine

Step A

Dipyridin-3-ylmethanone (1-1, 2.630 g, 14.28 mmol) was suspended in ethylene glycol (28
mL). KOH (1.682 g, 29.98 mmol) was added and the reaction was stirred at RT for 1 hr until most of the
solids were dissolved. Hydrazine monohydrate (1.596 mL, 32.84 mmol) was added and the mixture was
heated to 185°C. After 1 hr 45 min, the reaction was cooled to RT, diluted with H,O (150 mL), and
extracted with CHyCL, (4 x 100 mL). The combined organics were washed with water, washed with
brine (2x), dried over Na,SO,, filtered, and concentrated in vacuo to afford 3-(pyridin-3-
ylmethyl)pyridine as a light yellow solid. *H NMR (CDCl3) 8 8.52-8.49 (m, 4H), 7.47-7.45 (m, 2H),
7.25-722 (m, 2H), 3.99 (s, 2H). [M+H]+=171.2.
Step B

LiHMDS (2.45 mL, 1.2 M in THF, 2.94 mmole) was added to a flame-dried round bottom
flask. The mixture was cooled to 0°C then 6-methoxypyridine-2-carbaldehyde (Comins, Daniel L.;
Killpack, Michael O. J.Org.Chein. 1990, 55, 69-73, 161 mg, 1.18 mmole) was added. After 30 minutes
di-3-pyridylmethane (200 mg, 1.18 mmole) in dry THE (2.0 mL) was added. After 2 hr the mixture was
warmed to RT, quenched with saturated NH,CI, and extracted with CH,Cly(3x) and iBuOH (2x). The
combined organic layers were dried (MgSOy), filtered, and concentrated. The residue was taken up in
MeOH (5 mL) and HoNOH (0.4 mL, 50% in H,O) was added. After 18 hr the mixture was concentrated.
Flash column (gradient, 0-10% MeOH/CH,Cl) gave 1-(6-methoxypyridin-2-yl)-2,2-dipyridin-3-
vlethanamine as a pale yellow oil (168 mg, 47%): "H-NMR (500 MHz, CDCL) & 8.64 (d, ] = 1.95 Hz, 1
H),851(dd, =146 and 3.17 Hz, 1 H), 8.36 (d, J = 1.95 Hz, 1 H), 8.32 (dd, J = 1.46 and 3.18 Hz, 1 H),
7.76 (d, J="7.82 Hz, 1 H), 7.49 (d, J = 8.06 Hz, 1 H), 7.37-7.27 (m, 2 H), 7.09 (m, 1 H), 6.56 (d, ] = 7.08
Hz, 1H), 6.52(d, 1="7.81 Hz, 1 H), 4.59 (d, J=9.28 Hz, 1 H), 4.42 (d, J=9.28 Hz, 1 H), 3.91 (s, 3 H).
StepC

To a solution of 1-(6-methoxypyridin-2-yl)-2,2-dipyridin-3-ylethanamine (75 mg, 0.25 mmole)
in CH;CN (1 mL) was added a solution of 2,2“oxydiacetaldehyde in HO (1.47 mL, 0.3 M, 0.73 mmole).
After 10 minutes NaBH;CN (92 mg, 1.47 mmole) was added. After 2 hr IN HC1 (2 mL) was added.
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After 1 hr the pH was adjusted to 8 and the mixture extracted with CH,Cl, (3x) and iBuOH (1x). The
combined organic layers were dried (MgSOy), filtered, and concentrated. Flash column (gradient, 0-10%
MeOH/CH,Cl,) gave mixed fractions. Fractions containing the product were pooled and concentrated.
The mixture was purified by reverse phase HPLC (5-100% CH;CN/H;0 +0.1% TFA). Fractions
containing the product were pooled, made basic with saturated NaHCOs, and extracted with CH,Cl, (3x).
The combined organic layers were dried (MgSOy), filtered, and concentrated to give the title compound
(15 mg, 16%) as a white solid: "H-NMR (500 MHz, CDCI,) § 8.70 (bs, 1 F), 8.48 (bs, 1 H), 8.39 (bs, 1
H), 8.26 (bd, J=3.9Hz, 1 H), 7.71 (d, ] =7.82 Hz, | H), 7.44-7.36 (m, 2 H), 7.28 (m, 1 H), 7.03 (m, 1
H), 6.52 (m, 211), 5.01 (d, T=11.72 Hz, 1 H), 4.27 (d, Y=11.72 Hz, 1 H), 3.96 (s, 3 H), 3.49 (m, 2 H),
3.35 (m, 2 H), 2.63 (m, 2 H), 2.42 (m, 2 H); HRMS, calc’d for CpH,sN,O, (M+1), 377.1972; found
377.1944,

The following compounds were made according to Scheme 6, where intermediates in the
Scheme were modified according to literature methods. Example 347 was prepared by reaction of the
corresponding (1-aryl-2,2-dipyridin-3-ylethyl)amine with 4-chlorobutyryl chloride followed by ring
closure under basic conditions. Example 368 was prepared by reaction of the amine with 3-
chloropropanesulfonyl chloride followed by ring closure under basic conditions. Examples 372, 375-378
were prepared by palladium catalyzed amination of 371 with the corresponding carbamate, amide,
sulfonamide or urea. Example 373 was prepared by deprotection of 372, Example 379 was prepared by
methylation of 372 and deprotection. Exarples 380 and 381 were prepared from the corresponding (1-
aryl-2,2-dipyridin-3-ylethyl)amine using the method of Tschaen et al. (/. Org, Chem. 1995, 60, 4324).
Example 394 was prepared by treatment of the corresponding primary amine with methyl-4-bromo-2-
oxopentanoate under reductive amination conditions. Ester reduction of the compound in example 394
provided example 395. Ester hydrolysis of the compound in example 394 provided the corresponding
carboxylic acid, which was subjected to standard peptide coupling conditions to provide the amides in
examples 396, 397, and 398. Example 401 was prepared by reductive amination of [1-(3-bromophenyl)-
2,2-dipyridin-3-ylethylJamine with methy! [methyl(2-oxoethyl)amino](oxo)acetate, according to a
published procedure (Tetrahedron Lett. 2000, 41, 8735). Examples 405 and 406 were prepared by
reaction of the corresponding (1-ary}-2,2-dipyridin-3-ylethyl)amine with 2-chloroethyl chloroformate
followed by ring closure under basic conditions. Unless otherwise shown, structures of compounds 344-

420 and 6-1 to 6-87 are represented by defining variables @ and “Y” of the structure
W @
= Y
N/

-89-
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EXAMPLES 344-420 and 6-1 to 6-87

Example Compound Name MS (M1
344 7N +}-N-{1-(4- 1)-2- 3713
N HSO,CH (#)-N-{1-(4-fluorophenyl)

phenyl-2-pyridin-3-
— ylethylJmethanesulfonamide
\_/
F
345\ (£)-N-{1-(4-fluorophenyl)-2-  365.1642
4 NHC(O)CH,OCH
: (0)CH,OCHs phenyl-2-pyridin-3-ylethyl]-2-

thoxyacetamide
O O me
F

346 = (#)-4-[1-(4-fluorophenyl)-2- 363.1862
AN (N——(} phenyl-2-pyridin-3-
ylethyllmorpholine

347 {#)-1-[1-(4-fluorophenyl)-2,2-  362.1663

@ E—Q— b dipyridin-3-ylethyl]pyrrolidin-2-

one

348 ©=§_©_Fy-§ C (#)-4?[%—(4—ﬂu0r0phenyl)-2,_2- 364.1
dipyridin-3-ylethyljmorpholine

349 @=5_@_Fy=g_NHCHECF3 () [1-(4-fluorophenyl)-2,2- 3762
dipyridin-3-ylethyl](2,2,2-

trifluoroethyl)amine
350 Cl (£)-4-[1-(3,4-dichlorophenyl)-  414.1111
2,2-dipyridin-3-
@ =§ a ylethyllmorpholine
Y=} —N
351 ®- §‘ N= /Ty, (@(lpyridindy12.2- 347.1893
\ ) veiH \__/ dipyridin-3-ylethyDmorpholine
352 =N VAR ()~4-(1,2,2-tripyridin-3- 347.1896
_<\:/) ved NP ylethyl)morpholine

353 @ ~ §‘@'F {+)-N-[1-(4-fluorophenyl)-2,2-  365.1763
- dipyridin-3-ylethyl]-N,N-
Y= % —NHC(O)N(CHs), dimethylurea

354 ©=§—QF yzg_@ (2)-3,3“[2-(4-fluorophenyl)-2-  348.1879

pyrrolidin-1-ylethane-1,1-
diyl]dipyridine
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355

356

357

358

359

360

361

362

363

364

365

Y=§ —NH(CH,),CF;
cl

o+

Y=§ —NHCH,CF,

cl
© =§—Q Y=§ —NHCH,CF,
cl
Cl
@ =§—@01

Y=§ —NHCH,CF,
cl

@+

Y=§ —NH(CHy),CF,
cl

© %Q

cl
Y=§ —NH(CH),CF5

(£)-4-[1-(4-fluorophenyl)-2-
pyridin-2-y1-2-pyridin-3-
ylethylimorpholine

(&)~ [1-(4-fluorophenyl)-2,2-
dipyridin-3-ylethyl}(2-pyridin-3-
ylethylamine

(£)-N-[1-(4-fluorophenyl)-2,2-
dipyridin-3-
ylethyl]eyclobutanamine

(£)-4-[1-(3-chlorophenyl)-2,2-
dipyridin-3-ylethyllmorpholine

(+)-4-[1-(3,5-dichlorophenyl)-
2,2-dipyridin-3-
ylethylJmorpholine
(£)-{1-(4-fluorophenyi)-2,2-
dipyridin-3-ylethyl](3,3.3-
trifluoropropyl)amine

(1)-[1-(3-chlorophenyi)-2,2-
dipyridin-3-ylethyl](2,2,2-
trifluoroethyl)amine

(#)-[1-(3,5-dichlorophenyl)-2,2-
dipyridin-3-ylethyT|(2,2,2-
trifluoroethyl)amine
(£)~{1-(3,4-dichlorophenyl)-2,2-
dipyridin-3-ylethyl}(2,2,2-
trifluoroethyl)amine

(+)-N-[1~(3-chlorophenyl)-2,2-
dipyridin-3-ylethyl]-3,3,3-
trifluoropropan-1-amine

(£)-N-[1-(3,5-
dichlorophenyl)-2,2-
dipyridin-3-ylethyl]-3,3,3-
trifluoropropan-1-amine

- 84-

-91-

PCT/US2005/026868

364.1834

399.2

347.9

380.1504

414.1114

390.1

392.1

426.0

427.8

406.0

441.8
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368

370

371

372

373

374

375

376

377

N=
= =3 .|
@ %O Y=t—N O

NHC(O)OG(CH:)z

N=
®-H7
=} - )

/
NH,

@ =§4® Y=§~—N©O

NHCH;

@ =§—§j Y=§—NC0

NHC(O)OCHs
CERU "
/S
NHG(0)GHs
SR i
/
NHSO,CH,

T gt

(£)-N-[1-(4-[luorophenyl)-2,2-
dipyridin-3-ylethyl]-3-
nitropyridin-2-amine

(£)-N-[1-(4-fluorophenyl)-2,2-
dipyridin-3-ylethyl]-2-
(methylsulfonyl)pyrimidin-4-
amine

(3)-3,3-[2-(1,1-
dioxidoisothiazolidin-2-y1)-2-(4-
fluorophenyl)ethane-1,1-
diyl]dipyridine
(£)-4-[1-(6-methoxypyridin-2-
yl)-2-phenyl-2-pyridin-2-
ylethylJmorpholine

(£)-N~2~[1-(4-fluorophenyl)-
2,2-dipyridin-3-ylethyl]pyridine-
2,3-diamine

(£)-4-[1-(6-bromopyridin-2-y1)-
2,2-dipyridin-3-
ylethyllmorpholine
(£)-tert-butyl [6~(1-morpholin-
4-y1-2,2-dipyridin-3-
ylethyl)pyridin-2-yI]carbamate

{)-6-(1-morpholin-4-yl-2,2-
dipyridin-3-ylethyl)pyridin-2-
amine

(£)-N-methy}-6-( 1-morpholin-4-
yl-2,2-dipyridin-3-
ylethyDpyridin-2-amine
(£)-methyl [6-([-morpholin-4-
yl-2,2-dipyridin-3-
ylethyl)pyridin-2-yIjcarbamate
(£)-N-[6-(1-morpholin-4-y}-2,2-
dipyridin-3-ylethyl)pyridin-2-
yl]acetamide
(£)-N-[6-(1-morpholin-4-y1-2,2-
dipyridin-3-ylethyl)pyridin-2-
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416.1

450.1

398.1

398.1830
(M+Nat)

386.1

425.1005

462.2547

362.1957

376.2126

420.2017

404.2068

440.1734
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378

379

380

381

382

383

384

385

386

387

388

389

NHC(O)NHCH;

CERWIEEE):

CExWa
Y=} —NHSO4(CHy); —@

=§© y=§— C>=o

® =§—© vej~N_ =0

Ry g
Br

© §@

Y=§ —NH(CH,),OH
Br

©+)

Y=t —NHC(0) —N<>LF
o+ p-O)

v=f NHCHZ—QJ

oG

Br

o+
Y=§ —NHC(O)NH ~®»c~

Y=} —NHC{OINH —O_SCHg

® =s@

Y=8 —NHC({O)NH

ylJmethanesulfonamide
(+)-N-methyl-N-[6-(1-
morpholin-4-yl-2,2-dipyridin-3-
ylethyDpyridin-2-ylJurea
(£)-N-[1-(4-flucrophenyl)-2,2-
dipyridin-3-ylethy1]-3-
phenylpropane-1-sulfonamide
{£)-1-{1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]piperidin-4-
one
(3)-3-{1-(4-oxopiperidin-1-yI)-
2,2-dipyridin-3-
ylethyl]benzonitrile
(#)-1-[1-(3-bromopheny!)-2,2-
dipyridin-3-ylethyl]piperidin-4-
ol
(#)-2-{[1-(3-bromophenyl)-2,2-
dipyridin-3-
ylethylJamino}ethanol

(#)-N-[1-(3-bromopheny1)-2,2-
dipyridin-3-ylethyl]-3,3-
difluoroazetidine-1-
carboxamide

(£)-[1-(3-bromaphenyl)-2,2-
dipyridin-3-ylethyl]{[1-
(phenylsulfonyl)-1H-pyrrol-2-
ylmethyl}amine
(£)-N-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-N'-(3-
cyanophenyl)urea

(£)}-N-[1-(3-bromopheny1)-2,2-
dipyridin-3-ylethyl]-N'-(4-
cyanophenyljurea

(£)-N-{1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-N'-[4-
(methylthio)phenyljurea

{&)-N-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-N'*-
phenylurea
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419.2182

476.1794

436.1023

383.1859

438.1181

398.0875

473.0779

573.0959

498.0930

498.0930

519.0850

473.0966
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390

392

393

394

395

39

397

399

Br

e+

Y=§ —NHC(O)NH(CH,),CH,
Br

@+

Y=§ —NHC(C)NHCHS;
Br

©+0)
Y=§ —NHC(O)NH —<:>

CN

@+

Y=§ —NH(CH,),C(0)OCH,
CN C{0)OCH;

©+{) -0

CN }CHQOH
®-+ -
CN C(O)NHCHz
© -+ vies
CN C{OIN({CHg)
@+ vi-
CN
o+
C(O)NH(CH,),OH

¥=§ -~ NHCH,G(O)NHCH,

(£)-N-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-N'-
propylurea

(£)-N-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-N'-
methylurea

()-N-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl)}-N'-
cyclohexylurea

(£)-methyl N-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyl]-beta-alaninate

(£)-methyl] 1-[1-(3-
cyanopheny1)-2,2-dipyridin-3~
ylethyl]prolinate (diastereomer
A)

(£)-3-{12-
(hydroxymethyl)pyrrolidin-1-
y11-2,2-dipyridin-3-

ylethyl} benzonitrile
(diastereomer A)
(&)~1-[1-(3-cyanophenyl)-2,2~
dipyridin-3-ylethy!]-N-
methylprolinamide
(diastereomer A)
(2)-1-{1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N,N-
dimethylprolinamide
(diastereomer A)
(&)-1-[1~(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N-(2-
hydroxyethyl)prolinamide
(diastereomer A)

(£)-N1l-benzyl-N2-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyl]glycinamide

-87-

-94-
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439.1134

411.0821

479.1448

387.1815

413.1978

385.2020

412.2137

446.2291

4422235

448.2143
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400

401

402

403

404

405

406

407
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409

410

CN

@+

Y=§ —NH(CH,),0H
Q,

© =§—® Y=§—N>\:/<N—CH3
" CN
O+
Y=E —NHC(0) @
Br
© =§“C/§ Y=§~NCO

Br
CN

®-+)
=i —NHC(0) _<\Nj\m
\-

Br
N=

N o
©+rin( s
CERW)

Y=§ —NHC(0) A@ @

=N

CEnY

y=£ —NHC(0) %
®+C)

Y=§ —NHC(O)(CHy)s

@+

Y=§ —NHC(O)(CHa);

(#)-3-{1-{
hydroxyethyl)amino]-2,2-
dipyridin-3-ylethyl} benzonitrile

(£)-1-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethyl]-4-
methylpiperazine-2,3-dione
(£)-N-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]pyridine-2-
carboxamide

(£)-4-[1-(3,5-dibromophenyl)-
2,2-dipyridin-3-
ylethyl]morpholine

(£)-N-{1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-1H-1,2,4-
triazole-3-carboxamide

(£)-3-[1-(6-bromopyridin-2-y1)-
2,2-dipyridin-3-ylethyl}-1,3-
oxazolidin-2-one
(£)-3-[1-(2-0x0-1,3-0xazolidin-
3-y1)-2,2-dipyridin-3-
ylethylJbenzonitrile

()~ -phenyl-N-(1,2,2-tripyridin-3-
ylethyl)- 1H-pyrazole-4-
carboxamide

(£)~5-phenyl-N~(1,2,2-
tripyridin-3-ylethyl)-2-furamide

(£)-4-phenyl-N-(1,2,2-
tripyridin-3-ylethyl)butanamide

(&)-3-phenyl-N-(1,2,2~
tripyridin-3-
ylethyl)propanamide

-88-

-95-
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345.1

465.0928

406.1652

502.0123

396.1578

425.0603

371.1473

447.1928

447.1814

423.2181

409.2021
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411

412

413

414

415

416

417

418

419

420

v=} —NHC(0)OCH, @
=N
CERW

Y=§ —NHC(0)CH,0CH,

@)

Y=§ —NHC(O)CH,

©-+)
Y=§ —NHC(0) —@

© =4

Y=} —NHC(O)(CHy)

—NHG(Q,

NHC(O) \ i

CN

e+

Y={ —NHC(OIN(CH;)CH,

CN

@)
Y=} —NHC(ONHCH, —@

e+, )

Y=} ~~NHCH, w

(=)-benzyl (1,2,2-tripyridin-3-
vlethyl)carbamate

(#)-2-(benzyloxy)-N-(1,2,2-
tripyridin-3-ylethyl)acetamide

(£)-2-phenyl-N~(1,2,2-
tripyridin-3-ylethyl)acetamide

(£)-N-(1,2,2-tripyridin-3-
ylethyl)benzamide

(£)-S-phenyl-N~(1,2,2-
tripyridin-3-
ylethyl)pentanamide

(F)-N-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-2-phenyl-
cyclopropanecarboxamide

{£)-N-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-S-phenyl-2-
furamide

(2)-N-benzyl-N-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyl}-N-methylurea

(£)-N-benzyl-N-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyllurea

(£)-3-(1-{[(1-pheny}-1H-
pyrazol-4-yl)methyl]amino} -
2,2-dipyridin-3-
ylethyl)benzonitrile
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411.1805

425.1955

395.1867

381.1671

437.6

445.1980

471.1780

448.2108

434.1938

457.7
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6-2
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6-12

Br

@@

Y=} —NH(CH2)2NHC(O)OC(CHy)

Q

© ='§{§ t=§—N>:j)
© §@

Y=§ —NH(CH,),NHS0,CH,

OH
@ =4

Y—N/—\o
/' _/

® a\j ot

Br
O+
v NH(CHZ)ZNHC(O)NH@

(8)-{1-[1-(3-bromophenyl)-2,2~
dipyridin-3-ylethyl]piperidin-4-
yl} ethanethioate

(#)-3-[1-(24-
dioxoimidazolidin-1-y1)-2,2-
dipyridin-3-ylethyllbenzonitrile
(£)-3-[1-(2-oxomorpholin-4-yl)-
2,2-dipyridin-3-
ylethyljbenzonitrile
(£)-3-[1-(2-hydroxymorpholin-
4-y1)-2,2-dipyridin-3-
ylethylJbenzonitrile
(£)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl}-N,N-bis(1-
{1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]prolyl}-
pyrrolidin-2-yprolinamide

(&)-3-(1-pyridin-2-y1-2,2-
dipyridin-3-ylethyl)-1,3-
oxazolidin-2-one
(F)-tert-butyl 2-{[1-3-
cyanophenyl)-2,2-dipyridin-3-
ylethyllamino} ethylcarbamate

(£)-3-[1-(2-0x0-1,3-0xazinan-3-
y1)»-2,2-dipyridin-3-
ylethyl]benzonitrile

(2)-¥-2-{[1<3-bromophenyl)-2,2-
dipyridin-3-ylethy!]lamino}ethyl)-
methanesulfonamide

(£)-3-(1-morpholin-4-yl-2,2-
dipyridin-3-ylethyl)phenol

(+t)-3-[1-(6-bromopyridin-2-y1)-
2,2-dipyridin-3-ylethyl]-1,3-
oxazinan-2-one
(&£)-N-2-{[1-(3-bromophenyl)-
2,2-dipyridin-3-ylethyljamino}-
ethyl)-n'-phenylurea
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496.1062

384.1

385.1655

387.1815

4522435

347.1487

444.2414

384.1655

475.08

362.1864

459.0767

516.1428
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CN

©) =§O g)NHC(CH3)3

Y=§—n

@=stco_N
Y=§—N{(j) /\:>
©=§‘© C(O)NH——O

Y=i—N

CN
=§‘© C(O)NH@

v=§—N
Br

@+
=&\ / C(0)OCH,

Y=§—N

OQ

Y—§ -NHCH;

©- E—Q‘Féc(mocm

Y=§—N

NH,
N—

\ 7/
Y=§—N
CN

-+

Y=$— D/N(CH3)8?20H3
@b
0+

Y=§— O«OC(O)NH —@
© =§—®“’ C(OINHCHs

y=§—N

C(O)OCHz

©+

(£)-N-(zers-butyl)-1-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyl]prolinamide

(#)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl}-
piperidinylprolinamide

(#)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N-
cyclohexylprolinamide

(&)-1-[1-(3-cyanopbenyl)-2,2-
dipyridin-3-ylethyl]-M-
phenylprolinamide

(£)-methyl 1-[1-(6-
bromopyridin-2-y1)-2,2-
dipyridin-3-ylethyl]prolinate

(+)-3-(1-{[(1-phenyl- 1H-
pyrazol-4-y)methyl|amino} -
2,2dipyridin-3-
ylethyl)benzonitrile
(&)-methyl 1-]1-(4-
fluorophenyl)-2,2-dipyridin-3-
ylethyl}prolinate

()-methyl 1-{1-(6-
aminopyridin-2-yl)-2,2-
dipyridin-3-ylethyl]prolinate

(£)-N-{1-[1-(3-cyanophenyl)-
2,2-dipyridin-3-
ylethyIpiperidin-4-y1}-N-
methylnethanesuifonamide
(£)-3-{1-(2-oxopyrrolidin-1-y1)-
2,2-dipyridin-3-
ylethyl]benzonitrile
(£)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethy{Jpiperidin-4-
yl phenylcarbamate

(#)-1-[1-(4-fluorophenyl)-2,2-
dipyridin-3-ylethy1}-N-
methylprolinamide
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454,261

466.2577

480.1538

474.2268

467.1063

404.2073

406.192

404.2073

476.2107

369.172

504.2386

405.2085
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6-25

6-26
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6-35

OF < > F C(OINHCH,CH;

y=§—N

@+
v nergso,—

oN Qe
© -

SRS

CN
@+ viw
N—=
@ =§_@ C(O)OCH;

Y=§—N
CN
0+
C{OINH(CH5);CH,
y=§—N
@+)
C{OINHCH,CH(CHa),
v=§—N
CN
© - CIONH —<>
Y=§—-Nd
CN
® =§,© ClONH —O
Y=§—~N<j

O+ ts

y=§—N

© EO C’O)NHA(jC "

Y§N

()-N-ethyl-1-[1-(4-
fluorophenyl)-2,2-dipyridin-3-
ylethyl]prolinamide
(#)-N-{1-[1-(3-cyanophenyl)-
2,2-dipyridin-3-
ylethyljpiperidin-4-y1}-N-
methyleyclopropanesulfonamide
(#)-3-11(1L1-
dioxidoisothiazolidin-2-y1)-2,2-
dipyridin-3-ylethyl]benzonitrile
(£)-3[1-(4,5-dihydro-1,3-
thiazol-2-ylamino)-2,2-
dipyridin-3-ylethyl]benzonittile
()-methyl 1-(1-pyridin-2-yl-
2,2-dipyridin-3-ylethyl)prolinate

(3)-N-butyl-1-[1-(3-
cyanophenyl)-2,2-dipyridin-3-
ylethyl]prolinamide

(£)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylothyl]-N-
isobutylprolinamide

(£)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N-
cyclobutylprolinamide

(*)-1-[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N-
cyclopentylprolinamide

(£)-1-[1-(4-fluorophenyl)-2,2-
dipyridin-3-ylethyl]-N-pyridin-
2-ylprolinamide
(%)-1-{1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]-N-[4-
(trifluoromethyl)pyridin-2~
yl]prolinamide

-92 -
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419.2228

502.2268

405.1381

471.1398

389.1964

4542573

454.2603

452.2435

466.2597

4682193

5432113
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CN

@)
C(O)NH
@ —(\N}m

=i — D—XOQCHS

CN

@+
=§—NC}!|43020H3

CH,CHy
CN

@+
-Y=§——NC>~r\|cHch3
0=

!
S
)]
0
cN

®+(
=f— Q‘N(CHQ)SoecHzCHs

Y=i—

OCHs
N=t

CERY

Y=§—N

CO)OCH;

(£)-NV-(5-chloropyridin-2-y])-1-
[1-(3-cyanophenyl)-2,2-
dipyridin-3-ylethyl]prolinamide

()-4-[1-(3-bromophenyl)-2,2-
dipyridin-3-ylethylJmorpholin~
2-one
(£)-N-{1-[1-(3-cyanophenyl)-
2,2-dipyridin-3-
ylethyl]piperidin-4-yl}-N-
cyclopropylmethanesulfonamide

(£)-N-{1-[1-(3~cyanophenyl)-
2,2-dipyridin-3-
ylethyljpiperidin-4-y1}-N-
ethylmethanesulfonamide

(£)-N-{1-{1-(3-cyanophenyl)-
2,2-dipyridin-3-
ylethyl]piperidin-4-y1}-N-
ethylcyclopropanesulfonamide

{£)-N-{1-{1-(3-cyanophenyf)-
2,2-dipyridin-3-
ylethyl]piperidin-4-yl}-N-
methylethanesulfonamide
(&)-methyl 1-{1-(3-
cyanophenyl)-2-pyrazin-2-yl-2-
pyridin-3-ylethyl]prolinate

(£)-2-{1-{1-(4-fluorophenyl)-
2,2-dipyridin-3-
ylethy{]pyrrolidin-2-yI}-1H-
benzimidazole

(%)-methyl 1-[1-(6-
methoxypyridin-2-y1)-2,2-
dipyridin-3-ylethyl]prolinate

-03-

-100-
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509.1885

438.0836

502.2274

490.2277

5164

490.2301

414.1946

4642278

419.2099
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6-46

6-47

6-48

6-49

6-50

6-52

6-33

QGH,

N=
© =4 J }0(\0]>NHG(CH3)3

v=} —N_

OCH, Q
@ =§‘® B NH
Y=§-t}j
SN

@ =§—® C(Q)OC(CHg)g
N
wtew=}

NHz HA0H
. N=
@+ )w ~~5
CN

Y=§ —NHCH, -<’: |

CN

s
= —nneH, —Q_{|
CN

@+

A
0+ Q
Y= —NHCH, O

@+

Y=} —NHCH, —CP

PCT/US2005/026868

(#)-3-{1-[2{1H-benzimidazol- 4712305
2-ylpyrrolidin-1-y1]-2,2-
dipyridin-3-ylethyl} benzonitrile

(E)-N-(terr-butyD-1-[1-(6- 4602725
methoxypyridin-2-y1)-2,2-
dipyridin-3-ylethyl]prolinamide

(E)-2-{1-[1<(6-methoxypyridin- 4772426
2-y1)-2,2-dipyridin-3-

ylethyllpyrrolidin-2-y1}-1H-

benzimidazole

(*)-tert-butyl 3-{{1-(3- 4845
cyanophenyl)-2,2-dipyridin-3-

vlethyl]amino} piperidine-1-

carboxylate

(&)-{1-[2-(6~aminopyridin-2-yl}- 3762137
1,2-dipyridin-3-ylethyl}-

pyrrolidin-2-y1} methanol

(£)-3-(1-{[(4-pheny!-1,3- 474.1764
thiazol-2-yl)methyljamino}-2,2-
dipyridin-3-ylethyl)benzonitrile

(£)-3-(1-{[(2-phenyl-1,3~ 4740772
thiazol-5-yDmethyl]Jamino}-2,2~
dipyridin-3-ylethyl)benzonitrile

(£)-3~{2,2-dipyridin-3-yl-1- 3921875
[(pyridin-2-

ylmethyl)amino]ethyl } benzonitr

ile

(#)-3-(1-{[3-(4-methoxy- 13,2304

phenoxy)benzyllamino}-2,2-
dipyridin-3-ylethyl)benzonitrile

(£)-3-{2,2-dipyridin-3-yl-1- 442.2035
[(quinolin-3-yimethyl)amino]-
ethyi}benzonitrile

.94-

-101-
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6-58

6-62

CN

@+

Y=§ —NHCH, @—swa

or

Y=§ —NHCH,C{CH3),(CH,CHCH,)

CN

@+

Y=§—NHCH, AQ—O(CH?)QCHG

CN

@+

Y=§ —NHCH,

©-

CN

s
Y=} —NHCH, -@

CN

O+
Y=§ —NHCH, 4C>CF

CN

©+

Y=§ —NHCH, ——@-cn

CHs

(®)-3-(1-{[4-
(methylthio)benzyljamino}-2,2-
dipyridin-3-ylethyl)benzonitrile

(+)-3-{1-[(2,2-dimethylpent-4-
en-1-ylamino}-2,2-dipyridin-3-
ylethyl}benzonitrile

()3-{1-[(4-
propoxybenzyl)amino]-2,2-
dipyridin-3-ylethyl}benzonitrile

(£)-3-{1-{(biphenyl-4-
ylmethyl)amino]-2,2-dipyridin-
3-ylethyl} benzonitrile

(£)-3-{1-[(1-benzothien-2-
ylmethyl)amino]-2,2-dipyridin-
3-ylethyl}benzonitrile

(£)-3-(2,2-dipyridin-3-y1-1-{[3-
(trifluoromethyl)benzyl]amino}
ethyl)benzonitrile

@3-{1+-
cyanobenzyljamino]-2,2-
dipyridin-3-ylethyl}benzonitrile

(£)3-{1-[2-(3-methyl-1,2,4-
oxadiazol-5-yD)pyrrolidin-1-y1]-
2,2-dipyridin-3-
ylethyl}benzonitrile

(&)-6-{1-[2-(3-methy]-1,2,4-
oxadiazol-5-yfpyrrolidin-1-y1|-
2,2~dipyridin-3-ylethyl} pyridin-
2-amine

(#)-2-methoxy-6-{1-[2-(3-
methyl-1,2,4-oxadiazol-5-

yDpyrrolidin-1-yl]-2,2-
dipyridin-3-vlethyl}pyridine

~95.
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437.1817

397.2395

449.2351

4672251

447.1645

459.1804

416.1876

437.2085

428.2174

443.2168
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6-65

6-66

6-67

6-68

6-69

6-70

6-71

OH

@+ )ron

Y=§ —NHCH,CF;

Y=§ —NHCH,CHF,

@ =§—©~SCH3

Y=§ —NHCH,CF,

(%)-3-{2~(4-fluorophenyl)-2-[2-
(3-methyl-1,2,4-0xadiazol-5-
yDpyrrolidin-1-y1]-1-pyridin-3-
ylethyl}pyridine

()-3-{1-[2-(3-methyl-1,2,4-
oxadiazol-5-yl)pyrrolidin-1-yl]-
2-pyrazin-2-y}-2-pyridin-3-
ylethyl}benzonitrile

- (&)-3-{1-[2-(3-methyl-1,2,4-

oxadiazol-5-y])pyrrolidin-1-yl]-
2-pyrazin-2-y}-2-pyridin-3-
ylethyl}benzonitrile

+)-3-[1-(3-hydroxypiperidin-1-
y1)-2,2-dipyridin-3-ylethyl]-
benzonitrile (Diastereomer A)
(£)-3-[1-(3-hydroxypiperidin-1-
y-2,2-dipyridin-3~ylethyl]-
benzonitrile (Diastereomer B)

(£)-4-[2-(6-aminopyridin-2-y1)-
2-(3-hydroxypiperidin-1-yf)-1-
pyridin-3-ylethyl]benzonitrile

(£)-4-{2,2-dipyridin-3-yl-1-
[(2,2,2-trifluoroethyl)amino]-
ethyl} benzonitrile

(£)-4-{1-[(2-fluoroethyl)amino]-
2,2-dipyridin-3-
ylethyl}benzonitrile

@ 1[(22-
difluoroethyl)amino]-2,2-
dipyridin-3-ylethyl} benzonitrile

(£)-N-{1-[4-(methylthio)-
phenyl}-2,2-dipyridin-3-
ylethyl}-N-(2,2,2-
trifluoroethyl)amine

-96-

-103-
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430.2014

4382012

4382013

3852012

3852012

400.2129

383.145

347.167

365.1576

404.1407
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© =§—<i>-soch3

Y=§ —NHCH,CF,

NH,

N=

©=4

Y= —NHCH,CF,

SCH;

®+)

Y=§ —NHCH,CF5
S0,CH,

©+

Y=§ —NHCH,CF,
SCH3

@+

Y=§ —NHCH,CF,
SO.CH,

©

Y=§ —NHCH,CF,

= NHZ

N
%

=N
=§ \ /) Y=} —NHCH,CF;

CEAVAN
Vs

@44

Y=} —NHG(0)OCH,

@ &YC’ ﬁ?f

(&£)-N-{1-[4-(methylsulfonyl)-
phenyl}-2,2-dipyridin-3-
ylethyl}-N+(2,2,2-
trifluoroethyl)amine
(£)-6-{2,2-dipyridin-3-yl-1-
[(2,2,2-
trifluoroethylamino]ethyl} pyrid
in-2-amine

(F)-N-{1-[2-
(methylthio)phenyl]-2,2-
dipyridin-3-ylethy]}-N-(2,2,2-
trifluoroethyl)amine

(F)-N-{1-[2-
(methylsulfonyl)phenyl]-2,2-
dipyridin-3-ylethyl}-N-(2,2,2-
trifluoroethyl)amine

(F)-N-{1-3-
(methylthio)phenyl}-2,2-
dipyridin-3-ylethyl}-N-(2,2,2~
tritluoroethyl)amine

(F)-N-{1-3-
(methylsulfonyl)phenyl]-2,2-
dipyridin-3-ylethyl}-N-(2,2,2-
trifluoroethyl)ainine

(+)-1-(2,3"bipyridin-3-y1)-2,2-
dipyridin-3-ylethanamine

(*)-1-(2,3-bipyridin-3-y1)-2,2-
dipyridin-3-yI-N-(2,2,2-
trifluoroethyl)ethanamine

(£)-3-[1-(4-fluorophenyl)-2,2-
dipyridin-3-ylethyl]-1,3-
dxazolidin-2-one
(+)-3-[1-(4-chlorophenyl)-2,2-
dipyridin-3-ylethyl]-1,3-
oxazolidin-2~one

benzyl (£)-1-(4-chlorophenyl)-
2,2-dipyridin-3-
ylethylcarbamate
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436.1305

374.1596

404.1411

436.1301

404.1404

436.1305

436.1

364.0

371.1
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6-86 @ - ::: N o] (£)-4-[1-(2-0%0~1,3-0xazolidin- 317.15
h v=3 —N>\\O 3-y1)-2,2-dipyridin-3-
\J ylethylJbenzonitrile
6-87 (£)-neopentyl 1-(4- 04
@ =§‘©’C| chloropheny!)-2,2-dipyridin-3-
ylethylcarbamate

SCHEME 7

The variables C, B, A, and Y in the scheme are as defined in "Formula [”.
EXAMPLE 421
3-(1-morpholin-4- ipyridi lethyl)benzonitrile (epantiomer B

N/ CN

Step A
In a flame dried flask under N, 3-cyanobenzaldehyde (7.050 g, 53.76 mmol) was dissolved in

anhydrous dioxane (100 mL). Ti(IV) ethoxide (28.183 mL, 134.40 mmol) was added followed by (S)~(-
)-2-methyl-2-propanesulfinamide (7.167 g, 59.14 mmol). The rxn was heated to 110°C. After 2.5 hr the
reaction was cooled to RT and brine (150 mL) was added. A precipitate formed and the reaction was
rapidly stirred for Thr. The suspension was filtered through celite and the filter cake was washed with
brine and ethyl acetate. The layers of the filtrate werc scparated. The aqueous layer was extracted with
ethyl acetate (1x). The combined organics were dried over Na,SQ,, filtered, and concentrated in vacuo
to afford (8)-N-[(3-cyanophenyl)methylidene]-2-methylpropane-2-sulfinamide s a light orange solid. ‘H
NMR (CD;0D) & 8.61 (s, 1H), 8.26 (s, 1H), 8.22-8.20 (m, 1H), 7.94-7.92 (m, 1H), 7.72 (t, 1H, T = 7.81
Hz), 1.28 (s, 9H).
StepB

In a flame dried flask under No, diisopropylamine (1.647 mL, 11.75 mumol) was dissolved in
anhydrous THF (5 mL) and the solution was cooled to 0°C. nBuLi (2.5 M solution in hexanes, 4.406
mL, 11.02 mmol) was added and the reaction was stirred at 0°C for 15 min. A solution of 3-(pyridin-3-
ylmethyl)pyridine (1.250 g, 7.34 mmol) in anhydrous THF (15 mL) was slowly added and the reaction
became dark red. After 15 min, a solution of (S)-N-[(3-cyanophenyl)methylidene]-2-methylpropane-2-
sulfinamide (1.893 g, 8.08 mmol) in anhydrous THF (10 mL) was added. The reaction was stirred at 0°C
for 2.5 h and was quenched with saturated aqueous NH,C1 (150 mL). The product was extracted with
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ethyl acetate (4 x 100 mL). The combined organics were dried over Na,SOy, filtered, concentrated in
vacuo and purified by reverse phase HPLC (DeltaPak C18, 47 mm x 300 mm, 15 0, 0% CH;OH / 100%
H,0 to 100% CH;0H / 0% H,O). The fractions containing each diastereomer were separately combined
and concentrated in vacuo to afford N-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethy]]-2-methylpropane-2-
sulfinamide as two diastereomers;
diastereomer A as a foamy white solid and diastereomer B as a white solid.
Diastereomer A: "HNMR (CDCls) 8 8.67 (s, 1H), 8.62 (d, 1H, J = 4.64 Hz), 8.37 (d, 1H, T = 4.64 Hz),
8.17 (d, 1H, I =1.95 Hz), 7.94-7.93 (m, 1H), 7.57 (s, 1H), 7.53-7.51 (m, 1H), 7.43 (dd, [H, T = 4.88 Hz),
7.39-7.37 (m, 2H), 7.32 (t, 11, J=7.57 Hz), 7.13 (dd, 1H, J = 4.64 Hz), 5.15 (d, 1H, J = 10.75 Hz), 4.22
(d, 1H, 1 = 10.98 Hz), 1.06 (s, OH). [M+H]+ = 405.1.
Diastereomer B: 'H NMR (CDCls) 8 8.66 (s, 1H), 8.54 (d, 1H, J =3.91 Hz), 8.37 (s, 2H), 7.73-7.71 (m,
1H), 7.55-7.50 (m, 3H), 7.47-7.45 (m, 1H), 7.39 (t, 1H, J =7.57 Hz), 743 (dd, 1H, ] = 4.88 Hz), 7.14
(dd, 1H, Y=4.88 Hz), 5.16 (dd, 1H, J = 7.57 Hz), 4.44 (d, 1H, ] = 10.74 Hz), 3.52 (d, 1H, ] = 7.81 Hz),
0.96 (s, 9H). [M+H]+=404.9,
StepC

N-{1-(3-cyanopheny!)-2,2-dipyridin-3-ylethyl]-2-methylpropane-2-sulfinamide (Diastereomer
B, 1.567 g, 3.87 mmol) was dissolved in CH;OH (15 mL) and the solution was cooled to 0°C. HCI1 (4 M
solution in dioxane, 2.905 mL, 11.62 mmol) was added drop-wise. The reaction was allowed o warm to
RT and was stirred for 7 hr. The reaction was diluted with H,O and the pH was adjusted to pH=7 using
saturated aqueous NaHCO;. The product was extracted with ethy] acetate (3 x 75 mL) followed by
isobutanol (6 x S0 mL). The combined organics were dried over Na,SO,, filtered and concentrated in
vacuo to afford 3-(1-amino-2,2-dipyridin-3-ylethyl)benzonitrile as a foamy light yellow solid.
Enantiomer B: "H NMR (CD;0D) D 8.78 (d, 1H, J= 1.53 Hz), 8.51 (d, 1H, I = 3.66 Hz), 8.35 (d, 1H, J
=1.53 Hz), 8.25-8.24 (m, 1H), 8.18-8.14 (m, 1H), 7.84-7.79 (m, 2H), 7.72-7.70 (m, 1H), 7.60-7.43 (m,
3H), 7.26 (dd, 1H, J=4.88 Hz), 5.13 (d, 1H, J = 10.99 Hz), 4.53 (d, 1H, J.= 11.29 Hz). [M+H]+=301.1.
StepD

According to the procedure in Example 343, Step C, 3-(1-Amino-2,2-dipyridin-3-
ylethyl)benzonitrile (Enantiomer B, 0.503 g, 1.68 mmol) was converted to the title compound. The
product was purified by reverse phase HPLC (5-95% CH3CN / HyO + 0.05% NH,OH) followed by flash
column chromatography (0-9% CH;OH / CH,CLy). The fractions were combined and concentrated in
vacuo to afford the title compound as a foamy white solid. Enantiomer B: "HNMR (CDCl;) 8 8.67 (d,
1H, J=1.95Hz), 8.51 (dd, 1H, J = 1.22 Hz), 8.37 (d, 1, J =2.20 Hz), 8.30 (dd, 1H, J = 1.22 Hz), 7.69-
7.67 (m, 1H), 7.527.50 (m, 1H), 7.43-7.37 (m, 4H), 7.29 (dd, 151, T = 4.88 Fz), 7.07 (dd, 1K, T = 4.88
Hz), 4.62 (d, 1H, J=11.96 Hz), 4.37 (d, 1H, J = 12.21 Hz), 3.53-3.50 (m, 2H), 3.49-3.37 (m, 2H), 2.50-
2.47 (m, 2H), 2.29-2.26 (m, 2H). [M+H]+ = 371.1870.

The following compounds were made according to Scheme 7, where intermediates in the
scheme were modified according to literature methods. Examples 7-3 and 7-4 were synthesized using the

tert-butyl sulfonimine rather than the fer#-buty! sulfinimine using literature procedures.
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EXAMPLES 422-423 and 7-1 t0 7-4
(+)-3-(1-morpholin-4-yl-2,2- 389.1989
dipyridin-3-

ylethyl)benzamide

422

423 (£)-3-{1- 340.1561
[(cyanomethyl)amino]-2,2-
dipyridin-3-

= ylethyl}benzonitrile

7 7\ (2)-N-{12- 406.1318
N F (methylthio)pyrimidin-4-y1]-

2,2-dipyridin-3-ylcthyl}-n-
(2,2,2-trifluoroethyl)amine

y)-2-pyridin-3-yl-1-[(2,2,2-

F trifluoroethyl)aminojethyl} p
=\ 7 N\ yrimidin-2-amine (imixture

N g _N>#NH2 of diastereomers)

7-3 = RF_ (@)-6-{2-(4-fluorophenyl}-1- 39
Ny _>‘—F pyridin-3-yl-2-[(2,2,2-
HN trifluoroethyljaminolethyl}p
yridin-2-amine
H,N (diastereomer 1)

7-2 N/ \ _F>(-F (i)~4—{2-(2—ﬂuoropyridin-3- 393.1443
HN

7-4 — RF  (#)-6-{2-(4-fluorophenyl)-1- 399
Ny 7 _>LF pyridin-3-y1-2-[(2,2,2-
HN trifluoroethyl)amino]ethyl}p
yridin-2-amine
(diastereomer 2)

PN/

SCHEME 8

OH
OHC °
() @.\‘/\‘ MsCl, i-ProNEt RSOH, "OH, 1P NEt (A OR
(B) Lpa THF, 0 °C (B)

5  The variables C, B, A, and R’ in the scheme are as defined in "Formula I”.

- 100-

-107-




10

15

20

25

30

WO 2006/015159 PCT/US2005/026868

EXAMPLE 424
1-2-(2 2. 2-trifluoroethoxy)ethyl

Step A

To the solution of 3-(pyridin-3-ylmethyl)pyridine (0.195 g, 1.15 mmol) in THF (5 mL) at -78
°C was added LDA (0.7 mL, 1.8 M) and stirred for 1 h. 4-Fluorobenzaldehyde (0.171 g, 1.37 mmol) in
THF (1 mL) was added. The mixture was stitred at -78 °C for 10 min and at -45 °C for 0.5 h. The
reaction was quenched with ice and extracted with CH,Cl,. The combined organic layer was dried,
filtered, and concentrated to give a solid. The solid was triturated with CH;Cl, to give 1-(4-
fluorophonyl)-2,2-dipyridin-3-ylcthanol. 'H-NMR (500 MHz, CDCl3) 6 8.60 (d, 1H,J=1.7), 8.45 (d,
16, T=19), 8.38 (dd, 1H, T=4.7,1.2), 827 (dd, 1H, T=4.6, 1.2), 7.91 (d, 1H, T=7.8), 7.76 (d, 1H, T =
8.0), 7.34-7.29 (m, 3H), 7.19 (dd, 1H, T =7.8, 4.9}, 7.02 (t, 2H, I = 8.8), 5.68 (d, 1H, J=4.9), 5.45 (dd,
i, J=8.5,4.8), 4.34 (d, 1H, J = 8.8). LRMS m/z (M+H) Caled: 295.3, found: 295.1.
Step B

To the solution of 1-(4-fluorophenyl)-2,2-dipyridin-3-ylethanol (0.2 g, 0.68 mmol) in THE (4
mL) was added i-Pr;NEt (0.4 mL, 2.3 mmol) at 0 °C followed by methanesulfony] chloride (0.1 mL, 1.3
mmol). The reaction mixture was stirred for 10 h. Diluted with saturated NaHCO; and extracted with
CH;Cl,. The combined organic layer was dried, filtered, and concentrated to give 1-(4-
fluorophenyl)-2,2-dipyridin-3-ylethy] methanesulfonate. LRMS m/z (M+H) Calcd: 373.4, found:
373.0.
Step C

The mixture of 1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl methanesulfonate (0.1 g, 0.27 mmol)
and j-Pr,NEt (0.1 mL) in CF;CH,OH (1 mL) was heated to reflux for 10 h. Diluted with aqueous
Na,CO; (2M) and extracted with CHyCl,. The combined organic layer was dried, filtered, and
concentrated. The residue was purified by reverse phase HPLC (5-100% CH:CN/H;O + 0.1% TFA) to
give the trifluoroacetate salt of (£)-3-[2-(4-fluoropheny!)-1~pyridin-3-yl-2-(2,2,2-
trifluoroethoxy)ethyl]pyridine. 'H-NMR (500 MHz, CDCly) § 11.38 (broad, 2H), 8.68 (d, 2H, J = 32.7),
8.55(d, 2H,J=14.9), 8.0 (d, 1H, J =8.0), 7.75 (d, 1H, J = 8.0), 7.58-7.60 (m, 1H), 7.40-7.42 (m, 1H),
7.08-7.11 (m, 2H), 6.99-7.02 (, 2H, J = 8.3), 5.16 (d, 1H, J=7.3), 4.40 (d, 1H, J = 7.3), 3.63-3.76 (m,
2H). (LRMS mv/z (M+H) Calcd: 377.3, found: 377.2.

The following compounds were made according to Scheme 8, where intermediates in the

Scheme were modified according to literature methods.
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EXAMPLES 425-427 and 8-1 to 8-2

Example Compound Name MS (M+1)
425 N (&)-3-[2-(4-fluorophenyl)-2-  309.3
= OCHj; methoxy-1-pyridin-3-
ylethyl]pyridine

426 (£)-3-[2-(cyclopentyloxy)-2-  363.2
(4-fluorophenyl)-1-pyridin-

3-ylethylJpyridine

427 (£)-methyl [1<4- 367.1
fluorophenyl)-2,2-dipyridin-

3-ylethoxylacetate

8-1 (£)~1-2-morpholin-4- 363.182
ylpyridin-3-y1)-2,2~

dipyridin-3-ylethanol

8-2 (E-1-2-[methyl(pyridin-3- 3841708
=N yl)amino]pyridin-3-yl}-2,2-

\ /7 dipyridin-3-ylethanol

SCHEME 9
Cl
Cl/\© Y-H, base @\ o e e G
Y—
Y LDA e Derivatization Y
according e
to literature
methods

The variables C, B, A, and Y in the scheme are as defined in "Formula I”.

EXAMPLE 428
()-1-[1-(6-chloropyridin-2-y)-2.2-dipyridin-3-vlethyl|pyridin-2(1H)-one
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Step A

To the solution of 2-chloro-6-chloromethylpyridine (1.62 g g, 10 mmol) in DMF (10 mL) was
added 2-hydroxypyridine (0.95 g, 10 mmol) and Cs,CO; (6.52 g, 20 mmol). The mixture was stirred
overnight, then diluted with water and extracted with CELCl,. The combined organic layer was dried,
filtered, and concentrated to give a solid. The solid was purified by silica gel chromatography (2-4%
MeOH in CH,Cl) to give 1-[(6-chlarapyridin-2-y)methyllpyridin-2(1H)-one. "H-NMR (500 MHz,
CDCls) 8 7.62 (t, 1H, J="7.8), 7.51 (dd, 1H, T = 6.8, 2.0), 7.31-7.37 (m, 2H), 7.25 (d, 1H, J = 8.3), 6.59
(d, 1H,7=9.2), 6.21 (td, 1H, 1= 6.6, 1.3), 5.19 (5, 2H). LRMS m/z (M+H) Caled: 221.7, found: 221.0.
Step B

To the solution of 1-[(6-chloropyridin-2-yDmethyl[pyridin-2(1H)-one (0.3 g, 1.36 mmol) in
THEF (6 mL) at -78 °C was added LDA(0.83 mL, 1.8 M) and stirred at -78 °C for 1 h. The solution of 3-
[chioro(pyridin-3-yl)methyl]pyridine (0.278 g, 1.36 mmol) in THF (3 mL) was added and the mixture
was warmed to 0 °C and stirred at 0 °C for 1 h. The reaction was quenched with water and extracted with
CH,Cl. The combined organic layer was dricd, filtered, and concentrated. The residue was purified by
silica gel chromatography (3% MeOH in CH,Cb) to give (+)-1-[1-(6-chloropyridin-2-yl)-2,2-dipyridin-3-
ylethyl]pyridin-2(1H)-one. 'H-NMR (500 MHz, CDCL;) § 8.58 (d, 1H, J=2.2), 8.53 (d, 1H, T =2.0),
8.42(dd, 1H,J=4.6, 1.2), 835 (dd, 1H, Y =4.6,1.2), 7.92 (d, 1H, = 6.6), 7.84 (d, 1H, J = 8.0), 7.64 (d,
1H,J=28.0), 7.48 (t, 1H, I ="7.7), 7.25-7.09( m, 611), 6.41 (d, 1H, J = 9.0), 6.09 (¢, 1, T=6.7), 5.30 (4,
1H,J=122). LRMS m/z (M+H) Caled: 389.8, found: 389.0.

The following compounds were made according fo Scheme 9 where intermediates in the

Scheme were modified according to literature methods. Unless otherwise shown, structures of

compounds 429-437, 9-1 to 9-5 and 444-446 are represented by defining variables @ and “Y” of the
structure

N’__\ ®

= Y
N/

EXAMPLES 429-437 and 9-1 to 9-5

Example Compound Name MS (M+1
429 Q (£)~1-(-pyridin2-yl-2,2-  355.0
N= >
CEaY) v=§—~§ Y dipyridin-3-ylethyDpyridin-
= 2(1H)-one
430 N= Nay  (£)-2-[1-(1H-pyrazol-1-yl)-  328.0
@ =§.Q ve _-N\; 2,2-dipyridin-3-
ylethyljpyridine
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431

432

433

434

435

436

437

438

439

440

F

Q,

@+ pwind Y

Q

© =§—<j/> Y=§—N?i>

N=

CER O R

(£)-1-[2-(4-fluorophenyl)-1-
pyridin-2-yl-2-pyridin-3-
ylethylpyridin-2(1H)-one
(Diastereomer A)

(-£)~1-[2-(4-fluoropheny!)-1-
pyridin-2-yl-2-pyridin-3-
ylethyljpyridin-2(1H)-one
(Diastereomer B)

(£)~1-[2-(4-fluorophenyl)-
1,2~dipyridin-3-
ylethyl]pyridin-2(1H)~one
(Diastereomer A)

(£)-1-[2-(4-fluorophenyl)-
1,2~dipyridin-3-
ylethyljpyridin-2(1H)-one
(Diastereomer B)

(£)~2-[2-(4-fluorophenyl)-1-
(1H-pyrazol-1-yl)-2-pyridin-
3-ylethyljpyridine
(Diastereomer A)

(%)-2-[2-(4-fluorophenyl)-1-
(1H-pyrazol-1-yl)-2-pyridin-
3-ylethyl]pyridine
(Diastereomer B)

()~2-[1-(4-fluorophenyl)-2-
(1H-imidazol-1-y1)-2-
pyridin-3-ylethyl]pyridine
(mixture of idastereomers)

(#)-1-(1,2,2-tripyridin-3-
ylethyl)pyridin-2( | H)-one

(£)-2«(1-pyridin-2-y1-2,2
dipyridin-3-
ylethyl)pyridazin-3(2H)-one
(£)-2-[2,2-dipyridin-3-yl-1-
(1H-1,2,3-triazol-1~
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372.1499

372.1499

372.1500

372.1505

345.1503

345.1502

345.1503

3555

356.5

3293
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441

442

443

9-2

9-3

9-5

CERW
@ =§—®—CN Y=§—N'N\;N

yl)ethyl]pyridine
(#)-3,3'3"[2-(1H-1,2,3-
triazol-1-yDethane-1,1,2-
triyljtripyridine
(#)-4-[2,2-dipyridin-3-yl-1-
(1H-1,2,3-triazol-1-
yDethyl]benzonitrile
()-3-[2,2-dipyridin-3-yl-1-
(1H-1,2,3-triazol-1-
yhethyljbenzonitrile
(£)-3,31.3"[2-(1H-tetrazol-1-
yl)ethane-1,1,2-
triyl]tripyridine

(&)-3-[2-pyridin-2-yl-1-
pyridin-3-y}-2-(1H-1,2,3-
triazal-1-
yDethyl]benzonitrile

(%)-2-[2,2-dipyridin-3-y}-1-
(4H-1,2 4-iriazol-4-
yDethyl]pyridine

()-4-{2-(4-chlorophenyl)-1-
[2-(methylthio)pyrimidin-4-
y1]-2-pyridin-3-
ylethyl}morpholine

(£)-4-[2-(4-chlorophenyl)-1-
morpholin-4-yl-2-pyridin-3-
ylethy!]pyrimidin-2-aminc

PCT/US2005/026868

329.2

3533

330.1464

3534

329.1525

4271

396

The following compounds were made from Example 428 using methods known to those skilled in the art.

Example
444

Compound
NHSO,CHg
N=—

o7

=} ——ND

EXAMPLES 444-446

Name

@F)-1-(1-{6-[(2-
hydroxyethyl)amino]pyridin
-2-yl}-2,2-dipyridin-3-
ylethyl)pyridin-2(1H)-one
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445 e TCOIOCCH s (£)-N-{6-[1-(2-oxopyridin-  470.0
©=4 ) o 1(2H)-y1)-2,2-dipyridin-3-

N ylethyllpyridin-2-
Y={—N_ ylcarbamate

e w8 (H-1-[1CH)y)-2,2- 370.1
© =§O Y=E—N Y dipyridin-3-ylethyl]pyridin-
=/ 2(1H)-one

SCHEME 10

[}
Q R5OZC\© Yo
9 LDA e Ti(OEt),

The variables A, B, C, Y, and R® in the scheme are as defined in “Formula I”,

EXAMPLE 447

Step A

To a solution of di-3-pyridylmethane (250 mg, 1.47 mmol) in dry THF (5 mL) was added
LDA (2.1 mL, 3.16 mumol) slowly at -78°C. After 30 min a solution of methyl 2-bromopyridine-6-
carboxylate (349 mg, 1.62 mmol) in dry THF (3 mL) was added slowly. Afier 30 min the cooling bath
was removed and the mixture allowed to warm to RT. After 4 br the mixture was diluted with saturated
NH,C] and extracted with EtOAc (3x). The combined organic layers were dried (MgSQy), filtered, and
concentrated. Flash column (100% EtOAc) gave 1-(6-bromopyridin-2-yl)-2,2-dipyridin-3-ylethanone as
ayellow oil. "H-NMR (500 MHz, CDCL) & 8.66 {m, 2 H), 8.53 (m, 2 H), 8.06 (dd, J = 0.98 and 6.35 Hz,
1 H), 7.80 (m, 4 H), 7.28 (m, 2 H), 6.79 (s, 1 H).
Step B

Ta a solution of 1-(6-bromopyridin-2-yl)-2,2-dipyridin-3-ylethanone (154 mg, 0.44
mmol) in dry 1,4-dioxane (2 mL) was added 3,3-difluoropyrrolidine hydrochloride (75 mg, 0.52 mmol),
TEA (0.079 mL, 0.57 mmol), and Ti(OEt), (0.18 mL, 0.87 mmol). The mixture was heated to reflux.
After 2 hr the mixture was cooled to RT, diluted with brine, and filtered through a pad of Celite. The pad
was washed with EtOAc. The filtrate layers were separated and the aqueous layer extracted with EtOAc
(3x). The combined organic layers were dried (MgSOy), filtered, and concentrated to a brown foam

which was used in the nexi step without purification.
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StepC

To a solution of crude imine (134 mg, 0.3 mmol) in HOAc (3 mL) was added Zn dust
(198 mg, 3.02 mmol) at RT. After 16 hr the mixture was filtered through a pad of Celite and
concentrated. The residue was taken up in 1M NaOH and extracted with CH,Cl, (3x). The combined
organic layets were dried (MgSOy), filtered, and concentrated. Flash column (gradient, 0-10%
MeOH/CH,Cl,) gave 2-bromo-6-{1-(3,3-difluoropyrrolidin-1-yl)-2,2-dipyridin-3-ylethyl]pyridine as a
yellow solid. "H-NMR (500 MHz, CDC1;) § 8.72 (s, 1 H), 8.49 (d, J=4.89 Hz, 1 H), .37 (s, 1 H), 8.27
(d,7=4.88Hz, 1 H), 7.75(d, ¥="7.57 Hz, 1 H), 743 (d, ] =7.57 Hz, 1 H), 7.37 (, ] = 7.32 Hz, L H),
7.30 (m, 2 T0), 7.04 (dd, T=4.89 and 2.93 Hz, 1 H), 6.88 (d, J=7.33 11z, 1 1), 4.88 (d, J=11.71 Hz, 1
H), 4.53 (4, = 11.48 Hz, 1 H), 3.10 (m, 1 H), 2.88 (m, 2 H), 2.70 (m, 1 H), 2.0 (m, 2 H).
Step D

The 2-bromo-6-[1-(3,3-difluoropyrrolidin-1-y1)-2,2-dipyridin-3-ylethyl]pyridine (73 mg,
0.16 mmol), rert-butyl carbamate (23 mg, 0.2 mmol), Cs,COs (75 mg, 0.23 mmol), Pdy(dba); (3 mg,
0.003 mmol), and xantphos (6 mg, 0.01 mmol) were combined in dry 1,4-dioxane (1.5 mL). The mixture
was degassed (3 x pump/Ny) ihen heaied to 100°C. After 5 hr the mixture was cooled to RT, diluted with
EtOAc, filtered through a pad of Celite, and concentrated. The residue was taken up in 1 mL CH,Cl, to
which was added 1 mL TFA at RT. After 90 min the mixture was concentrated. The residue was taken
up in saturated NaHCO; and extracted with CELCl, (3x). The combined organic layers were dried
(MgS0y), filtered, and concentrated. Flash column (gradient, 0-10% MeOH/CH,Cl,) gave the title
compound s a yellow foam. "H-NMR (500 MHz, CDCL) & 8.68 (d, J = 2.20 Hz, 1 H), 8.47(d, J=4.15
Hz, 1 H), 8.37 (d, J=2.19 Hz, 1 H), 825 (d, T=3.90 Hz, 1 H), 7.74 (d, J = 8.06 Tiz, 1 H), 7.41 (d, J =
7.81 Hz, 1 H), 7.25 (m, 2 H), 7.02 (m 1 H), 6.27 (m, 2 H), 4.85 (d, T = 11.47 Hz, 1 H), 4.39 (5, 2H), 4.35
(d,J=11.72 Hz, 1 H),3.10 (m, 1 H), 2.86 (m, 2 H), 2.67 (m, 1 H), 2.0 (m, 2 H); MS (M+E)* 382.0.

Using the methodologies described below, representative compounds of the invention
were evaluated and found to exhibit activity in the Kv1.5 assays, thereby demonstrating and confirming
the utility of the compounds of this invention as Kv1.5 inhibitors and antiarrhythmics. Compounds of
this type may exhibit forward rate-dependence, blocking the outward K currents to a greater extent or
preferentially at faster rates of depolarization or heart rates. Such a compound could be identified in
electrophysiological studies as described below. For example, during a train of depolarizations
delivered at frequencies of 1 Hz and 3 Hz, the block is “rate-dependent” if the amount of block observed
during a 10 second train at 3 Hz is greater than that at 1 Hz. A Kv1.5 blocker may also display use-
dependence, during which the block of the outward K" currents increases with use, or during repetitive
depolarization of a cardiac cell. Use dependence of block occurs to a greater extent with each successive
depolarization in a train or sequence of pulses or depolarizations at a given rate or frequency. For
example, during a train of 10 depolarizations at a frequency of 1 Hz, the block is “use-dependent” if the
amount of block is greater for the 10" pulse than for the 1% pulse of the train. A Kv1.5 blocker may

exhibit both use-dependence and rate-dependence.
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A Kv1.5 blocker may also be identified through electrophysiological studies of native
Tx.r using cardiac myocytes or other tissue from various species including, but not limited to, human, rat,
mouse, dog, monkey, ferret, rabbit, guinea pig, or goat. In native tissues Kv1.5 may exist as a homo-
oligomer, or as a hetero-oligomer with other Kv family members, or may exist in a complex with a [3-
subunit. Compounds of this invention may block Kv1.5 homo- or hetero-oligomers or Kv1.5 in

complexes with B-subunits.
Kv1.5 assays

The high throughput Kv1.5 planar patch clamp assay is a systematic primary screen. It
confirms activity and provides a functional measure of the potency of agents that specifically affect
Kv1.5 potassium channels. Kiss et al. (Assay and Drug Dev. Tech., 1(1-2):127-135,2003) and Schroeder
et al. (J. of Biomol. Screen., 8(1);50-64, 2003) describe the use of this instrument for Kv1.5 as well as
other voltage gated ion channels.

Chinese hamster ovary cells (CHO) stably expressing the human Kv1.5 potassium
channel alpha subunit, cloned from human heart, are grown to 90-100% confluence in Ham's F12
medium supplemented with 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin, 1000 pg/ml G-418
sulfate. Cells are subcultured by treatment with Versene, then suspended in phosphate-buffered saline
(PBS) and centrifuged The cell pellet is resuspended in PBS and the resulting suspension placed in the
cell reservoir of the TonWarks™ HT instrument. ‘

Electrophysiological recordings are performed with intracellular solution containing
(mM): K-gluconate 100, KCl 40, MgCl, 3.2, EGTA 3, N—2-hydroxylethylpiperazine-N*~2—
ethanesulphonic acid (HEPES) 5, adjusted to pH 7.3. Amphotericin (Sigma) is prepared as 30 mg/ml}
stock solution and diluted to a final working concentration of 0.1 mg/ml in internal buffer solution. The
external solution is Dulbecco's PBS (Invitrogen) and contains (mM): CaCl, 0.90, KC1 2.67, KsPO, 1.47,
MgCl, 0.50, NaCl 138, NasPO, 8.10 and has a pH of 7.4. All compounds are prepared as 10 mM stock
solutions in DMSO. Compounds are diluted into external buffer, then transferred from the drug plate to
the Patchplate during the experiment (final DMSO concentration <0.66% vol.).

Kv1.5 ionic currents are recorded at room temperature. Membrane currents are amplified
(RMS ~10pA) and sampled at 10 kHz. Leak subtraction was performed in all experiments by applying a
160 ms hyperpolarizing (10 mV) pre-pulses 200 ms before the test pulses to measure leak conductance.
The patch clamp stimulus protocol is as follows:

1. Patchplate wells are loaded with 3.5 pl. of external buffer.

2. Planar micropipette hole resistances (Rp) is determined by applying a 10 mV, 160 ms potential
difference across each hole (Hole test).

3. Cells are pipetted invo the Patchplate and form high resistance seals with the 1-2 fim holes at the
bottom of each Patchplate well. A seal fest scan is performed to determine how many of the
Patchplate wells have cells that have formed seals.

4. Tn order to gain electrical access to the cells, intracellular solution containing amphotericin is

circulated for 4 minutes on the bottom side of the Patchplate.
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5. Pre-compound addition test pulse is applied to each well on the Patchplate. Protocol: Cells are
voltage clamped at 2 membrane holding potential of —80 mV for 15 seconds. This is followed by
application of a 5 Hz stimulus train (27 x 150 ms depolarizations to +40 mV). The membrane
potential steps to +40 mV evoke outward (positive) ionic currents.

6. Compound is added to each well of the Patchplate. Compounds are allowed to incubate for 5
minutes.

7. Post-compound addition test pulse protocol is applied. Protocol: Cells are voltage clamped at a
membrane holding potential of ~80 mV for 15 seconds. This is followed by application of a 5 Hz
stimulus train (27 x 150 ms depolarizations to +40 mV).

Data analysis is conducted off-line. Paired comparisons between pre-drug and post-drug
additions are used to determine the inhibitory effect of each compound. % inhibition of the peak control
current during the 27" depolarization to +40 mV (in the 5 Hz train) is plotted as a function of antagonist
concentration. The concentrations of drug required to inhibit current by 50 % (ICsg) are determined by
fitting of the Hill equation to the concentration response data: % of Control = {00 X (1 + ([Drug}/ICso)’ )
1

For each cell four arithmetic metrics are obtained:

1) scal resistance

2) baseline metric (the mean current at —70 mV from 5 to 45 ms before the first depolarization to
+40 mV) '

3) current run up metric (pre-compound mean current amplitude during the 1% depolarization to +40
mV minus the pre-compound mean current amplitude during the 27" depolarization to +40 mV)

4) peak current (maximum current amplitude during the 27" depolarization to +40 mV during the 5
Hz train).

All metrics are obtained during both the pre- and post-compound addition traces. Cells are eliminated
from further analysis if:

1) seal resistance is <50 MQ

2) baseline metric is >x100 pA during the pre-compound

3) current run up metric is >-0.2 nA
4) pre-read peak metric is <400 pA.

The above-listed compounds provide > 20% inhibition at a concentration of 33 uM or less in the high
throughput Kv1.5 planar patch clamp assay described above.

Atomic Absorption Spectroscopy Protocol:

This assay identifies agents that specifically block the human Kv1.5 K+ channel
heterologously expressed in CHO cells as measured by Rb" efflux using Flame Atomic Absorption
Spectroscopy (FAAS). The application of FAAS for measuring ion channel activity was adapted from
Terstappen ef al, Anal. Biochem., 272:149-155, 1999.

CHO cells expressing human Kv1.5 are cultured as described above, then harvested with

trypsin-EDTA and washed with medium.
- 109 -

-116-




10

15

20

25

30

35

WO 2006/015159 PCT/US2005/026868

1. 40,000 cells per well are seeded in a 96-well cell culture plate (assay plate) and the celis are
allowed to grow for 48 hours at 37°C.

. The medium is removed and 200 p of Rb Load Buffer (Aurora Biomed, Vancouver, BC) is added
for 3 hours at 37°C under 5% CO,.

3. The cells are washed 5 times with 200 pl Hark’s Balanced Salt Solution (HBSS) [ollowed by the

addition of 100 pl HBSS containing test compound or 0.5 % DMSO.

4. After 10 min, 100 pl of HEPES-buffered saline containing 140 mM KCl is added and plate is
incubated at RT for 5 min. with gentle shaking.

. Immediately thereafter, 150 pl of supernatant is transferred to a fresh 96 well plate and the

(&)

th

remaining supernatant aspirated.
6. 120 pl of Cell Lysis Buffer (Aurora Biomed, Vancouver, BC) is added to the assay plate and
shaken for 10 min. prior to analysis.
7. Rb content is measured in samples of supernatant (SUP) and lysate (LYS) using an ICR-8000
automated AAS instrument (Aurora Biomed, Vancouver, BC).
% FLUX=100%*(SUP/(LYS+SUP)). % INH=100%*(1-(A-B)/(C-B)), where A is % FLUX in the
presence of tested compound, B is % FLUX in the presence of 10 mM (6-methoxy-2-methyl-1-ox0-4-
phenyl-1,2-dihydreisoquinolin-3-y1)-N,N-dimethylmethanaminium chloride, C is % FLUX in the
presence of 0.25% DMSO.

The above-listed compounds provide > 25% inhibition at a concentration of 25 pM or
less in the AAS assay described above.

The compounds of this invention can be administered for the treatment or prevention of
afflictions, diseases and illnesses according to the invention by any means that effects contact of the
active ingredient compound with the site of action in the body of a warm-blooded animal. For example,
administration, can be oral, topical, including transdermal, ocular, buccal, intranasal, inhalation,
intravaginal, rectal, intracisternal and parenteral. The term "parenteral” as used herein refers to modes of
administration which include subcutaneous, intravenous, intramuscular, intraarticular injection or
nfusion, intrasternal and intraperitoneal.

The compounds can be administered by any conventional means available for use in
conjunction with pharmaceuticals, either as individual therapeutic agents or in a combination of
therapeutic agents. They can be administered alone, but are generally administered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and standard
pharmaceutical practice.

For the purpose of this disclosure, a warm-blooded animal is a member of the animal
kingdom possessed of a homeostatic mechanism and includes mammals and birds.

The dosage administered will be dependent on the age, health and weight of the
recipient, the extent of disease, kind of concurrent treatment, if any, frequency of treatment and the
nature of the effect desired. Usually, a daily dosage of active ingredient compound will be from about [-

500 milligrams per day. Ordinarily, from 10 to 100 milligrams per day in one or more applications is
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effective to obtain desired results. These dosages are the effective amounts for the treatment and
prevention of afflictions, diseases and illnesses described above, e.g., cardiac arthythmias such as atrial
fibrillation, atrial flutter, atrial arrhythmia, and supraventricular tachycardia, thromboembolic events
such as stroke and congestive heart failure, and immunodepression.

The active ingredient van be administered orally in solid dosage forms, such as capsules,
tablets, troches, dragées, granules and powders, or in liquid dosage forms, such as elixirs, syrups,
emulsions, dispersions, and suspensions. The active ingredient can also be administered parenterally, in
sterile liquid dosage forms, such as dispersions, suspensions or solutions. Other dosages forms that can
also be used to administer the active ingredicnt as an ointment, cream, drops, transdermal patch or
powder [or topical administration, asan ophthalmic solution or suspension formation, i.e., eye drops, for
ocular administration, as an aerosol spray or powder composition for inhalation or intranasal
administration, or as a cream, ointment, spray or suppository for rectal or vaginal administration.

Gelatin capsules contain the active ingredient and powdered carriers, such as lactose,
starch, cellulose derivatives, magnesium stearate, stearic acid, and the like. Similar diluents can be used
{o make compressed tablets. Both tablets and capsules can be manufactured as sustained release products
to provide for continuous release of medication over a period of hours, Compressed tablets can be sugar
coated or film coated to mask any unpleasant taste and protect the tablet from the atmosphere, or enteric
coated for selective disintegration in the gastrointestinal tract.

Liquid dosage forms for oral administration can contain coloring and flavoring to
increase patient acceptance.

In general, water, a suitable oil, saline, aqueous dextrose (glucose), and related sugar
solutions and glycols such as propylene glycol or polyethylene gycols are suitable carriers for parenteral
solutions. Solutions for parenteral administration preferably contain a water soluble salt of the active
ingredient, suitable stabilizing agents, and if necessary, buffer substances, Antioxidizing agents such as
sodjum bisulfite, sodium sulfite, or ascorbic acid, either alone or combined, are suitable stabilizing
agents. Also used are citric acid and its salts and sodium EDTA. In addition, parenteral solutions can
contain preservatives, such as benzalkonium chloride, methyl- or propylparaben, and chlorobutanol.

Suitable pharmaceutical carriers are described in Remington's Pharmaceutical Sciences,
A. Osol, a standard reference text in this field.

For administration by inhalation, the compounds of the present invention may be
conveniently delivered in the form of an aerosol spray presentation from pressurized packs or nebulisers.
The compounds may also be delivered as powders which may be formulated and the powder composition
may be inhaled with the aid of an insufflation powder inhaler device. The preferred delivery system for
inhalation is a metered dose inhalation (MDI) aerosol, which may be formulated as a suspension or
solution of a compound of Formula I in suitable propellants, such as fluorecarbons or hydrocarbons.

For ocular administration, an ophthalmic preparation may be formulated with an

appropriate weight percent solution or suspension of the compounds of Formula I in an appropriate
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ophthalmic vehicle, such that the compound is maintained in contact with the ocular surface for a
sufficient time period to allow the compound to penetrate the corneal and internal regions of the eye.

Useful pharmaceutical dosage-forms for administration of the compounds of this
invention include, but are not limited to, hard and soft gelatin capsules, tablets, parenteral injectables,
and oral suspensions.

A Jarge number of unit capsules are prepared by filling standard two-piece hard gelatin
capsules each with 100 milligrams of powdered active ingredient, 150 milligrams of lactose, 50
milligrams of cellulose, and 6 milligrams magnesium stearate,

A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed oil or
olive oil is prepared and injected by means of a positive displacement pump into gelatin (o form soft
gelatin capsules containing 100 milligrams of the active ingredient. The capsules are washed and dried.

A large number of tablets are prepared by conventional procedures so that the dosage
unit is 100 milligrams of active ingredient, 0.2 miltigrams of colloidal silicon dioxide, 5 milligrams of
magnesium stearate, 275 milligrams of microcrystalline cellulose, 11 milligrams of starch and 9.8
milligrams of lactose. Appropriate coatings may be applied to increase palatability or delay absorption.

A parenteral composition suitable for administration by injection is prepared by stirring
1.5% by weight of active ingredient in 10% by volume propylene glycol. The solution is made to volume
with water for injection and sterilized.

An aqueous suspension is prepared for oral administration so that each S milliliters
contain 100 milligrams of finely divided active ingredient, 100 milligrams of sodium carboxymethyl
cellulose, 5 milligrams of sodium benzoate, 1.0 grams of sorbitol solution, U.S.P., and 0.025 milliliters of
vanillin.

The same dosage forms can generally be used when the compounds of this invention are
administered stepwise or in conjunction with another therapeutic agent. When drugs are administered in
physical combination, the dosage form and administration route should be selected depending on the
compatibility of the combined drugs. Thus the term coadministration is understood to include the
administration of the two agents concomitantly or sequentially, or alternatively as a fixed dose
combination of the two active components.

Compounds of the invention can be administered as the sole active ingredient or in
combination with a second active ingredient, including other antiarthythmic agents having Kv1.5
blocking activilies such as quinidine, propafenone, ambasilide, amiodarone, flecainide, sotalol,
bretylium, dofetilide, almokalant, bepridil, clofilium, other compounds having Kv1.5 blocking activities
such as clotrimazole, ketoconazole, bupivacaine, erythromycin, verapamil, nifedipine, zatebradine,
bisindolylmaleimide, or other cardiovascular agents such as, but not limited to, ACE inhibitors such as
benazepril, captopril, enalapril, fosinopril, lisinopril, moexipril, perindopril erbumine, quinapril, ramipril,
and trandolapril, angiotensin II antagonists such as candesartan, eprosartan, irbesartan, losartan,
olmesartan, telmisartan, and valsartan, cardiac glycosides such as digoxin, L-type calcium channel

blockers, T-type calcium channel blockers, selective and nonselective beta blockers, an
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immunosuppresant compound, endothelin antagonists, thrombin inhibitors, aspirin, nonselective NSAIDs
other than aspirin such as naproxen, warfarin, factor Xa inhibitors, low molecular weight heparin,
unfractionated heparin, clopidogrel, ticlopidine, Ilb/IJa receptor antagonists such as tirofiban, SHT
receptor antagonists, integrin receptor antagonists, thromboxane receptor antagonists, TAFI inhibitors
and P2T receptor antagonists. Compounds of the invention can also be administered as the sole active

ingredient or in combination with a pacemaker or defibrillator device.
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The claims defining the invention are as follows:

I. A compound of the formula

or a pharmaceutically acceptable salt thereof, wherein

A is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a

carbon atom,

wherein the pyridyl ring is unsubstituted, mono-substituted with R*, disubstituted
with groups independently selected from R, trisubstituted with groups independently
selected from R?, or tetrasubstituted with groups independently selected from R%, and
wherein the N pyridyl ring atom is unsubstituted or substituted with oxo;

C is selected from the group consisting of

1) an aryl ring, wherein any stable aryl ring atom is independently
unsubstituted or substituted with a group selected from R®,

2)  a heteroaryl ring, wherein the point of attachment to the heteroaryl ring
is a carbon atom, and the heteroaryl ring is selected from the group consisting of:

a) a S-membered unsaturated monocyclic ring with 1, 2, or
3 heteroatom ring atoms selected from the group consisting of N, O or S,

b) a 6-membered unsaturated monocyclic ring with 1 or 2 N atoms,
and

¢} an &, 9- or 10-membered unsaturated bicyclic ring with 1 or
2 heteroatom ring atoms selected from the group consisting of N, O or S,

wherein any stable atom is independently unsubstituted or substituted with a group

selected from RY;

3) a cyclopropyl ring, wherein any stable ring atom is independently
unsubstituted or substituted with a group selected from R*,

4)  a4-6 membered saturated heterocyclic ring with 1 or 2 heteroatom ring
atoms selected from the group consisting of N and O, wherein any stable ring atom is
independently unsubstituted or substituted with a group selected from R*, and

5)  C-C¢ alkyl, wherein any stable atom is independently unsubstituted or
substituted with a group selected from RY;

B is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon
atom wherein the pyridyl ring is unsubstituted, mono-substituted with R?, disubstituted
with groups independently selected from R*, trisubstituted with groups independently

(3435343 1:KZA
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selected from R*, or tetrasubstituted with groups independently selected from R*, and

wherein the N pyridyl ring atom is unsubstituted or substituted with oxo;
X is selected from the group consisting of hydrogen, OH, OCH3 and F;

Y is selected from the group consisting of

o

N

~N -~
1)NR’R}, 2)}% R® | 3)OR’, 4)S(O)2R’, 5) o0

v RG HL/RG
J%jé N7 0
N K A

u u 8):‘L'77

6) G, 7 G )

'I{N
-

3

R7

NODJ 11)}{N% /GE:;G

10) , ,and  12) ;

(3435345 1}KZA
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G, each time it occurs, is independently selected from the group consisting of Hp
and O;
Z is selected from the group consisting of C(R®),, NR?, NC(O)R®, NC(O)OR’,
NC(O)N(R®), NS(0)1.2R’, S(0)o.2, -N(R*)C(O)-, -C(R*)=C(R®)- and O;
5 Ra, in each instance in which it appears, is independently selected from the group
consisting of
1) hydrogen,
2) C1-Cg alkyl,
3) halogen,
10 4) aryl,
5) heterocycle,
6) C3-C10 cycloalkyl, and
7) ORS,
said alkyl, aryl, heterocycle and cycloalky! is unsubstituted or substituted with at least
s one substituent selected from R6;

R? and R? are independently selected from the group consisting of
1) hydrogen,
2) (CR22)n0R5,
3) (CR3)nN(R3)2,
2 4) (CRap)p C(O)R3,
5) (CRag)p C(O)ORS,
6) (CRa2)nR5,
7) (CR32)n S(O)mR5,
8) (CR#2)n S(O)mN(R)2,
25 9) C(O)R3,
10) C(O)ORS,
11) COINRS),
12) S(O)mR3,
13) S(O)mN(RS),
30 14) (CRa2)nN(RS)(CR22)nC(OIN(RA)2,
15) (CR22)nC(OIN(R)2,
16) (CRaz)nN(Rs)(CRaz)nC(O)OR5, and
17) (CRa2)nN(R3)S(O)mR5;
R*, in each instance in which it appears, is independently selected from the group
35 consisting of
1) hydrogen,
2) halogen,
3)NOy,

(2106603 1)
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4)CN,

5) CR4=C(R5)p,

6) C=CRS,

7) (CRa2)pORS,

8) (CR3)nN(R5)2,

9) (CR22)n C(O)RS,

10) (CR22)p C(O)ORS,

11) (CR22)nR3,

12) (CR22)p S(O)mR3,

13) (CR#2)n S(O)mN(R3)2,

14) OS(O)mR3,

15) N(R5)C(O)RS,

16) N(R5)S(O)mR5,

17) (CRa2)pN(RO)RS,

18) (CR22)pN(R3Y(CRa2)nC(OIN(R3)2,
19) (CR32)pN(RS)(CR32)nC(O)ORS,
20) N(RS)(CR232)nR5,

21) N(RS)(CR22)nN(R5)2, and

22) (CRa2)nC(O)N(RS)2;

R’ in each instance in which it appears, is independently selected from the group

consisting of

1) hydrogen,

2) unsubstituted or substituted C1-Cg alkyl,

3) unsubstituted or substituted C3-C1( cycloalkyl,
4) unsubstituted or substituted aryl,

5) unsubstituted or substituted heterocycle,

6) CF3,

7) unsubstituted or substituted C2-Cg alkenyl, and
8) unsubstituted or substituted C2-Cg alkynyl,

or in the case where RS is attached to a nitrogen atom that is disubstituted with R3,
each RS is independently selected from C1-Cg alkyl, and the nitrogen atom together with

cach RS form a ring;

RS, in each instance in which it appears, is independently selected from the group

consisting of

(2106603 1)

1) hydrogen,
2) unsubstituted or substituted C1-Cg alkyl,

3) halogen,
4) ORS5,
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5) CF3,

6) unsubstituted or substituted aryl,

7) unsubstituted or substituted C3-C1( cycloalkyl,

8) unsubstituted or substituted heterocycle,

9) S(OmN(R3)2,

10) C(O)ORS,

11) C(O)RS5,

12) CN,

13) C(ON(RS)2,

14) N(R5)C(O)R5,

15) N(RS)C(O)ORS,

16) N(R3)C(O)N(R3)z,

17) OC(O)N(R5),,

18) S(O)mR5,

19) 0S(O)mR?,

20) NO,

21) NR3);

22) SC(O)R3,

23) NR3)S(O)mR3,

R7 is independently selected from the group consisting of

1) S(O)mN(RS)2,

2) C(O)ORS,

3) C(O)RS,

4) C(O)N(RS)2, and

5) S(O)mRS;

m is independently 0, 1 or 2;

n is independently 0, 1, 2, 3, 4, 5 ot 6;

uis 0, 1 or2; and

vis0, l or2.

2. A compound of Claim 1, or a pharmaceutically acceptable salt thereof,
wherein

B is a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon
atom, and wherein the pyridyl ring is unsubstituted, mono-substituted with R,
disubstituted with groups independently selected from R', trisubstituted with groups
independently selected from R*, or tetrasubstituted with groups independently selected

from R‘, and wherein the N atom is unsubstituted or substituted with oxo;
X is selected from the group consisting of hydrogen, OH, OCH3 and F;

(3435343 1:KZA
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a pyridyl ring, wherein the point of attachment to the pyridyl ring is a carbon
atom,
wherein the pyridyl ring is unsubstituted, mono-substituted with R, disubstituted
with groups independently selected from R, trisubstituted with groups independently
selected from R, or tetrasubstituted with groups independently selected from R, and
wherein the N pyridyl ring atom is unsubstituted or substituted with oxo;
C is selected from the group consisting of

B
C o, N, -CHCHy ,  -(CHp)CH; . -CH(CHy),

{CHy)iCH; ,  ~(CH,)iCH3 | -(CHa)sCHy | '(CH2)2_© _ -(CHZ)—Q
§§_Q — §QF §—®_F CIOJOCH;CH, -CONCH),  CO)—N

Br F

CHy
)

" _ _ _
~C(0)—N<]’ g_q:\( '§_</ZNH ' E_Q j—@, §4<\1>§ WK

(]
CN

HsC CHy
=, SCHy =\ SO,CH; N N
=T DT OO0,
“\4“

(3435343 1)KZA
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3. A compound of Claim 2, or a pharmaceutically acceptable salt thereof,
selected from the group consisting of:
(+)-2-Morpholin-4-y/-2-phenyl-1,1-dipyridin-3-y/-ethanol,
(+)-3-methyl-2-morpholin-4-yl-1,1,-dipyridin-3-ylbutan-1-ol,
(£)-2-[(2-methoxyethyl)(methyl)amino]-2-phenyl-1,1-dipyridin-3-ylethanol,
()-2-phenyl-2-piperidin-1-yl-1,1-dipyridin-3-ylethanol,
(%)-2-phenyl-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(x)-terr-butyl 4-(2-hydroxy-1-pheny1-2,2-dipyridin-3-ylethyl)piperazine-1-
carboxylate,
2-[(15,45)-2-0xa-5-azabicyclo[2.21 Jhept-5-y1]-2-phenyl-1,1-dipyridin-3-ylethanol,
(#)-2(1,4-oxazepan-4-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-2-phenyl-1,1-dipyridin-3-yl-2-thiomorpholin-4-ylethanol,
(+)-2-(diethylamino)-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-2-(7-azabicyclo[2.2.1]hept-7-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-2-(3,3-difluoropyrrolidin-1-y1)-2-phenyl-1,1-dipyridin-3-ylethanol,
(+)-2-phenyl-1,1-dipyridin-3-yl-2-[2-(trifluoromethyl)pyrrolidin-1-yl]ethanol,
(£)-2-(2-isopropylpyrrolidin-1-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(2R)-2-cyclopropyl-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(£)-2-[cyclobutyl(ethyl)amino]-2-phenyl-1,1-dipyridin-3-ylethanol,
(+)-2-[ethyl(2,2,2-trifluoroethyl)amino)-2-phenyl-1,1-dipyridin-3-ylethanol,
(2)-2-(3-fluoropyrrolidin-1-yl)-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-2-phenyl-2-(phenylsulfonyl)-1,1-dipyridin-3-ylethanol,
(£)-2-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-
ylethanol,
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(2)-3-(2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl)- 1,3-oxazolidin-2-one,
(&)-3-[2-hydroxy-1-(2-o0x0-1,3-0xazolidin-3-yl)-2,2-dipyridin-3-
ylethylJbenzonitrile,
(£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]-3-
methylimidazolidin-2-one,
(£)-1-tert-butyl-3[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-
ylethyl]imidazolidin-2-one,
(£)-3-(2-hydroxy-2,2-dipyridin-3-yl-1-pyrrolidin-1-ylethyl)benzonitrile,
(%)-2-(4-fluorophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(%)-2-(3-methoxyphenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
2-[(2r)-2-(methoxymethyl)pyrrolidin-1-yl]-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-2-(3-bromophenyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
(#)-2-(3,3-difluoroazetidin-1-y1)-2-(4-fluorophenyl)-1,1-dipyridin-3-ylethanol,
(#)-2-(5-chloro-2-thienyl)-1,1-dipyridin-3-yl-2-pyrrolidin-1-ylethanol,
2-[(3R 4R)-3 4-diftuoropyrrolidin-1-y1]-2-phenyl-1,1-dipyridin-3-ylethanol,
(£)-1-(2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl)piperidin-3-ol,
2-(4-fluorophenyl)-2-[(2,5)-2-(hydroxymethyl)pyrrolidin-1-yl]-1,1-dipyridin-3-
ylethanol,
(£)-2-(cyclobutylamino)-2-(4-fluorophenyl)-1,1-dipyridin-3-ylethanol,
(£)-2-phenyl-1,1-dipyridin-3-yl-2-[(2,2,2-trifluoroethyl)-amino]ethanol,
2-(benzyloxy)-N-[(1R)-2-hydroxy-1-phenyl-2,2-dipyridin-3-ylethyl]acetamide,
N[(1R)-1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]-4-
phenylbutanamide,
benzyl[(1R)-1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]carbamate,
(+)-2-phenyl-1,1-dipyridin-3-yl-2-(1 H-pyrrol-1-yl)ethanol,
(£)-3-(2-hydroxy-1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(*)-3,3’-(1-fluoro-2-phenyl-2-pyrrolidin-1-ylethane-1,1-diyl)dipyridine,
(£)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ethyl]azetidin-3-ol,
(z)-1-[1-(4-fluorophenyl)-2-hydroxy-2,2-dipyridin-3-ylethyl]azetidin-3-yl
phenylcarbamate,
(£)-1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl)pyrrolidin-2-one,
(%)-4-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
(*)-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl)(2,2,2-trifluoroethyl)amine,
(£)-4-[1-(3,4-dichlorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
(%)-3,3'-[2-(4-fluorophenyl)-2-pyrrolidin-1-ylethane-1,1-diyl]dipyridine,
(£)-4-[1-(4-fluorophenyl)-2-pyridin-2-yl-2-pyridin-3-ylethyl Jmorpholine,
(£)-4-[1-(3-chlorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
()-4-[1-(3,5-dichlorophenyl)-2,2-dipyridin-3-ylethylJmorpholine,
(&)-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl](3,3,3-trifluoropropyl)amine,
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(£)-[1-(3-chlorophenyl)-2,2-dipyridin-3-ylethyl(2,2,2-trifluoroethyl)amine,
(£)-[1-(3,5-dichlorophenyl)-2,2-dipyridin-3-ylethyl](2,2,2-trifluoroethyl)amine,
(#)-[1-(3,4-dichlorophenyl)-2,2-dipyridin-3-ylethyl(2,2,2-trifluoroethyl)amine,
(£)-3,3°77742-(1,1-dioxidoisothiazolidin-2-y1)-2-(4-flucrophenyl)ethane-1,1-

diyl]pyridine,

(2)-methyl 1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]prolinate,
(£)-3-1[2-(hydroxymethyl)pyrrolidin-1-yl]-2,2-dipyridin-3-ylethyl Jbenzonitrile,
(£)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-N, N-dimethylprolinamide,
(%)-3-(2-0x0-1,3-0xazolidin-3-yl)-2,2-dipyridin-3-ylethyl]benzonitrile,
(£)-3-(1-{[(1-phenyl-1h-pyrazol-4-yl)methyi]Jamino-2,2-dipyridin-3-

ylethyl)benzonitrile,

(R)3-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(8)-3-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)benzonitrile,
(8)-{1-[1-(3-bromophenyl)-2,2-dipyridin-3-ylethyl]piperidin-4-yl } ethanethioate,
(£)-3-[1-(2,4-dioxoimidazolidin-1-yl)-2,2-dipyridin-3-ylethyl benzonitrile,
(#)-3-[1-(2-oxomorpholin-4-yl)-2,2-dipyridin-3-ylethylbenzonitrile,
(£)-3[1-(2-hydroxymorpholin-4-yl)-2,2-dipyridin-3-ylethylJbenzonitrile,
(£)-tert-butyl-2-{[1-(3-cyanophenyl)-2,2-dipyridin-3-

ylethyl]amino}ethylcarbamate,

(£)-N-(2- {[1-(3-bromophenyl)-2,2-dipyridin-3-

ylethyl]Jamino}ethyl)methanesulfonamide,

(£)-3-(1-morpholin-4-yl-2,2-dipyridin-3-ylethyl)phenol,
()-N-(zert-butyl)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]prolinamide,
(#)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-piperidinylprolinamide,
(£)-1 [1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-N-cyclohexylprolinamide,
(+)-methyl 1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl]prolinate,
(£)-N-{1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]piperidin-4-yl)-N-

methylmethanesulfonamide,

(£)-3-[1-(2-oxopyrrolidin-1-yl)-2,2-dipyridin-3-ylethyl]benzonitrile,
(£)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]piperidin-4-yl phenylcarbamate,
(£)-1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl]-N-methylprolinamide,
(£)-N-ethyl-1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl]prolinamide,
(£)-(V)-{1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl | piperidin-4-y1 }-N-

methylcyclopropanesulfonamide,

(£)-3-[1-(1,1-dioxidolsothiazolidin-2-y1)-2,2-dipyridin-3-ylethyl ]benzonitrile,
(£)-N-butyl-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl)prolinamide,
(&)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-N-isobutylprolinamid,
(£)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-N-cyclobutylprolinamide,
(£)-1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]-N-cyclopentylprolinamide,
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(£)-4-[1-(3-bromophenyl)-2,2-dipyridin-3-ylethylJmorpholin-2-one,
(£)-N-{1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl)piperidin-4-y1 }-N-
cyclopropylmethanesulfonamide,
(2)-N-{1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl ]piperidin-4-y1}-N-
ethylmethanesulfonamide,
(2)-N-{1{1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]piperidin-4-yl}-N-
ethylcyclopropanesulfonamide,
(£)-N-{1-[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethylipiperidin-4-y1-N-
methylethanesulfonamide,
(£)-2-{1-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl]pyrrolidin-2-yl}-1H-
benzimidazole,
(£)-3-{1-[2-(1H-benzimidazol-2-yl)pyrrolidin-1-yl]-2,2-dipyridin-3-
ylethyl)benzonitrile,
(£)-tert-butyl 3-{[1-(3-cyanophenyl)-2,2-dipyridin-3-ylethyl]Jamino} piperidine-1-
carboxylate,
(£)-3-{1-[2-(3-methyl-1,2,4-0xadiazol-5-yl)pyrrolidin- 1-y1]-2,2-dipyridin-3-
ylethyl }benzonitrile,
(2)-6-{1-[2-(3-methyl-1,2,4-0xadiazo1-5-yl)pyrrolidin-1-y1]-2,2-dipyridin-3-
ylethyl}pyridin-2-amine,
(%)-3-[1-(3-hydroxypiperidin-1-yl)-2,2-dipyridin-3-ylethyl]benzonitrile,
()-4-{2,2-dipyridin-3-yl-1-[(2,2,2-trifluoroethyl)amino]ethyl } benzonitrile,
(£)-4-{1-{(2-fluoroethyl)amino-2,2-dipyridin-3-ylethyl }benzonitrile,
(%)-4-{1-[(2,2-difluoroethyl)amino)-2,2-dipyridin-3-ylethyl} benzonitrile,
(£)-N-{1-[4-(methylthio)phenyl]-2,2-dipyridin-3-ylethyl }-N-(2,2,2-
trifluoroethyl)amino,
(£)-N-{1-[4-(methylsulfonyl)phenyl]-2,2-dipyridin-3-ylethyl }--(2,2,2-
trifluoroethyl)amine,
(£)-6-{2,2-dipyridin-3-yl-1-[(2,2,2-trifluoroethyl)amino]ethyl } pyridin-2-amine,
(&)-N-{1-[2-(methylthio)phenyl]-2,2-dipyridin-3-ylethyl }-N-(2,2,2-
trifluoroethyl)amine,
(#)-N-{1-[2«(methylsulfonyl)phenyl]-2,2-dipyridin-3-ylethyl)-N-(2,2,2-
trifluoroethyl)amine,
(£)-N-[1-[3-(methylthio)phenyl]-2,2-dipyridin-3-ylethyl}-N-(2,2,2-
trifluoroethyl)amine,
(£)-N-{1-3-(methylsulfonyl)phenyl]-2,2-dipyridin-3-ylethyl}-N-(2,2,2-
trifluoroethyl)amine,
(#)-3-[1-(4-fluorophenyl)-2,2-dipyridin-3-ylethyl]-1,3-oxazolidin-2-one,
(£)-3-[1-(4-chlorophenyl)-2,2-dipyridin-3-ylethyl]-1,3-oxazolidin-2-one,
benzyl (x)-1-(4-chlorophenyl)-2,2-dipyridin-3-ylethylcarbamate,
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(£)-4-[1-(2-0x0-1,3-0xazolidin-3-yl)-2,2-dipyridin-3-ylethyl]benzonitrile,

(£)-neopentyl 1-(4-chlorophenyl)-2,2-dipyridin-3-ylethylcarbamate,

(£)-N-{1-[2-(methylthio)pyrimidin-4-yl]-2,2-dipyridin-3-ylethyl } -n-(2,2,2-
trifluoroethyl)amine.

4. A method of treating a condition in a mammal, the treatment of which is
effected or facilitated by Kyl1.5 inhibition, which comprises administering a
compound of any one of claims 1-3, or a pharmaceutically acceptable salt thereof, in

an amount that is effective at inhibiting Ky1.5.
5. A method of Claim 4, wherein the condition is arthythmia.
6. A method of Claim 5, wherein the cardiac arrhythmia is atrial fibrillation.

7. A method of Claim 5, wherein the cardiac arrhythmia is selected from the
group consisting of atrial flutter, atrial arrhythmia and supraventricular tachycardia.

8. A method of preventing a condition in a mammal, the prevention of which
is effected or facilitated by Kyl.5 inhibition, which comprises administering a
compound of any one of claims 1-3 in an amount that is effective at inhibiting Ky1.5.

9. A method of Claim 8, wherein the condition is cardiac arrhythmia.
10. A method of Claim 9, wherein the cardiac arrhythmia is atrial fibrillation.

11. A method of Claim 9, wherein the cardiac arrhythmia is selected from the
group consisting of atrial flutter, atrial arrhythmia and supraventricular tachycardia.

12. A method of Claim 8, wherein the condition is a thromboembolic event.
13. A method of Claim 12, wherein the thromboembolic event is a stroke.
14, A method of Claim 8, wherein the condition is congestive heart failure.

15. A pharmaceutical formulation comprising a pharmaceutically acceptable
carrier and the compound of any one of claims 1-3 or a pharmaceutically acceptable
crystal form or hydrate thereof.

16. A pharmaceutical composition made by combining the compound of
claim 1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

17. A method of treating cardiac arrhythmia comprising administering a
compound of any one of claims 1-3, or a pharmaceutically acceptable salt thereof, with a
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compound selected from one of the classes of compounds consisting of antiarthythmic
agents having Kv1.3 blocking activities, ACE inhibitors, angiotensin I antagonists,
cardiac glycosides, L-type calcium channel blockers, T-type calcium channel blockers,
selective and nonselective beta blockers, endothelin antagonists, thrombin inhibitors,
aspirin, nonselective NSAIDs, warfarin, factor Xa inhibitors, low molecular weight
heparin, unfractionated heparin, clopidogrel, ticlopidine, IIb/Illa receptor antagonists,
SHT receptor antagonists, integrin receptor antagonists, thromboxane receptor
antagonists, TAFI inhibitors and P2T receptor antagonists.

18. A method for inducing a condition of normal sinus rhythm in a patient having
atrial fibrillation, which comprises treating the patient with a compound of any one of
claims 1-3 or a pharmaceutically acceptable salt thereof.

19. A method for treating tachycardia in a patient which comprises treating the
patient with an antitachycardia device in combination with a compound of any one of
claims 1-3 or a pharmaceutically acceptable salt thereof.

20. Use of a compound of any one of Claims 1 to 3, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for (1) treating a condition in
a mammal, which is effected or facilitated by KV1.5 inhibition; or (2) treating cardiac
arrythmia; or (3)treating atrial fibrillation; or (4) treating cardiac arrythmia selected from
the group consisting of atrial flutter, atrial arrhythmia and supraventricular tachycardia;
(5) preventing a condition in a mammal, the prevention of which is effected or facilitated
by KV1.5 inhibition; (6) preventing cardiac arrythmia; (7) preventing atrial fibrillation;
(8) preventing atrial flutter, atrial arrhythmia and supraventricular tachycardia; or (9)
preventing a thromboembolic event; or (10) preventing a stroke; or (11) preventing
congestive heart failure; or (12) inducing a condition of normal sinus rhythm in a patient
having atrial fibrillation; or (13) treating tachycardia.

Dated 31 March, 2011
Merck Sharp & Dohme Corp.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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