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(57) Abstract

) This invention is directed to sorbitol dehydrogenase inhibitory compounds of formula (I), wherein R!, R2 3 .
in the Speciﬁcatior}. ’ljlis ?nvention is also directed to pharmaceutical compositions contgi)ning those cén?posggsRanzremg:ﬂxﬁinz
treating or preventing ('habetxc complications, particularly diabetic neuropathy, diabetic nephropathy, diabetic microangiopathy, diabetic
macroangio_pathy and dxab;tic-cardiomyopathy by administering such compounds to a mammal suffering from diabetes and Ft)herzf’or at risk
for developing such cpmpllcatlons. This invention is also directed to pharmaceutical compositions comprising a combination of a compound
of formula (l) of this mvpn_ticn with an aldose reductase inhibitor and to methods of treating or preventing diabetic complications thcr!::lith
‘This invention is algo.dxrcctcd to pharmaceutical compositions comprising a combination of a compound of formula (I) of this inventior;
\\{ith an NHE-! 'm?ubltor apd to mcth_ods of treating cardiomyopathy and other heart-related problems therewith. This invention is also
directed to ceptain intermediates used in the synthesis of the compounds of formula (I) and to px;occsses for prepa,r.ing those inr:elrmedsiaz::s
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AMINOPYRIMIDINES AS SORBITOL DEHYDROGENASE INHIBITORS

The present invention relates to novel pyrimidine derivatives and to the use of
5 such derivatives and related compounds to inhibit sorbitol dehydrogenase (SDH),
lower fructose levels, or treat or prevent diabetic complications such as diabetic
neuropathy, diabetic retinopathy, diabetic nephropathy, diabetic cardiomyopathy,
diabetic microangiopathy and diabetic macroangiopathy in mammals. This invention
also relates to pharmaceutical compositions containing such pyrimidine derivatives
10  and related compounds. This invention also relates to pharmaceutical compositions
comprising a combination of a sorbitol dehydrogenase inhibitor of formula | and an
aldose reductase inhibitor and to the use of such compositions to treat or prevent
diabetic complications in mammals. This invention also relates to pharmaceutical
compositions comprising a combination of a sorbitol dehydrogenase inhibitor of
15  formmula | and an NHE-1 inhibitor and to the use of such compositions to reduce tissue
damage resuiting from ischemia, and particularly to prevent perioperative myocardial
ischemic injury.
S. Ao et al., Metabolism, 40, 77-87 (1991) have shown that significant
functional improvement in the nerves of diabetic rats (based on nerve conduction
20 velocity) occurs when nerve fructose levels are pharmacologically lowered, and that
such improvement correlates more closely with the lowering of nerve fructose than the
lowering of nerve sorbitol. Similar resuits were reported by N. E. Cameron and M. A.
Cotter, Diabetic Medicine, 8, Suppl. 1, 35A-36A (1991). In both of these cases,
lowering of nerve fructose was achieved using relatively high does of aldose
25 reductase inhibitors, which inhibit the formation of sorbitol, a precursor of fructose,
from glucose via the enzyme aldose reductase.
U.S. Patent Nos. 5,138,058 and 5,215,990, which are hereby incorporated by -
reference, each disclose compounds of the formula

R? R
\N/
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where R', R? R?, R*and R® are as disclosed therein. Said compounds are disclosed
as having utility as tools in screening for aldose reductase inhibitors due to the sorbitol
accumulating acﬁvity of said compounds.

Commonly assigned U.S. Patent Nos. 5,728,704 and 5,866,578, which are
hereby incorporated by reference, each disclose compounds of the formula A,

wherein R! through R® are defined as disclosed therein. Further, U.S. 5,728,704
discioses that sorbitol dehydrogenase compounds have utility in the treatment of
diabetic complications.

Pyrimidine derivatives of the formula |, as defined below, and their
pharmaceutically acceptable salts, lower fructose levels in the tissues of mammals
affected by diabetes (e.g., nerve, kidney and retina tissue) and are useful in the
treatment and prevention of the diabetic complications referred to above. These
compounds, or their metabolites in vivo, are inhibitors of the enzyme sorbitol
dehydrogenase, which catalyzes the oxidation of sorbitol to fructose.

SUMMARY OF THE INVENTION
The present invention is directed to a compound of the formula |

a prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug, wherein:

R' is formyl, acetyl, propionyl, carbamoyl or -C(OH)R*R®;

R* and R® are each independently hydrogen, methyl, ethyl or hydroxy-(C,-C,)alkyt;
R?is hydrogen, (C,-CJalkyl or (C,-C.)alkoxy; ’
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R3is a radical of the formula
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wherein said radical of formula R* is additionally substituted on the ring by R®, R’ and
R
said radical of formuia R* is additionally substituted on the ring by R, R* and R®;

5 G, G'and G?are taken separately and are each hydrogen and R®is hydrogen, (C,-
C.)alkyl, (C,-C,)alkoxycarbonyl, (C,-C.)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyl or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-C.)alkoxy, wherein said
(C,-C,)alkyl in the definition of R® and said (C,-C,)atkoxy in the definition of R®are

10 optionally and independently substituted with up o five fiuoro; R” and R® are each
independently hydrogen or (C,-C,)alkyt; or
G and G' are taken together and are (C,-Cs)alkylene and R% R’, R® and G? are
hydrogen; or -
G' and G? are taken together and are (C,-Cs)alkylene and R®, R, R® and G are
15 hydrogen; '
qisOort,
X is a covalent bond, -(C=NR™)-, oxycarbonyt, vinylenylcarbonyl, oxy(C,-
C.)alkylenylcarbonyl, (C,-C.,)alkylenyicarbonyl, (C4-C.)alkenyicarbonyi, thio(C,-
C.)alkylenyicarbonyl, vinylenylisulfonyl, sulfinyl-(C,-C.)alkylenylcarbonyl, sulfonyi-(C,-
20 C‘)alkylenylcarbonyl or carbonyl(C,-C.)alkylenylcarbonyl; wherein said oxy(C.-
C.)alkylenyicarbonyl, (C,-C,)alkylenyicarbonyt, (C4-C.)alkenylcarbonyi and thio(C,-
C.)alkylenyicarbony! in the definition of X are each optionally and independently
substituted with up to two (C,-C,)alkyl, benzyl or Ar; said vinylenylsulfonyl and said
vinylenylcarbonyl in the definition of X are optionally substituted independently on one
25  ortwo vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar; and said carbonyl(Cy-
C.)alkylenylcarbonyl in the definition of X is optionally substituted indepedently with up
to three (C,-C,)alkyl, benzyl or Ar;
R" is hydrogen or (C,-C,)alkyt;
R? is (C,-C;)cycloalkyl, Ar'<(C,-Cy)alkylenyi or (C,-Cs)alkyl optionally substituted with
30  up to five fluoro; provided that whenq =0 and X is a covalent bond, oxycarbony! or
(C,-C.)alkylenylcarbonyl, then R® is not (C,-Ce)alkyt;
Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight-membered ring optionally having up to four heteroatoms selected
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independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
fused independently partially saturated, fully saturated or fully unsaturated five- to
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or @ tricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five
to seven membered rings, taken independently, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or
two Ox0 groups substituted on sulfur;

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two
or three rings if the moiety is tricyclic, withup to a total of four substituents
independently selected from R"', R, R™ and R'¢; wherein R", R'%?, R®and R" are
each taken separately and are each independently halo, formyl, (C,-
C¢)alkoxycarbonyl, (C,-Cq)alkylenyloxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,
C(OH)R™R', naphthyl, phenyl, imidazolyl, pyridyl, triazolyl, morpholinyi, (Co-
C.)alkylsulfamoyl, N-(C,-C,)alkylcarbamoyl, N,N-di~(C,-C,)alkylcarbamoyl, N-
phenylicarbamoyl, N-(C,-C,)alkyl-N-phenylcarbamoyl, N,N-diphenyl carbamoyl, (C,-
C.)alkylcarbonylamido, (C4-Cy)eycloalkylcarbonylamido, phenylicarbonylamido,
piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyl, pyrazolyl,
tetrahydroquinolyl, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy,
pyridyisutfanyl, furanyl, 8-(C,-C.)alkyl-3,8-diaza[3.2.1]bicyclooctyl, 3,5-dioxo-1.2,4-
triazinyl, phenoxy, thiophenoxy, (C,-Cu)alkyisulfanyl, (C,-C,)alkylsulfonyl, (Cy-
C,)cycloalkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl,
benzimidazolyl, pyrimidyl, thienyl, benzothiazolyl, pyrrotyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridyisuifanyl, furanyl,
thiophenoxy, anilino and phenoxy in the definition of R", R', R" and R are
optionally substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five flucro and (C,-C,)alkoxy optionally substituted with up to five
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fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyl in the definition of
R", R%, R" and R* are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C,-C/)alkyl, (C,-C,)alkoxy-(C,-
C.)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said morpholinyl in the definition of R",

R®?, R™ and R"is optionally substituted with up to two substituents independently
selected from (C,-C,)alky!; said pyrrolidiny! in the definition of R"', R™, R and R"is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-Cs)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
piperaziny! in the definition of R™, R', R™ and R' is optionally substituted with up to
three substituents independently selected from (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-
(C,-Cy)alkyl, phenyl, pyridyl, (C,-C,)alkyisutfamoyl, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
friazolyl in the definition of R, R", R™ and R is optionally substituted with hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fiuoro; said tetrazolyl in the definition of R, R', R** and R"is optionally substituted
with hydroxy-(C,-C,)alky! or (C,-C,)alky! optionally substituted with up to five fiuoro;
and said phenyl and pyridyl which are optionally substituted on piperazine in the
definition of R", R'2, R and R" are optionally substituted with up to three hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fiuoro; or

R' and R* are taken together on adjacent carbon atoms and are
-CH,OC(CH,),OCH,- or -O-(CH,),-O-, and R" and R* are taken separately and are
each independently hydrogen or (C,-C,)alkyt,

pis1,20r3;

R* and R are taken separately and are each independently hydrogen, (C,-C,)alkyl
optionally substituted with up to five fluoro; or R** and R' are taken separately and R™
is hydrogen and R™ is (C;-Cg)cycloalkyl, hydroxy-(C,-Cs)alkyl, phenyl, pyridyl,
pyrimidyl, thienyl, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyi or
benzoxazolyl; or R* and R are taken together and are (C,-Cq)alkylene;
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G?, G* and GS are taken separately and are each hydrogen; ris 0; R is hydrogen,
(C,-CJ)alkyl, (C,-C,)alkoxycarbonyl, (C.-C,)alkoxy-(C,-C,)alky!, hydroxy-(C,-C,)alkyi or
phenyl! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.)alkyl or (C,-C.)alkoxy, wherein said
(C,-C.)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R" and R® are
each independently (C,-C,)alkyl; or

G®, G* and G® are taken separately and are each hydrogen; ris 1; R" is hydrogen,
(C,-Calkyl, (C,-C,)alkoxycarbonyl, (C,-CJ)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyl or
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C)alkyl, (C-CJ)alkoxy-(C,-C.)alkyl, (C,-C,)alky! or (C,-C,)alkoxy, wherein said
(C,-C,)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R* and R® are
each independently hydrogen or (C,-C,)alkyl; or

G® and G* are taken together and are (C,-C,)alkylene; ris O or 1; and R®, R", R® and
G?® are hydrogen; or

G* and G° are taken together and are (C,-C;)alkylene; ris 0 or 1; and R®, R*, R® and
G? are hydrogen;

R is SO,NR?'RZ, CONR?R?, (C,-Cq)alkoxycarbonyl, (C,-Ce)alkylcarbonyl, Ar*.
carbonyl, (C,-Cs)alkylsutfonyl, (C,-Cealkylsulfinyl, Ar*-sulfonyl, Ar-sufinyl and (C,-
Ce)alkyl;

R?' and R2 are taken separately and are each independently selected from hydrogen,
(C,~Ce)alkyl, (Cy-Cy)cycloalkyl and Ar’~(C,-C,)alkylenyt; or

R?' and R2 are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyi,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 6,7-dihydro-5H-
dibenzo[c.e}azepinyl, 1,2,3,4-tetrahydro-isoquinoly! or 5,6,7,8-tetrahydropyrido[4,3-
djpyrimidyl; said azetidinyi in the definition of R* and RZ is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
CJalkyl, (C-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fiuoro; said pyrrofidinyi,
piperidinyl; azepinyl in the definition of R* and R2 are optionally substituted
independently with up to two substituents independently selected from hydroxy.
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amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
filuoro; said morpholinyi in the definition of R?' and R% is optionally substituted with up
to two substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)aikoxy-
(C,-Calkkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said piperazinyl in the definition of R*' and
R% is optionally substituted independently with up to three substituents independehﬂy
selected from phenyl, pyridyl, pyrimidyl, (C,-C,)alkoxycarbonyl and (C,-C,)alky!
optionally substituted with up to five fiuoro; said 1,2,3,4-tetrahydro-isoquinolyl and said
5,6.7.8-tetrahydropjrido{4,3-d]pyrimidyl in the definition of R*' and RZ are optionally
substituted independently with up to three substituents independently selected from
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-5H-dibenzofc,elazepinyl in the definition of
R* and RZ is optionally substituted with up to four substituents independently
selected from hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyi,
(C,-C.)alkyl optionally substituted with up to five fiuoro and (C,-C,)alkoxy optionally
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyi which are
optionally substituted on said piperazine in the definition of R* and RZ is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,-
C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar is independently defined as set forth for Ar and Ar' above;

said Ar? is optionally independently substituted as set forth for Ar and Ar* above;

R?Z is CONR®R? or SO,R*R%, wherein R® is hydrogen (C,-C,)alkyl or Ar~(C,~
C.)alkylenyl and R® is Ar’~(C,-C,)alkylenyl; provided that when Ar® is phenyl, naphthyt
or biphenyl, then R* cannot be CONR*R* where R® is hydrogen or Ar® and R® is
Art,

R* is hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,
hydroxy-(C,-C,)alky! or phenyi optionally independently substituted with up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! or (C,-
C.)alkoxy, wherein said (C,-C,)alkyl in the definition of R® and said (C,-C,)alkoxy in
the definition of R®are optionally and independently substituted with up to five fiuoro;
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AP is independently defined as set forth for Ar and Ar' above;

said Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R? is hydrogen or (C-C.)alkyt;

R? and R? are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alkyl,
(C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro, (Cy-
C.)alkoxy optionally substituted with up to five fiuoro, phenyl, pyridyl, pyrimidy}, thienyl,
furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR¥R*, CONR*R* or NR¥R,
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyl in the definition of R* and R* are
optionally substituted by up to two hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(C,-CJalkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R? and R* are optionally substituted by up to three
hydroxy, halo, hydroxy-(C-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substifuted with up to five
fluoro;

R® and R* are each independently hydrogen, (C,-C,)alkyl, (C,-C;)cycloalkyl or
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-CJ)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; or

R¥ and R*! are taken together with the nitrogen to which they are attached to form
indofinyl, pyrrolidinyl, piperidinyl, piperaziny! or morpholinyl; said pyrrolidinyl and
piperidinyl in the definition of R® and R*' are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)atkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fiuoro; said indolinyt and piperaziny! in the definition of R® and R are
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkyl optionally substituted with
up to five fiuoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R*® and R is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-
C.)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy
optionally $ubstituted with up to five fluoro;

Ais N optionally substituted with hydrogen or (C,-C,)alkyt and B is carbonyl; or

PCT/IB00/00296
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-CJalkyt;

R% s hydrogen or (C,-C,)alkyt;

R¥ is phenyl, pyridyl, pyrimidyt, thiazolyl, oxazoly, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyt, benzoxazolyl, benzofuranyl or benzothienyl;
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyi, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothienyl
in the definition of R® are optionally substituted with up to three phenyl, phenoxy,
NR¥R®, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C.)alkyl. (C,-C.)alkyl
optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted with
up to five fluoro; '
R* and R™ are each independently hydrogen, (C,-C, alkyl), phenyl or phenylsulfonyl;
said phenyl and phenyisulfonyt in the definition of R* and R are optionally
substituted with up to three halo, hydroxy, (C,-C,)alkyl optionaily substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Dis CO, CHOH or CH,,

EisO,NHorS; '

R¥* and RY are taken separately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Ce)alkylamino, di-(C,-Cs)alkylamino, pyrrolidino, piperidino,
morphoalino, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C.)alkyl, A%, (C,-C.)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R¥, R* and R* are each independentiy hydrogen or (C,-C,)-alkyt,

Ar* is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C.)alkoxy-(C,-C,)alkyl, halo,
hydroxy-(C,-C.)alkyl, (C,-C.)alkyl optionally substituted with up to five fiuoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; or

R® and R¥ are taken together on adjacent carbon atoms and are -O-(CH,)-O-;
tis1,20r3;

Y is (C,-Cg)alkylene;

R, R* and R* are each independently hydrogen or (C,-C,)alkyt;

m and n are each independently 1, 2 or 3, provided that the sum of mand nis 2,30r
4,

kis 0, 1,2,3 0r4;
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Y'is a covalent bond, carbonyl, sutfonyl or oxycarbonyl;

R® is (C,-C;)cycloalkyl, Ar*-(C,-C,)alkylenyl, NR*R* or (C,-Cg)alkyl optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R® is not NRR*;

R" and R* are taken separately and are each independently selected from hydrogen,
A, (C,-Colalkyl and Ar-(C,-C,)alkylenyt; or

R" and R*® are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyi,
azabicycio[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-5H-dibenzofc,elazepinyl or 5,6,7,8-tetrahydropyridof4,3-d]pyrimidyl; said
azetidiny! in the definition of R and R* are optionally substituted with one hydroxy.,
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyl and azepinyl in the definition of R*” and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and 5,6,7,8-tetrahydrof4,3-
d]pyrimidyl in the definition of R and R* are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C.,)alkoxy-(C,-C.)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzo(c,ejazepinyi in the definition of R*’
and R* are optionally substituted with up to four hydroxy, amino, halo, hydfoxy-(c,—
C.)alkyl, (C,-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fiuoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Ar® is independently defined as set forth for Ar and Ar' above;

Ar® is optionally independently substituted as set forth for Ar and Ar* above;

R* and R** are independently hydrogen, (C,-C,)cycloalkyl, Ar®~(Cy-Cj)alkylenyi, Aré-
(C-C,)alkenyl, Ar'-carbonyi or (C,-Ce)alkyl optionally substituted with up to five fiuoro;
Ar® is independently defined as set forth for Ar and Ar* above;



10

15

20

25

WO 00/59510

PCT/1B00/00296

-13-

Ar® is optionally independently substituted as set forth for Ar and Ar! above; and
R* and R*' are each independently hydrogen or (C,-C,)alky!.
A preferred group of compounds of formuta |, designated Group A, are those
compounds of formula |, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:
Ris

G3

T .
substituted by R", R" or R%;
G®, G* and G° are taken separately and are each hydrogen, ris 0 and R'® is hydrogen,
(C,-CJ)alkyl, (C,-C,)alkoxycarbonyi or phenyl optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C-C,)alkoxy-(C,-C.)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; R™ and R® are each independently (C,-C,)alkyl; " '
G, G* and GS are taken separately and are each hydrogen; ris 1; and R* is |
hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbonyi or phenyl optionally substituted by up to
three hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C{-C‘)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; R' and R? are each independently hydrogen or (C,-C/)alkyl; or
G?® and G* are taken together and are (C,-C;)alkylene; ris 0 or 1; and R*, R", R® and
G® are hydrogen; or
G* and G° are taken together and are (C,-C,)alkylene; ris 0 or 1; and R*, R*, R* and
G?® are hydrogen;
R is SO,NR?'RZ, CONR?'RZ, (C,-Cq)alkoxycarbonyl, (C,-Ce)alkylcarbonyl, Ar*-
carbonyl, (C,-Ce)alkylsuifonyl, (C,-Ce)alkylsulfinyl, Ar-suifonyl, Ar*-sufinyl and (C,-
Ce)alkyt;
R?' and RZ are taken separately and are each independently selected from hydrogen,
(C,-Cy)alkyl, (Cs-Cr)cycloalkyl and Ar-(C,-C,)alkylenyl; or
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R?* and R? are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyi, azabicyclo[2.2.1}heptyl, 6,7-dihydro-5H-
dibenzojc,elazepinyl, 1,2,3,4-tetrahydro-isoquinoly! or 5,6,7,8-tetrahydropyrido[4,3-
5 d]pyrimidyl; said azetidinyl in the definition of R*' and R? is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
CJalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl,
piperidinyl, morpholinyl, azepinyl in the definition of R?' and RZ are optionally

10  substituted independently with up to two substituents independently selected from
hydroxy, amino, hydroxy-(C,-C,)alkyi, (C,-C.,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; said morpholinyi in the definition of R* and R% is optionally
substituted with up to two substituents independently selected from hydroxy-(C,-

15 Cpalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said piperaziny! in
the definition of R* and R* is optionally substituted independently with up to three
substituents independently selected from phenyl, pyridyl, pyrimidyt, (C,-
CJ)alkoxycarbonyl and (C,-C,)alkyl optionally substituted with up to five fluoro; said

20  1,2,3,4-tetrahydro-isoquinolyl and said 5,6,7,8-tetrahydropyrido{4,3-d]pyrimidyl in the
definition of R? and R® are optionally substituted independently with up to three
substituents independently selected from hydroxy, amino, halo, hydroxy-(C,-C,)alkyl,
(C,-C.)alkoxy-(C,-C,)alkyl, (C,-C.)alkyl optionally substituted with up to five fluoro and
(C,-C.,)alkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and

25  phenyl which are optionally substituted on said piperazine in the definition of R*' and
R? is optionally substituted with up to three substituents selected from hydroxy,
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyt optionally
substituted with up to five fiuoro and (C,-C,)alkoxy optionally substituted with up to five
fiuoro; and said 6,7-dihydro-5H-dibenzo[c,e}azepinyl in the definition of R* and RZ is

30 optionally substituted with up to four substituents independently selected from
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fiuoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro.
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Another preferred group of compounds of formula 1, designated Group B, are
those compounds of formula |, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:

R3is
il
N
: N
l

R®is CONR*R*, SO,R*R>, wherein R® is hydrogen (C,-C,)alkyl or Ar-(C,-

C,alkylenyt and R® is Ar*-(C,-C,)alkylenyl; provided that when Ar® is phenyl, naphthy!

or bipheny, then R% cannot be CONR*R? where R* is hydrogen or Ar® and R® is

Ar,

R* is hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbony! or phenyl optionally substituted by

up to three (C,-C,)alkyl optionally substituted with up to five fluoro, (C,-C,)alkoxy

optionally substituted with up to five fluoro, hydroxy, halo or hydroxy-(C,-C,)alkyl.
Another preferred group of compounds of formula |, designated Group C, are

those compounds of formula |, prodrugs thereof and pharmaceutically

acceptable salts of said compounds or said prodrugs, wherein:

Ris
R :
st N Rza * R29
Y N~ SN
| | R?
N 27 Z R*®
RZ R R
or
N ' 'il T

R? is hydrogen or (C,-C,)alkyl;

R? and R® are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alkyl,
(C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro, (C,-
C.)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl, pyrimidyl, thienyt,
furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR¥R*', CONR";Rﬂ or NR¥R™:
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said thienyl, pyrimidyl, furanyl, thiazolyl and oxazoly! in the definition of R® and R® are
optionally substituted by up to two hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fiuoro or (C,-C.,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R?® and R® are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.)alkyl optionally
substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with up to five

fluoro;

'R® and R are each independently hydrogen, (C,-C,)alkyl, (Cs-C,)cycloatkyl or

phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-Co)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; or
R¥and R* are taken together with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidinyl, piperazinyi or morpholinyl; said pymolidinyland
piperidinyl in the definition of R* and R*' are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyt
optionally substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; said indolinyl and piperazinyl in the definition of R* and R® are
optionally substituted with up to three hydroxy, amino, or hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C.)alkyl optionally substituted with
up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R* and R* is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-
C.)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy
optionally substituted with up to five fluoro.

Yet another preferred group of compounds of formuia |, designated Group D,
are those compounds of formula |, prodrugs thereof and phannaceuti@ﬂy
acceptable salts of said compounds or said prodrugs, wherein:
Rdis
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Z
-

Ais N optionally substituted with hydrogen or (C,-C.)alkyl and B is carbonyl; or

Ais carbonyl and B is N optionally substituted with hydrogen or (C,-C,)alkyl;

R*is hydrogen or (C,-C,)alky;

R®is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinoly!,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl or benzothienyl;
said phenyl, pyridyl, pyrimidyi, thiazolyl, oxazolyl, benzyl, quinoly!, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothienyl
in the definition of R* are optionally substituted with up to three phenyl, phenoxy,
NR*R¥, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-CJ)alkoxy-(C,-C,)alkyl, (C,- alkyl
optionally substituted with up to five fluoro or (C,-C.,)alkoxy optionally substituted with
up to five fluoro;

R* and R* are each independently hydrogen, (C,-C, alkyl), phenyl or phenylisulfonyt;
said phenyl and phenyisulfonyl in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C,)alky! optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro.

Still another preferred group of compounds of formula |, designated Group E,
are those compounds of formula 1, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:

R3is
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Rx
R37

Dis CO, CHOH or CHy;

EisO,NHorsS;

R* and R¥ are taken separately and are each independently hydrogen, halo, Cyano,
hydroxy, amino, (C,-Ce)alkylamino, di-(C,-C¢)alkylamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-(C,-C.)alkyl, hydroxy-(C,-C,)alkyl, A%, (C,-C,)alkyi
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R*, R¥ and R* are each independently hydrogen or (C,-C,)-alkyl;

Ar' is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyraziny or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C,)alkoxy-(C,-C,)alkyl, halo,
hydroxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fiuoro; or

R* and R¥ are taken together on adjacent carbon atoms and are -O-(CH,)-O-;
tis1,20r3.

Stilf another preferred group of compounds of formula I, designated Group F,
are those compounds of formula |, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:

R3is
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Yz/R‘3 R T1
44 1
R \N/Y\Ru RS l‘ll R N
|
R‘S\N Y (CH,),, "(CH,),
R‘S/N\ ' N
1
N g
44 1
R \N/Y\R“
(CH,),

or

Y is (C,~Ce)alkylene;

R*, R* and R* are each independently hydrogen or (C,-C,)alkyl;

m and n are each independently 1, 2 or 3, provided that the sum of mand n is 2,30r
4,

kisOto 4;

Y'is a covalent bond, carbonyl, sutfonyl or oxycarbonyl;

R%is (C4-C;)cycloalkyl, Ar°~(C,-C,)alkylenyl, NRR* or (C,-Cy)alkyl optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R® is not NRR;

R and R* are taken separately and are each independently selected from hydrogen,
Ar®, (C,-Ce)alky! and Ar*~(C,-C,)alkylenyl; or

R*” and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyi, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-SH-dibenzo(c,ejazepinyi or 5.6.7,8-tetrahydropyrido[4,3-d]pyﬁmidyl; said
azetidinyl in the definition of R and R* are optionally substituted with one hydroxy,



WO 00/59510 PCT/IB00/00296

-20-

amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C.)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyl and azepiny! in the definition of R* and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C.)alkyl, (C,-

5  Cjalkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fiuoro or (C:-
C.)alkoxy optionally substituted with up to five fluoro; said morpholinyi in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C)alky1, (C,-C,)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five

10 fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinoly! and 5,6,7,8-tetrahydro[4,3-
dlpyrimidyl in the definition of R” and R* are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)atkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.)alkyl
optionally substituted with up to five fluoro or (C;-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]azepiny! in the definition of R¥

15 and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro.

A preferred group of compounds within Group F, designated Group FA, are
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said

20 compounds or said prodrugs wherein:

R'is (R)-1-hydroxy-ethyi;
R? is hydrogen;

R3is
1
(CH,),
|
25 KkisOQ;

Y' is a covalent bond; and
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R*® is 4-pyrimidiny! substituted at the 2-position with 1-hydroxymethyl.

A preferred group of compounds within Group FA, designated Group FB, are
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said
compounds or said prodrugs, which is 1R-(4-{1 “[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yi}-
[4.4]bipiperidinyi-1 -yl}-pyrimidin-2-yi)-ethanol.

Another preferred group of compounds of formula I, designated Group G, are
those compounds of formuia |, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:

Ris
R423 Ru
HO e |

R R R*: R™
T or T

R*?and R'* are independently hydrogen, (Cs-Cy)eycloalkyl, Ar~(C,-Cj)alkylenyl, Ars-

(C-C,)alkenyl, Ar*-carbonyi or (C,-Ce)alkyl optionally substituted with up to five fiuoro;

and

R* and R*" are independently hydrogen or (C,-C,)alkyl.

Still another preferred group of compounds of formula I, designated Group H,
are those compounds of formula |, prodrugs thereof and pharmaceutically acceptable
salts of said compounds or said prodrugs, wherein:

R'is C(OH)R*R®, where R* and R® are each independently hydrogen or methyf;
R? is hydrogen;

Ris

x—R’

/

N

2
()qiv

wherein said R® is substituted by R®, R or R®;

—_— @)
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G, G'and G? are taken separately and are each hydrogen and R® is hydrogen or (C,-
C.)alkyt; R’ and R® are each independently hydrogen or (C,-C,)alkyl; or
G and G' are taken together and are (C,-C,)alkylene and R®, R’, R® and G? are
hydrogen; or
5 G'and G? are taken together and are (C,-C,)alkylene and R®, R, R® and G are

hydrogen;
qisOor1;
X is a covalent bond, oxycarbonyl,vinylenylcarbonyl, oxy(C,-C,)alkylenylcarbonyl,
thio(C,-C,)alkylenyicarbony! or vinylenylsuifonyl; said vinylenyicarbony! and said

10  vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl
carbons with (C,-C,)alkyl, benzyl or Ar; said oxy(C,-C,)alkylenyicarbony! and said
thio(C,-C,)alkylenylcarbonyt in the definition of X are optionally substituted with up to
two (C,-C,)alkyl, benzyi or Ar;
R? is (C5-C;)cycloalkyl, Ar'-(C,-C,)alkylenyl or (C,-C,)alky! optionally substituted with

15  up to five fluoro;
Ar' is phenyl, naphthyl; pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, quinolyl,
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, cinnolinyl, naphthyridinyt, pteridinyi,
pyrazinopyrazinyl, pyrazinopyridaziny!, pyrimidopyridazinyi, pyrimidopyrimidy!,
pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyi, pyrrolyl, furanyl, thienyl, imidazolyl,

20  oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyt, thiadiazolyl,
tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyt, furopyridyi,
thienopyridyl, imidazolopyridy!l, oxazolopyridyl, thiazolopyridyl, pyrazolopyridyl,
isoxazolopyridyl, isothiazolopyridyl, pyrrolopyrimidyl, furopyrimidyt, thienopyrimidyl,

25  imidazolopyrimidyl, oxazolopyrimidyl, thiazolopyrimidyi, pyrazolopyrimidyt,
isoxazolopyrimidyl, isothiazolopyrimidyi, pyrrolopyrazinyl, furopyrazinyl,
thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl,
pyrazolopyrazinyl, isoxazolopyrazinyl, isothiazolopyrazinyt, pyrrolopyridazinyl,
furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazolopyridézinyl.

30 thiazolopyridazinyl, pyrazolopyridazinyl, isoxazolopyridazinyi or isothiazolopyridazinyt,
and
said Ar' is optionally substituted as set forth above.
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A preferred group of compounds within Group H, designated Group HA, are
those compounds, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:

Xis a covalent bond, oxycarbony! or vinylenyicarbonyl optionally substituted on one or

5  two vinylenyl carbons with (C,-C.)alkyl, benzyl or Ar:

R?is Ar'-(C,-C,)alkyleny!:

Ar'is phenyl, naphthyt, pyridyl, pyrimidyl, pyrazinyl, triazinyl, quinolyl, isoquinolyl,

quinazolyl, quinoxalyl, furanyl, thienyl, indolyl, benzofurany!, benzothienyi,

benzoxazolyi, benzothiazolyl, furopyridyl, oxazolopyridyl, thiazolopyridy!, thienopyridyl,
10 furopyrimidyl, thienopyrimidyl, oxazolopyrimidy! or thiazolopyrimidyl; and

said Ar' is optionally substituted as set forth in claim 1.
A preferred group of compounds within Group HA, designated Group HB, are
those compounds, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs, wherein:
15 R?is hydrogen;

R*is hydrogen or methyl;

R® is methyt;

G, G' and G? are hydrogen;

R®and R” are each independently hydrogen or methyi;
20 R*is hydrogen.

A preferred group of compounds within Group HB, designated Group HC, are
those compounds, prodrugs thereof and pharmaceutically acceptable saits of said
compounds or said prodrugs wherein:

R'is (R)-1-hydroxy-ethyl; and
25 Rdis
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A preferred compound within Group HC is the compound wherein R® is 2-
furo[3,2-c)pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug.

Another preferred compound within Group HC is the compound wherein R? is
2-(4-chloro-furo[3,2-c]pyridyl), a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.

Another preferred compound within Group HC is the compound wherein R® is
2-(4-pyrrolidin-1-yi-furo[3,2-c]pyridyl), a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within Group HC is the compound wherein R® is
2-(4-morpholin-4-yl-furo[3,2-c]pyridyl), a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within Group HC is the compound wherein R® is
2-imidazo[1,2-a]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of
said compound or said prodrug.

Preferred compounds within Group HC are furo[3,2-c]pyridin-2-yi~{4-[2-(1R-
hydroxy-ethyl)-pyrimidin-4-yf}-3R,5S-dimethyl-piperazin-1-yl}-methanone; (4-chloro-
furof3,2-c]pyridin-2-yl){4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-3R,5S-dimethyi-
piperazin-1-yl}-methanone; {4-{2-(1R-hydroxy-ethyl)-pyrimidin-4-yi]-3R,5S-dimethyi-
piperazin-1-yl}-(4-pyrrolidin-1-yl-furo[3,2-c]pyridin-2-yl}-methanone; {4-[2-(1R-hydroxy-
ethyl)-pyrimidin-4-yl}-3R ,5S-dimethyl-piperazin-1-yf}-(4-morpholin-4-yl-furo[3,2-

- c]pyridin-2-yl}-methanone; and {4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-y{}-3R,5S-

dimethyl-piperazin-1-yl}-imidazo[1,2-a}pyridin-2-yl-methanone.

Another preferred group of compounds within Group HB, designated Group
HD, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of
said compounds or said prodrugs wherein:
R'is (R)-1-hydroxy-ethyl; and
Ris
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O R
T
1

9

Me Me

A preferred compound within Group HD is the compound wherein R? is 2-
furof3,2-c]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug.

An especially preferred compound within Group HD is furo[3,2-clpyridin-2-yi-
{4-[2-(1 R-hydroxy-ethyi)—pyrimidin-4—yl]-2R.6S-dimethyl-piperazin-1 -yl}methanone.

Another preferred group of compounds within Group HB, designated Group
HE, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of
said compounds or said prodrugs wherein:

R'is (R)-1-hydroxy-ethyl: and
R%is

Me Me

OYOR
N
|
A preferred compound within Group HE is the compound wherein R® is 3-
pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said compound or
said prodrug. _
Another preferred compound within Group HE is the compound wherein R? is
3-(2-methylpyridyi), a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug.
Another preferred compound within Group HE is the compound wherein R® is
3-(5-chloropyridyl), a prodrug thereof or a pharmaceutically acceptable salt of said

compound or said prodrug.
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" Another preferred compound within Group HE is the compound wherein R® is
3-(6-methylipyridyl), a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug.

Preferred compounds within Group HE are 4-[2-(1R-hydroxy-ethyl)-pyrimidin-
4-y[]-2R,6S-dimethyl-piperazine-1-carboxylic acid pyridin-3-yl ester; 4-{2-(1R-hydroxy-
ethyl)-pyrimidin-4-yl}-2R,6S-dimethyl-piperazine-1-carboxylic acid 2-methyi-pyridin-3-
yl ester; 4-[2-(1R-hydroxy-ethyl}-pyrimidin4-y(]-2R,6S-dimethyi-piperazine-1-
carboxylic acid 5-chloro-pyridin-3-yl ester; and 4-[2-(1 R-hydroxy-emyl')-pyﬁmidin-4-yl]-
2R.68-dimethyl-piperazine-1-carboxyli'c acid 6-methyl-pyridin-3-yi ester.

Another preferred group of compounds within Group HB, designated Group
HF, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of
said compounds or said prodrugs wherein:

R!'is (R)-1-hydroxy-ethyl; and
Ris
) ~ R
Me\[N Me
TT

A preferred compound within the Group HF is the compound wherein R® is 2-
thienyl, a prodrug thereof or a pharmaceutically acceptable salt of said compound or
said prodrug.

An especially preferred compound within Group HF is (E)-1-{4-[2-(1R-
hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-y(}-3-thiophen-2-yi-
propenone.

Another preferred group of compounds within Group HB, designated Group
HG, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of
said compounds or said prodrugs wherein:

R'is (R)-1-hydroxy-ethyl;
Riis
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R9
|
Me\[ Nj/Me
N
I ; and

R® is pyrimidyl or triazinyl; said pyrimidy! or triazinyl is optionally substituted with up to
two hydroxy, (C,-C,)alkyl, (Cs-Cy)eycloalkyl, (C,-C,)alkoxy, hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkylenyl, phenyl, piperaziny| optionally substituted with (C,-C,)alkyl,
or imidazolyl optionally substituted with up to two (C,-C,)alkyl.

A preferred group of compounds within Group HG, designated Group HH, are
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said
compounds or said prodrugs wherein: R is pyrimid-2-yi optionally substituted with up
to two (C,-C,)alkyl, hydroxy-(C,-C,)alkyl or (C-C.)alkoxy~(C,-C,)alkyl.

A preferred compound within the Group HH is the compound wherein R® is
4,6-dimethylpyrimid-2-yl, a prodrug thereof or a pharmaceutically acceptabie salt of
said compound or said prodrug.

Another preferred compound within the Group HH is the compound wherein
R?is. 4-methoxymethyl-6-methyipyrimid-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HH is the compound wherein
Riis 4-hydroxymethyl-6-methyipyrimid-2-yl, a prodrug thereof or a pharmabeutiwlly
acceptable salt of said compound or said prodrug.

A preferred group of compounds within the Group HH are 1R-{4-[4-(4,6-
dimethyl-pyrimidin-Z-yl)-BR,SS-dimethyl-piperazin-1-yl}-pyﬁmidin-Z-yl}-emanol; 1R-{4-
[4-(4-methoxymethyl-s-methyl-pyrimidin-2-yl)-3R,SS-dimethyl-piperazin-1 i}
pyrimidin-2-yl}-ethanol; and 1R-{4-[4-(4-hydroxymemyl-s-memyl-pyﬁmidin-z-yl)-
3R,5S-dimethyl-piperazin-1 ~yl}-pyrimidin-2-yf}-ethanol.

Another preferred group of compounds within the Group HG, designated HI,
are those compounds, prodrugs thereof and pharmaceutically acceptable salts of
said compounds or said prodrugs wherein: R® is pyrimid-4-yl optionally substituted
with up to two (C,-C,)alkylpiperazin-1-yl or imidazolyl; and said imidazolyl is optionaily
substituted with up to two (C,-C,)alkyl.
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A preferred compound within the Group Hl is the compound wherein R® is 2-
(4-methyipiperazin-1-yl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group Hi is the compound wherein R®

is 2-{4-ethylpiperazin-1-yl)- pyrimid-4-yi, a prodrug thereof or a pharmaceuticaliy
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group Hl is the compound wherein R?

is 2-(4-methylimidazol-1-yl)- pyrimid<4-yl,  a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein.

Another preferred compound within the Group Hl is the compound wherein R®

is 2-(2-methylimidazol-1-yl}- pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein.

Another preferred compound within the Group Hl is the compound wherein R®

is 2+(2,4-dimethylimidazol-1-yl)- pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group Hl is the compound wherein R®

is 2-(4-isopropyipiperazin-1-yl)- pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Preferred compounds within Group H! are 1R-(4-{3R,5S-dimethyl-4-[2-(4-
methyl-piperazin-1-yi)-pyrimidin-4-y}-piperazin-1 -yi}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-
[2-(4-ethyl-piperazin-1-yl)-pyﬁmidin-4-yl]—3R,58—dimethyi-piperazin-1 ~yl}-pyrimidin-2-
yl}-ethanol; 1R-(4-{3R,5S-dimethyl-4-[2—(4-methyl-imidazol—1-yl)-pyrimidin-4-yl]-
piperazin-1-yi}-pyrimidin-2-yi)}-ethanol; 1R-(4-{3R,55-dimethyl-4-{2-(2-methyl-imidazol-
1-yl)-pyrimidin-4-yi]-piperazin-1-yi}-pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2-(2 4-dimethyl-
imidazol-1 -yl)—pyrimidin-4-y!]-3R.58-dimeﬂ1yl—piperazin-1-yl]-pyrimidin-z-yl)-ethanol;
and 1 R-(4-{4-[2-(4~isopropyl-piperazin—1-yi)-pyﬁnﬁdin#yﬂ-SR.SS—dimeﬂwyl—piperazin-
1-yf}-pyrimidin-2-yl)}-ethanol.

Another preferred group of compounds within Group HG, designated Group
HJ, are those compounds,  prodrugs thereof and pharmaceutically acceptable saits
of said compounds or said prodrugs wherein: R? is [1 :3,5}-triazin-2-yi optionally
substituted with up to two hydroxy, (C,-C,)alkyl, (Cs-Cy)eycloalkyl, (C,-C,)alkoxy,
hydroxy-(G,-C,)alkyl, (C,-C,)alkylpiperazin-1-yl or phenyl.

PCT/IB00/00296
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A preferred compound within the Group HJ is the compound wherein R® is 4-
methyl-6-(4-methylpiperazin-1-yl)-{1,3,5}-triazin-2-y!, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R

S is 4-methoxy-6-methyl-{1,3,5)-triazin-2-yl,  a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HdJ is the compound wherein R®
is 4,6-dimethyoxy-[1,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

10 Another preferred compound within the Group HJ is the compound wherein R®
is 4-ethoxy-6-methyl-[1,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R®
is 4-isopropoxy-6-methyi-{1,3,5}-triazin-2-yl, a prodrug thereof or a pharmaceutically

15  acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the'compound wherein R®
is 4-phenyi-{1,3,5)-triazin-2-yl, a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R®

20  is 4-hydroxymethyl-6-methoxy-[1,3,5)-triazin-2-yl, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R®
is 4-isopropoxy-6-methoxy-{1,3,5)-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

25 Another preferred compound within the Group HJ is the compound wherein R®
is 4-isopropyi-[1,3,5}-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R®
is 4-ethyl-6-methoxy-[1,3,5}-triazin-2-yi, a prodrug thereof or a pharmaceutically

30 acceptable salt of said compound or said prodrug.

Another preferred compaound within the Group HJ is the compound wherein R®
is 4-cyclopropyl-{1,3,5]-triazin-2-y1, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.
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Another preferred compound within the Group HJ is the compound wherein R®
is 4,6-dimethyl-[1,3,5}-triazin-2-yl, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

Another preferred compound within the Group HJ is the compound wherein R®

S is 4-methyl-6-phenyi-[1,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Preferred compounds within the Group HJ are 1R-(4—{3R,55-dfmethyl—4-[4-
methyl-6-(4-methyl-piperazin-1-yi}-{1,3,5]triazin-2-yl]-piperazin-1 -yl}-pyrimidin-2-yi)-
ethanol; 1R-{4-{4-(4-methoxy-6-methyl-[1 :3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-

10 yl}-pyrimidin-2-yi}-ethanol; 1R-{4-[4-(4,6-dimethoxy-{1,3,5]triazin-2-y1)-3R,5 S-dimethyl-
piperazin-1-yl]-pyrimidin-2-y{}-ethanol; 1 R+{4-{4-(4-ethoxy-6-methyl-{1,3,5]triazin-2-yl}-
3R,5S-dimethyl-piperazin-1-yf}-pyrimidin-2-yf}-ethanol; 1R-{4-[4-(4-isopropoxy-6-
methyl-[1,3,5]triazin-2-yl)-3R,55-dimethyl-piperazin-1-y]-pyrimidin-2-yl}-ethanol; 1R-
{4-[3R,5S-dimethyl-4-(4-phenyl-{1,3,5]triazin-2-y!)-piperazin-1 -yl}-pyrimidin-2-yl}-

15 ethanol, 1R-{4-[4-(4-hydroxymethyl-6-methoxy-[1 .3,SJtriazin-2-yl)-3R,5S-dimethyi-
piperazin-1-yl}-pyrimidin-2-yi}-ethanol; 1R-{4-[4-(4-isopropoxy-6-methoxy- '
{1,3,5}triazin-2-y1)-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl--ethanol; 1 R-{4-[4-(4-
isopropyi-[1,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yi}-ethanol;
1R-{4-[4-(4,6-dimethyl-[1 .3.5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-

20 yl}ethanol; 1 R-{4-[3R,5S-dimethyi-4-(4-methyl-6-phenyi-[1 ,3,S)triazin-2-yl)-piperazin-
1-yllpyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4-cyclopropyi-[1,3,5]triazin-2-y1)-3R,5S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethano!; and 1R-{4-[4-(4-ethyl-B-methoxy-
[1.3,5]triazin-2-yl}-3R,5S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yf}-ethanol.

Another group of preferred compounds within the Group HB, designated

25  Group HK, are those compounds, prodrugs thereof and pharmaceutically acceptable
salts of said compounds or said prodrugs wherein:

R' is (R)-1-hydroxy-ethyl;
Ris

R

|

P
Me/['il Me

; and



WO 00/59510

10

15

20

25

30

PCT/IB00/00296
-31-

R is pyrimidyi or triazinyl, said pyrimidyl and triazinyl optionally substituted with up to
two hydroxy, (C,-C,)alkyl, (C;-C)cycloalkyl, (C,-C,)alkoxy, hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alky!, triazolyl, acetyl, morpholinyl, (C,-C,)alkylpiperazinyl, phenyi or
imidazolyl optionally substituted with up to two (C,-C.)alkyl.

A preferred group of compounds within the Group HK, designated HL, are
those compounds,  prodrugs thereof and pharmaceutically acceptable saits of said
compounds or said prodrugs wherein: R® is pyrimid-2-yl optionally substituted with up
to two (C,-C,)alkyl, hydroxy-(C,-C,)alkyl or triazolyl.

A preferred compound within the Group HL is the compound wherein R® is
4,6-dimethyl-pyrimid-2-yl, a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.

Another preferred compound within the Group HL is the compound wherein R®
is 4-hydroxymethyl-6-methylpyrimid-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HL is the compound wherein R®
is 4-{1,2,4]-triazol-1-yl-pyrimid-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Preferred compounds within the Group HL are 1R+{4-[4-(4,6-dimethyl-
pyrimidin-2-yi)-2R,6S-dimethyl-piperazin-1-yf}- pyrimidin-2-yl}-ethanol; 1R-{4-[4~(4-
hydroxymethyl-ﬁ-memyl-pyrimidin-2-yl)-2R,6$—dimethyl-piperazin-1-yl]-pyrimidin-z-yl}-
ethanol; and 1R-{4-[2R,6S-dimethyl-4-(4-[1,2 4]triazol-1 -yl-pyrimidin-2-yi)-piperazin-1-
yil-pyrimidin-2-yi}-ethanol.

Another preferred group of compounds within the Group HK, designated
Group HM, are those compounds, prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs wherein: R® is pyrimid-4-yt
optionally substituted with up to two (C,-C,)alkyl, hydroxy-(C,-C,)alkyl, acetyl,
morpholinyl, (C,-C,)alkylpiperazinyl, triazolyl or imidazolyi optionally substituted with
up to two (C,-C,)alkyl.

A preferred compound within the Group HM is the compound wherein R® is
2,6-dimethyl-pyrimid-4-yi, a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.
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Another preferred compound within the Group HM is the compound wherein
R® is 2-hydroxymethyli-6-methyi-pyrimid-4-yi, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein

5 R%is 2-acetyl-pyrimid-4-yl,  a prodrug thereof or a pharmaceutically acceptable salt

of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein
R® is 2-morpholin-4-yl-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

10 Another preferred compound within the Group HM is the compound wherein
R? is 2-(4-methylpiperazin-1-yl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein
R?is 2-{1,2,4]-triazol-1-yl-pyrimid-4-yl, a prodrug thereof or a pharmaceutically

15 acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein
R® is 2-(1S-hydroxyethyl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein

20 R’is 2-(1R-hydroxyethyl!)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein
R® is 2-(4-ethylpiperazin-1-yl)-pyrimid-4-yl,  a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

25 Another preferred compound within the Group HM is the compound wherein
R’ is 2-(4-methylimidazol-1-yl)-pyrimid4-yl, a prodrug thereofor a pharmaceutically
acceptabie salt of said compound or said prodrug.

Another preferred compound within the Group HM is the compound wherein
R? is 2-(2,4-dimethylimidazol-1-yl}-pyrimid—<4-yl, a prodrug thereof or a

30 phamaceutically acceptable salt of said compound or said prodrug.

Preferred compounds within the HB Group are 1R-{4-[4-(2,6-dimethyl-
pyrimidin-4-y1)-2R,6S-dimethyi-piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2-(1R-
hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanot;
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1R-{4-[4-(2-hydroxymethyi-6-methyl-pyrimidin-4-yl)-2R 6S-dimethyl-piperazin-1 -yl}-
pyrimidin-2-yl}-ethanol: 1R-(4-{4-2-(1S-hydroxy-ethyl)-pyrimidin-4-y[}-2R.6S-dimethy-
piperazin-1 -yl}-pyrimidin-2-yi)}-ethanol: {(4-{4-[2-(1 R-hydroxy-ethyl)-pyn'midin-4-yl]-
3R,5S-dimethyl-piperazin-1 1-yl}-pyrimidin-2-yl)-ethanone; 1R-{4-[2R,6S- -dimethyi-4-(2-
morpholin-4-yl-pyrimidin-4-yl)-piperazin-1 1-yl}-pyrimidin-2-yl}-ethanol; 1R-(4-{2R,6S-
dimethyl-4-[2-(4-methyi-piperazin-1 1-yl)-pyrimidin-4-yl}-piperazin-1 1-yl}-pyrimidin-2-yl)-
ethanol; 1R-{4-[2R,6S-dimethyi4- -(2-[1,2 4}triazol-1 -yl-pyrimidin-4-yl}-piperazin-1-yi}-
pyrimidin-2-yl}-ethanof; 1R-(4-{4-[2-(1R—hydroxy-ethyl)-pynmldiM-yl} 2R,6R-dimethyl-
piperazin-1 -yl}-pynmxdm-Z-yl)—ethanol 1R-(4-{4-[2-(4-ethyi-piperazin-1 1-yl)}-pyrimidin-4-
yl}-2R,6S-dimethyl-piperazin-1 1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{2R,6S-dimethyl-4-[2-
(4-methyi-imidazol-1 1-yl)-pyrimidin-4-yl}-piperazin-1 1-yl}-pyrimidin-2-yl)-ethanol; and 1R-
(4-{4-[2-(2,4-dimethyl-imidazol- 1-yl)-pynmxdun-4~yl]-2R.GS-dxmethyl-pxperazm- 1-yl}-
pyrimidin-2-yl)-ethanol.

Another preferred compound within the Group HB is the compound wherein

R'is (R)-1-hydroxyethyl; R®is
‘[ Nj\
Me*" T Me
, and

R?is 2-(1 R-hydroxyethyl-pyrimid<4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

A preferred group of compounds within the Group HK, designated Group HN,
are those compounds, prodrugs thereof and pharmaceutically acceptable salts of said
compounds and said prodrugs, wherein R® is [1,3.5)-triazin-2-yi optionally substituted
with up to two hydroxy, (C,-C,)alkyl, (C5-C;)cycloalkyl, hydroxy-~(C,-C,)alkyl, (C,-
Caalkoxy-(C,-C,)alkyl, (C,-C,)alkoxy, morpholinyl or phenyl.

A preferred compound within the Group HN is the compound wherein R? is 4-
morphoiin-4-yi-{1,3,5}-triazin-2-yl, a prodrug thereof or a phamaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R%is 4-methoxy-6-methyi-{1,3 S}-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.
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Another preferred compound within the Group HN is the compound wherein
R®is 4,6-dimethoxy-[1,3,5]-triazin-2-yi, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R’ is 4-phenyi-[1 ,3,9}-riazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R® is 4-cyclopropyi-{1 ,3,5}-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R®is 4,6-dimethyl-{1,3,5)-triazin-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R%is 4-hydroxymethyl-6-phenyl-[1,3,5}-triazin-2-yl, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R%is 4-methoxy-6-methoxymethyl-[1 .3,5}-triazin-2-yl, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HN is the compound wherein
R’ is 4-methyl-[1 .3,5)-triazin-2-yl, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

Another preferred-compound within the Group HN is the compound wherein
R? is 4-methoxymethyl-6-phenyl-[1 .3,9)triazin-2-yl, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug.

Preferred compounds within the Group HN are 1R-{4-[2R 6S-dimethyi4-
(4-morpholin-4-yi-{1,3,5)triazin-2-yl)-piperazin-1 -yl}-pyrimidin-2-yf}-ethanol; 1 R-{4-[4-
(4-methoxy-6-methyi-[1 +3.9]triazin-2-yl}-2R,6S-dimethyl-piperazin-1 -yll-pyrimidin-2-yl}-
ethanol; 1R-{4-{4-(4,6-dimethoxy-[1 .3,5]triazin-2-yl)-2R,6S-dimethyl-piperazin-1 -yi}
pyrimidin-2-yl}-ethanol; 1R-{4-{4-(4-cyciopropyi-{1 .3,5]tn'azin-2-y|)—2R,6$—dimethyl-
piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4.6-dimethy}-[1,3,S]triazin-2-yi)-
2R,6S-dimethyl-piperazin- 1-yl}-pyrimidin-2-y{}-ethanol; 1 R-{4-[4~(4-hydroxymethyi-6-
phenyl-[1,3,5]triazin-2-yl)-2R,6S-dimethyl-piperazin-1 -yi}-pyrimidin-2-yl}<ethanol; 1R-
{4-{4-(4-methoxy-6-methoxymethyl-{1 .3,5]triazin-2-yl)-2R,6S-dimethyl-piperazin-1 -yi}-
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pyrimidin-2-yl}-ethanol; 1R-{4-[2R,6S-dimethyi-4-(4-methyl-{1,3,5}triazin-2-yl)-

piperazin-1-yl}-pyrimidin-2-yl-ethanol; 1 R-{4-[4-(4-methoxymethyi-6-phenyl-

(1.3.5)triazin-2-yl)-2R 6 S-dimethyl-piperazin-1 -yil-pyrimidin-2-yl}-ethanol; and 1R-{4-

[2R,6S-dimethyl-4-(4-phenyi-[1,3,5]triazin-2-yl)-piperazin-1 -yl}-pyrimidin-2-yi}-ethanol.
Another preferred group of compounds within the Group HB, designated

Group HO, are those compounds, prodrugs thereof and pharmaceutically

acceptabte salts of said compounds or said prodrugs wherein:

R'is (R)-1-hydroxy-ethy;

Ris

RS

|

N Me
(J

, ;and
R? is pyrimidyl, quinoxalyl or oxazolopyridy! optionally substituted with up to two (C,-
C.)alkkyl, (C,-C,)alkoxy or hydroxy-(C,-C,)alkyi.

A preferred compound within the Group HO is the compound wherein R®
is 4-hydroxymethyl-6-methyl-pyrimid-2-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HO is the compound wherein
Ris 2-hydroxymethyl-pyrimid-4-yl, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug.
Another preferred compound within the Group HO is the compound wherein

"Ris 2-hydroxymemyl-6~memyt-pyrimid-4-yl, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug.

Another preferred compound within the Group HO is the compound wherein
R? is 2-(oxazolo[5,4-blpyridyl), a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.

Another preferred compound within the Group HO is the compound wherein
R%is 2-(oxazolo[4,5-b]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt
of said compound or said prodrug.
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Another preferred compound within the Group HO is the compound wherein
R%is 2-quinoxalyl, a prodrug thereof or a pharmaceutically acceptable salt of said .
compound or said prodrug.

Preferred compounds within the Group HO are 1R-{4-{4-(4-

5 hydmxymemyl-s-methyl-pyﬁn'ﬁdin-2-yl)—3$-methyl-piperazin-1-yl]-pyrimidin-2-yl}-
ethanol; 1R-{4-[4-(2-hydroxymethyl-pyﬁmidin-ti»yl)-3&methyl-piperazin-1-yl]-
pyrimidin-2-y{}-ethanol; 1R-{4-[4-(2-hydroxymethyi-6-methyl-pyrimidin-4-y1)-3S-
methyl-piperazin-1-yf}-py-rimidin-2-y{}-ethanol; 1R-[4-(3S-methyl-4-oxazolo[5,4-
blpyridin-2-yl-piperazin-1 -yI)-pyﬁmidin—Z;yl]-eﬁ\anol; 1R-{4-(3S-methyl-4-oxazolo[4,5-

10  bjpyridin-2-yl-piperazin-1-yl)-pyrimidin-2-yl}-ethanol: and 1 R-{4-(3S-methyi-4-
quinoxalin-2-yl-piperazin-1-yl)-pyrimidin-2-yf}-ethanol.
Another preferred group of compounds within the Group HB, designated
Group HP, are those compounds,  prodrugs thereof and pharmaceutically
acceptable salts of said compounds or said prodrugs wherein:
15 R'is (R)-1-hydroxy-ethyl;
Ris
9

R
|
[Nj\
T Me
; and

R® is pyrimidyl optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy,
hydroxy-(C,-C,)alky!.

20 A preferred compound within the Group HP is the compound wherein R? is 2-
(1R-hydroxyethyf)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

A preferred compound within the Group HP is 1R~(4-{4-{2-(1R-hydroxy-ethyl)-
pyrimidin-4-yl}-2R-methyl-piperazin-1-yf}-pyrimidin-2-yl)}-ethanol.

25 Another preferred group of compounds within the Group HB, designated HQ,
are those compounds, prodrugs thereof and phamaceutically acceptable salts of
said compounds or said prodrugs wherein:

R' is (R)-1-hydroxy-ethyi;
Rlis
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"
Me.,, [Nj\
IT Me
;and

R® is pyrimidy! optionally shbstituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy,
hydroxy-(C,-C,)alkyl.

A preferred compound within the Group HQ is the compound wherein R? is 2-
(1R-hydroxyethyl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

An especially preferred compound within the Group HQ is (4{4-]2-(1R-
hydroxy-ethyl)—pyn‘midin-4-yl]-2R.58—dimethyl-piperazin-1-yl}-pyn'midin-2-yl)-ethanol.

Another preferred group of compounds within the Group HB, designated
Group HR, are those compounds, prodrugs thereof and pharmaceutically acceptable
salts of said compounds or said prodrugs wherein:

R' is (S)-1-hydroxy-ethyt;
Ris
9

R
|
O
Me N Me
l ; and

R® is pyrimidyl optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy or
hydroxy-(C,-C,)alkyl.

A preferred compound within the Group HR is the compound wherein R® is 2-
(1R-hydroxy-ethyl)-pyrimid-4-yi, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

An especially preferred compound within the Group HR is 1S-(4-{4-[2-(1R-
hydroxy-ethyl)~pyrimidin-4-yl]-2R,68-dimeﬂ1yl-piperazin—1-yl]-pyﬁmidin-Z-yl)—ehanol.

Yet another preferred group of compounds within the Group HB, designated
Group HS,.are those compounds, prodrugs thereof and pharmaceutically acceptable
salts of said compounds or said prodrugs wherein:
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R'is acetyl;
Rlis
9

.'E
Me/[TlMe

R® is pyrimidyl optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy, acetyi
S  or hydroxy-(C,-C,)alky!.

A preferred compound within the Group HS is the compound wherein R? is 2-
acetyl-pyrimid-4-yl,  a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug.

A preferred compound within the Group HS is the compound wherein R® is 2-

10 (1R-hydroxyethyl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug.

Especially preferred compounds within the Group HS are 1-{4-{4-(2-acetyl-
pyﬁmidin-4»yl)-2R',GS'-dimethyl-piperazin-1-yfj-pyrimidin-Z—yI)—eﬂ'lanone or 1-(-4-{4-
[2-(1 R-hydroxy-ethyl)-pyrimidin-4-y|]-2R.68—dimethyl-piperazin-1 -yl}-pyrimidin-2-yl)-

15 ethanone.

A pharmaceutical composition, designated Composition A, comprising a
compound of formula 1, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug and a pharmaceutically acceptable carrier or diluent.

A method of inhibiting sorbitol dehydrogenase in a mammal in need of such

20 inhibition comprising administering to said mammal a sorbitol dehydrogenase
inhibiting amount of a compound of formula |, a prbdrug thereof or a pharmaceutically

; and

acceptable salt of said compound or said prodrug.
A method of treating diabetes in a mammal suffering from diabetes comprising
administering to said mammal an effective amount of a compound of formula I, a
25  prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug.
A method, designated Method A, of treating or preventing diabetic
complications in a mammal comprising administering to said mammal an effective
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amount of a compound of formula |, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

A method of Method A wherein said mammal is suffering from diabetes.

A method of Method A wherein said diabetic complication is diabetic
neuropathy.

A method of Method A wherein said diabetic complication is diabetic
nephropathy.

A method of Method A wherein said diabetic complication is diabetic
retinopathy.

A method of Method A wherein said diabetic complication is foot ulcers.

A method of Method A wherein said diabetic complication is a cardiovascular
condition. |

A pharmaceutical composition, designated Composition B, comprising a
compound of formula |, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug and an aldose reductase inhibitor, a prodrug thereof or a
pharmaceutically acceptable salt of said aldose reductase inhibitor or said prodrug.

A composition of Composition B additionally comprising a pharmaceutically
acceptable carrier or diluent.

A method of treating diabetes in 2a mammal suffering from diabetes comprising
administering to said mammal an effective amount of a compound of formula |, a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase
inhibitor or a pharmaceutically acceptable salt of said aldose reductase inhibitor or
said prodrug.

b A method, designated Method B, of treating or preventing diabetic
complications in a mammal comprising administering to said mammal an effective
amount of a compound of formula |, a prodrug thereof or a pharmmaceutically
acceptable of said compound or said prodrug and an aldose reductase inhibitor, a
prodrug of said aldose reductase inhibitor or a pharmaceutically acceptable salt of
said aldose reductase inhibitor or said prodrug thereof.

A method of Method B wherein said mammal is suffering from diabetes.

A mrethod of Method B wherein said diabetic complication is diabetic
neuropathy.
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A method of Method B wherein said diabetic complication is diabetic
nephropathy.

A method of Method B wherein said diabetic complication is diabetic
retinopathy.

A method of Method B wherein said diabetic complication is foot uicers.

A method of Method B wherein said diabetic complication is a cardiovascular
condition.

A pharmmaceutical composition, designated Composition C, comprising a
compound of formula I, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug and a sodium hydrogen ion exchange (NHE-1) inhibitor, a
prodrug of said NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1
inhibitor or said prodrug thereof.

A method, designated Method C, of treating ischemia in a mammal suffering
from ischemia comprising administering to said mammal an effective amountofa
compound of claim 1, a prodrug thereof or a pharmaceutically acceptable salt of said
compound or said prodrug and a sodium hydrogen ion exchange (NHE-1) inhibitor, a
prodrug of said NHE-1 inhibitor or a phamaceutically acceptable salt of said NHE-1
inhibitor or said prodrug.

A method of Method C wherein said ischemia is perioperative myocardial
ischemia.

A method of treating or preventing diabetic complications in a mammal,
designated Method D, comprising administering to said mammal an effective amount
of a compound of formula I, a prodrug thereof or a pharmaceutically acceptable salt of
said compound or said prodrug and a sodium hydrogen ion exchange (NHE-1)
inhibitor, a prodrug of said NHE-1 inhibitor or a pharmaceutically acceptable salt of
said NHE-1 inhibitor or said prodrug.

A method of Method D wherein said mammal is suffering from diabetes.

A method of Method D wherein said diabetic complication is diabetic
neuropathy.

A method of Method D wherein said diabetic complication is diabetic
nephropathy.

A method of Method D wherein said diabetic complication is diabetic
retinopathy.
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A method of Method D wherein said diabetic complication is foot uicers.

A method of Method D wherein said diabetic complication is a cardiovascular
condition.

A method of treating diabetes in a mammal suffering from diabetes comprising
administering to said mammal an effective amount of a compound of formula |, a
prodrug thereof or a pharmaceutically acceptable sait of said compound or said
prodrug, and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodrug of said
NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said
prodrug. ' '

A kit comprising:

a. a compound of formula |, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug in a first unit
dosage form;

b. an aldose reductase inhibitor, a prodfug thereof or a
pharmaceutically acceptable salt of said prodrug or said aldose reductase inhibitor in

a second unit dosage form; and

c. a container.
A kit comprising:
a. a compound of formula I, a prodrug thereof or a

pharmaceutically acceptable salt of said compound or said prodrug in a first unit
dosage form;

b. a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodrug
thereof or a pharmaceutically acceptabie salt of said prodrug or said NHE-1 inhibitor
in a second unit dosage form; and

c. a container.

A method, designated Method E, of inhibiting sorbitol dehydrogenase in a
mammal in need thereof comprising administering to said mammal Compaosition A.

A method of Method E wherein said ischemia is perioperative myocardial
ischemia.

A method of treating ischemia in a mammal suffering from ischemia
comprising administering to said mammal Composition C.

A method, designated Methad F, of treating or preventing diabetic
complications in a mammal comprising administering to said mammal Compasition A.
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A method of Method F wherein said mammal is suffering from diabetes.
A method, designated Method G, of treating or preventing diabetic
complications in a mammal comprising administering to said mammal Composition B.
A method of Method G wherein said mammal is suffering from diabetes.
A method, designated Method H, of treating or preventing diabetic
complications in a mammal comprising administering to said mammal Composition C.
A method of Method H wherein said mammal is suffering from diabetes.
A compound of formula |, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or séid prodrug, wherein:
R'is C(OH)R‘R®, where R* and R°® are each independently hydrogen or methyi;
R?is hydrogen; “
R'is
1

N/Y\ R43

8
N/X—-’R (CH,),
G or

N

| |
wherein said piperazinyl R® is substituted by R®, R’ or R?;
G. G' and G? are taken separately and are each hydrogen and R® is hydrogen or (C,-
C.alkyl; R” and R® are each independently hydrogen or (C,-C,)alkyl; or
G and G' are taken together and are (C,-C,)alkylene and R®, R, R® and G2 are
hydrogen; or
G' and G? are taken together and are (C,-C,)alkylene and R¢, R’, R® and G are
hydrogen;
qisOor1;
X is a covalent bond, oxycarbonyi,vinylenylcarbonyt, oxy(C,-C,)alkyienyicarbonyi,
thio(C,-C,)alkylenylcarbonyl or vinylenyisulfonyl; said vinylenylcarbony! and said
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyi
carbons with (C,-C,)alkyl, benzy! or Ar; said oxy(C,-C,)alkylenyicarbonyl and said
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thio(C,-C.)alkylenyléarbonyi in the definition of X are optionally substituted with up to
two (C,-C,)alkyl, benzyi or Ar;

R? is (C5-C;)cycloalkyl, Ar'-(C,-C,)alkylenyl or (C,-C4)alky! optionally substituted with
up to five fluoro;

Ar'is phenyl, naphthy!, pyridyi, pyrimidyl, pyrazinyi, pyridazinyl, triazinyl, quinolyl,
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, cinnolinyl, naphthyridinyl, pteridinyl,
pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl, pyrimidopyrimidyl,
pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyl, pyrrolyl, furanyl, thienyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl, benzoxazoly, ‘
benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl, furopyridyt,
thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazotopyridy!, pyrazolopyridyl,
isoxazolopyridyl, isothiazolopyridyl, pyrrolopyrimidyl, furopyrimidyi, thienopyrimidyl,
imidazolopyrimidyl, oxazolopyrimidyl, thiazolopyrimidyl, pyrazolopyrimidy!,
isoxazolopyrimidyl, isothiazolopyrimidy!, pyrrolopyrazinyl, furopyrazinyl,
thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl,
pyrazolopyrazinyl, isoxazolopyrazinyl, isothiazolopyrazinyl, pymrolopyridazinyl,
furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazolopyridazinyl,
thiazolopyridazinyl, pyrazolopyridazinyl, isoxazolopyridazinyl or isothiazolopyridazinyt;
and

said Ar' is optionally substituted as set forth above;

kis0,1,2,3or4;

Y' is a covalent bond, carbony!, sulfonyl or oxycarbonyt;

R is (C5-Cy)cycloatkyl, Ar*-(C,-C,)alkylenyl, NRR* or (C,-C,)alkyl optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R® is not NRR*;

R and R*® are taken separately and are each independently selected from hydrogen,
Ar®, (C,-Cq)alkyl and Ar®~(C,-C,)alkylenyl; or

R*” and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrroiidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicycio[2.2.1]heptyl, 1,2,3.4-tetrahydroisoquinolyt, 6,7-

- dihydro-5H:dibenzo[c,eJazepinyl or 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidyt; said

azetidinyl in the definition of R*” and R* are optionally substituted with one hydroxy,
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amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.)alkyt optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyl and azepinyi in the definition of RY and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,~C,)alkyl, (C,-

5 Cpalkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fiuoro; said morpholinyi in the definition
of R and R*® is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five

10 fiuoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and §,6.7,8-tetrahydro[4,3-
d]pyrimidy! in the definition of R* and R* are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyt
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzofc,ejazepinyl in the definition of R*

15  and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.akkyl, (C-C,)alkoxy-(C,-C,)alkyl, (C=C,)alkyl optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar’ is independently defined as set forth for Ar and Ar’ above;
Ar® is optionally independently substituted as set forth for Ar and Ar' above.

20 A compound selected from 1R-(4-{1'-[2-(1R-hydroxy-ethyl)-pyrimidin-4-y}-
[4,4bipiperidinyl-1-yl}-pyrimidin-2-yl)-ethanol; furo[3,2-c]pyridin-2-yl-{4-[2-(1R-
hydroxy-ethyl)-pyrimidin4-yl}-3R,5S-dimethyl-piperazin-1-yl}-methanone; (4-chioro-
furo[3,2-c)pyridin-2-yi)}-{4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-y{}-3R,5S-dimethyl-
piperazin-1-yl}-methanone; {4-[2-(1R-hydroxy-ethyl)-pyrimidin4-yi}-3R,5S-dimethyi-

25  piperazin-1-yf}-(4-pyrrolidin-1-yl-furc[3,2-c]pyridin-2-yl)}-methanone; {4-[2-(1R-hydroxy-
ethyl)-pyrimidin4-yl}-3R,5S-dimethyi-piperazin-1-yl}~(4-morpholin4-yl-furo{3,2-
c]pyridin-2-yl}-methanone; {4-{2-(1R-hydroxy-ethyl)-pyrimidin-4-yi]-3R,5S-dimethyi-
piperazin-1-yl}-imidazo[1,2-a]pyridin-2-yl-methanone; furo[3,2-c]pyridin-2-yl{4-[2-(1R-
hydroxy-ethyl)—pyn’midin-4-yl]-2R,68-dimeﬂ19I—piperazin-1-yl}-methanone; 4-2-(1R-

30  hydroxy-ethyi)-pyrimidin<4-yl}-2R,6S-dimethyl-piperazine-1-carboxylic acid pyridin-3-yi
ester; 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-2R,6S-dimethyl-piperazine-{1-carboxyiic
acid 2-methyl-pyridin-3-yl ester; 4-{2-( 1R-hydroxy-ethyl)-pyrimidin-4-y}-2R,6S-
dimethyl-piperazine-1- carboxylic acid 5-chioro-pyridin-3-yl ester; 4-{2-(1R-hydroxy-
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ethyl)~pyrimidin-4-yl]-2R,6$-dimethyl-piperazine-1-wrboxyﬁc acid 6-methyl-pyridin-3-
yl ester; (E)-1-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin—4-yl]~2R,GS-dimethyl-piperazin-1 -yl}-
3-thiophen-2-yi-propenone; 1R-{4-[4-(4,6-dimethyl-pyrimidin-2-yl)—3R,58-dimethyl~
piperazin-1-yi]-pyrimidin-2-yl}-ethanol; 1R-{4~[4-(4-methoxymethyl-6-methyl-pyrimidin-
2-yl}-3R,5S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yi}-ethanol; 1R-{4-[4-(4-
hydroxymethyl-6-methyl-pyrimidin-2-yl)-3R,SS-dimethyl-piperazin-1-yl]-pyﬁmidin-2-yl)—
ethanol; 1R-(4-{3R,58-dimethyl-4-{2—(4-meﬂ1yi-piperazin-1-yl)-pyrimidin-4—yl}-
piperazin-1-yl}-pyrimidin-2-yl)-ethanot; 1R-(4-{4-[2-(4-ethyl-piperazin-1 -yl)}-pyrimidin-4-
yl]-3R,5$—dimethyl-piperazin—1-yl}-pyrirriidin-z-yl)-emanol; 1 R-(4-(3R.5$-dimethyl-4-[2—
(4-methyl-imidazol-1-yl)-pyrimidin-4-yl}-piperazin-1-yl)—pyrimidin-Z-yl)—emanol; 1R-(4-
{3 R.5S-dimethyl-4~[2-(2-rnethyl-imidazol-1 -yI)-pyrimidin-4-yi}-piperazin-1 -yl}-pyrimidin-
2-yl)-ethanof; 1R-(4-{4-[2-(2,4-dimethyi-imidazol-1 -yl)-pyrimidin-4-yl]-3R,5$-dimethy!—
piperazin-1-yl}-pyrimid in-2-yl)}-ethanol; 1 R-(4~{4-[2-(4-isopropyl-piperazin-1 -yl)-
pyrimidin—4~yl}-3R.SS-dimeﬂ'ayl-piperazin-1-yI)-pyﬁnﬁdin-Z-yl)-etl'lanol; 1R-(4-{3R,5S-
dimethyt-4-{4-methyl—6-(4-methyt-piperazin—1 ~yiH1,3,5)triazin-2-yl}-piperazin-1 -yi}-
pyrimidin-2-yl)-ethanol; 1 R-{4-[4-(4-memoxy-6~meﬂ1yl—[1 .3,5]triazin-2-yl)-3R,55-
dimethyi-piperazin-1 -yl}-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4.6-dimeﬂ10xy~[1 +3,5)triazin-
2-yl)-3R.5$-dimeﬂ1yl-piperazin-1-yl}-pyﬁmidin-2—yl}-eﬂ1anol; 1R-{4-[4-(4-ethoxy-6-
methyl-{1 .3,5]triazin-2-yl)-3R,5$-dimethyl-piperazin-1 -y{}-pyrimidin-2-yf}-ethanol; 1R-
{4-[4-(4-isopropoxy-6-methyi-[1 ,3,5]triazin-2-yl)~3R.SS-dimethyl-piperazin-1 -yi}-
pyrimidin-2-yi}-ethanol; 1 R—{4-[3R.SS-dimemyl-4-(4-phenyl-(1 3,Striazin-2-yl)-
piperazin-1-yl}-pyrimidin-2-y{}-ethanol: 1 R-{4-[4-(4-hydroxymeﬂ1yl-6-memoxy-
[1.3,5}triazin-2-y1)-3R,5S-d imethyl-piperazin-‘l-yl]-pyﬁmidin-z-yl}-ethanot; 1R-{4-[4-(4-

' isopropoxy-6-methoxy-[1 .3,5]triazin-2-yl)-3R.5S-dimethyl-piperazin-1-yl]-pyn'midin-z-

yi}-ethanol; 1 R-{4-[4-(4-isopropyi-[1 ,3.5]h'iazin-2-yl)-3R,58-dimethyl-piperazin-1 -yi}-
pyrimidin-2-yf}~ethanof; 1 R-(4-{4-(4-emyl-6-memoxy-[1 .3.5)triazin-2-yl)-3R,5S-
dimethyl-piperazin-1 -yll-pyrimidin-2-yi}ethanol: 1 R—{4—[4-(4.6-dimethyi-pyrimidin-2-yl)-
2R,6S-dimethyl-piperazin-1-yl}- pyrimidin-2-yl}-ethanol: 1 R-{4-{4-(4-hydroxymethyi-6-
methyl-pyrimidin-Z-yl)—ZR.GS—dimethyl—piperazin—1 ~yl}-pyrimidin-2-yf}-ethano}; 1 R-{4-
[2R,65-dimethyl-4-(4-[1,2,4]triazol-1 -yl-pyrimidin-2-yl)-piperazin-1 -yl}-pyrimidin-2-yl}-
ethanol; 1R-{4-[4-(2.6-dimethyl-pyrimidin-4-yl)-2R.GS-_dimethyl-piperazin-1 -viJ-
pyrimidin-2-yi}-ethanol; 1R-(4-{4-[2-(1 R-hydmxy-ethyl)-pyﬁmidin#yﬂ—ZR,ﬁS-dimemyt-
piperazin-1 -yi}-pyrimidin-2-yi)-ethanol: 1 R-{4-[4-(2fhydroxymeﬁ1yl-6-methyl-pyrimidin-
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4-yl)-2R,6S-dimethyl-piperazin-1 -yll-pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2(1 S-hydroxy-
ethyl)-pyrimidin-4~yl]—2R.6S-dimethyl-piperazin~1 -yl}-pyrimidin-2-yl)-ethanol; 1 S-(4-{4-
2-(1 R-hydroxy-ethyl)—pyn'midin-4—yl]—2R,GS-dimeﬂ1yI-piperazin-1 -yl}-pyrimid in-2-yf)-
ethanol; 1-{4-{4-(2-acetyl-pyrimidin-4-y|)-2R.GS-dimeﬂ1yI-piperazin-1-yl]-pyn'midin-2-

S ylrethanone; 1RS-(4-{4-[2-(1 RS-hydroxy-ethyl)-pyrimidin#yl]—ZR,G S-dimethyl-
piperazin-1 -yl}-pyrimidin-2-yl)-ethanol; (4-{4-[2-(1 R-hydroxy-emyl)-pyrimidin-4-yl}-
3R,5S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl)-ethanone; 1R-{4-2R,6S-dimethyi-4-(2-
morphoIin-4—yl~pyrimidin-4~yl)—piperazin—1-yl}-pyrimidin-z-yl}-eﬂ'tanol; 1R-(4{2R,6S-
dimethyl-4-[2-(4-methyi-piperazin-1 ~Yl)-pyrimidin-4-yl}-piperazin-1 -y{}-pyrimidin-2-yl)-

10  ethanol; 1 R-{4-[2R,68-dimethyl—4-(2-{1 ,2,4]triazol-1-yl-pyrin'ﬁdin-4-yl)-piperazin-1 yi}-
pyrimidin-2-yl}-ethanol; 1 R-(4{4-[2-(1 R-hydroxy-ethyl)~pyrimidin-4~yﬂ-2R,6R-d imethyi-
piperazin-1 -yl}-pyrimidin-2-yl)-ethanol: 1R-(4~{4-[2-(4-ethyl-piperazin-1 -yl)-pyrimidin-4-
yﬂ-2R.68-dimethyl-piperazin—1-yl}-pyrimidin-z-yl)-ethanol; 1R—(4-{2R.68-dimethyl-4-[2-
(4-methyl-imidazol-1 -yl}-pyrimidin-4-yi}-piperazin-1 -yll-pyrimidin-2-yl)-ethanol; 1 R-(4-

15 {4-[2-(2,4-dimethyl-imidazol-1 -yl)-pyn'midin-4-yl]-2R,68-dimeﬂ1yl-piperazin—1 -yi}-
pyrimidin-2-yl)-ethanot; 1 R-{4~[2R,6S-dimeﬂ)yl-4-(4—morpholin-4~yl-[ 1,3,5)triazin-2-y)-
piperazin-1-yl]-pyrimidin—z-yl}-eﬂ'xanol; 1R—{4-[4-(4-memoxy-6-meﬂ1yl-[1 .3,5)triazin-2-
yl)-2R.6$-dimemyl-piperazin-1-yl]-pyrimidin-z-yl}-emanol; 1R-{4-{4-(4,6-dimethoxy-

[1 .3.5]triazin-2-yl)—2R.BS-dimethyl-piperazin-1 -Yi}-pyrimidin-2-yl}-ethanol; 1R-{4-

20 [2R,6$-dimethyl-4—(4-phenyl-[1 ,3,5]triazin-2-yl)-piperazin~1-yl]-pyﬁmidin-z-yl}-ethanol;
1R-{4-{4—(4-hydroxymethyl-6-methyl-pyﬁmidin-Z-yl)-SS-methyl—piperazin-1 -yl
pyrimidin-2-yl}-ethanol: 1R-{4—[4-(2-hydroxymethyl-pyrimidin-4~yl)-3S-methyl—
piperazin-1-yll-pyrimidin-2-yi}-ethanol; 1 R-{4—[4-(2-hydroxymemyl-s-memyl-pyrimidin-
4-yl)-3S-methyl-piperazin-1 -yl}-py-rimidin-2-yl}-ethano: 1 R-[4-(3S-methyl4-

25 oxazolo[5,4-b]pyridin-2-yl-piperazin-1 -yl}-pyrimidin-2-yi}-ethanol; 1 R-[4-(3S-methyl4-
oxazolo[4,5—b]pyﬁdin-2-yl-piperazin—1-y|)-pyrimidin-2-yl]~eﬂ1anol; 1R-[4-(3S-methyi<4-
quinoxalin-2-yl-piperazin-1 -yl)»-pyrimidin-2-yl}-ethanot: (444-2-(1R-hydroxy-ethyi)-
pyrimidin-4—yl]—2R,58-dimethyl-piperazin—1 -yl}-pyﬁmidih-Z—yl)—ethanol; 1R-{4-[4-(4,6-
dimethyi-[1 .3.5]triazin-2-yl)—3R.58-dimethyl-piperazin-1-yl]-pyrimidin-z-yl}-emanol; 1R-

30 {4—[3R.5$-dimethyl-4-(4-methyl-6ophenyl-[1 .3.5]triazin-2~yl)—piperazin—1-yl]pyrimidin-2-
yl}-ethanot; 1 R~{4-{4-(4-cyclopropyi-{1 .3,5]t11azin-2—yl)—3R.5$—dimemyl-piperazin-1 -yi}-
pyrimidin-2-yf}-ethanol; 1R+{4-[4-(4-cyclopropyt-[1 3.S)triazin-2-y1)-2R 6S-dimethyl-
piperazin-1-yf}-pyrimidin-2-y{}-ethanot: 1 R-{4-{4-(4,6-dimethyi-[1 ,3,5)triazin-2-yi)-
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2R 6S-dimethyi-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-hydroxymethyi-6-
phenyi-[1,3,S)triazin-2-y1)-2R,6S-dimethyl-piperazin-1 -yll-pyrimidin-2-yi}-ethanol; 1R-

{4-{4-(4-methoxy-6-methoxymethyi-{1,3,5]triazin-2-yl)-2R,6S-dimethyi-piperazin-1-yi}-

pyrimidin-2-yi}-ethanol; 1R-{4-[2R,6S-dimethyl-4-(4-methyi-[1,3,5]triazin-2-yl)-
piperazin-1-yl}-pyrimidin-2-yl-ethanol; 1-{4-[4-(2-acetyl-pyrimidin-4-yl)-2R*,6S"-
dimethyl-piperazin-1-yl]-pyrimidin-2-yi}-ethanone; 1-(<4-{4-[2-(1 R-hydroxy-ethyl)-
pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yf}-pyrimidin-2-yl)-ethanone; 1R~{4-[4-(4-
methoxymethyi-6-phenyi-[1,3,5)-triazin-2-yl}-2R 6 S-dimethyl-piperazin-1 -yll-pyrimidin-
2-yl}-ethanol; and 1S-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-
piperazin-1-yl}-pyrimidin-2-yi)-ethanol.

A compound of the formuia

wherein:

R'is C{OR*)R'R®, where R¥ is independently (C,-C,)alkyl, benzyl, (C-
Ce)alkylcarbonyl or phenyicarbonyl, where said benzyl and said phenyl are optionally
substituted with up to three (C,-C,)alkyl, (C,-C,)alkoxy, halo or nitro;

R*and R® are each independently hydrogen, methyl, ethyl or hydroxy-(C,-C,)alky!;
R?is hydrogen, (C,-C,)alkyl or (C,-C,)alkoxy;

R*is a radical of the formula
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wherein said radical of formula R* is substituted by R®, R’ and R®;

said radical of formula R* is substituted by R*, R and R®;

G. G' and G? are taken separately and are each hydrogen and R® is hydrogen, (C,-
5 C.alkyl, (C,-C,)alkoxycarbonyi, (C,-C‘)alkoxy-(C,-C.)alkyl. hydroxy-(C,-C,)alky! or

pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-

(Ci-C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-C,)alkoxy, wherein said

(C,-CJ)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R® are

optionally and independently substituted with up to five fluoro; R’ and R® are each

10 independently hydrogen or (C,-C,)alkyl; or
G and G' are taken together and are (C,-C,)alkylene and R, R’, R® and G2 are
hydrogen; or
G' and G? are taken together and are (C,-C,)alkylene and R?, R, R® and G are
hydrogen;

15 qisOor1;

Xis a covalent bond, -(C=NR*)-, oxycarbonyl, vinylenylcarbonyl, oxy(C,-
C.alkylenylcarbonyl, (C,-C,)alkylenylcarbonyl, (C,-C,)alkenyicarbonyl, thio(C,-
C.)alkylenyicarbonyl, vinylenylsulfonyl, sulfinyl-(C,-C,)alkylenyicarbonyl, sulfonyl-(C.-
CJ)alkylenylicarbonyi or carbonyl(C,-C,)alkylenylcarbonyl; wherein said oxy(C,-

20  C.alkylenyicarbonyl, (C,-C,)alkylenyicarbonyl, (C;-C,)alkenylcarbonyl and thio(C,-
C.)alkylenyicarbonyl in the definition of X are each optionally and independenﬂy
substituted with up to two (C,-C,)alkyl, benzyl or Ar; said vinylenyisulfonyl and said
vinylenylcarbonyi in the definition of X are optionally substituted independently on one
or two vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar; and said carbonyl(C,-

25 C,)alkylenyicarbonyi in the definition of X is optionally substituted indepedently with up
to three (C,-C,)alkyl, benzyl or Ar;

R" is hydrogen or (C,-C,)alkyi;
R®is (C,-C,)cycloalkyl, Ar'~(C,-C,)alkylenyt or (C,-Ce)alkyl optionally substituted with
up to five fiuoro; provided that when q = 0 and X is a covalent bond, oxycarbonyi or

30 (C,-C,)alkylenyicarbonyl, then R® is not (C,-Ce)alkyl;

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight-membered ring optionally héving up to four heteroatoms selected
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
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fused independently partially saturated, fully saturated or fully unsaturated five- to
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or a fricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five
to seven membered rings, taken independentiy, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyciic ring, bicyclic ring or
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or
two oxo groups substituted on sulfur;

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two
or three rings if the moiety is tricyclic, with up to a total of four substituents
independently selected from R", R', R™ and R*; wherein R"', R, R"*and R are
each taken separately and are each independently halo, formyl, (C,-
C,)alkoxycarbonyl, (C,-Cg)alkylenyloxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,
C(OH)R™R'™, naphthyl, phenyl, imidazolyl, pyridyl, triazolyl, morpholinyl, (C,-
C.)alkyisulfamoyl, N-{C,-C,)alkylcarbamoyl, N,N-di-(C,-C,)alkylcarbamoyl, N-
phenylcarbamoyl, N-(C,-C,)alkyl-N-phenyicarbamoyl, N,N-diphenyi carbamoyi, (C,-
C.)alkylcarbonylamido, (Cs-C;)cycioalkylcarbonylamido, phenylcarbonylamido,
piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyl, pyrazolyl,
tetrahydroquinolyi, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy,
pyridyisuifanyl, furanyl, 8-(C,-C,)alkyl-3,8-diazaf3.2.1]bicyclooctyi, 3,5-dioxo-1,2,4-
triazinyl, phenoxy, thiophenoxy, (C,-C,)alkyisulfanyl, (C,-C,)alkyisulfonyl, (C,-
C,)cycloalkyt, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyt, pyridyl, piperidinyl,
benzimidazolyl, pyrimidyl, thienyl, benzothiazolyl, pyrrolyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridyisulfanyl, furanyi,
thiophenoxy, anilino and phenoxy in the definition of R", R'?, R™ and R" are
optionally substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyi, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fiuoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyl in the definition of
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R" R, R' and R"are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C,-C.)alkyl, (C,-C,)alkoxy-(C,-
C.)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionalty substituted with up to five fluoro; said morpholinyl in the definition of R",
R R™ and R"is optionally substituted with up to two substituents independently
selected from (C,-C,)alky!; said pyrrolidiny! in the definition of R", R, R® and R™is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
piperazinyl in the definition of R", R™, R™ and R is optionally substituted with up to
three substituents independently selected from (C,-Caikoxy-(C4-C,)alkyl, hydroxy-
(C,-Cy)alkyl, phenyi, pyridyl, (Co-C.)alkylsulfamoyl, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
triazoly! in the definition of R"", R, R" and R" is optionally substituted with hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C Jalkyl, (C,-C,)alkyl optionally
substituted with up to five fiuoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said tetrazolyl in the definition of R", R, R* and R"“is optionally substituted
with hydroxy-(C.-Cy)alkyl or (C,-C,)alkyl optionally substituted with up to five fiuoro;
and said phenyt and pyridyl which are optionally substituted on piperazine in the
definition of R", R, R™ and R*are optionally substituted with up to three hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; or

R' and R are taken together on adjacent carbon atoms and are
-CH,OC(CH,),0OCH,- or -O-(CH,),-O-, and R* and R™ are taken separately and are
each independently hydrogen or (C,-C,)alkyl;

pis1,20r3; )

R" and R are taken separately and are each independently hydrogen, (C,-C,)alkyl
optionally substituted with up to five fluoro; or R and R are taken separately and R
is hydrogen and R is (C,-Ce)cycloalkyl, hydroxy-(C,-C,)alkyl, pheny, pyridyl,
pyrimidyl, thienyl, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyl or
benzoxazolyt; or R* and R* are taken together and are (C;-Ce)alkylene;
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@, G* and G° are taken separately and are each hydrogen; ris 0; R™ is hydrogen,
(C,-C,)alkyl, (C,-C.)alkoxycarbonyl, (C,-C‘)alkoxy-(C,-C.)alkyl. hydroxy-(C,—Q)alkyl or
pheny! optionally independently substituted with up to three hydroxy. halo, hydroxy-
(C,-C.)alkyl, (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C,)alkyl or (C,-C.)alkoxy, wherein said
(C,-C.)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of Réare
optionally and independently substituted with up to five fluoro; and R" and R® are
each independently (C,-C.,)alkyl; or ’

G®, G* and G® are taken separately and are each hydrogen; ris 1; R™ is hydrogen,
(C-C)alkyl, (C-Coalkoxycarbonyl, (C.-Caalkoxy-(C-Coalkyl. hydroxy-(C,-C)alkyl or
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C,)atkyl, (C,-C‘.‘)alkoxy-(C,-C‘)alkyl, (C4-C.)alkyt or (C,-C.)alkoxy, wherein said
(C,-C.)alky! in the definition of R® and said (C,-C.)alkoxy in the definition of Réare
optionally and independently substituted with up to five fluoro; and R* and R® are
each independently hydrogen or (C,-C,)alkyt; or

G?® and G* are taken together and are (C,-C,)alkylene; ris 0 or 1; and R R, R* and
G°® are hydrogen,; or

G* and G°® are taken together and are (C,-Cs)alkyiene; ris O or 1; and R® R R®and
@3 are hydrogen;

RY is SO,NR?'RZ, CONR*R?Z, (C,-Ce)alkoxycarbonyl, (C-Ce)alkylcarbonyl, Ar*-
carbonyl, (C,-Ce)alkylsulfonyl, (C,-Ce)alkyisulfinyt, Ar?-sulfonyl, Ar-sufinyl and (C,-
Celalkyl;

R2 and RZ are taken separately and are each independently selected from hydrogen,
(C,-Co)alkyl, (Cs-Cy)cycloalkyl and Ar’-(C,-C,)alkylenyl; or

R?' and R are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pymrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo{2.2.1]heptyl, 6,7-dihydro-5H-
dibenzoc.elazepinyt, 1 2.3,4-tetrahydro-isoquinotyl or 5,6,7,8-tetrahydropyridof4,3-
dpyrimidyl; said azetidinyl in the definition of R?* and R? is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
C.)alkyl, (C,~C.)alkoxy~(C,-C.)alkyl, (C,-C.)alkyl optionally substituted with up to five
fiuoro and (C,-C.)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl,
piperidinyl,-azepinyl in the definition of R?' and R are opiionally substituted
independentiy with up to two substituents independently selected from hydroxy,
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amino, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-CJ)alkyl, (C.-C.)alky! optionally
substituted with up to five fluoro and (C,-C,)atkoxy optionally substituted with up to five
fluoro; said morpholinyl in the definition of R?' and RZ is optionally substituted with up
to two substituents independently selected from hydroxy-(C-CJ)alkyl, (C,-C.)alkoxy-
(C-Cl)alkyl, (C,-Cjalkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said piperazinyl in the definition of R*' and
R? is optionally substituted independently with up to three substituents independently
selected from pheny!, pyridyl, pyrimidyl, (C,-C.)alkoxycarbonyl and (C,-C.)alkyl
optionally substituted with up to five fluoro; said 1,2,3,4-tetrahydro-isoquinolyl and said
5,6,7,8-tetrahydropyﬁdo[4.3—d]pyrimidyl in the definition of R* and R* are optionally
substituted independently with up to three substituents independently selected from
hydroxy, amino, halo, hydroxy-(C,-C.)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C-Clalkyl
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-SH-dibenzo[c,e]azepinyl in the definition of
R?' and RZ is optionally substituted with up to four substituents independently
selected from hydroxy, amino, halo, hydroxy-(C-C,)alkyl, (C,-C.)alkoxy-{C-C,)alkyl, '
(C.~C.)alkyl optionally substituted with up to five fiuoro and (C,-C.)alkoxy optionally
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are
optionally substituted on said piperazine in the definition of R?' and RZ is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,-
CJalkyl, (C,-C.)alkoxy-(C-Ca)atkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro;

Ar? is independently defined as set forth for Ar and Ar' above;

said Ar? is optionally independently substituted as set forth for Ar and Ar' above;

R is CONRZRZ or SO,R*R™, wherein R is hydrogen (C,-C,)alkyl or Ar'~(Cq-
C.)alkylenyl and R® is AP-(C,-C.)alkylenyt; provided that when Ar? is phenyl, naphthyl
or biphenyl, then R® cannot be CONRZR™ where R? is hydrogen or Ar® and R*is
Ar*,

R2¢ is hydrogen, (C,-C.)alkyl, (C,-C.)alkoxycarbonyl, (C,-C.)alkoxy-(C,-C,)alkyl,
hydroxy-(C,-C.)alkyl or phenyl optionally independently substituted with up to three
hydroxy, halo, hydroxy-(C-C.)alkyl, (C,—C.)alkoxy—(C‘-CJalkyl. (C,-C,)alkyl or (Cy-
C.)alkoxy, wherein said (C,-CJ)alkyl in the definition of R® and said (C,-C,)alkoxy in
the definition of R®are optionally and independently substituted with up to five fiuoro;
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Ar is independently defined as set forth for Ar and Ar' above;

said AP is optionally independently substituted as set forth for Ar and Ar' above;

R? is hydrogen or (C,-C,)alkyl;

R2 and R? are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alkyl,
(C,-C.alkoxy-(C,-C,)alkyl, (C-C,)alkyl optionally substituted with up to five fluoro, (Cy-
C.)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl, pyrimidy, thienyt,
furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR¥R®, CONR*¥R*' or NR¥R™,;
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyi in the definition of R% and R® are
optionally substituted by up to two hydroxy, halo, hydroxy-(C4-C.)alkyl, (C,-C,)alkoxy-
(C-Clalkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R2 and R? are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C.)alkyl, (C,-C,)alkoxy-(C-CJalkyl, (C4-C.)alkyl optionally
substituted with up to five fluoro or (C-C,)alkoxy optionally substituted with up to five
fluoro;

R® and R*' are each independently hydrogen, (C-Coalkyl, (Cs-Cy)cycloalkyl or
phenyl, said phenyi is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-C.alkyl, (C,-C.)alkoxy-(C,-C.)alkyl, (C,-C.)alkyl optionally substituted with up to
five fiuoro or (C,-C.)alkoxy optionally substituted with up to five fluoro; or

R® and R™ are taken together with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidinyl, piperaziny! or morpholinyt; said pyrrolidinyl and
piperidiny! in the definition of R¥® and R*' are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C.)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; said indoliny! and piperazinyl in the definition of R* and R are
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C.)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-C.)alkoxycarbonyl, (C,-C.)alkyl optionally substituted with
up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R® and R is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C)alkoxy-(C;-
C.)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy

_ optionally substituted with up to five fiuoro;

Ais N optionally substituted with hydrogen or (C,-C.)alkyl and B is carbonyt; or
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Ais carbonyl and B is N optionally substituted with hydrogen or (C,-C.)alkyl;

R® is hydrogen or (C,-C,)alkyl;

R® is phenyl, pyridyl, pyrimidyl, thiazotyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyi or benzothienyt,
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothienyl
in the definition of R® are optionally substituted with up to three phenyl, phenoxy,
NR*R3Y, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-{C,-C,)alkyl, (C,-C.)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fiuoro;

R* and R* are each independently hydrogen, (C,-C, alkyt), phenyl or phenyisutfonyt,
said phenyl and phenylsulfonyl in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C.)alkyl optionally substituted withup to
five fluoro or (C,-C.)alkoxy optionally substituted with up to five fluoro;

D is CO, CHOH or CH,;

EisO,NHorS; )

R* and RY are taken se;;arately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Ce)alkylamino, di-(C,-Ce)alkytamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-{C,-C,)alkyl, hydroxy-(C,-C.)atkyl, Ar', (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; '

R, R® and R are each independently hydrogen or (C,-C.)-alkyl;

Ar* is phenyl, furanyi, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C,)atlkoxy-(C-C,)alkyl, halo,
hydroxy-(C-C.)alkyl, (C,-C.)alky! optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; or

R* and R¥ are taken together on adjacent carbon atoms and are -O-{CH%-O-;
tis1,20r3; ‘

Y is (C,-Ce)alkylene;

R“, R and R* are each independently hydrogen or (C,-C.)alkyl;

m and n are each independently 1, 2 or 3, provided that the sum ofmandnis 2,3 or
4

kis0,1,2,30r4;

PCT/B00/00296
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Y'is a covalent bond, carbonyl, sulfonyl or oxycarbony?;

R* is (C,-C,)cycloalkyl, Ar*-(C,-C,)alkyienyl, NRYR* or (C,-Cs)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R is not NRYR*,

R and R* are taken separately and are each independently selected from hydrogen,
Ar, (C,-Cq)alkyt and Ars-(C,-CJ)alkylenyt; or

RY and R are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicycio[3.2.2Jnonanyl, azabicyclo[2.2.1]heptyl, 1.2,3,4-tetrahydroisoquinolyl; 6.7-
dihydro-SH-dibenzo[c,e]azepinyl or 5.6,7.&tetrahydropyrido[4,3-d]pyrimidy!; said
azetidinyl in the definition of R and R* are optionally substituted with one hydroxy,
amino, hydroxy-(C,-C.)a!kyl, (C,-C.)alkoxy-(C,-C‘)alkyl. (C,-CJ)alkyl optienally
substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted with up to five
fiuoro; said pyrrolidinyi, piperidinyl and azepinyl in the definition of R* and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C.)alkyl, (Cs-
C.)alkoxy-(C-CJ)alkyl, (C-C,)alkyl optionally substituted with up to five fluoro or (Cy-
C.)alkoxy optionally substituted with up to five fluoro; said morpholiny! in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C.)alkyl. (C1-C.)alkoxy-(C,-C,)alkyl. (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3.4-tetrahydroisoquinoly| and 5,6.7.8-tetrahydro{4,3-
d)pyrimidy! in the definition of R and R* are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(CpC‘)alkyI, (C.-C‘)alkoxy-(C,-C‘)alkyl. (C,-C.)alkyt
optionally substituted with up to five fluoro or (C,-C.)atkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro—SH-dibenzo[c,e]azepinyl in the definition of R¥
and R*® are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C-
C.alkyt, (C,-Q)alkoxy-(c,-c.)alkyl. (C,-C.)alkyl optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar® is independently defined as set forth for Ar and Ar' above;

Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R* and R* are independently hydrogen, (C,-Cy)cycloalkyl, Ar®-(C,-C,)alkylenyl, Ar®-
(C,-C,)alkenyl, ArS-carbony! or (C,-Ce)alkyt optionally substituted with up to five fluoro;
Af® is independently defined as set forth for Ar and Ar' above;
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Ar® is optionally independently substituted as set forth for Ar and Ar' above; and
R and R*** are each independently hydrogen or (C,-CJalkyl.

A compound of formula 1* selected from 1R-(4-{4-{2-(1 R-butyryloxy-ethyl)-
pyrimidin-4-yl]-2R,68-dimethyl-piperazin-1 -yl}-pyﬁmidin-z-yl)-ethyl butyrate; 1R-(4-{4-
2-(1 S-butyryloxy-ethyl)—pyﬁmidin-4-y[1-2R,6$-dimethyl—piperazin-1 -yl}-pyrimidin-2-yl)-
ethyl butyrate; 18-(4-{4-[2-(1 R-butyryloxy-emyl)—pyrimidin-4-yI]-2R,68-dimethyl-
piperazin-1-yl}-pyﬂmidin-z-y!)-ethyl butyrate; (E)-1 R-{4-{4-(2-methyi-32-phenyl-
acryloyl)-piperazin—1-yl]-pyrimidin-z-yl}—emyl acetate; (R)-1-[4-(4-quinoxalin-2-yl-
piperazin-1-yl }pyrimidin-2-yil-ethyt acetate; 1 R-(4-{4-[2—( 1RS-hydroxy-ethyl)-
pyrimidin-4-y|]-2R,6$-dimethyl-piperazin-1 -yl}-pyrinﬁdin-Z-yl)-ethyl butyrate; 1RS-(4-
{4-[2-(1R-hydroxy-ethyl )-pyrimidin-4-y|]-3R,5$—dimethy|-piperazin—1 -yl}-pyrimidin-2-yl)-
ethy butyrate; 1 R-[4-(3S—memyl-4-oxazolo[5.4-b]pyridin—27yl-piperazin-1 -yl)-pyrimidin-
2-yl}-ethy! butyrate; 1 R—{4-[3R,5$-dimethyM-(4-methyl-6-phenyl-[1 ,3,5)triazin-2-yl)-
piperazin-1 -yl]—pyrimidin-Z-yl}-ethyI butyrate; 1 R-{4-[4-(4-cyclopropy!-[1 ,3,5)triazin-2-
yl)-3R,5$-dimethyl—piperazin-1 -yl]-pyrimidin-z-yl}-ethyl butyrate; 1R-{4-{4-(4-
cyclopropyk{1 .3.5]tn'azin-2-yl)-2R.6$-dimethyl—piperazin-1' -yl}-pyrimidin-2-yf}-ethyl
butyraté; 1R—{4—[4-(4,6-dimeth.yl-[1 ,3.5]tn'azin-2-y!)-2R.6S-dimethyl-piperazin—1 Y}
pyrimidin-2-yi}-ethyl butyrate; 1R-{4-[4-(4-hydroxymemyl-6-phenyl-[1 ,3,5)triazin-2-yl)-
2R,6S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl}-ethyl butyrate; 1R-{4-[4-(4-methoxy-6-
methoxymethyl-{1 ,3,5)triazin-2-yl)-R,6 s-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl}-ethyl
butyrate; and 1 R—{4—[2R,6S-dimethyl—4-(4-methyi-{1 ,3.5]triazin-2-y!)-piperazin-1 -yi}-

pyrimidin-2-yl}-ethy! butyrate.
This invention is also directed to a mutual prodrug of the formula e,
R:
Rz
(]
/)\ 1
N R
‘B
wherein:

R' is C-{(OR™)R'R®, where R*' is independently an acyl radical of a carboxylic acid
aldose reductase inhibitor;

R* and R® are each independently hydrogen, methyl, ethyl or hydroxy-(C,-C,)alkyt,
R? is hydrogen, (C,-C,)alkyl or (C,-C,)alkoxy;
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wherein said radical of formuta R* is substituted by R®, R” and R,

" said radical of formula R¥® is substituted by R*, R* and R*;

G, G' and G? are taken separately and are each hydrogen and RS is hydrogen, (C,-
C.)alkyl, (C,-C.)alkoxycarbonyl, (C,-C,)alkoxy~(C,-C,)alkyl, hydroxy-(C-C,)alky! or
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-CJalkyl, (C,-C,)atkoxy-(C,-C.)alkyl, (C,-C/)alkyl or (C,-C,)alkoxy, wherein said
(C,-CJalky! in the definition of R® and-said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; R’ and R® are each
independently hydrogen or (C,-C)alkyl; or

G and G' are taken together and are (C,-C,)alkylene and R®, R, R® and G* are
hydrogen; or ‘

G' and G? are taken together and are (C,-C,)alkylene and R®, R’, R* and G are
hydrogen;

gisOor1,

X is a covalent bond, -(C=NR")-, oxycarbonyl, vinylenyicarbonyl, oxy(C;-
C.)alkylenylcarbonyl, (C,-C,)alkyienyicarbonyl, (C,-C,)alkenylcarbonyi, thio(C,-
C.)alkylenylcarbonyl, vinylenyisulfonyl, sulfinyl-(C,-C,)alkylenyicarbonyi, sulfonyl-(C,-
C.)alkylenylcarbonyl or carbonyl(C,-C,)alkylenylcarbonyt; wherein said oxy(C,-
CJalkylenylcarbonyl, (C,-C,)alkylenylcarbonyl, (C,-C,)alkenylcarbonyl and thio(C,-
C.)alkylenyicarbonyl in the definition of X are each optionally and independently
substituted with up to two (C,-C.)alkyl, benzyl or Ar; said vinylenyisuifonyl and said
vinylenyicarbony! in the definition of X are optionally substituted independently on one
or two vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar; and said carbonyl(C,-
C.)alkylenylcarbonyl in the definition of X is optionally substituted indepedently with up
to three (C,-C,)alkyl, benzyl or Ar;

R" is hydrogen or (C,-C,)alky!;

R® is (C4-C;)cycloalkyl, Ar'-(C,-Cs)alkylenyl or (C,-Ce)alkyl optionally substituted with
up to five fiuoro; provided that when q =0 and X is a covalent bond, oxycarbonyi or
(C,-CJ)alkylenyicarbonyl, then R? is not (C,-Ce)alkyt;

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight-membered ring optionally having up to four heteroatoms selected
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
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fused independently partially saturated, fully saturated or fully unsaturated five- to
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five

5  to seven membered rings, taken independently, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or
tricyclic ring optionally having one or two 0xo groups substituted on carbon or one or
two oxo groups substituted on sulfur;

10  Arand Ar' are optionally independently substituted on carbon or nitrogen, on one fing
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two
or three rings if the moiety is tricyclic, with up to a total of four substituents
independently selected from R", R™?, R™ and R*; wherein R"", R”, R™ and R" are
each taken separately and are each independently halo, formyl, (C,-

15  Cglalkoxycarbonyl, (C,-Ce)alkylenyloxycarbonyl, (C,-C.)alkoxy-(C,-C)alkyl,
C(OH)R™R', naphthyl, phenyl, imidazolyl, pyridyi, triazolyt, morpholinyl, (Cq-
C.)alkylsulfamoyl, N-(C,-C,)alkyicarbamoyl, N,N-di-(C,-C,)alkyicarbamoyi, N-
phenylcarbamoyl, N-(C,-C,)alky!-N-phenylcarbamoyl, N,N-diphenyl carbamoyi, (C,-
C.)alkylcarbonylamido, (C,-C,)cycloalkyicarbonylamido, phenylicarbonylamido,

20 piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyl, pyrazoiyi,
tetrahydroquinoly!, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy,
pyridyisulfanyl, furanyl, 8-(C,-C,)alkyl-3,8-diaza(3.2.1]bicyclooctyl, 3,5-dioxo-1,2,4-
triazinyl, phenoxy, thiophenoxy, (C,-C,)alkylsulfanyl, (C,-C,)alkylsulfonyl, (C;-

25 C,cycloalkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl,
penzimidazolyl, pyrimidyl, thienyl, benzothiazolyl, pyrrolyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridyisulfanyl, furanyl,
thiophenoxy, anilino and phenoxy in the definition of R", R', R and R" are

30 optionally substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up o five
fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyl in the definition of



10

15

20

25

30

WO 00/59510

-63-

R", R", R" and R" are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-
C.)alkyt, (C,-C.,)alkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said morpholinyl in the definition of R"*,
R%, R"™ and R"is optionally substituted with up to two substituents independently
selected from (C,-C,)alkyl; said pyrrolidinyl in the definition of R, R', R and R"is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
piperazinyl in the definition of R", R*, R* and R* is optionally substituted with up to
three substituents independently selected from (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-
(C,-C,)alkyl, phenyl, pyridyl, (C,-C,)alkylsulfamoyl, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
triazolyl in the definition of R, R'?, R™ and R is optionally substituted with hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fiuoro; said tetrazolyl in the definition of R"', R, R* and R"is optionally substituted
with hydroxy-(C,-C,)alkyt or (C,-C,)alkyl optionally substituted with up to five fluoro;
and said phenyl and pyridyl which are optionally substituted on piperazine in the
definition of R'", R'2, R" and R are optionally substituted with up to three hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)atkoxy-(C,-C.,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; or

R" and R" are taken together on adjacent carbon atoms and are
-CH,0C(CH,),0CH,- or -O-(CH,),-O-, and R* and R are taken separately and are
each independently hydrogen or (C,-C,)alkyt;

pis1,20r3;

R™ and R™ are taken separately and are each independently hydrogen, (C,-C,Jalkyl
optionally substituted with up to five fluoro; or R™ and R* are taken separately and R*
is hydrogen and R" is (C,-C)cycloalkyl, hydroxy-(C,-Cs)alkyl, phenyl, pyridyl,
pyrimidyl, thienyl, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyl or
benzoxazolyl; or R* and R* are taken together and are (C,-C¢)alkylene;

PCT/IB00/00296
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G®, G* and G® are taken separately and are each hydrogen; r is 0; R'® is hydrogen,
(C,~CJalkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alky! or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyt or (C,-C,)alkoxy, wherein said
(C.-CJalkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fiuoro; and R* and R® are
each independently (C,-C,)alkyi; or

G*, G* and G*® are taken separately and are each hydrogen; ris 1; R* is hydrogen,
(C,-CJalkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyl or
phenyi optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-CJ)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-C,)alkoxy, wherein said
(C,-C.)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fiuoro; and R* and R® are
each independently hydrogen or (C,-C,)alkyl; or

G® and G* are taken together and are (C,-C,)alkylene, ris O or 1; and R"™, R", R® and
G® are hydrogen; or

G* and G® are taken together and are (C,-C,)alkylene; r is 0 or 1; and R*, R", R® and
G? are hydrogen;

R" is SO,NR?'R2, CONR?'RZ, (C,-C,)alkoxycarbonyl, (C,-C,)alkyicarbonyl, Ar*-
carbonyl, (C,-Ce)alkylsulfonyl, (C,-Cg)alkylsulfinyl, Ar-sulfonyl, Ar-sufinyl and (C,-
Celalkyl;

R? and R? are taken separately and are each independently selected from hydrogen,
(C,-Ce)alkyl, (C5-C;)cycloalkyl and Ar?-(C,y-C,)alkylenyt; or

R?' and R are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 6,7-dihydro-5H-
dibenzo[c,ejazepinyl, 1.2,3,4-tetrahydro-isoquinolyl or 5,6,7,8-tetrahydropyrido[4,3-
dlpyrimidyl; said azetidinyl in the definition of R* and R% is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
CJalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl,

_piperidinyl, azepiny! in the definition of R?* and R* are optionally substituted

independently with up to two substituents independently selected from hydroxy,
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amino, hydroxy-(C,-C)alkyt, (C4-Cl)alkoxy~(C,-C,)alkyl, (C,-C,)alkyi optionally
substituted with up to five fluoro and (C-C,)alkoxy optionally substituted with up to five
fluoro; said morpholinyi in the definition of R?' and R? is optionally substituted with up
to two substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(C,-C.)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy
optionally substituted with up to five fluoro; said piperazinyi in the definition of R?' and
RZis optionally_ substituted independently with up to three substituents independently
selected from phenyl, pyridyl, pyrimidyi, (C,-C,)alkoxycarbony! and (C,-C,)alkyt
optionally substituted with up to five ﬂubro; said 1,2,3 4-tetrahydro-isoquinolyl and said
5.6,7 8-tetrahydropyrido[4, 3-d]pyrimidy! in the definition of R?* and R are optionally
substituted independently with up to three substituents independently selected from
hydroxy, amino, halo, hydroxy-(C,-C.,)alkyl, (C,-C.)alkoxy-(C,-C,)alky!, (C,-C.)alkyt
optionally substituted with up to five fiuoro and (C,-C.)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c.e}aZepinyl in the definition of
R* and R%Zis optionally substituted with up to four substituents independently
selected from hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C)alkoxy-(C,- <alkyl,
(C,-C.)alky! optionally substituted with up to five fiuoro and (C-C,)alkoxy optionally
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are
optionally substituted on said piperazine in the definition of R2" and R% is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,-
C.)alkyi, (C,~ «)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro;

Ar? is independently defined as set forth for Ar and Ar* above;

said Ar? is optionally independently substituted as set forth for Ar and Ar* above;

R is CONR®R® or SO,R*R?, wherein R is hydrogen (C,-C,)alkyl or Ar~(C,-
Cualkylenyl and R®is Ar’~(C,-C,)alkylenyt; provided that when Af is phenyl, naphthyi
or biphenyl, then R* cannot be CONR*R? where R® is hydrogen or Ar* and R¥ is
Ars;

R* is hydrogen, (C,-C)alkyt, (C+-Cy)alkoxycarbonyl, (C-Ci)alkoxy-(C,-C,)alkyl,
hydroxy-(C,-C,)alkyl or pheny! optionally independently substituted with up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy~(C,-C,)alkyl, (C:-Cp)alkyl or (C,-
C/)alkoxy, wherein said (C,- «)alkyl in the definition of R® and said (Ci-Ci)alkoxy in
the definition of R®are optionally and independently substituted with up to five fluoro;
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Ar’is independently defined as set forth for Ar and Ar' above;
said Ar® is optionally independently substituted as set forth for Ar and Ar' above;
R? is hydrogen or (C,-C,)alkyt;
R? and R® are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alkyl, .
S5 (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.,)alkyi optionaity subsfituted with up to five fiuoro, (C,-
C.)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl, pynimidyl, thienyl,
furany, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR*R?®', CONR®R* or NR¥R?,
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyl in the definition of R% and R® are
optionally substituted by up to two hyd}oxy, halo, hydroxy-(C,-C,)alkyl, (Cy-C.)alkoxy-
10 (C,-C.)alkyl, (C,-C.,)alky! optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R and R* are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C.)alkyl optionally
substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted with up to five
15 fluoro;
R* and R* are each independently hydrogen, (C,-C,)alkyl, (Cs-C,)cycloalkyi or
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-Clalkyl, (C,-C,)alkoxy~(C,-C,)alky, (C,-C.)alky! optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; or
20 R¥and R™ are taken together with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl; said pyrrolidiny! and
piperidinyl in the definition of R® and R*' are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (Ci-C,)alkoxy-(C,-C,)alkyl, (Cs-Cllalkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
25  up to five fluoro; said indolinyl and piperazinyl in the definition of R*® and R* are
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C.,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-CJ)alkoxycarbonyl, (C,-CJ)alkyl optionally substituted with
up to five fiuoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R* and R™ is optionally substituted with up to two
30 substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-
C.alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro;
Ais N optionally substituted with hydrogen or (C,-C,)alkyl and B is carbonyt; or
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C,)alkyt;

R* s hydrogen or (C,-C,)alkyt;

R¥ is phenyl, pyridyl, pyrimidyi, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyt, benzofurany! or benzothienyl;
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothienyl
in the definition of R* are optionally substituted with up to three phenyl, phenoxy,
NR*R*, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C.)alkyi, (C,-C,)alkyl
optionally substituted with up to five ﬂuo.ro or (C,-C.)alkoxy optionally substituted with
up to five fluoro;

R* and R* are each-independently hydrogen, (C,-C, alkyl), phenyl or phenyisulfonyl;
said phenyl and phenylsulfony! in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C,)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Dis CO, CHOH or CH,;

EisO,NHorS;

R* and R¥ are taken separately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Cg)alkylamino, di-(C,-Ce)alkylamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-(C,-C.,)alkyl, hydroxy-(C,-C,)alkyl, Ar*, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R*, R* and R* are each independently hydrogen or (C,-C,)-alkyl;

Ar' is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyraziny! or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C,)alkoxy-(C,-C,)alkyi, halo,
hydroxy-(C,-C,)alkyl, (C,-C.,)alky! optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; or

R* and R¥ are taken together on adjacent carbon atoms and are -O-(CH,)-O-;
tis1,20r3;

Y is (C,-Ce)alkylene;

R“, R* and R* are each independently hydrogen or (C,-C,)alky;

m and n are each independently 1, 2 or 3, provided that the sumofmandnis 2, 3or
4;

kis0,1.2,30r4;
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Y'is a covalent bond, carbonyl, sulfonyl or oxycarbonyl,

R%is (C4-Cy)cycioalkyl, Ar'-(C,-C,)alkylenyl, NRYR* or (C,-Ce)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R*® is not NRYR*:

R* and R* are taken separately and are each independently selected from hydrogen,
Ar®, (C,-Ce)alkyl and Ar®-(C,-C,)alkylenyt; or

R* and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicycio[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 1,2,3.4-tetrahydroisoquinolyl, 6,7-
dihydro-5H-dibenzofc,e]azepinyl or 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidy!; said
azetidinyl in the definition of R and R* are optionally substituted with one hydroxy,
amino, hydroxy~(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyl and azepinyl in the definition of R and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy~(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (Cs-
C.)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyt, 1,2,3,4-tetrahydroisoquinolyl and 5.6,7,8-tetrahydro[4,3-
d]pyrimidyl in the definition of R and R® are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alky!, (C:-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzoc,elazepiny! in the definition of R
and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
CJalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar®is independently defined as set forth for Ar and Ar' above:

Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R* and R** are independently hydrogen, (C;-C;)cycioalkyl, Ar*~(C,-Cy)alkylenyl, Ar*-
(C-C.)alkenyl, Ar'-carbonyi or (C,-Cy)alky! optionally substituted with up to five fiuoro;
Ar® is independently defined as set forth for Ar and Ar' above:; :
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Ar® is optionally independentiy substituted as set forth for Ar and Ar' above; and
R* and R*** are each independently hydrogen or (C,-C,)alkyl.

A preferred group of compounds within the compound of formula I® are those

compounds wherein R®! is the acyl radical of ponalrestat, toirestat, zenarastat,
5 Zzopolrestat, epairestat, ZD5522 or sorbinil.

Especially preferred mutual prodrugs of this invention are selected from (E)-
[4-ox0-3-(5-trifluoromethyl-benzothiazol-2-yimethyl)-3,4-dihydro-phthalazin-1-yl}-
acetic acid 1R-[4-(4-quinoxalin-2-yl-piperazin-1-yl}-pyrimidin-2-yl}-ethy! ester and
( E)-[4-O'xo-3-(5-triﬂuoromethyl-benzoﬁ'liazoF-2-ylmethyl)—3,4-dihydro-phthalazin—1 -

10  yll-acetic acid 1R-{4-[4-(3-thiophen-2-yl-acryloyl)-piperazin-1-yl}-pyrimidin-2-yl}-ethyl
ester. ,
This invetion is also directed to intenmediate compounds of the formula Z
OH

NN

DY

e

gllll

4
15 This invention is still further directed to intermediate compounds, designated

Group AA, of the formula ZZ,
OH

NN

| 41\/000»'-2‘“
N

Z
wherein R'® is (C,-C,)alkyl, benzyl or phenyl wherein said benzyl and phenyi are
20 optionally substituted with up to three halo or (C,-C,)alkyl.
A preferred group of compounds within Group AA, designated Group AB, are
those compounds wherein R'® is (C,-C,)alkyl.
Mare preferred compounds within the Group AB are those compounds
wherein R'® is n-butyl or ethyl.

g"n.
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This invention is still further directed to a compound of the formula ZZZ,

101

R
!
/[Nj\
Me N Me

NN

| yK/ocoa’”
N.

Me

2ZZ
wherein:
5 R'™is (C,-Cy)alkyl, benzyl or phenyl wherein said benzyl and phenyl are optionally

substituted with up to three halo or (C,-C,)alkyl; and
R is hydrogen or a suitable amine protecting group.

A preferred group of compounds of formula ZZZ, designated Group AC, are
those compounds wherein R'® is (C,-C,)alkyl and R is benzy! or tert-

10  butyloxycarbonyi. ;

A preferred group of compounds within the Group AC are those compounds
wherein R'® is n-butyl or ethyl and R is benzyl.

Another preferred group of compounds within the Group AC are those
compuunds wherein R'® is n-buty! or ethyl and R'®' is tert-butyloxycarbony!.

15 This invention is also directed to a process for preparing a compound of the
formula Z,
OH
NN

comprising:
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a) reacting R-(+)-2-hydroxy-propionamide with triethyloxonium
tetrafluoroborate in a reaction inert solvent for 10 minutes to 24 hours at 0 °C to
ambient temperature to form the corresponding imidate;

b) reacting said corresponding imidate with anhydrous ammonia in a
reaction inert solvent for 2 hours to 24 hours at 0 °C to ambient temperature to form
R-(+)-2-hydroxy-propionamidine hydrochloride; and
‘ c) reacting said R-(+)-2-hydroxy-propionamidine hydrochioride with ethyl
3-hydroxy-acrylate sodiumn salt and a suitable base in a reaction inert soivent to form
said compound of formula Z ‘

This invention is also directed to a pharmaceutical composition, designated
Composition AA, comprising a compound of claim 1, a prodrug thereof or a
pharmaceutically acceptable salt of said prodrug or said compound, and a glycogen
phosphorylase inhibitor (GP!), a prodrug of said GP! or a pharmaceutically acceptable
salt of said GP! or said prodrug. '

This invention is also directed to a kit comprising:

a. a compound of claim 1, a prodrug thereof or a
pharmaceutically acceptable salt of said prodrug or said compound in a first unit
dosage form;

b. a glycogen phosphorylase inhibitor (GP!), a prodrug thereof or
a pharmaceutically acceptable salt of said prodrug or said GPI in a second unit
dosage form; and

c. a container.

This invention is also directed to a method of treating or preventing diabetic
complications in a mammal comprising administering to said mammail a
pharmaceutical composition of Composition AA.

This invention is also directed to a method of treating hyperglycemia in a
mammal comprising administering to said mammal a pharmaceutical composition of
Composition AA.

This invention is also directed to a method of treating ischemia in a mammal
suffering from ischemia comprising administering to said mammal a pharmaceutical
composition of Composition AA.

PCT/1B00/00296
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This invention is also directed to a method of treating diabetes in a mammal
comprising adminstering to said mammal a pharmaceutical composition of
Composition AA.

This invention is also directed to a method of treating diabetic complications in

S5 amammal comprising adminstering to said mammal a compound of formula |, a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug and a glycogen phosphorylase inhibitor (GPI), a prodrug of said GP! or a
pharmaceutically acceptable salt of said GPI or said prodrug.

This invention is also directed td a method of treating hyperglycemia in a

10 mammal comprising administering to said mammal a compound of formula |, a
prodrug thereof or a pharmaceutically éooeptable salt of said compound or said
prodrug and a glycogen phosphorylase inhibitor (GPI), a prodrug of said GPl or a
pharmaceutically acceptabie salt of said GPI or said prodrug.

This invention is also directed to a method of treating ischemia in 2 mammal

15 comprising adminstering to said mammal a compound of formula 1, a prodrug thereof
or a pharmaceutically acceptable salt of said compound or said prodrug and a
glycogen phosphorylase inhibitor (GP!), a prodrug of said GPI or a pharmaceutically
acceptable salt of said GPI or said prodrug.

This invention is also directed to a method of treating diabetes in a mammal

20  comprising administering to said mammal a compound of formuta |, a prodrug thereof
or a pharmaceutically acceptable salt of said compound or said prodrug and a
glycogen phosphorylase inhibitor (GPI), a prodrug of said GPl or a pharmaceutically
acceptable salt of said GP! or said prodrug.

The subject invention also includes isotopically-labeled compounds, which are

25 identical to those recited in Formuia |, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isotopes that can
be incorporated into compounds of the invention include isotopes of hydrogen,
carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such as 2H, *H,

30 "C,%C,™N, "0, "0, *P, 2P, 3, *F and *Cl, respectively. Compounds of the
present invention, prodrugs thereof, and pharmaceutically acceptable salts of said
compounds or of said prodrugs which contain the aforementioned isotopes and/or
other isotopes of other atoms are within the scope of this invention. Certain
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isotopically-labeled compounds of the present invention, for example those into which
racioactive isotopes such as *H and C are incorporated, are useful in drug and/or
substrate tissue distribution assays. Tritiated, i.e., *H, and carbon-14, i.e,, “C,
isotapes are particularly preferred for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium, i.e., 2H, can afford
certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. Isotopically labeled compounds of Formula | of this
invention and prodrugs thereof can geherally be prepared by carrying out the
procedures disclosed in the Schemes and /or in the Examples and Preparations
below, by substituting a readily available isotopically labeled reagent for a non-
isotopically labeled reagent.

The term “reduction” is intended to include partial prevention or prevention
which, although greater than that which would result from taking no compound or from
taking a placebo, is less than 100% in addition to substantially total prevention.

The term “damage resulting from ischemia” as employed herein refers to
conditions directly associated with reduced blood flow to tissue, for example due to a
clot or obstruction of blood vessels which supply blood to the subject tissue and which
result, inter alia, in lowered oxygen transport to such tissue, impaired tissue
performance, tissue dysfunction and/or necrosis. Altematively, where blood flow or
organ perfusion may be quantitatively adequate, the oxygen carrying capacity of the
blood or organ perfusion medium may be reduced, e.g., in hypoxic environment, such
that oxygen supply to the tissue is lowered, and impaired tissue performance, tissue
dysfunction, and/or tissue necrosis ensues.

The term "treating”, "treat” or "treatment" as used herein includes preventative
(e.g., prophylactic) and palliative treatment.

By "pharmaceutically acceptable” it is meant the carier, diluent, excipients,
and/or salt must be compatible with the other ingredients of the formulation, and not
deleterious to the recipient thereof.

The expression "prodrug” refers to compounds that are drug precursors which
following administration, release the drug in vivo via some chemical or physiological
process (e:g., a prodrug on being brought to the physiological pH or through enzyme
action is converted to the desired drug form).
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This invention is further directed to compounds which are mutual prodrugs of
aldose reductase inhibitors and sorbitol dehydrogenase inhibitors. By mutual prodrug
is meant a compound which contains two active components, in this case, an aldose
reductase inhibitor and a sorbitol dehydrogenase inhibitor, which, following
administration, is cleaved, releasing each individual active component. Such mutua!
prodrugs of an aldose reductase inhibitor and a sorbitol dehydrogenase inhibitor are
formed under standard esterification conditions well known to those skilled in the art.

By alkylehe is meant saturated hydrocarbon (straight chain or branched)
wherein a hydrogen atom is removed from each of the terminal carbons. Exemplary of
such groups (assuming the designated length encompasses the particular example)
are methyiene, ethylene, propylene, butylene, pentylene, hexylene, heptylene.

By halo is meant chioro, bromo, iodo, or fluoro.

By alkyl is meant straight chain saturated hydrocarbon or branched saturated
hydrocarbon. Exemplary of such atkyl groups (assuming the designated length
encompasses the particular example) are methyl, ethyl, propyl, isopropyi, butyl, sec-
butyl, tertiary butyl, pentyl, isopentyl, neopentyl, tertiary pentyl, 1-methyibutyl, 2-
methyibutyl, 3-methylbutyi, hexyl, isohexyl, heptyl and octyl.

By alkoxy is meant straight chain saturated alkyl or branched saturated alky!
bonded through an oxygen. Exemplary of such alkoxy groups (assuming the
designated length encompasses the particular example) are methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy, isopentoxy,
neopentoxy, tertiary pentoxy, hexoxy, ischexoxy, heptoxy and octoxy .

Itis to be understood that if a carbocyclic or heterocyclic moiety may be
bonded or otherwise attached to a designated substrate through differing ring atoms
without denoting a specific point of attachment, then all possible points are intended,
whether through a carbon atom or, for example, a trivalent nitrogen atom. For
example, the term “pyridyl” means 2-, 3-, or 4-pyridyl, the term “thienyl” means 2-, or
3-thienyl, and so forth.

The expression "pharmaceutically-acceptable salt" refers to nontoxic anionic
salts containing anions such as (but not limited to) chloride, bromide, iodide, sulfate,
bisulfate, phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate, citrate,
gluconate; methanesulfonate and 4-toluene-sulfonate. Where more than one basic
moiety exists the expression includes multiple salts (e.g., di-salt). The expression also
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refers to nontoxic cationic salts such as (but not limited to) sodium, potassium,
calcium, magnesium, ammonium or protonated benzathine (N,N'-
dibenzylethylenediamine), choline, ethanolamine, diethanolamine, ethylenediamine,
meglamine (N-methyl-glucamine), benethamine (N-benzylphenethylamine),
piperazine or tromethamine (2-amino-2-hydroxymethyi-1,3-propanediol).

As used herein, the expressions "reaction inert soivent” and “inert solvent”
refers to a solvent or mixture of solvents which does not interact with starting ‘
materials, reagents, intermediates or products in @ manner which adversely affects
the yield of the desired product.

The chemist of ordinary skill will recognize that certain compounds of formula |
of this invention will contain one or more atoms which may be in a particular
stereachemical or geometric configuration, giving rise to sterecisomers and
configurational isomers. All such isomers and mixtures thereof are included in this
invention. Compounds of formula | may be chiral. In such cases, the isomer wherein
R' has the R configuration is preferred. Hydrates of the compounds of formula | of this
invention are also included. ' ' '

The chemist of ordinary skill in the art will also recognize that certain
compounds of formula 1 of this invention can exist in tautomeric form, i.e., that an
equilibrium exists between two isomers which are in rapid equilibrium with each other.
A common example of tautomerism is keto-enol tautomerism, i.e.,

H _—— \

o - o}

Examples of compounds which can exist as tautomers include hydroxypyridines,
hydroxypyrmidines and hydroxyquinolines. Other examples will be recognized by
those skilled in the art. All such tautomers and mixtures thereof are included in this
invention.

DMF means N,N-dimethyfformamide. DMSO means dimethy! sulfoxide. THF
means tetrahydrofuran.

Whenever the structure of a cyclic radical is shown with a bond drawn from
outside the ring to inside the ring, it will be understood by those of ordinary skill in the
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art to mean that the bond may be attached to any atom on the ring with an available
site for bonding. If the cyclic radical is a bicyclic or tricyclic radical, then the bond may
be attached to any atom on any of the rings with an available site for bonding. For

= =N
N

represents any or ali of the following radicals:

example,

Other features and advantages will be apparent from the specification and
ciaims which describe the invention.
10 DETAILED DESCRIPTION OF THE INVENTION
In general the compounds of formula 1 of this invention can be made by
processes which include processes known in the chemical arts, particutarly in light of
the description contained herein. Certain processes for the manufacture of the
compounds of formuta | of this invention are provided as further features of the
15  invention and are illustrated by the following reaction schemes. Other processes are

described in the experimental section.

Scheme 1
Lv Rr?
2 2
R NN 3 R Y
| + R-H — ]

s ' //k 1
*N R 12 N R
1-1 1-3
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Compounds of formuia 1-3 (i.e., formula I) are prepared as set forth in
Scheme 1, particularly as described below.

Compounds of formula 1-3 are prepared by the displacement reaction of a
pyrimidine of the formula 1-1 where R' and R? are defined herein. Lv is a leaving
group preferably selected from fiuoro, chioro, bromo, iodo, thiomethyl, methyisulfone,
or OSO.J wherein J is (C,-C¢)-lower alkyl, trifluoromethyl, pentafluoroethyl, phenyl
optionally substituted with up to three (C,-C,)alkyl, nitro or halo. The leaving group Lv
is displaced by an amine of the formula 1-2 where R® is defined above. The reaction
is conducted in the presence of a non-aqueous base, preferably an organic amine or
an inorganic base. Preferred organic amines include triethylamine, pyridine,
dimethylaminopyridine and N,N'-diisopropylethylamine (Hunig's base). Preferred
inorganic bases include alkaline metal carbonates and bicarbonates such as sodium
or potassium carbonate and sodium or potassium bicarbonate. An especially
preferred inorganic base is potassium carbonate. An especially preferred organic
amine is triethylamine. Altemnatively, an excess of the reacting amine 1-2 can be used
as the base for this reaction. The reaction can be conducted in the absence of
solvent or in a reaction inert solvent. Where used herein, “reaction inert solvent” refers
to a soivent which does not interact with starting materials, reagents, intermediates or
products in a manner which adversely affects the yield of the desired product.
Preferred reaction inert solvents include aqueous media, pyridine, (C,-C,)alcohol, (C,-
Cs)alycol, halocarbon, aliphatic/aromatic hydrocarbon, ethereal solvent, polar aprotic
solvent, ketonic solvent, or combinations thereof. The reaction time ranges from 15
minutes to 3 days and the reaction temperature ranges from 0 °C to 180 °C.
Conveniently, the reaction may be conducted at the reflux temperature of the solvent
being used. The reaction is preferably conducted at ambient pressure. The term
ambient pressure, where used herein, refers to the pressure of the room in which the
reaction is being conducted. The term ambient temperature, where used herein,
refers to the temperature of the room in which the reaction is being conducted.

When R' contains a hydroxy group, the hydroxyl group may or may not be
protected. When the hydroxy! group is protected, the protecting group may be any
suitable hydroxyl protecting group. The conditions used to remove such optional
hydroxyi protecting groups contained in R' in compounds of formuta 1-3 are as
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follows. When the protecting group is an ester, removal of such ester protecting
groups is conducted under basic conditions using inorganic hydroxides or carbonates.
preferably lithium hydroxide, sodium hydroxide, potassium hydroxide or potassium
carbonate. The reaction is carried out in a reaction inert solvent, preferably an
alcoholic solvent. Especially preferred is methanol or methanol in combination with co-
solvents such as water, tetrahydrofuran, or dioxane. The reaction time ranges from
15 minutes to 24 hours and the reaction temperature ranges from 0 °C to 100 °C or to
the reflux temperature of the solvent(s) of use. Altematively, ester cleavage may be
accomplished under acidic conditions. It is preferred to utilize aqueous hydrochioric
acid, generally 2 N to concentrated, with or without a co-soivent. When a co-solvent is
used, dioxane or methanol are preferred. The reaction time ranges from 4 hours to 3
days and the reaction temperature ranges from 0 °C to 60 °C.

When the protecting group is an alkyl ether, removal of such alkyi ether
protecting groups is conducted using well known dealkylative conditions. For
example, the alkyl ether may be cleaved by reaction with boron tribromide or
dietﬁylboron bromide in a reaction inert solvent, preferably a halocarbon solvent. it will
be recognized by those skilled in the art that a buffer such as triethylamine may
facilitate the reaction. The reaction times range from 15 minutes to 24 hours and the
reaction temperature ranges from 0 °C to 60 °C. In addition, a benzy! ether protecting
group can be removed via standard or transfer hydrogenolysis using a palladium
catalyst such as palladium on carbon. The hydrogenolysis reaction is conducted
under a hydrogen atmosphere at ambient pressure to 50 psi in a reaction inert
solvent, preferably methanol. The hydrogen source may be hydrogen gas, ammonium
formate or trialkylammonium formate or cyclohexene. The reaction temperature
ranges from room temperature to the reflux temperature of the solvent employed. The
reaction time ranges from 15 minutes to 24 hours.

When a silyl ether protecting group is employed, removal of such silyl ether
protecting groups is conducted under acidic conditions, preferably with aqueous
hydrochioric acid such as 1 N to 6 N hydrochioric acid. The de-protection may be
carried out in the presence of a co-solvent such as methanol or tetrahydrofuran. The
reaction time ranges from 2 hours to 48 hours and the reaction temperature ranges
from 0 °C'to 100 °C. Altematively, the silyl ether protecting group may be removed
via fluoride-mediated deprotection. In this case, deprotection is conducted using
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tetrabutylammonium fluoride or one of a variety of hydrofluoric acid sources in a
reaction inert solvent. It is preferred to use ethereal solvents such as diethyl ether,
dioxane or tetrahydrofuran, with tetrahydrofuran being especially preferred. The
reaction time ranges from 2 hours to 48 hours and the reaction temperatures range
5 from 0°C to the reflux temperature of the solvent being used. Other methods

for removal of the aforementioned protecting groups are well known to those skilled in
the art or can be found in Greene, T. W.; Wuts, P. G. M., Protective Groups in Organic
Synthesis, 2™ ed.; John Wiley and Sons inc.: New York, 1991. Other suitable hydroxy!
protecting groups and methods for their removal may be found also be found therein.

10  The method of Scheme | is preferred when R® is R¥*"™"2.p*92 Thys compounds of
formula 1-2 are reacted with compounds of formula 1-1. Compounds of formula 1-2
where R?is R¥"mnerora gre commercially available or can be prepared by methods

well known to those skilled in the art.
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Compounds of formula 2-7 are prepared as set forth in Scheme 2, particularty
5 as described below.
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Where R? is H, ethyl 1-benzyl-3-oxo-4-piperidine-carboxylate hydrochioride,
the compound of formula 2-1, which is available from Aldrich, is condensed with
compounds of formula 2-2 to give compounds of formula 2-3. The compounds of
formula 2-1 where R? is not H can be prepared according to methods well known to
those skilled in the art. The reaction is conducted in the presence of excess base
including non-aqueous bases, organic amines and inorganic bases. Preferred organic
amines include triethylamine and pyridine. Preferred non-aqueous bases include
alkaline metal (C,-C,)alkoxides. Preferred inorganic bases include potassium
carbonate. The reaction is conducted in a reaction inert solvent. Preferred such
solvents include (C,-C,)alcohols, aromatic or aliphatic hydrocarbons, polar aprotic
solvents, halocarbons, and ethereal solvents. (C,-C,)Alcohols are especially
preferred. The reaction time ranges from 2 hours to 3 days. The reaction temperature
ranges from ambient temperature to the reflux temperature of the solvent being
employed. The reaction is preferably run at ambient pressure but may be conducted
at pressures up to 250 psi.

Compounds of formula 2-4 are prepared from compounds of formula 2-3 by
converting a compound of formula 2-3 into an activated compound of formula 2-4
where Lv' is selected from fiuoro, chloro, bromo, iodo, trifluoromethanesulfonate, (C,-
C,)alkylsulfonate, or phenyisutfonate, wherein said phenyl is optionally substituted
with up to three (C,-C,)alkyl, halo or nitro. This reaction is accomplished by reacting
compounds of formula 2-3 with a chlorinating agent such as phosphorus oxychloride
and/or phosphorus pentachloride to provide compounds of formula 2-4 where Lv'is
chloro. This reaction is conducted at ambient pressure in the absence of solvent or in
a reaction inert solvent, preferably a halocarbon solvent at temperatures ranging from
ambient temperature to 180 °C. Treatment of the chloro compound thus formed with
the requisite mineral acid provides a compound of formuta 2-4 where Lv! is bromo or
iodo. A sulfonate of formula 2-4 is prepared by reaction of a compound of formula 2-3
with a sulfonic acid chloride or anhydride in the presence of an organic amine base,
preferably triethylamine or pyridine. in certain cases recognized by those skilled in the
art, it may be necessary to add a catalyst to the reaction. In those cases, a preferred
catalyst is 4-dimethylaminopyridine. This reaction is conducted at ambient pressure in
a reaction inert solvent, preferably pyridine, a halocarbon such as chloroform,
dichloromethane or carbon tetrachloride, an aromatic or aliphatic hydrocarbon, an
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ethereal solvent, or combinations thereof. The reaction temperature ranges from -20°
C to 100 °C and the reaction time ranges from 15 minutes to 1 day.
Compounds of formula 2-5 wherein R? is defined above are prepared from

compounds of formula 2-4 by a reduction reaction or by displacement of Lv' with a

S nucleophile. The reduction is conducted with a reducing agent, preferably ammonium
formate or hydrogen gas, in a reaction inert soivent. The reduction is conducted in the
presence of a palladium catalyst at ambient pressure or under a hydrogen pressure of
up to 50 psi. Preferred solvents include. (C,-C,)alcohols such as methanol and
ethanol, and ether solvents such as diethyl ether, dioxane and tetrahydrofuran. The

10 nucleophilic displacement reaction may be conducted by adding the nucleophile
directly or by pre-forming the nucleophile separately or in situ from a nucleophile -
precursor. Preferred nucleophiles include organoaluminum, organoboron,
organocopper, organotin, organozinc or Grignard reagent; R®-H; or, where R®
contains a hydroxyl or thiol group, the anion of R%. The term “organo” in the terms

15 organoaluminum, organoboron, organocopper, organotin and organozinc refers to an
organic radical selected from R%. It will be recognized by those skilled in the art that
transition-metal catalysts may be required to effect reaction in certain displacement
reactions. When required, such transition metal catalysts may include palladium(0),
palladium(lt), nicke{(0), and nickel(!l) complexes. Palladium(ll)

20 bis(diphenylphosphinobutane) dichloride is a preferred such catalyst. Additionally, an
aqueous or non-aqueous base may be required in the displacement reaction.
Preferred such bases include sodium carbonate, sodium hydride, triethylamine and
sodium tert-butoxide. The reaction is conducted at ambient pressure in a reaction
inert solvent such as a halocarbon, an aromatic or aliphatic hydrocarbon, an ether or a

25  polar aprotic solvent or a combination thereof. In certain cases, a (C,-C,)alcohol is
used as a solvent or co-solvent. The reaction temperature ranges from -20 °C to the
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to 3
days.

Compounds of formuia 2-6 are prepared by removal of the benzyl protecting

30  group from compounds of formula 2-3 or 2-5. This transformation is accomplished
using the freebase, or preferably the pre-formed hydrochloride or similar salt, under
standard or transfer hydrogenolysis conditions. The catalysts which may be used in
the hydrogenolysis reaction include, but are not limited to, palladium on carbon,
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palladium hydroxide on carbon and piatinum(IV) oxide. The reaction is conducted in a
reaction inert solvent, preferably methanol or ethanol and the reaction temperature
ranges from room temperature to the reflux temperature of the soivent being
employed. The hydrogen source is hydrogen gas, ammonium formate,
trialkylammonium formate, or cyclohexene. The reaction time ranges from 15 minutes
to 3 days. Generally the reaction is conducted at ambient pressure but pressures of
up to 50 psi of hydrogen may be employed. Altematively, if appropriate, the benzyl
protecting group is removed in two steps via chloroformate-induced acylative
dealkylation. This involves reaction with a chloroformate derivative to form a
carbamate followed by cleavage of the carbamate. While this reaction is preferably
conducted with 1-chloroethyl chloroformate and sodium iodide catalysis, it will be
recognized by those skilled in the art that catalysis may not be required in certain
cases. The reaction is conducted at ambient temperature in a reaction inert solvent
such as a halocarbon, an aromatic or aliphatic hydrocarbon, a ketone, an ether or a
polar aprotic solvent. The reaction temperature ranges from —78 °C to the refiux
temperature of the solvent being empioyed and the reaction time ranges from 15
minutes to 1 day. Cleavage of the carbamate formed by reaction with 1 -chioroethyi
chloroformate is accomplished upon exposure to methano! or ethano! at ambient
pressure fo give compounds of formula 2-6 as a hydrochloride sait. The reaction
proceeds at temperatures from room temperature to the reflux temperature of the
solvent being employed and the reaction time ranges from 15 minutes to 1 day.
Deprotection conditions for other carbamates can be found in Greene, T. W.: Wuts, P.
G. M. Protective Groups in Organic Synthesis, 2™ ed.; John Wiley and Sons Inc.: New
York, 1991, pp 315-348. ’

Compounds of formula 2-7 are prepared from the displacement reaction of
amine 2-6 as described in Scheme 1, where the amine 2-6 is equivalent to R>-NH.

Altemnatively, compounds of formula 2-7 where R® is as defined above are
prepared from compounds of formula 2-3 wherein R® is OH according to the
sequence outlined in Scheme 2a below, wherein the conditions are as set forth as
described for Scheme 2.
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Compounds of formula 2-2 which are used in Schemes 2 and 2a above are
commercially available or are prepared according to methods well known to those
skilled in the art, such as those described in March, J. Advanced Organic Chemistry,

3" ed.; John Wiley and Sons.: New York, 1985, p 359, 374.
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Scheme 3
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Compounds of formula 3-5 are prepared as set forth in Scheme 3 above and
more particularly as described beipw.
5 Compounds of formula 3-3 are prepared by condensing a compound of
formula 3-' with a compound of formula 3-2. Where R* and R* are each H, the
compound of formula 3-1 is 1-benzyl-4-piperidone, which is commercially available
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from Aldrich. Compounds of formula 3-2 are either commercially available or can be
prepared according to methods well known to those skilled in the art, particularily
according to methods set forth in March, J. Advanced Organic Chemistry, 3® ed.;
John Wiley and Sons Inc.: New York, 1985, pp 499-500. The reaction is conducted at
S  ambient pressure in the presence of a secondary amine. Generally an excess of the
secondary amine, preferably pyrrolidine, piperidine, morpholine or diethylamine, is
used. An especially preferred secondary amine is pyrrolidine. The reaction is
conducted in a reaction inert solvent, preferably a (C,-C,)alcohol, an aromatic or
aliphatic hydrocarbon, a polar aprotic solvent, a halocarbon or an ether. An especially
10  preferred solvent is ethanol. The reaction time ranges from 2 hours to 3 days and the
reaction temperature ranges from ambient temperature to the reflux temperature of
the solvent being employed.
Compounds of the formula 3-4 are prepared by removal of the benzyi
protecting group from compounds of formula 3-3. This transformation is conducted in
15  amanner analogous to the procedure set forth for the preparation of compounds of
formula 2-6 above. - -
Compounds of formula 3-5 are prepared from the displacement reaction of
amine 34 as described in Scheme 1, where the amine 34 is equivalent to R-NH.

Scheme 3a

20
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Compounds of formulas 3a-1 and 3a-2 are prepared as shown in Scheme 3a
from compounds of formula 3-5. Thus, to prepare a compound of 3a-1, a compound
of formula 3-5 is reduced with a common reducing agent, such as, for example,
sodium borohydride, lithium aluminum hydride or diisobutylaluminum hydride. Other
reducing agents capable of effecting the reduction of a ketone to an alcohol are well
known to those skilled in the art (e.g., Larock, R. D. Comprehensive Organic
Transfdnnations, VCH Publishers, Inc.: New York, 1 989, pp 527-547). Likewise,
compounds of formula 3a-2 are prepared from compounds of formula 3-5 by
reduction with reducing agents capable of reducing a ketone completely to a
methylene group. A preferred such reducing agent is aluminum trichloride/borane-tert-
butylamine complex. Other such reducing agents are well known to those skilled in
the art (e.g., J. Org. Chem. 1989, 54, 4350; Larock, R. D. Comprehensive Organic
Transformations, VCH Publishers, Inc.: New York, 1989, pp 35-37). It will be
recognized by those skilled in the art that the transformation of 3-5 to 3a-1 or 3a-2 can
be conducted at different points in Scheme 3, depending upon the dynamics of the
particular system.

Altemnatively, compounds of formula 3-5 wherein R* and R* are hydrogen can
be prepared from 4-piperidone monochydrate monochloride in a manner analogbus to
the procedure described in Scheme 1, where the amine 3-6 is equivalent to R*-NH to
give compounds of formula 3-7. Compounds of formula 3-7 can be reacted with
compounds of formuia 3-2 in a manner analogous to the procedure set forth for the
synthesis of compounds of formula 3-3 to afford compounds of formula 3-5.
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4-3 where A = N-alkyl and B = CO
or
4-3 where A= CO and B = N - alky!

Compounds of formula 4-5 are prepared according to Scheme 4 and more

5 particularily as described below.

Compounds of formula 4-3 are prepared by reacting a compound of formula 4-
2 with a compound of formula 4-1 or 4-1a. Compounds of formuia 4-1 and 4-1 aare
prepared according to methods well known to those skilled in the art. Where R®is
hydrogen, 4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-ethyl ester is
10 condensed with a compound of formula 4-2 to afford a compound of formula 4-3. Said
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compounds of formula 4-2 are readily available from well known commercial vendors,
known in the literature, or are synthesized under standard conditions well known to
those skilled in the art. Preferred conditions to prepare compounds of formula 4-3
from a compound of formula 4-1 where A is CO and B is NH or from a compound of

S formula 4-1a where A is NH and B is CO can be found in March, J. Advanced Organic
Chemistry, 3 ed.; John Wiley and Sons Inc.: New York, 1985, p 1163. The reaction is
conducted at ambient pressure in a reaction inert solvent. Preferred such solvents
include aqueous media, a (C,-C,)alcohol, glacial acetic acid, an aromatic or afiphatic
hydrocarbon, a potar aprotic solvent, a halocarbon and ethers or combinations

10  thereof. The reaction time ranges from 2 hours to 3 days and the reaction
temperature ranges from ambient temperature to the refiux temperature of the soivent
being used. An optional second step using aqueous or non-aqueous base may be
employed in certain cases which will be recognized by those skilied in the art. This
second step is conducted at ambient pressure in a reaction inert solvent. Preferred

15 such solvents include aqueous media, a (C,-C,)alcohol, glacial acetic acid, an
aromatic or aliphatic hydrocarbon, a polar aprotic soivent, a halocarbon and ethers or
combinations thereof. The reaction time ranges from 2 hours to 3 days and the
reaction temperature ranges from ambient temperature to the reflux temperature of
the solvent being used.

20 Compounds of formula 4-3 wherein B is CO and A is N-alkyl or wherein B is
N-alkyl and A is CO are prepared by alkylation of compounds of formula 4-3 where B
is CO and A is NH or wherein B is NH and A is CO, respectively. The anion of those
compounds of formula 4-3 is formed by reaction with an appropriate base. Preferred

\ such bases include sodium hydride and sodium hexamethyldisilazide, although other

25 bases may be used where conditions warrant, as determined by the skilled person.
The reaction is conducted in a reaction inert solvent, preferably an ether such as
tetrahydrofuran, diethyl ether, dioxane or diglyme or polar aprotic solvent such as
dimethylformamide. The reaction proceeds at ambient pressure and at temperatures
ranging from —100 °C to ambient temperature. The reaction times are from 10

30 minutes to 2 hours. Addition of (C,-C,)alky! halides or (C,-C,)alkylsulfonates such as
mesylate, tosylate or nosylate to the anion of 4-3 proceeds at ambient pressure and at
temperatures ranging from ~20 °C to 50 °C. The reaction times range from 10

minutes to 1 day.
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Compounds of formula 4-4 are prepared form compounds of formula 4-3
wherein A is N-alkyl and B is CO or A is CO and B is N-alky! via acid-catalyzed
deprotection of the Boc carbamate under standard conditions, for example,
hydrochloric acid or trifluoroacetic acid in a reaction inert soivent or in the absence of

S  solvent. Such conditions are known to those skilled in the art. Exemplary conditions
are disclosed in Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic
Synthesis, 2™ ed.; John Wiley and Sons Inc.: New York, 1991, pp 327-330.

Compounds of formula 4-5 are prepared by the displacement reaction of

amine 4-4 as described in Scheme 1, where the amine 44 is equivalent to R*-H.

10 Scheme 5
H —R?
/ X
N
ROXLY 4+ (] )qud — (T  —
5-1 CQZ<‘3 G
'i' N
5-2
Prt Fl’rt
53
\
/! Pl
-N
(CH)"° G { E
G
RO-X-Lv3 4 N~
5.1 2
N~ N
> )\ 1 /k
N R
5.5

Compounds of formula 5-4 where X is a covalent bond and G, G', G2, q, R', R R¢, R’
and R® are as defined above are prepared according to Scheme 5 above and
16  particularly as described below.
Compounds of formula 5-3 are prepared by reaction of a compound of formula
5-1 with a compound of formula 5-2 where Prtis an optional amine protecting group
selected from benzyl and CO,R™, where R™ is selected from (C,-C,)alkyl, (C,-C,laliyt,
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trichioroethyl and benzyl substitutedby up to two (C,-Cy)alkoxy. Compounds of
formula 5-1 where R?is Ar* and Lv* is halo, (C,-C,)alkylsutiide, (C,-C,)alkyisuifone,
triﬂuoromethanesulfonate, (C-Ce)alkyisulfonate or phenyisulfonate, where said phenyl
is optionally substituted with up to three halo, nitro or (C,-C,)alkyl are commercially
S available or are readily prepared according to methods well known to those skilled in

the art. For example, to prepare compounds of formula 5-1 wherein LA is chloro, a
compound of formula Ar'-OH, or the Ar'-(=0) tautomer thereof, is reacted with a
chlorinating agent such as phosphorus oxychloride and/or phosphorus pentachioride.
This chlorinating reaction is conducted at ambient pressure in the absence of solvent

10 orin areaction inert solvent, preferably a halocarbon solvent, at temperatures ranging
from ambient temperature to 180 °C. Treatment of the chioro compound with the
requisite minerat acid provides compounds of formula 5-1 where Lv® is bromo or iodo.
Compounds of formula 5-1 wherein LV is trifluoromethanesuffonate, (C,-
Ce)alkylsulfonate or phenyisuifonate are prepared from a compound of formula Ar'-

15 OH, or the Ar'-(=0) tautomer thereof, by reaction with a sulfonic acid chloride or
anhydride in the presence of a base, preferably an organic amine such as
triethylamine, N.N'-diisopropylethylamine, dimethylaminopyridine or pyridine. In
certain cases it will be recognized by those skilled in the art that a catalyst will be
required to effect reaction. In those cases, a preferred catalyst is 4-

20 dimethylaminopyridine. This reaction is conducted at ambient pressure in a reaction
inert solvent such as pyridine, a halocarbon, an aromatic or aliphatic hydrocarbon, an
ether, or a combination thereof. The reaction temperature ranges from-20 °C to 100
°C and the reaction time ranges from 15 minutes to 1 day. Compounds of fonﬁula 5-1
where Lv* is thiomethyl are prepared by reacting a compound of formula Ar'-SH, or

25  the Ar'-(=S) tautomer thereof, with methy! iodide or dimethyisulfate in the presence of
aninorganic base, preferably potassium carbonate. These reactions are conducted
at ambient pressure in a reaction inert soivent, preferably an ether or a polar aprotic
solvent. An especially preferred polar aprotic solvent is dimethylformamide at a
temperature ranging from 0 °C to 100 °C, Compounds of formula 5-1 where Lv® is

30  methyisulfone are prepared from a compound of formula S-1 where LV is thiomethyl
by oxidation thereof according to procedures well known to those skilled in the art,
specificallyas set forth in March, J. Advanced Organic Chemistry, 3" ed.; John Wiley
and Sons.: New York, 1985, pp 1089-1090.
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A representative set of compounds of formula 5-1 which are commercially
available or which can be prepared according to methods analogous to a iiterature
procedure include 4-chloropyridine (Aldrich, P.O. Box 355, Milwaukee, Wisconsin
53201, USA), 3-chioro-6-methyi-pyridazine (Maybridge, c/o Ryan Scientific, 443 Long

S Point Road, Suite D, Mount Pleasant, South Carolina 28464, USA), 2-chloro-pyrazine
(Atdrich), 2,6-dichloro-pyrazine (Aldrich), 3-chloro-2,5-dimethylpyrazine (Aldrich), 2 4-
dichloro-pyrimidine (Aldrich), 4,6-dichloro-pyrimidine (Aldrich), 4-chloro-2-methyi-
pyrimidine (Chem. Ber. 1904, 37, 3641 ), 4-chloro-6-methyi-pyrimidine (Chem. Ber.
1899, 32, 2931), 4-chioro-2,6-dimethyl-pyrimidine (J. Am. Chem. Soc. 1946, 68,

10  1299), 4—chloro-z.6-bis(triﬂuoromethy_l)-pyrimidine (J. Org. Chem. 1961, 26, 4504), 4-
chloro-2-methyisulfanyi-pyrimidine (Aldrich), 4-chloro-2-methoxymethyl-pyrimidine
(US Patent 5§ 215 990), 1-chloro-isoquinoline (J. Am. Chem. Soc. 1946, 68, 1299), 2-
chloro-quinoline (Aldrich), 4-chloro-quinazoline (J. Am. Chem. Soc. 1909, 31, 509), 2-
chloro-quinoxaline (US Patent 2 537 870), 2-chloro-3-methyl-quinoxaline (Aldrich),

15 2,6,7-trichloro-quinoxaline (J. Chem. Soc., Chem. Commun. 1956, 4731 ), 4-chloro-
pteridine (J. Chem. Soc., Chem. Commun. 1954, 3832); 7-chioro-pteridine (J. Chem.
Soc., Chem. Commun. 1954, 3832), and 6-chloro-9H-purine (Aldrich). Other
compounds of formula 5-1 can be prepared using methods well known to those skilled
in the art or by using methods analogous to those described in the foregoing

20  references.

Compoundé of formula 5-3 are prepared by the displacement reaction of a
compound of formula 5-1 with an amine of the formula 5-2. The reaction is conducted
in the presence of a non-aqueous base, prefeably an organic amine such as pyridine,
4-dimethylaminopyridine, triethylamine or N,N'-diisopropylethylamine; an inorganic

25 basesuchas potassium or sodium carbonate or bicarbonate; or an alkaline metal
alkoxide such as potassium t-butoxide. Altematively, an excess of the reacting amine
5-2 can be used in lieu of the added base. In cases where the leaving group Lv®is
unactivated, or in specific cases which will be recognized by those skilled in the art,
the use of a transition-metal catalyst such as palladium(0), palladium (i), nickel(0) or

30  nickel(ll), along with phosphine-based ligands, such as 2,2"-bis(diphenylphosphino)-
1,1-binaphthyl (BINAP), may be required to effect reaction. More specific details
conceming this reaction are available in the following references: J. Org. Chem. 1997,
62, 1264, J. Org. Chem. 1997, 62, 1568; SynLett 1997, 329. The reaction can be

—
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conducted in the absence of solvent or in a reaction inert solvent. Preferable reaction
inert solvents include aqueous media, (C,-C)alcohoal, (C,-Ce)glycol, a halocarbon, an
aliphatic or aromatic hydrocarbon, an ether, a polar aprotic solvent, a ketone, or
combinations thereof. The reaction time ranges from 15 minutes to 3 days and the

5  reaction temperature ranges from 0 °C to 180 °C or to the reflux temperature of the
solvent being used. The reactions are preferably conducted at ambient pressure.

In certain cases which will be recognized by those skilled in the art,
transformations of existing functionality in Ar' of compound 5-3 may be necessary to
produce compounds of formula 54. This pertains in particular to those cases where,

10  forexample, R®in 5-3 contains an aromatic or heteroaromatic halide, (C,-
C,)alkylsulfonate or triflate. Said compounds of formula 5-3 wherein Ar' contains up
to two substituents selected from halide, (C-C,)alkylsulfonate or trifiate, may be
converted to a compound of formula Ar* where said halide, (C,-C,)alkylsulfonate or
trifiate is transformed into another functional group by a reduction reaction or by a

15  displacement reaction of said halide, (C-C,)alkyisulfonate or trifiate with a
nucleophile. The reduction reaction is conducted with a reducing agent, preferably
ammonium formate or hydrogen gas, in a reaction inert solvent. The reduction is
conducted in the presence of a palladium catalyst at ambient pressure or under a
hydrogen pressure of up to 50 psi. Preferred solvents include (C,-C,)alcohols such as

20  methanol and ethanol, and ether solvents such as diethyl ether, dioxane and
tetrahydrofuran. The nucleophilic displacement reaction may be conducted by adding
the nucleophile directly or by pre-forming the nucleophile separately or in situ from a
nucleophile precursor. Preferred nucleophiles include organoaluminum, organoboron,
organocopper, organotin, organozinc or Grignard reagent; R"-oxide or R"-thioxide; or

25  anilino where anilino is within the scope of R"". It will be recognized by those skilled in
the art that transition-metal catalysts may be required to effect reaction in certain
displacement reactions. When required, such transition metaj catalysts may inciude
palladium(0), palladiumll), nickel(0), and nickel(ll) complexes. Palladium(ll)
bis(diphenylphosphinobutane) dichloride is a preferred such catalyst. Additionally, an

30 aqueous or non-aqueous base may be required in the displacement reaction.
Preferred such bases include sodium carbonate, sodium hydride, triethylamine and
sodium terft-butoxide. The reaction is conducted at ambient pressure in a reaction
inert solvent such as a halocarbon, an aromatic or aliphatic hydrocarbon, an ether or a
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polar aprotic solvent or a combination thereof. In certain cases, a (C,-C,)alcohol is
used as a solvent or co-solvent. The reaction temperature ranges from ~20 °C to the
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to 3
days.

S Optional protecting groups which may be present in compounds of formula 5-3
are removed according to methods set forth above, or according to methods well
known to those skilled in the art, particularly as set forth in. Greene, T. W.: Wuts, P.
G. M. Protective Groups in Organic Synthesis, 2™ ed.; John Wiley and Sons Inc.: New
York, 1991. |

10 Compounds of formula. 54 are prepared from the displacement reaction of
amine 5-3 as described in Scheme 1, where the amine 5-3 is equivalent to R-NH. A
representative set of amines of formula 5-3 which are commercially available or which
can be prepared by a literature procedure include 1-phenyi-piperazine (Aldrich), 1-
pyridin-2-yl-piperazine (Aldrich), 3-piperazin-1 -yl-benzoldjisoxazole (J. Med. Chem.

15 1986, 29, 359), 3-piperazin-1-yl-benzo[djisothiazole (J. Med. Chem. 1986, 29, 359), 2-
piperazin-1-yl-quinoxaline (J. Med. Chem. 1981, 24, 93), 1-naphthalen-2-yi-piperazine
(cf. Tetrahedron Lett. 1994, 35, 7331), and 1-(3,5-dimethyipheny!)-piperazine (cf.
Tetrahedron Lett. 1994, 35, 7331 )- Other compounds of formula 5-3 can be prepared
using methods well known to those skilled in the art or by using methods analogous to

20  those described in the foregoing references.

Altematively, compounds of formula 54 can be prepared from reaction with
compounds of formula 5-1 with compounds of formula 5-5 using conditions set forth
above to prepare 5-3. Compounds of formula 5-5 can be prepared in a manner
analogous to the method used to prepare compounds of formula 1-3.

25 Compounds of formula 54 wherein X is oxycarbonyl, vinylenylcarbonyl,
oxy(C,-C,)alkylenylcarbonyl, (Cy-Ci)alkylenyicarbonyl, (Cy-C,)alkenyicarbonyl, thio(C,-
CJalkenyicarbonyl, vinylenyisulfonyi or carbonyl(Co-Q)alkylenylcarbonyl; wherein
said oxy(C,-C,)alkylenyicarbonyl, (C-C.)alkylenyicarbony, (Cs-C.)alkenylcarbonyl,
and thio(C,-C,)alkenyicarbony! in the definition of X are each optionally and

30 independently substituted with up to two (C,-C,)alkyl, benzyl, or Ar; said
vinylenyisulfonyl and said vinylenyicarbonyl in the definition of X are each optionally
and independently substituted with up to three (C-CJ)alkyl, benzyl, or Ar are also
prepared according to Scheme 5 above and particularly as described below.
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Compounds of formula 5-4 where X is as defined in the immediately preceding
paragraph are prepared by reacting a compound of formula 5-5 with a compound of
formula 5-1 where R? is described above, X is as defined in the immediately preceding
paragraph and Lv* is chioro. The reaction is conducted under anhydrous conditions in

S  the presence of a non-aqueous base, which includes organic amines such as
triethylamine, N,N'diisopropylethylamine and pyridine and derivatives thereof. The
reaction is generally conducted in a reaction inert solvent. Preferred solvents include
halocarbon, aliphatic or aromatic hydrocarbon, ethers, ethyl acetate, pyridine and
combinations thereof. The reaction timé ranges from 15 minutes to 24 hours and the

10  reaction temperature ranges from 0 °C to 80 °C or to the reflux temperature of the
solvent being used. The reactions are preferably conducted at from 0 °C to ambient
temperature and at ambient pressure. Removal of optional protecting groups is
carried out as described in Scheme I

Compounds of formula 5-4 wherein X is vinylenyicarbonyi, oxy(C,-

15 C,)alkylenylcarbonyi, (C,-C‘)alkylenylcarbonyl, (Cs-C.)alkenylcarbonyt, thio(C,-
C.)alkenylcarbonyl, or carbonyl(CO-C4)alkylenylcarbonyl_; wherein said oxy(C,-
C.)alkylenylcarbonyl, (C,-C.)alkyienyicarbony!, (Cs-C.)alkenylcarbonyl, and thio(C,-
Cs)alkenylicarbonyi in the definition of X are each optionally and independently
substituted with up to two (C,-C,)alkyl, benzyl, or Ar; and said vinylenylcarbonyl in the

20  definition of X are each optionally and independently substituted with up to three (C,-
C.)alkyl, benzyl, or Ar are also prepared according to Scheme 5 avove and
particularly as described below.

Compounds of formula 5-4 are prepared by reacting a compound of formula 5-
S with a compound of formula R®-X-Lv? where R® is described above, X is as defined

25 inthe immediately preceding paragraph and Lv® is OH. The reaction is conducted in
the presence of coupling agents, preferably dicyclohexylcarbodiimide or 1-(3-
dimethylaminopropyl)~3—emytcarbodiimide hydrochloride as described in J. Amer,
Chem. Soc. 1996, 118, 4952. The reaction is conducted in a reaction inert solvent.
Preferred solvents include halocarbon, aliphatic or aromatic hydrocarbon and ethers.

30 Especially preferred solvents include dichloromethane and chloroform. Other coupling
agents that can be used are well known to those skilled in the art and include, but are
not limited to, various phosphine reagents, ethyl chioroformate, and N-
hydroxysuccinimide. These reagents and procedures are described in “Compendium
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of Organic Synthetic Methods™ (Ed., I. T. Harrison and S. Harrison, John Wiley &
Sons). Specific references include the following: J. Org. Chem, 1971, 36, 1305; Bull.
Sac. Chim. Fr., 1971, 3034; Bull. Chem., Soc. Japan, 1971, 44, 1373; Tetrahedron
Lett., 1973, 28, 1595; Tetrahedron Lett.,, 1971, 26, 2967, and J. Med. Chem., 1968,
11, 534. Removal of optional protecting groups is carried out as described in Scheme
1

Compounds of formula 5-4 wherein X is a covalent bond and R® is (C,-
C;)cycloalkyl or Ar'-(C,- s)alkylenyl are also prepared according to Scheme 5 above
and particulariy aé described below. | _

Compounds of formuta 5-4 wherein X is a covalent bond and R® is (C;-
C;)cycloalky! or Ar'<(C,-C,)alkylenyl are prepared by reacting a compound of formuia
5-1 wherein X is a covalent bond, R? is (C5-C;)eycloalkyl or Ar‘-(C,-Cs)alkylenyl and
Lv?is halo, methanesulfonate, p-toluenesulfonate or trifluoromethanesulfonate. The
reaction is conducted under anhydrous conditions in the presence of a non-aqueous
base, which includes organic amines such as triethylamine, N,N'-
diisopropylethylamine and pyridine and derivatives thereof. The reaction is conducted
in a reaction inert solvent. Preferred solvents for the reaction include halocarbons,
aliphatic or aromatic hydrocarbons, ethers, ethyl acetate, pyridine and combinations
thereof. The reaction time ranges from 15 minutes to 24 hours and the reaction
temperature ranges from 20 °C to 80 °C or to the reflux temperature of the solvent
being used. The reactions are preferably conducted at ambient temperature of the
solvent being used and at ambient pressure. Removal of optional protecting groups is
conducted as set forth in Scheme 1.



WO 00/59510 ' PCT/B00/00296
-97-
Scheme 6
HN 1t 12
N/H }—NHZ R WR
o 0 Y 0
e T (CHy), iv + 6-2a —_—
T N R « R™
9 P Tr
52 61 o o
. 6-2b
R 11
R
/ \ R%
N / \ R"
r “
>:.=N
N
N
( Z)Q G1 - 2 1
G ( Z)Q G
N G
) N
|
Prt H
63 6<
)
H HN R"
/ NH, /i \ R?
2N‘ N acid _
o o) e b
N N 2 3
) ——. ———————— ( 2)q G
R Z~ N Rz Z N (z
|
= /'\ 1 J\ 2
N R Sy R’ NN SN
5.5
& > J\ 1
N R
65

Compounds of formula 6-5 wherein G, G', G, q, R', R? R®, R” and R® are as

defined above are prepared as set forth in Scheme 6 above and particularly as
5 described below.

Compounds of formula 6-1 are prepared from an amine of the formuia 5-2
where Prt is an optional amine protecting group selected from benzyt and CO,R®,
where R* is selected from (C,-C,)alkyl, (C,-C,)allyl, trichloroethyl and benzyl
substituted with up to two (C,-C,)alkoxy. The preferred procedure for preparing
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compounds of formula 6-1 can be found in Tetrahedron Lett. 1993, 48, 7767 or J. Org.
Chem 1997, 62, 1540.
Compounds of formula 6-3 are prepared by condensation of B-diketones or B
ketoesters of the formula 6-2b, where R'* and R'2 are independently substituted as set
5 forth above, or compounds of the formula 6-2a where Lv* is, for example, hydroxy,
chloro or dimethytamino with guanidines of the formula 6-1. The reaction is
conducted in the presence of an aqueous or non-aqueous base, preferably potassium
or sodium hydroxide, potassium or sodium (C,-C,)-alkoxide, triethylamine, pyridine, 4-
dimethylaminopyridine, potassium or sodium carbonate or potassium or sodium

10 bicarbonate. The reaction is conducted in a reaction inert solvent, preferably aqueous
media, a (C,-C,)alcohol, a (C,-C)dialcohol, an aromatic hydrocarbon, a polar aprotic
solvent, or combinations thereof. The reaction time ranges from 2 hours to 3 days
and the reaction temperature ranges from room temperature to reflux of the solvent
employed. The reaction is preferably run at ambient pressure, but may be conducted

15 atpressures up to 250 psi.

Removal of of optional protecting groups in compounds of formula 6-3 to
afford compounds of formula 64 is accomplished as set forth above.

Compounds of formula 6-5 are prepared from the displacement reaction of
amine 6-4 as described in Scheme 1, where the amine 6-4 is equivalent to R3-NH.

20 Alternatively, compounds of formula 6-5 are prepared from compounds of
formula 5-5 by formation of a compound of formula 6-6, or by reaction with
compounds of formula 6-2a or 6-2b under the conditions outiined above in Scheme 6.
Removal of optional protecting groups is conducted as described in Scheme 1.
Compounds of formuia 5-5 are prepared as set forth above.
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Compounds of formula 7-4 wherein G*, G*, G%, r, R', R?, R", R" and R® are defined
5  as setforth above are prepared as set forth in Scheme 7 and particularly as described

below.

Compounds of formula 7-1 are prepared by reaction of an amine of the

formula 7-0 with phosgene or a phosgene equivalent such as triphosgene.
Compounds of 7-1 wherein the chioro group is replaced by an imidazolyl group are
10 also useful in this reaction. Such compounds are prepared by reaction of an amine of
formula 7-0 with carbony! diimidazole. The reaction is conducted under anhydrous
conditions in the presence of a nonaqueous base. Preferred such bases include
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triethylamine and other tertiary amines and pyridine and derivatives thereof. The
reaction is conducted in a reaction inert solvent at -78 °C to 80 °C or at the refiux
temperature of the solvent being used for 15 minutes to 24 hours. Preferred solvents
for this reaction inciude a halocarbon, an aliphatic or aromatic hydrocarbon, an ether,

S ethyi acetate, pyridine and combinations thereof. The reactions are preferably
conducted at from 0 °C to ambient temperature and at ambient pressure.

Compounds of formula 7-4 are prepared by reaction of carbamoy! chiorides of
the formula 7-1 with amines of the formula 7-3, where R?' and RZ are defined above.
The reaction can be conducted in the absence of solvent, or in a reaction inert

10  solvent. Preferred such solvents include aqueous media, a (C,-C,)alcohol, a (C,-
Ce)dialcohol, an aromatic or aliphatic hydrocarbon, a halocarbon, an ether, a polar
aprotic solvent, a ketone, pyridine or combinations thereof. The reaction time ranges
from 15 minutes to 3 days and the reaction temperature ranges from
0 °C to the reflux temperature of the solvent being used. The reaction is preferably

15 conducted at ambient pressure. It will be recognized by those skilied in the art that
addition of a base may be required to effect reaction. In those cases, preferred bases
include potassium or sodium hydroxide, triethylamine and other tertiary amines,
pyridine and its derivatives and inorganic bases such as sodium or potassium
carbonate and sodium or potassium bicarbonate. Removal of optional hydroxyl

20  protecting groups contained in R! is carried out according to methods set forth in
Scheme 1.

Alternatively, compounds of formula 74 are prepared from compounds of
formula 7-0 by reaction with isocyanates of the formula 7-6 or with carbamoyil
chlorides of the formula 7-8. Said isocyanates are commercially available, known in

25  the literature, or synthesized under standard conditions known to those skilled in the
art, particularly as described in March, J. Advanced Organic Chemistry, 3® ed.; John
Wiley and Sons Inc.: New York, 1985, p 1166. A preferred method of forming such
isocyanates is the Curtius rearrangement of a suitable acyl azide. Said carbamoyt
chiorides are synthesized using methods analogous to that described for the

30  preparation of compounds of formuta 7-1 in Scheme 7. Removal of optional hydroxyl
protecting groups contained in R' is carried out according to methods set forth in

Scheme 1.
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Compounds of formula | containing the radical R* are prepared according to
the procedures set forth in Scheme 7 using the corresponding starting materials and

reagents.
Scheme 8
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Compounds of formula 8-5 are prepared as set forth in Scheme 8 and particularly as
described below.
Compounds of formula 8-2 are readily prepaljed ﬁom commercially available

10  phenethylamines of formula 8-1a and formaldehyde or an aldehyde of the formula

R¥-CHO under Pictet-Spengler conditions. The Pictet-Spengler reaction is reviewed

in Chem. Rev. 1995, 95, 1797. A similar route route to 1,2,3,4-tetrahydroisoquinolines

using the Bischler-Napieralski reaction, as disclosed in March, J. Advanced Organic

Chemistry, 3" ed.; John Wiley and Sons.: New York, 1985, 485, followed by standard
16  reduction of the imine formed may also be employed.
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Compounds of formuta 8-4 are prepared from compounds of formula 8-3 by
aromatic electrophilic substitution using the appropriate electrophile. A general
reference for this type of reaction can be found in March, J. Advanced Organic
Chemistry, 3" ed.; John Wiley and Sons.: New York, 1985, 447-511.

5 Compounds of formula 8-2 are aiso prepared by removal of the protecting
group from a compound of formula 8-4. Preferably the protecting group is
trifluoroacetamide which may be removed under basic conditions using inorganic
hydroxides or carbonates in a reaction inert solvent. Suitable such solivents include
(C,-C,)alcohois and preferably methanol. Optionally, one or more co-solvents,

10  preferably selected from water, tetrahydrofuran and dioxane may be employed. The
reaction time ranges from 15 minutes to 24 hours and the reaction temperature
ranges from 0 °C to 100 °C or to the reflux temperature of the solvent or solvent
system being used. The reaction is preferably conducted at ambient temperature.
Other conditions for deprotection of trifluoroacetamides and deprotection conditions

15  for other suitable protecting groups can be found in Greene, T. W.; Wuts, P. G. M.
Protective Groups in Organic Synthesis, 2™ ed.: John Wiley and Sons Inc.: New York,
1991, _

Compounds of formuia 8-4 are prepared by adding a protecting group to
compounds of formula 8-2. Preferably the protecting group is triflucroacetamide or

20  tert-butoxycarbonyl (BOC). The protecting group is attached by reaction of a
compound of formula 8-2 with trifluoroacety! chioride or di-tert-butyl dicarbonate or an
equivalent thereof in the presence of a base, preferably triethylamine or pyridine. The
reaction is conducted in a reaction inert solvent. Preferred such solvents include
ethers such as tetrahydrofuran, diethyl ether, dioxane or dimethoxyethane; a

25 - halocarbon such as dichloromethane, chioroform or carbon tetrachloride; and
aromatic or aliphatic hydrocarbons such as benzene, toluene or hexanes. The
reaction time ranges from 15 minutes to 3 days and the reaction temperature ranges
from 0 °C to the reflux temperature of the solvent being used. The reaction is
preferably conducted at ambient pressure. Other conditions for protection of amines

30  with trifluoroacetamides or tert-butoxycarbonyif groups as well as other suitable
protecting groups can be found in Greene, T. W.: Wuts, P. G. M. Protective Groups in
Organic Synthesis, 2 ed.; John Wiley and Sons Inc.: New York, 1991 .-
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Manipulation of the substituents R? and R? is carried out to provide
isoquinolines with altered substitution. Preferably, transition metal-catalyzed cross-
coupling of a compound of formula 8-4 where R? or R® is bromide or triflate is
employed to afford compounds of formula 84 wherein R or R® are as set forth

S above. This reaction is conducted according to methods well known to those skilled in
the art, particularly as set forth in Tetrahedron, 1998, 54, 263 for Stille and Suzuki
Reactions and in Acc. Chem. Res. 1998, 31, 805 for Buchwald Amination Reactions.

Compounds of formula 8-5 are prepared from the displacement reaction of

amine 8-2 as described in Scheme 1, where the amine 8-2 is equivalent to R*-NH.
10 Scheme 9
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Compounds of formula 9-3 are prepared according to the general procedures
set forth in Scheme 2 starting from ethyl 1-benzyl-4-oxo-3-piperidine carboxylate
hydrochioride (9-1). In certain cases, where R® is H, N-tertbutoxycarbonyi-3-

15 (dimethylaminomethylene)-4-piperidone (9-2, Chemical Abstracts 121:157661) is
used as the starting material.
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Compounds of formula 10-6 wherein R, R? R*¥ and R*® are as defined above
S  are prepared as set forth in Scheme 10 and more particularly as described below.
Compounds of formula 10-2 where R?' is (C,-C,)alkyl are prepared by reacting
a compound of formula 10-1, where Cbz is benzyloxycarbonyl, with an O-alkylating
agent. A preferred compound of formula 10-1 is 3-oxo-piperazine-1-carboxylic acid
benzyi ester. A preferred O-alkylating agent is triethyloxonium tetrafluoroborate. The
10 reaction is conducted at ambient pressure in a reaction inert solvent. Preferred
solvents include an aromatic or aliphatic hydrocarbons, halocarbons and ethers.
Dichloromethane is especially preferred. The reaction time ranges from 2 hours to 3
days and the reaction temperature ranges from —100 °C to ambient temperature.
Compounds of formula 104 are prepared by condensation of a compound of
15 formula 10-2 with a compound of formula 10-3. Said compounds of formula 10-3 are
commercially available, are known in the literature, or are readily prepared via
standard amidation of hydrazine and an activated carboxylic acid, such as a
carboxytlic acid chloride. Such reactions are well known by those skilled in the art.
The condensation reaction is preferably run at ambient pressure, although higher
20  pressures up to 250 psi may be employed if necessary. The reaction is conducted in
a reaction inert solvent, preferably selected from (C,-Cyalcohols, aromatic or aliphatic
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hydrocarbons, polar aprotic media, halocarbons and ethers, or combinations thereof.
The reaction is conducted at temperatures ranging from ambient temperature to 180
°C. The reaction times are from 2 hours to 3 days.

Compounds of formula 10-5 are prepared form compounds of formula 10-4 via

5  Lewis acid-catalyzed cleavage or hydrogenolysis of the Cbz carbamate under

standard conditions which are well known to those skilled in the art, particularly as set
forth in Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 2™ ed.;
John Wiley and Sons inc.: New York, 1991, pp 335-338.

Compounds of formula 10-6 are >prepared from the displacement reaction of

10 an amine of the formuia 10-5 as described in Scheme 1, where the amine 10-5 is

equivalent to R>-NH.

Scheme 11
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Compounds of formula 114, wherein R', R?, R®, R, R*®, R* and R*® are as
defined above are prepared as set forth in Scheme 11 and more particularly as
described below.

Where R* and R* are hydrogen, 1-benzyl-4-piperidone (3-1), available from
Aldrich, is condensed with a compound of formula 11-1, which are either commercially
available or well known to those skilled in the art, to give compounds of formula 11-2.
Where R* and R* are not hydrogen, compounds of formula 3-1 can be prepared-
according to methods well known to those skilled in the art. The reaction is conducted
at ambient pressure in the absence of solvent or in a reaction inert soivent. Preferred
solvents include (C,-C,)alcohols, aromatic or aliphatic hydrocarbons, polar aprotic
solvents, halocarbons and ethers. The reaction time ranges from 2 hours to 3 days
and the reaction temperature ranges from ambient temperature to the reflux
temperature of the solvent being employed. More specific conditions can be found in
Indian J. Chem. 1976, 148, 984 and J. Chem. Soc., Perkin Trans. 1 1984, 2465.

Compounds of formula 11-3 are prepared by removal of the benzyl protecting
group from a compound of formula 11-2 in a manner analogous to the method
employed for the preparation of compounds of 2-6 described above.

Compounds of formula 11-4 are prepared by the displacement reaction of an
amine of the formula 11-3 as described in Scheme 1, where the amine 11-3 is

equivalent to R3-H.
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Compounds of formula 12-3 and 12-3a where R" and R2 are (C,-

5  GCglalkoxycarbonyl, (C,-Ce)alkylcarbonyl, Ar-carbonyl, (C,-Ce)alkyisulfonyl, Ar-
sulfonyl, or Ar-sulfinyl are prepared according to Scheme 12 above and particularly
as set forth below.

Compounds of formula 12-3 and 12-3a where R and R2 are as defined in

the immediately preceding paragraph are prepared by condensation with a compound

10  of formula 12-2 and 12-2a, wherein Lv* is chloro, respectively. Examples of
compounds of formula 12-2 and 12-2a inciude (C,-Ce)alkoxyCOC], (C-Ce)alkylCOC!,
Ar*-COClI, (C,-Cy)alkylSO,CI, Ar?-SO,Cl, or Ar2-SOCI. The reaction is conducted under
anhydrous conditions in the presence of a non-aqueous base, which includes organic
amines such as triethylamine, N,N'-diisopropylethylamine and pyridine and derivatives

15 thereof. The reaction is conducted in a reaction inert solvent. Preferred solvents for
the reaction include halocarbon, aliphatic or aromatic hydrocarbon, ethers, ethyl
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acetate, pyridine and combinations thereof. The reaction time ranges from 15
minutes to 24 hours and the reaction temperature ranges from 0 °C to 80 °C or to the
reflux temperature of the solvent being used. The reactions are preferably conducted
at from O °C to ambient temperature and at ambient pressure. Removal of optional
5  protecting groups is carried out as described in Scheme |.

Compounds of formuta 12-3 and 12-3a wherein RY and R are (C,-
CeJ)alkylcarbonyl or Ar’-carbonyi are also prepared according to Scheme 12 above -
and particularly as described below. ,

Compounds of formula 12-3 and 12-3a wherein R" and R? are (C,-

10 Ce)akylcarbonyl or Ar-carbonyl are prepared by a condensation reaction with g
compound of formula 12-2 or 12-2a, respectively, wherein Lv* is hydroxy in the
presence of coupling agents such as dicyclohexyicarbodiimide or 1-(3-
dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride. The reaction is conducted in
a reaction inert solvent. Preferred solvents include halocarbon, aliphatic/aromatic

15 hydrocarbons and ethers. Especially preferred solvents include dichloromethane and
chloroform. Other coupling agents that can be used are well known to those skilled in
the art and include, but are not limited to, various phosphine reagents, ethyl
chloroformate, and N-hydroxysuccinimide. Removal of optional protecting groups is
carried out as described in Scheme |.

20 Compounds of formula 12-3 where R" is (C4-Ce)alkyyl are also prepared
according to Scheme 12 and particularly as described below.

Compounds of formula 12-3 where R" is (Cs-Ce)alkyl are prepared by reacting
a compound of formula 12-1 with a compound of formula 12-2 where R is (C,-
C.)alkyl and Lv* is Cl, Br, I, methanesutfonyloxy, p-toluenesulfonyloxy or

25 ftrfluoromethanesulfonyioxy. The reaction is conducted under anhydrous conditions in
the presence of a nonaqueous base, which includes organic amines such as
triethylamine, Hunig's base and pyridine and derivatives thereof. The reaction is
conducted in a reaction inert solvent. Preferred solvents for the reaction include
halocarbons, aliphatic or aromatic hydrocarbons, ethers, ethyl acetate, pyridine and

30 combinations thereof. The reaction time ranges from 15 minutes to 24 hours and the
reaction temperature ranges from ambient temperature to 80 °C or to the reflux
temperature of the solvent being used. The reactions are preferably conducted at
ambient temperature and pressure.
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The starting materiais and reagents for the above described compounds are
also readily available or can be easily synthesized by those skilled in the art using
conventional methods of organic synthesis. For example, many of the compounds
used herein are related to, or are derived from, compounds found in nature, in which
there is a large scientific interest and commercial need, and accordingly many such
compounds are commercially available or are reported in the literature or are easily
prepared from other commonly available substances by methods which are reported
in the literature.

The compounds of the instant invention inhibit the formation of sorbitol
dehydrogenase and as such have utility in the treatment of diabetic complications
including but not limited to such complications as diabetic nephropathy, diabetic
neuropathy, diabetic retinopathy, diabetic microangiopathy and diabetic
macroangiopathy and diabetic cardiomyopathy. The utility of the compounds of the
present invention as medical agents in the treatment of diseases, such as are detailed
herein in mammals (e.g., hurnans) for example, diabetic complications such as
diabetic cardiomyopathy, diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy, diabetic microangiopathy and diabetic macroangiopathy is demonstrated
by the activity of the compounds of formuia 1 of this invention in conventional assays.
Such assays also provide a means whereby the activities of the compounds of
formula 1 of this invention can be compared with the activities of other known
compounds. The results of these comparisons are useful for determining dosage
levels in mammals, including humans, for the treatment of such diseases.

Measurement of SDH Activity

Male Sprague-Dawley rats (350-400 g) are used for these experiments.
Diabetes is induced in some of the rats by a tail vein injection of streptozocin, 85
mg/kg. Twenty-four hours later, 4 groups of diabetic rats are given a single dose of
the test compound of formula ! of this invention (0.001 to 100 mg/kg) by oral gavage.
Animals are sacrificed 4-6 hours after dosing and biood and sciatic nerves are
harvested. Tissues and cells are extracted with 6% perchloric acid.

Sorbitol in erythrocytes and nerves is measured by a modification of the
method of R. S. Clements et al. (Science, 166: 1007-8, 1969). Aliquots of tissue
extracts are added to an assay system which has final concentrations of reagents of
0.033 M glycine, pH 9.4, 800 mM B-nicotine adenine dinucleotide, and 4 units/mi of
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sorbitol dehydrogenase. After incubation for 30 minutes at room temperature, sample
fluorescence is determined on a fluorescence spectrophotometer with excitation at
366 nm and emission at 452 nm. After subtracting appropriate blanks, the amount of
sorbitol in each sample is determined from a linear regression of sorbitol standards
S  processed in the same manner as the tissue extracts.
Fructose is determined by a modification of the method described by M.
Ameyama, Methods in Enzvmology, 89: 20-25 (1982). Resazurin is substituted for
ferricyanide. Aliquots of tissue extracts are added to the assay system, which has
final concentrations of reagents of 1.2 M citric acid, pH 4.5, 13 mM resazurin, 3.3
10 units/ml of fructose dehydrogenase and 0.068% Triton X-100. After incubation for 60
minutes at room temperature, sample fluorescence is determined on a fluorescence
spectrophotometer with excitation at 560 nm and emission at 580 nm. After
subtracting appropriate blanks, the amount of fructose in each sample is determined
from a linear regression of fructose standards processed in the same manner as the
15  tissue extracts.
SDH activity is measured by a madification of the method described by U.
Gerlach, Methodology of Enzymatic Analyses, edited by H. U. Bergmeyer, 3, 112-117
(1983). Aliquots of sera or urine are added to the assay system, which has final
concentrations of reagents of 0.1 M potassium phosphate buffer, pH 7.4, 5 mM NAD,
20 20 mM sorbitol, and 0.7 units/ml of sorbitol dehydrogenase. After incubation for 10
minutes at room temperature, the average change in sample absorbance is _
determined at 340 nm. SDH activity was presented as milliOD,,, units/minute (OD,,,
= optical density at 340 nm).
Any aldose reductase inhibitor may be used as the second compound
25 (active agent) of this invention for combination therapies. The term aldose
reductase inhibitor refers to compounds which inhibit the bioconversion of glucose
to sorbitol catalyzed by the enzyme aldose reductase. Such inhibition is readily
determined by those skilled in the art according to standard assays (J. Malone,
Diabetes, 29:861-864, 1980. "Red Cell Sorbitol, an indicator of Diabetic Controf®).
30  Avariety of aldose reductase inhibitors are described and referenced below,
however, other aldose reductase inhibitors will be known to those skilled in the art.
The disclosures of U.S. patents listed below are hereby incorporated by reference.
Also, common chemical USAN names or other designation are in parentheses
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where applicable, together with reference to appropriate patent literature disclosing
the compound.

The activity of an aldose reductase inhibitor in a tissue can be determined
by testing the amount of aldose reductase inhibitor that is required to lower tissue
sorbitol (i.e., by inhibiting the further production of sorbitol consequent to blocking
aldose reductase) or lower tissue fructose (by inhibiting the production of sorbito!
consequent to blocking aldose reductase and consequentiy the production of
fructose). While not wishing to be bound by any particular theory or mechanism, it
is believed that an aldose reductase inhibitor, by inhibiting aldose reductase,
prevents or reduces ischemic damage as described hereinafter.

Accordingly, examples of aldose reductase inhibitors useful in the
compositions and methods of this invention include:

1. 3-(4-bromo-2-fluorobenzyl)-3,4-dihydro-4-oxo-1-phthalazineacetic acid
(ponalrestat, US 4,251,528); '

2. N[[(5-triﬂuoromeﬂ1yl)—6-methoxy—1-naphthalenyl]tl'lioxomethyl}-N-
methylglycine (tolrestat, US 4,600,724);

3. 5(Z.E)-p-methyicinnamylidene]-4-oxo-2-thioxo-3-thiazolideneacetic
acid (epalrestat, US 4,464,382, US 4,791,126, US 4,831,045);

4. 3-(4-bromo-2-ﬂuorobenzy()-?-chloro—3.4-dihydro-2,4-dioxo-1(2H)—
quinazolineacetic acid (zenarestat, US 4,734,419, and 4,883,800);

5. 2R.4R-6,7-dichloro-4-hydroxy-2-methyichroman-4-acetic acid (us
4,883410),

6. 2R.4R-6,7-dichioro-6-fluoro~4-hydroxy-2-methylchroman-4-acetic acid
(US 4,883,410);

7. 3.4-dihydro-2,8-diisopropyi-3-oxo-2H-1,4-benzoxazine-4-acetic acid
(US 4,771,050),

8. 3.4-dihydro-3-oxo-4-{(4.5,7—triﬂuoro-2-benzothiazolyl)methyl]-ZHJ 4-
benzothiazine-2-acetic acid (SPR-210, U.S. 5,252,572);

9. N{3,5-dimethyt-4-[(nitromethyl)sulfonyl]phenyl]-2-methyl-
benzeneacetamide (ZD5522, U.S. 5,270,342 and U.S. 5,430,060);

10. (S)-6-fiuorospiro[chroman-4,4'-imidazolidine]}-2,5'-dione (sorbinil, US
4,130,714),

PCT/IB00/00296



WO 00/59510 ' PCT/IB00/00296
! -112-

11. d-2-methyi-6-flucro-spiro(chroman-4’ 4 -imidazolidine)-2',5'-dione (US
4,540,704);
12. 2-fluoro-spiro(9H-fluorene-9,4'~imidazolidine)-2',5'-dione (US
4,438,272);
5 - 13. 2,7-di-fluocro-spiro(9H-fluorene-9,4'—imidazolidine)-2',5'-dione (US
4,436,745, US 4,438,272),
14. 2,7-di-fluoro-5-methoxy-spiro(SH-fluorene-9,4'-imidazolidine)-2',5'-
dione (US 4,436,745, US 4,438,272);
15. 7-ﬂuoro-spiro(5H-indenol[‘i ,2-blpyridine-5,3'-pyrrolidine)-2,5'-dione (US
10 4,436,745, US 4,438,272), v
16. d-cis-6'-chloro-2',3'-dihydro-2'-methyl-spiro-(imidazolidine-4,4'~4'H-
pyrano(2,3-b)pyridine)-2,5-dione (US 4,880,357);
17. spirofimidazolidine-4,5'(6H)-quinoline}-2,5-dione-3'-chioro-7,'8'- -
dihydro-7’-methyl-(5'-cis) (US 5,066,659);
15 18. (2S,4S)-6-fluoro-2',5'-dioxospiro(chroman-4,4'-imidazolidine)-2-
carboxamide (US 5,447,946); and
19. 2-[(4-bromo-2-fiuorophenyl)methyl}-6-fluorospirofisoquinoline-4(1H),3'-
pyrrolidine]-1 2,3,9'(2H)-tetrone (ARI-508, US 5,037,831).
Other aldose reductase inhibitors include compounds having formula AR,
CH,COR'
~ T z X
N\/|§N
20 - '
ARI
or a pharmaceutically acceptable salt thereof, wherein
Zin the compound of formula ARlis O or S;
R' in the compound of formula AR is hydroxy or a group capable of being
25 removed in vivo to produce a compound of formula ARI wherein R' is OH; and
Xand Y in the compound of formula AR! are the same or different and are
selected from hydrogen, trifluocromethyl, fluoro, and chioro.
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A preferred subgroup within the above group of aldose reductase inhibitors
includes numbered compounds 1, 2, 3,4, 5, 6, 9, 10, and 17, and the following
compounds of Formula ARL:

20. 3,4-dihydro-3-(5-fluorobenzothiazol-2-yimethyl)-4-oxophthalazin-1-yi-
acetic acid [R'=hydroxy; X=F; Y=H]; |

21. 3-(5,7-difluorobenzothiazol-2-yimethyl)-3,4-dihydro-4-oxophthalazin-1-
ylacetic acid [R'=hydroxy; X=Y=F];

22. 3-(5-chiorobenzothiazol-2-yimethyl)-3,4-dihydro-4-oxophthalazin-1-
ylacetic acid [R'=hydroxy; X=CI; Y=H];i

23. 3-(5,7-dichiorobenzothiazol-2-yimethy!)-3,4-dihydro-4-oxophthatazin-1-
ylacetic acid [R'=hydroxy; X=Y=CI];

24. 3,4-dihydro-4-oxo-3-(5-trifluoromethylbenzoxazol-2-
yimethyl)phthalazin-1-ylacetic acid [R'=hydroxy; X=CF,, Y=H];

25. 3,4-dihydro-3-(5-fluorobenzoxazol-2-yimethyl)-4-oxophthalazin-1-yl-
acefic acid [R'=hydroxy; X=F; Y=H];

26. 3-(5,7-difluorobenzoxazol-2-yimethyl)-3,4-dihydro-4-oxophthalazin-1-
ylacetic acid [R'=hydroxy; X=Y=F];

) 27. 3-(5-chlorobenzoxazol-2-yimethyl)-3,4-dihydro-4-oxophthalazin-1-
yiacetic acid [R'=hydroxy; X=Cl; Y=H];

28. 3-(5,7-dichlorobenzoxazol-2-yimethyl)-3,4-dihydro-4-oxophthatazin-1-
ylacetic acid [R‘=hydroxy; X=Y=Cl}; and

29. zopolrestat; 1-phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[[5-
(trifluoromethyl)-2-benzothiazolyljmethyl]- [R'=hydroxy; X=trifluoromethyl; Y=H].

In compounds 20-23, and 28 Zis S. in compounds 24-28, Z is O.

Of the above subgroup, compounds 20-29 are more preferred with 29
especially preferred.

An especially preferred aldose reductase inhibitor is 1-phthalazineacetic
acid, 3,4-dihydro-4-oxo-3-[[5-trifluoromethyl)-2-benzothiazolyljmethyl]-.

The term “acyl radical of a carboxylic acid aldose reductase inhibitor” refers
to any of the above-mentioned aldose reductase inhibitors which contains a
carboxylic acid group in which the carboxylic acid group is replaced with a carbonyi
radical.
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The aldose reductase inhibitor compounds of this invention are readily
available or can be easily synthesized by those skilled in the art using conventional
methods of organic synthesis, particularly in view of the pertinent patent
specification descriptions. .

An amount of the aldose reductase inhibitbr of this invention that is effective
for the activities of this invention may be used. Typically, an effective dosage for the
aldose reductase inhibitors of this invention is in the range of about 0.1 mg/kg/day to
100 mg/kg/day in single or divided doses, preferably 0.1 mg/kg/day to 20 mg/kg/day in
single or divided doses. |

Any sodium hydrogen ion exchange (NHE-1) inhibitor may be used as the
second compound (active agent) of this invention for combination therapies. The term
NHE-1 inhibitor refers to compounds which inhibit the sodium/proton (Na*/H*)
exchange transport system and hence are useful as a therapeutic or prophylactic
agent for diseases caused or aggravated by the acceleration of the sodium/proton
(Na*/H") exchange transport system, for example, cardiovascular diseases [e.g.,
arteriosclerosis, hypertension, arrhythmia (e.g. ischemic arthythmia, arrhythmia due to
myocardial infarction, myocardial stunning, myocardial dysfunction, arrhythmia after
PTCA or after thrombolysis, etc.), angina pectoris, cardiac hypertrophy, myocardial
infarction, heart failure (e.g. congestive heart failure, acute heart failure, cardiac
hypertrophy, etc.), restenosis after PTCA, PTCI, shock (e.g. hemorrhagic shock,
endotoxin shock, ete.)], renal diseases (e.g. diabetes meliitus, diabetic nephropathy,
ischemic acute renal failure, etc.) organ disorders associated with ischemia or
ischemic reperfusion [e.g. heart muscle ischemic reperfusion associated disorders,
acute renal failure, or disorders induced by surgical treatment such as coronary artery
bypass grafting (CABG) surgeries, vascular surgeries, organ transplantation, non-

_ cardiac surgeries or percutaneous transluminal coronary angioplasty (PTCA)],
cerebrovascular diseases (e.g. ischemic stroke, hemorrhagic stroke, etc.), cerebro
ischemic disorders (e.g. disorders associated with cerebral infarction, disorders
caused after cerebral apoplexy as sequelae, or cerebral edema. NHE-1 inhibitors can
also be used as an agent for myocardial protection during coronary artery bypass
grafting (CABG) surgeries, vascular surgeries, percutaneous transluminal coronary
angioplasty (PTCA), PTCI, organ transplantation, or non-cardiac surgeries. The utility
of NHE-1 inhibitors as medical agents in the treatment of diseases, such as are
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detailed herein in mammals (e.g. humans) for example, myocardial protection during
surgery or mycardial protection in patients presenting with ongoing cardiac or cerebral
ischemic events or chronic cardioprotection in patients with diagnosed coronary heart
disease, or at risk for coronary heart disease, cardiac dysfunction or myocardial
stunning is demonstrated by the activity of the compounds of formuta | of this
invention in conventional preciinical cardioprofection assays [see the in vivo assay in
Klein, H. et al., Circulation 82:912-917 (1895); the isolated heart assay in Scholz, W.
et al., Cardiovascular Research 29:260-268 (1995); the anﬁarrhythrnic assay in
Yasutake M. et al., Am. J. Physiol., 36:H2430-H2440 (1994); the NMR assay in Kolke
et al., J. Thorac. Cardiovasc. Surg. 112: 765-775 (1996)] and the additional in vitro
and in vivo assays described below. Such assays also provide a means whereby the
activities of the compounds of formula | of this invention can be compared with the
activities of other known compounds. The results of these comparisons are useful fof
determining dosage levels in mammals, including humans, for the treatment of such
diseases. ,

NHE-1 inhibitors are disciosed in U.S. Pat. No. 5,698,581, European Patent
Application Publication No. EP 803 501 A1, Intemnational Patent Application
Publication Nos. WO 94/26709 and PCT/JP387/04650, each of which is incorporated
herein by reference. The NHE-1 inhibitors disclosed therein have utility in the
combination of this invention. Said NHE-1 inhibitors can be prepared as disclosed
therein. |

Preferred NHE-1 inhibitors include compounds of the formuia NHE,

z N NH,
i
O  NH,

NHE
a prodrug thereof or a phammaceutically acceptable salt of said compound or
of said prodrug, wherein
Z in the compound of formula NHE is carbon connected and is a five-
membered, diaza, diunsaturated ring haying two contiguous nitrogens, said |
ring optiortally mono-, di-, or tri-substituted with up to three substituents-
independently selected from R', R? and R®;
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or

Z in the compound of formula NHE carbon connected and is a five-
membered, triaza, diunsaturated ring, said ring optionally mono- or di-
substituted with up to two substituents independently selected from R* and R,

wherein R', R?, R®, R* and R® in the compound of formula NHE are
each independently hydrogen, hydroxy-(C,-C,)alkyl, (C,-C,)alkyl, (C,-
C.)alkyithio, (C;-C,)cycloalkyl, (C,-C;)eycloalkyl(C,-C,)alkyl, (C4-Cyalkoxy, (C,-
C,)alkoxy(C,-C,)alkyl, mono-N- or di-N,N-(C,-C,)alkyicarbamoyl, M or M(C,-
C.)alkyl, any of said previous (C,-C,)alkyl moieties optionally having from one
to nine fluorines; said (C,-C,)alkyl or (C,-C,)cycloalkyl optionally mono-or di-
substituted independently with hydroxy, (C,-C,)alkoxy, (C,-C,)alkyithio, (C,-
C.)alkylisulfinyl, (C,-C,)alkylsulfonyl, (C,-C,)alkyl, mono-N- or di-N,N-(C,-
C,)alkylcarbamoyl or mono-N- or di-N,N-(C,-C,)alkylaminosulfonyl; and said |
(C;-C,)cycloalkyl optionally having from one to seven fluorines;

wherein M in the compound of formula NHE is a partially saturated,
fully saturated or fully unsaturated five to eight membered ring optionally
having one to three heteroatoms selected independently from oxygen, sulfur
and nitrogen, or, a bicyclic ring consisting of two fused partially saturated, fuily
saturated or fully unsaturated three to six membered rings, taken
independently, optionally having one to four heteroatoms selected
independently from nitrogen, sulfur and oxygen;

said M in the compound of formula NHE is optionally substitutéd. on
one ring if the moiety is monocyclic, or one or both rings if the moiety is
bicyclic, on carbon or nitrogen with up to three substituents independently
selected from R®, R” and R®, wherein one of R%, R” and R®is optionally a
partially saturated, fully saturated, or fully unsaturated three to seven
membered ring optionally having one to three heteroatoms selected
independently from oxygen, sulfur and nitrogen optionally substituted with (C,-
C.)alkyl and additionally R®, R” and R® are optionally hydroxy, nitro, halo, (C,-
CJalkoxy, (C,-C,)alkoxycarbonyl, (C,-C,)alkyl, formyi, (C,-C,)alkanoyl, (C,-
C.)alkanoyloxy, (C,-C,)alkanoylamino, (C,-C,)alkoxycarbonylamino,
sulfonamido, (C,-C,)alkyisulfonamido, amino, mono-N- or di-N,N-(C,-
C.)alkylamino, carbamoyl, mono-N- or di-N,N-(C,-C )alkylcarbamoyl, cyano,
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thiol, (C,-C.)alkyithio, (C,-C,)alkyisulfinyl, (C,-C,)alkylsulfonyl, mono-N- or di-
N,N-(C,-C,)alkylaminosulfony!, (C,-C.)alkenyl, (C,-C.)alkynyl or (Cs-
C,)cycloalkenyt,
wherein said (C,-C,)alkoxy, (C,-C.)alkyl, (C,-C,)alkanoyl, (C,-C,)alkylthio,
mono-N- or di-N,N-(C,-C,)alkylamino or (C,-C;)cycloalkyl R®, R’ and R® substituents
are optionally mono- substituted independently with hydroxy, (C,-C,)alkoxycarbony,
(C4-Cy)eycloalkyl, (C,-C,)alkanoyl, (C,-C,)alkanoytamino, (C,-C,)alkanoyloxy, (C,-
C,)alkoxycarbonylamino, sulfonamido, _(C1-C4)alkyisulfonamido. amino, mono-N- or di-
N,N-(C,-C,)alkylamino, carbamoyl, mono-N- or di-N,N-(C,-C,)alkylcarbamoyl, cyano,
thiol, nitro, (C,-C,)alkylthio, (C,-C,)alkylsulfinyl, (C-C,)alkylsulfonyl or mono-N- or di-
N,N-(C,-C,)alkylaminosulfonyl or optionally substituted with one to nine fluorines.
Especially preferred NHE-1 inhibitors include {1-(8-bromogquinofin-5-
yl)-5-cyclopropyl-1H-pyrazole-4-carbonyljguanidine; [1-(6-chloroquinolin-3-yf)-
5-cyclopropyl-1H-pyrazole-4-carbonyl]jguanidine; [1-(indazol-7-yl)-5-
cyclopropyi-1H-pyrazole-4-carbonyllguanidine; [1-(benzimidazol-5-yl}-5-
cyclopropyl-1H-pyrazole-4-carbonyflguanidine; [1-(1-isoquinolyl)-5-
cyciopropyl-1H-pyrazole-4-carbonyfjguanidine; [5-cyciopropyl-1-(4-quinolinyl)-
1H-pyrazole-4-carbonyllguanidine; [5-cyciopropyi-1-(quinolin-5-yi)-1H-
pyrazole-4-carbonyljguanidine; [5-cyclopropyi-1-(quinolin-8-yl)-1H-pyrazole-4-
carbonyljguanidine; [1-(indazol-6-yl)-5-ethyl-1H-pyrazole-4-
carbonyllguanidine; [1-(indazol-5-yl}-5-ethyl-1H-pyrazole-4-
carbonyljguanidine; [1-(benzimidazol-5-yl}-5-ethyl-1H-pyrazole-4-
carbonyljguanidine; [1-(1-methylbenzimidazol-6-yl)-5-ethyl-1H-pyrazole-4-
carbonyl]guanidine; 1-{5-quinolinyl)-5-n-propyi-1H-pyrazole-4-
carbonyf]guanidine; [1-(5-quinolinyl}-5-isopropyl-1H-pyrazole-4-
carbonyi]guanidine; [5-ethyl-1-(6-quinolinyl)-1H-pyrazole-4-
carbonyljguanidine; [1-(2-methylbenzimidazol-5-yl)-5-ethyl-1H-pyrazole-4-
carbonyf]guanidine; [1-(1,4-benzodioxan-6-yl}-5-ethyl-1H-pyrazole4-
carbonyf]guanidine; [1-(benzotriazol-5-yi}-5-ethyi-1H-pyrazole-4-
carbonyljguanidine; [1-(3-chloroindazol-5-yl)-5-ethyl-1H-pyrazole-4-
carbonyl]guanidine; [1-(5-quinolinyl)-5-butyl-1H-pyrazole-4-
carbonyljguanidine; [5-propyl-1-(6-quinolinyl)-1H-pyrazole-4-
carbonyl]guanidine; [S-isopropyi-1-(6-quinolinyl)-1H-pyrazole-4-
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carbonyl]guanidine; [1-(2-chloro-4-methylsulfonyiphenyl)-5-cyclopropyi-1H-
pyrazole-4-carbonyljguanidine; [1-(2-chlorophenyl)-5-cyclopropyl-1H-pyrazole-
4-carbonyl]guanidine; [1-(2-trifluoromethyl-4-fluorophenyl)-5-cyclopropyl-1H-
pyrazole-4-carbonyllguanidine; [1-(2-brorophenyl)-5-cyclopropyi-1H-
pyrazole-4-carbonyllguanidine; [1-(2-flucrophenyl)-5-cyclopropyl-1H-pyrazole-
4-carbonyl}guanidine; [1-(2-chloro-5-methoxyphenyi)-5-cyclopropyi-1H-
pyrazole-4-carbonyllguanidine; [1-(2-chloro-4-methylaminosulfonylphenyl)-5-
cyclopropyl-1H-pyrazole-4-carbonylfjguanidine; [1-(2,5-dichlorophenyl)-5-
cyclopropyl-1H-pyrazole-4-carbonyllguanidine; [1-(2,3-dichlorophenyl)-5-
cyclopropyl-1H-pyrazole-4-carbonyflguanidine; [1-(2-chloro-5-
aminocarbonylphenyl)-5-cyclopropyl-1H-pyrazole-4-carbonylilguanidine; [1-(2-
chloro-S-aminosulfonylphenyl)-5-cyclopropyl-1H-pyrazole-4-
carbonyijguanidine; [1-(2-fluoro-6-trifluoromethylphenyl)-5-cyclopropyi-1H-
pyrazole-4-carbonyljguanidine; [1-(2-chloro-5-methylsulfonyiphenyt)-5-
cyclopropyl-1H-pyrazole-4-carbonyljguanidine; [1-(2-chloro-5-
dimethylaminosulfonylphenyl)-5-cyclopropyl-1H-pyrazole—4-
carbonyl]guanidine; [1-(2-trifluoromethyi<4-chiorophenyl)-5-cyclopropyl-1H-
pyrazole-4-carbonyllguanidine; [1-(2-chloropﬁenyl)-5—methyl-1 H-pyrazole-4-
carbonylflguanidine; {5-methyl-1-(2-trifiuoromethylphenyl)- 1H-pyrazole-4-
carbonyilguanidine; [5-ethyl-1-phenyl-1H-pyrazole-4-carbonyljguanidine; [5-
cyc!bpropyM -(2-trifiuoromethyiphenyl)-1H-pyrazole-4-carbonyljguanidine; [5-
cyclopropyl-1-phenyl-1H-pyrazole-4-carbonyljguanidine; [5-cyclopropyl-1-(2,6-
dichiorophenyl)-1H-pyrazole-4-carbonyljguanidine or or a pharmaceutically
acceptable salt thereof.

The preferred and especially preferred NHE-1 inhibitors disclosed in the above

two paragraphs can be prepared according to methods set forth in Intemational

Patent Application No. PCT/IB99/00206 or as set forth below, where the variables in

the following schemes and description refer only to the NHE-1 compounds.
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According to Scheme 1, the Formula -a compound, wherein R* is as described
above for the compound of formula NHE, is dissolved or suspended in an aqueous
alkali metal hydroxide solution (e.g. 1 N sodium hydroxide) along with sodium nitrite
and the mixture is added to an aqueous acidic solution (e.g. 10% vV sulfuric acid) ata
pHofaboutOata temperature of about 0°C to about 5°C-for about 30 min to about 1
hour. The resulting mixture is filtered to yield the Formula I-b oxime. Alternatively, the
Formula -a compound is dissolved in 1:1 acetic acid/propionic acid and solid sodium
nitrite is added at about 0°’C. The reaction mixture is stirred at about 0°C for about 2
hours, then poured into ice water and the Formula I-b oxime is obtained by filtration.

The Formula I-b compound is reacted with a Formula i-c compound, wherein

RS is as described above for the compound of formula NHE in a protic solvent such as
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ethanol at a temperature of about 50°C to about 110°C for about 10 min to about 1
hour to form the Formula I-d hydrazone.

The Formuia I-d hydrazone is cyclized and hydrolyzed to the Formula f-e
triazole in an alcoholic solvent such as 2-ethoxyethano! under basic conditions (e.g.,
potassium hydroxide) at a témperature of ébout 100 °C to about 175°C for about 1/2
hour to about 2 hours followed by acidification to yield the Formula I-e triazole acid.

The Formula l-e acid is coupled with guanidine in the presence of a suitable
coupling agent. A suitable coupling agent is one which transforms a carboxylic acid
into a reactive species which forms an amide linkage on reaction with an amine.

The coupling agent may be a reagent which effects this condensation in a one
pot process when mixed together with the carboxyiic acid and guanidine. Exemplary
coupling reagents are 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride-
hydroxybenzotriazole (EDC/HBT),
dicyclohexylcarbodiimide/hydroxybenzotriazole(HBT), 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline (EEDQ), and diethylphosphoryicyanide. The coupling is performed
in an inert solvent, preferably an aprotic solvent at a temperature of about -20°C to
about 50°C for about 1 to about 48 hours, in the presence of excess guanidine as
base. Exemplary solvents include acetonitrile, dichloromethane, dimethylformamide
and chioroform or mixtures thereof. _

The coupling agent may also be that agent which converts the carboxyiic acid
to an activated intermediate which is isolated and/or formed in a first step and aliowed
to react with guanidine in a second step. Examples of such coupling agents and
activated intermediates are thionyl chioride or oxalyl chloride to form the acid chioride,
cyanuric fluoride to form an acid fluoride or an alkyl chioroformate such as isobutyl or
isopropenyl chioroformate or propanephosphonic anhydride (propanephosphonic acid
anhydride, PPA) (with a tertiary amine base) to form a mixed anhydride of the
carboxylic acid, or carbonyidiimidazole to form an acylimidazole. If the coupling agent
is oxalyl chloride, it is advantageous to employ a small amount of dimethylformamide
as cosolvent with another solvent (such as dichloromethane) to catalyze the formation
of the acid chloride. This activated acid derivative may be coupled by mixing with
excess guanidine in an appropriate soivent together with an appropriate base.
‘Appropriate solventbase combinations are for example, dichloromethane,
dimethylformamide or acetonitrile or mixtures thereof in the presence of excess
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guanidine as base. Other appropriate solvent/base combinations include water or a
(C,-Cs)alcohol or a mixture thereof together with a cosolvent such as
dichioromethane, tetrahydrofuran or dioxane and a base such as sodium, potassium
or lithium hydroxide in sufficient quantity to consume the acid liberated in the reaction.’
Use of these coupling agents and appropriate selection of solvents and temperatures
are known to those skifled in the art or can be readily determined from the literature.
These and other exemplary conditions useful for coupling carboxylic acids are
described in Houben-Weyl, Vol XV, part lI, E. Wunsch, Ed., G. Theime Verag, 1974,
Stuttgart; M. Bodansky, Principles of Peptide Synthesis, Springer-Veriag, Beriin 1984;
and The Peptides, Analysis, Synthesis and Biology (ed. E. Gross and J. Meienhofer),
vols 1-5 (Academic Press, NY 1979-1983).
According to Scheme Il, the Formula li-a primary amine wherein R® is as

described above for the compound of formula NHE is reacted with a Formula Ii-b a-

- diazo-B-keto-ester wherein R* is as described above for the compound of formula -

NHE, and R is lower alkyl, in the presence of titanium tetrachioride analogously to the
method described in Eguchi S. et al. Synthesis 1993, 793 to form the Formula li-c
triazole carboxylic acid ester. The Formula lic estef is converted directly to the
acylguanidine li-d by reaction with guanidine in an alccholic solvent at a temperature
of about 60 to about 110°C, preferably refluxing methanol, for a period of 8 to 20
hours. .

According to Scheme lil, the Formula lil-a compound wherein R* and R® are
as described above for the compound of formula NHE is treated with Lawesson's
reagent (i.e., 2.4-bis(4-memoxyphenyl)-1,3—dithia-2,4-diphosphetane-2,4—disulﬁde) in
an aprotic solvent such as dimethoxyethane at a temperature of about 20°C to about
120°C for about one to eight hours. The resulting thioamide is treated with an
alkylating agent such as methyl iodide in a polar, inert solvent such as acetone,
conveniently at ambient temperature for about eight hours to about forty-eight hours.
The resulting compound is reacted with anhydrous hydrazine in an alcoholic solvent
at a temperature of about 0°C to about 25°C for about one to eight hours to provide
the Formula lll-b compound (analogously as described in Doyle and Kurzer,
Synthesis 1974, 583).

The Formula lll-b compound is treated with a monoalkyloxaly! chloride in an

aprotic solvent at a temperature of about 25°C to about 50°C for about one to eight
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hours to provide the Formula lii-c carboxylic ester compound wherein R is lower alkyl.
The Formula ili-c ester is directly coupled with guanidine in an alcoholic solvent at a
temperature of about 60°C to about 110 °C, preferably refluxing methano!, for a period
of eight to twenty hours, to prepare the Formula

lli-d triazole carbonyl guanidines.

According to Scheme IV the Formula IV-a compound wherein R®is as
described above for the compound of formula NHE is treated with methyl iodide in an
inert solvent, conveniently at ambient temperature for about four to twenty-four hours.
The resulting compound is reacted with anhydrous R*-hydrazine (wherein R* is as
described above for the compound of formuta NHE) in an alcoholic solvent at a
temperature of about 0°C to about 25°C for about one to eight hours to provide the
Formula IV-b amidrazone compound (analogously as described in Doyle and Kurzer,
Synthesis 1974, 583). _

The Formula IV-b compound is treated with a monoalkyloxaly! chioride in an
aprotic solvent at a temperature of about 25°C to about 50°C for about one to eight
hours to provide the Formula IV-c carboxylic ester compound wherein R is lower alkyl.
The Formula IV-c ester is directly coupled with guanidine in an alcoholic solvent at a
temperature of about 60°C to about 110°C, preferably refiuxing methanol, for a period
of eight to twenty hours to prepare the Formula [V-d triazole carbonyl guanidines.

According to Scheme V the Formula V-a compound wherein R’ is as
described above for the compound of formuta NHE is combined with excess
(CH,0),C(R*N(CH;), (N,N-dimethyl amide dimethyl acetal) wherein Rlisas
described above for the compound of formuta NHE, optionally in the presence of an
acid catalyst such as p-toluenesulfonic acid at a temperature of about 80°C to about .
110°C for about one to about two hours to prepare the Formula V-c compound above.

The Formula V-¢c compound is cyclized with a Formula V-d compound,
wherein R? is as described above for the compound of formula NHE, in an inert
solvent such as ethanol at a temperature of about 20°C to about 30°C for about 5
minutes to about one hour followed by heating to a temperature of about 70°C to
about 110°C for about two hours to about four hours to form the Formula V-f pyrazole.

Alternatively, according to Scheme V the Formula V-a compound, wherein R’
is as described above for the compound of formula NHE, is combined with a
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triethylorthoester (i.e., R*C(OEt), wherein R’ is as described above for the compound
of formula NHE) and acetic anhydride at a temperature of about 120°C to about 150
°C for about two to about five hours to prepare the Formula V-b compound.

The Formula V-b compound is cyclized with a Formula V-d compound,
wherein R?is as described above for the compound of formula NHE, to form the
Formuia V-c pyrazoie.

The Formula V-c pyrazole is hydrolyzed with a base such as sodium
hydroxide or lithium hydroxide in a solvent such as water and/or methano! and/or THF
conveniently at ambient temperature or at elevated temperature (e.g., refiux) for about
one hour to about five hours to prepare the Formula V-f acid.

The Formula V-f acid is coupled with guanidine in the presence of a suitable

_coupling agent as described for the above coupling of the Formula l-e acid and

guanidine. In one embodiment, the Formula V-f acid is activated with thionyl chiloride
at a temperature of about 60°C to about 80°C for about fifteen minutes to about two
hours. The resulting activated acid chloride is combined with guanidine hydrochloride
and an inorganic base (e.g., sodium hydroxide) in anhydrous tetrahydrofuran and
optionally methanol and/or water. The solution is heated, conveniently at reflux, for
about one hour to about eight hours to prepare the Formula V-g compound.
Alternatively according to Scheme V the Formula V-e compound can be
directly converted to the Formula V-g compound by several methods. For example,
the Formula V-e compound can be heated in the presence of excess guanidine, in a
polar protic solvent for example, methanol or isopropanol at a suitable temperature
conveniently, at reflux for about one to about seventy-two hours. This transformation
may also be performed by repeatedly removing the solvent, for example removing
ethanol or toluene about four times, from a mixture of the Formula V-e compound and
excess guanidine at a pressure of about one to about 100 mmHg and ata
temperature of about 25°C to about 85°C. This reaction may also be performed in the
absence of solvent by heating the mixture of the Formula V-e compound and excess
guanidine at a temperature of about 100°C to about 180°C, optionally at about a
pressure of about 1 to about 100 mmHg for about five minutes to about eight hours.
According to Scheme VI, the Formula Vi-a compound, wherein R* is as
described above for the compound of formula NHE, is reacted with the Formula Vi-b
compound, wherein R* and R? are as described above for the compound of formula
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NHE, in an aprotic solvent at a temperature of about 0°C to about 25°C for about two
hours to about twenty-four hours in the presence of an appropriate amine base, such
as triethylamine, to form the Formula Vi-c compound.

The resulting Formuta VI-c compound is hydrolyzed and coupled with
guanidine using one of the methods described in eariier Schemes, such as the
method employing carbonyldiimidazole, to form the Formula VI-d compound.

According to Scheme Vi, the Formula Vii-a hydrazine, wherein R®*is as
described above for the compound of formula NHE, is reacted with the appropriate
Formula VlI-b compound to form the Formula Vli-c pyrazole ester wherein Ris lower
alkyl according to the method of Bajnati, A. and Hubert-Habart, M. Bull. Soc. Chim.
France 1988, 540. The resulting pyrazole ester is converted to the Formula Vii-d acyl
guanidine using the hydrolysis and coupling methods described above.

According to Scheme VIIL, the Formula Viil-a compound wherein R? and R
are as described above for the compound of formula NHE is transformed to the
Formula VIl-b lithium salt where R is lower alkyl according to the method described in
J. Het. Chem. 1 989, 26, 1389. The Formula VIil-b lithium salt is combined with the
Formula Vil hydrazine, wherein R*is as described above for the compound of
formula NHE, in an inert solvent such as ethanol, in the presence of a minerél acid, at
a temperature of about 20°C to about 30°C for about five minutes to about one hour
followed by heating to a temperature of about 70°C to about 110°C for two hours to
about four hours to form both the Formuta Viii-d and Vill-e pyrazoles. The Formula
VIli-d and Viii-e pyrazoles are converted to the Formuta Vili-f and Villg acyl |
guanidines respectively using the hydrolysis and coupling methods described above.
Some of the methods useful for the preparation of the compounds described herein
may require prbtecﬁon of remote functionality (e.g., primary amine, secondary amine,
carboxyl in Formuia | precursors). The need for such protection will vary depending on
the nature of the remote functionality and the conditions of the preparation methods.
The need for such protection is readily determined by one skilled in the art. The use of
such protection/deprotection methods is also within the skill in the art. For a general
description of protecting groups and their use, see T.W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991. ‘

The compounds of formula 1 of the present invention, when used in

' combination with NHE-1 inhibitors, inhibit the sodium/proton (Na*/H’) exchange
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transport system and hence are useful as a therapeutic of prophylactic agent for
diseases caused or aggravated by the acceleration of the sodium/proton (Na'/H‘)
exchange transport system, for example, cardiovascular diseases [e.q..
arterioscierosis, hypertension, arrhythmia (e.g. ischemic arrhythmia, arrhythmia due to
myocardial infarction, myocardial stunning, myocardial dysfunction, arrhythmia after
PTCA or after thrombolysis, etc.), angina pectoris, cardiac hypertrophy, myocardial
infarction, heart failure (e.g. congestive heart failure, acute heart failure, cardiac -
hypertrophy, etc.), restenosis after PTCA, PTCl, shock (e.g. hemorrhagic shock,
endotoxin shock, etc.)}, renal diseases (e.g. diabetes mellitus, diabetic nephropathy.
ischemic acute renal failure, etc.) organ disorders associated with ischemia or
ischemic reperfusion [e.g. heart muscle ischemic reperfusion associated disorders,
acute renal failure, or disorders induced by surgical treatment such as coronary artery
bypass grafting (CABG) surgeries, vascular surgeries, organ transplantation, non-
cardiac surgeries or percutaneous transluminal coronary angioplasty (PTCA)L,
cerebrovascular diseases (e.g. ischemic stroke, hemorrhagic stroke, etc.), cerebro
ischemic disorders (e.g. disorders associated with cerebral infarction, disorders
caused after cerebral apoplexy as sequelae, or cerebral edema.

Preferably, the compounds of formula 1 of this invention can be used in
combination with NHE-1 inhibitors as agents for myocardial protection before, during,
or after coronary artery bypass grafting (CABG) surgeries, vascular surgeries,
percutaneous transiuminal coronary angioplésty (PTCA), organ transplantation, or

non-cardiac surgeries.

Preferably, the compounds of formula | of this invention can be used in
combination with NHE-1 inhibitors as agents for mydcardial protection in patients
presenting with ongoing cardiac (acute coronary syndromes, €.g. myocardial
infarction or unstable angin“a) or cerebral ischemic events (e.g. stroke).

Preferably, the compounds of formula 1 of this invention can be used in
combination with NHE-1 inhibitors as agents for chronic myocardial protection in
patients with diagnosed coronary heart disease (e.g. previous myocardial infarction or
unstable angina) or patients who are at high risk for myocardial infarction (age greater
than 65 and two or more fisk factors for coronary heart disease).

in addition, a combination of the compounds of formula | of this invention with
NHE-1 inhibitors has a strong inhibitory effect on the profiferation of cells, for example

PCT/B00/00296
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the proliferation of fibroblast cells and the proliferation of the smooth muscle cells of
the blood vessels. For this reason, the combination of the compounds of formula i of
this invention with NHE-1 inhibitors of this invehtion is a valuable therapeutic agent for
use in diseases in which cell proliferation represents a primary or secondary cause
and may, therefore, be used as antiatherosclerotic agents, and as agents against
diabetic late complications, cancerous diseases, fibrotic diseases such as pulmonary
fibrosis, hepatic fibrosis or renal fibrosis, glomerutar nephrosclerosis, organ
hypertrophies or hyperplasias, in particutar hyperplasia or hypertrophy of the prostate,
pulmonary fibrosis, diabetic complications or recurrent stricture after PTCA, or
diseases caused by endothelial cell injury.

The utility of the combination of compounds of the present invention with NHE-
1 inhibitors as medical agents in the treatment of diseases, such as are detailed
herein in mammals (e.g. humans) for example, myocardial protection during surgery
or mycardial protection in patients presenting with ongoing cardiac or cerebral
ischemic events or chronic cardioprotection in patients with diagnosed coronary heart
disease, or at risk for coronary heart disease, cardiac dysfunctiori_or myocardial
stunning is demonstrated by the activity of said combination in conventional preciinical
cardioprotection assays [see the in vivo assay in Klein, H. et al,, Circulation 92:912-
917 (1995); the isolated heart assay in Scholz, W. et al., Cardiovascular Research
29:260-268 (1995); the antiarhythmic assay in Yasutake M. et al., Am. J. Physiol.,
36:H2430-H2440 (1994); the NMR assay in Kolke et al., J. Thorac. Cardiovasc. Surg.
112: 765-775 (1996)] and the additional in vitro and in vivo assays described below.
Such assays also provide a means whereby the activities of the compounds of
formula | of this invention can be compared with the activities of other known
compounds. The results of these comparisons are useful for determining dosage
levels in mammals, including humans, for the treatment of such diseases.

Measurement of Human NHE-1 Inhibitory Activity

Methodologies for measurement of human NHE-1 activity and inhibitor
potency are based on those published by Watson et al., Am. J. Physiol., 24:G229-
G238, 1991), where NHE-mediated recovery of intraceliular pH is measured following
intraceliular acidification. Thus, fibroblasts stably expressing human NHE-1
(Counilion; L. et al., Mol. Pharmacol., 44:1041-1045 (1993) are plated onto collagen
coated 96 well plates (50,000/well) and grown to confluence in growth media (DMEM
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high glucose, 10% fetal bovine serum, 50 u/mi penicillin and streptomycin). Confiuent
plates are incubated for 30 minutes at 37°C with the pH sensitive fiuorescent probe
BCECF (5 uM; Molecular Probes, Eugene, OR). BCECF loaded cells are incubated
for 30 minutes at 37°C in acid loading media (70 mM choline chloride, 50 mM NHCL,, 5
mM KCI, 1 mM MgCl,, 1.8 mM CaCl,, 5 mM glucose, 10 mM HEPES, pH 7.5), and
then placed in a Fluorescent Imaging Plate Reader (Molecular Devices, CA). BCECF
fluorescence is monitored using excitation and emission wavelengths of 485 nM and
525 nM, respectively. Intraceliutar acidification is initiated via rapid replacement of

~acid loading media with recovery media (120 mM NaCl, 5 mM KCt, 1 mM MgCl,, 1.8

mM CaCl,, 5 mM glucose, 10 mM HEPES, pH 7.5) = test combination, and NHE-
mediated recovery of intraceliutar pH is monitored as the subsequent time-dependent
increase BCECF fiuorescence. The potency of the combinations of the compounds of
formula | of this invention with NHE-1 inhibitors is calculated as the concentration that
reduces recovery of intraceliular pH by 50% (ICso)- Under these conditions reference
NHE inhibitors amiloride and HOE-642 had ICs, vaiues for human NHE-1 of 50 uM
and 0.5 uM, respectively.

As background information, it is noted that brief periods of myocardial
ischemia followed by coronary artery reperfusion protects the heart from subsequent
severe myocardial ischemia (Murry et al., Circulation 74:1124-1136, 1986).

The therapeutic effects of the combination of the compounds of formula | of
this invention with NHE-1 inhibitors in preventing heart tissue damage resulting from
an ischemic insult can be demonstrated in vitro along lines presented in Liu et al.
(Cardiovasc. Res., 28:1057-1061, 1994), as described specifically herein.
Cardioprotection, as indicated by a reduction in infarcted myocardium, can be induced
pharmacologically using adenosine receptor agonists in isolated, retrogradely
perfused rabbit hearts as an in vitro mode! of myocardial ischemic preconditioning (Liu
et al., Cardiovasc. Res., 28:1057-1061, 1994). The in vito test described below
demonstrates that a test compound or, in this case a test combination (i.e., a
combination of a compound of formula | with an NHE-1 antagonist) can also
pharmacologicaily induce cardioprotection, i.e., reduced myocardial infarct size, when
administered to a rabbit isolated heart. The effects of the test combination are
compared to ischemic preconditioning and the A1/A3 adenosine agonist, APNEA (N°-
[2-(4-aminophenyl)ethyf]adenosine). that has been shown to pharmacologically



10

15

20

25

30

WO 00/59510 ' PCT/IB00/00296

-132-

induce cardioprotection in the rabbit isotated heart (Liu et al., Cardiovasc. Res.,
28:1057-1061, 1994). The exact methodology is described below.

The protocol used for these experiments closely follows that described by Liu
et al., Cardiovasc. Res., 28:1067-1061, 1994, Male New Zealand _White rabbits (34
kg) are anesthetized with sodium pentobarbital (30 mg/kg, i.v.). After deep anesthesia
is achieved (determined by the absence of an ocular blink reflex) the animal is
intubated and ventilated with 100% O, using a positive pressure ventilator. A left
thoracotomy is performed, the heart exposed, and a snare (2-0 silk) is placed loosely
around a prominent branch of the left coronary artery, approximately 2/3 of the
distance towards the apex of the heart. The heartis removed from the chest and
rapidly (<’30 sec) mounted on a Langendorft apparatus. The heart is retrogradely
perfused in a non-recirculating manner with a modified Krebs solution (NaCl 118.5
mM, KCI 4.7 mM, Mg SO, 1.2 mM, KH,PO, 1.2 mM, NaHCO, 24.8 mM, CaCl, 2.5
mM, and glucose 10 mM), at a constant pressure of 80 mmHg and a temperature of
37°C. Perfusate pH is maintained at 7.4-7.5 by bubbling with 85% O,/5% CO,. Heart
temperature is tightly controlled by using heated reservoirs for the physiological
solution and water jacketing around both the perfusion tubing and the isolated heart.
Heart rate and left ventricular pressures are determined via a latex balioon which is
inserted in the left ventricle and connected by stainless steel tubing to a pressure

transducer. The intraventricular balloon is inftated to provide a systolic pressure of 80-

100 mmHg, and a diastolic pressure < 10 mmHg. Total coronary flow is also
continuously monitored using an in-line flow probe and normalized for heart weight.

The heart is allowed to equilibrate for 30 minutes, over which time the heart
must show stable left ventricular pressures within the parameters outlined above. if
the heart rate falls below 180 bpm at any time prior to the 30 minutes period of
regional ischemia, the heart is paced at about 200 bpm for the remainder of the
experiment. Ischemic preconditioning is induced by total cessation of cardiac
perfusion (global ischemia) for § minutes, followed by reperfusion for 10 minutes. The
regional ischemia is provided by tightening the snare around the coronary artery
branch. Following the 30 minutes regional ischemia, the snare is released and the
heart reperfused for an additional 120 minutes.

Pharmacological cardioprotection is induced by infusing the test combination,
i.e., 2 combination of a compound of formula | with an NHE-1 inhibitor, at
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predetermined concentrations, starting 30 minutes prior to the 30 minutes regional
ischemia, and continuing until the end of the 120 minutes reperfusion period. Hearts
which receive the test combination do not undergo the period of ischemic
preconditioning. The reference compound, APNEA (500 nM) is perfused through
hearts (which do not receive the test compound) for a 5 minutes period which ends 10
minutes before the 30 minutes regional ischemia.

At the end of the 120 minutes reperfusion period, the coronary artery snare is
tightened, and a 0.5% suspension of flucrescent zinc cadmium sulfate particles (1-10
uM) Duke Scientific Corp.(Palo Alto, CA) is perfused through the heart; this stains all
of the myocardium, except that area-at-risk for infarct development (area-at-risk). The
heart is removed from the Langendorff apparatus, blotted dry, wrapped in aluminum
foil and stored overnight at -20°C. The next day, the heart is sliced into 2 mm
transverse sections from the apex to the top of the ventricles. The slices are stained
with 1% triphenyl tetrazolium chloride (TTC) in phosphate-buffered saline for 20
minutes at 37°C. Since TTC reacts with living tissue (containing NAD-dependent
dehydrogenases), this stain differentiates between living (red stained) tissue, and'
dead tissue (unstained infarcted tissue). The infarcted area (no stain) and the area-
at-risk (no fiuorescent particles) are calculated for each slice of left ventricle using a
precalibrated image analyzer. To normalize the ischemic injury for differences in the
area-at-risk between hearts, the data is expressed as the ratio of infarct area vs. area-
at-risk (%IAJAAR). Al data are expressed as mean + SE and compared statisticalty
using a Mann-Whitney ndn—parametric test with a Bonferroni correction for multipie
comparisons. Significance is considered as p < 0.05. '

The results from the above in vitro test demonstrate that a combination of a
compound of this invention with an NHE-1 inhibitor induce significant cardioprotection
relative to the control group.

The therapeutic effects of a combination of a compound of formuta | of this
invention with an NHE-1 inhibitor in preventing heart tissue damage otherwise
resulting from an ischemic insult can also be demonstrated /n vivo along lines
presented in Liu et al. (Circutation, Vol. 84:350—356, 1991) as described specificalty
herein. The in vivo assay tests the cardioprotection of the test combination, ie.a
compound of formula | together with an NHE-1 inhibitor, relative to the contro!l group
which receives saline vehicle. Cardioprotection, as indicated by a reduction in
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infarcted myocardium, can be induced pharmacologically using intravenously
administered adenosine receptor agonists in intact, anesthetized rabbits studied as an
in situ model of myocardial ischemic preconditioning (Liu et al., Circulation 84:350-

‘ 356, 1991). The in vivo assay tests whether the instant combination of a compound of

formula | with an NHE-1 inhibitor can pharmacoiogically induce cardioprotection, i.e.,
reduced myocardial infarct size, when parenterally administered to intact,
anesthetized rabbits. The effects of the combination of a compound of formuia | of
this invention with an NHE-11 inhibitor can be compared to ischemic preconditioning
using the A1 adenosine agonist, N“-1-(bhenyl-ZR-isopropyl) adenosine (PIA) that has
been shown to pharmacologically induce cardioprotection in intact anesthetized
rabbits studied in situ (Liu et al., Circulation 84:350-356, 1891). The methodology is
described below. '
Surgery: New Zealand White male rabbits (34 kg) are anesthetized with sodium
pentobarbital (30 mg/kg, i.v.). A tracheotomy is performed via a ventral midline
cervical incision and the rabbits are ventilated with 100% oxygen using a positive
pressure ventilator. Catheters are placed in the left jugular vein for drug
administration and in the left carotid artery for blood pressure measurements. The
hearts are then exposed through a left thoracotomy and a snare (00 silk) placed
around a prominent branch of the left coronary artery. Ischemia is induced by pulling
the snare tight and clamping it in place. Releasing the snare allows the affected area
to reperfuse. Myocardial ischemia is evidenced by regional cyanosis; reperfusion is
evidenced by reactive hyperemia.

Protocol: Once arterial pressure and heart rate have been stable for at least 30
minutes the test is started. Ischemic preconditioning is induced by occluding the
coronary artery for 5 minutes followed by a 10 minutes reperfusion. Pharmacological
preconditioning is induced by infusing the test combination, i.e., a combination of a
compound of formula ! of this invention with an NHE-1 inhibitor, over, for example, 5
minutes and allowing 10 minutes before further intervention or by infusing the
adenosine agonist, PIA (0.25 mg/kg). Following ischemic preconditioning,
pharmacological preconditioning or no conditioning (unconditioned, vehicie control)
the artery is occluded for 30 minutes and then reperfused for two hours to induce
myocardiat infarction. The test combination and PIA are dissolved in saline or other
suitable vehicle and delivered at 1 to 5 mg/kg, respectively.
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Staining (Liu et al., Circulation 84:350-356, 1991): At the end of the 2 hour
reperfusion period, the hearts are quickly removed, hung on a Langendorff apparatus,
and fiushed for 1 minute with normal saline heated to body temperature (38°C). The
silk suture used as the snare is then tied tightly to reocclude the artery and a 0.5%
suspension of fluorescent zinc cadmium sulphate particles (1-10 ym) Duke Scientific
Corp. (Palo Alto, CA) is infused with the perfusate to stain all of the myocardium
except the area at risk (nonfluorescent ventricle). The hearts are then quickly frozen
and stored overnight at -20°c. On the following day, the hearts are cut into 2 mm
slices and stained with 1% triphenyl tetrazolium chioride (TTC). Since TTC reacts
with living tissue, this stain differentiates between living (red stained) tissue, and dead
tissue (unstained infarcted tissue). The infarcted area (no stain) and the area at risk
(no fluorescent particles) are calculated for each slice of left ventricle using a pre-
calibrated image analyzer. To normalize the ischemic injury for differences in the area
at risk between hearts, the data is expressed as the ratio of infarct area vs. area at
risk (%IA/AAR). All data are expressed as Mean+SEM and compared statistically
using singie factor ANOVA or Mann Whitney non parametric test. Significance is
considered as p<0.05. '

The combination of a compound of formula | of this invention with an NHE-1
inhibitor can be tested for their utility in reducing or preventing ischemic injury in non-
cardiac tissues, for example, the brain, or the liver, utilizing procedures reported in the
scientific literature. The combination of a corhpound of formula | of this invention with
an NHE-1 inhibitor in such tests can be administered by the preferred route and
vehicle of administration and at the preferred time of administration either prior to the
ischemic episode, during the ischemic episode. following the ischemic episode
(reperfusion period) or during any of the below-mentioned experimental stages.

The benefit of the combination of NHE-1 inhibitors and compounds of formula |
of this invention to reduce ischemic brain damage can be demonstrated, for example,
in mammals using the method of Park, et al (Ann. Neurol. 1988;24:54.3-551 ).
According to the procedure of Park, et al., adult male Sprague Dawiey rats are
anesthetized initially with 2% halothane, and thereafter by mechanical ventilation with
a nitrous oxide-oxygen mixture (70%:30%) containing 0.5-1% halothane. A
tracheostomy is then performed. The stroke volume of the ventilator is adjusted to
maintain arterial carbon dioxide tension at approximately 35 mm Hg and adequate
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arterial oxygenation (Pa0,>80 mm Hg). Body temperature can be monitored by a
rectal thermometer, and the animals can be maintained normothermic, if necessary,
by external heating. The animals next undergo subtemporal craniectomy to expose
the main trunk of the left middle cerebral artery (MCA) under an operating -
microscope, and the exposed artery is occluded with microbipolar coagulation to
generate large ischemic lesions in the cerebral cortex and basal ganglia. After three
hours of MCA occlusion, the rats are deeply anesthetized with 2% halothane and a
thoracotomy is performed to infuse heparinized saline into the left ventricle. The
effluent is collected via an incision of the right atrium.  The saline washout is followed
by approximately 200 m! of a 40% formaldehyde, glacial acetic acid and absolute
methanol solution (FAM; 1:1:8, vivv), then the animals are decapitated and the head
is stored in fixative for 24 hours. The brain is then removed, dissected, embedded in
paraffin wax, and sectioned (approximately 100 sections 0.2mm per brain). The »
-sections are then stained with hematoxylin-eosin or with a combination of cresyl violet
and Luxol fast blue, and examined by light microscopy to identify and quantitate the
ischemic damage using a precalibrated image analyzer. The ischemic volumes and
areas are expressed in absolute units (mm* and mm?) and as a percentage of the total
region examined. The effect of the compositions and methods of this invention to
reduce ischemic brain damage induced by MCA occlusion is noted based on a
reduction in the area or volume of relative or absolute ischemic damage in the brain
sections from the rats in the treatment group compared to brain sections from rats in a
placebo-treated control group.

Other methods which could altematively be utilized to demonstrate the benefit
of the invention to reduce ischemic brain damage inciude those described by
Nakayama, et al. in Neurology 1988, 38:1667-1673; Memezawa, et al. in Stroke 1992,
23:552-559; Folbergrova, et al. in Proc. Natl. Acad. Sci 1895, 92:5057-5059; and
Gotti, et al. in Brain Res. 1980, 522:290-307. '

The benefit of the compositions and methods of this invention to reduce
ischemic liver damage can be demonstrated, for example, in mammals using the
method of Yokoyama, et al. (Am. J. Physiol. 1990;258:G564-G570). According to the
procedure of Yokoyama, et al., fasted adult male Sprague Dawley rats are
anesthetized with sodium pentobarbital (40 mg/kg i.p.), then the animals are
tracheotomized and mechanically ventilated with room air. The liver is extirpated and
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placed in an environmental chamber maintained at constant temperature (37 °C), then
perfused through the portal vein at a constant pressure of 15 cm H,0 with a modified,
hemoglobin-free Krebs-Henseleit buffer (in mM: 118 NaCl, 4.7 KCI, 27 NaHCOQ,, 2.5
CaCl,, 1.2 MgSO0,, 1.2 KH,PO,, 0.05 EDTA, and 11 mM glucose, pius 300 U heparin).
The pH of the perfusate is maintained at 7.4 by gassing the buffer with 95% 0,-5%
CO,. Each liver is perfused at a flow rate of 20 ml/minutes in a single-pass manner for
a 30 minutes washout and equilibration period (preischemic period), followed bya2
hour period of global ischemia, and then a 2 hour period of reperfusion under
conditions identical to the preis-chemic period. Aliquots (20 ml) of the perfusate are
collected during the preischemic period, immediately after the occlusive ischemic
period, and every 30 minutes of the 2 hour reperfusion period. The perfusate _
samples are assayed for the appearance of hepatocellular enzymes, for example,
aspartate amino-transferase (AST), alanine amino-transferase (ALT), and lactate
dehydrogenase (LDH), which are taken to quantitatively reflect the degree of ischemic
liver tissue damage during the procedure. AST, ALT, and LDH activities in the
perfusate can be determined by several methods, for example, by the reflectometry
method using an automatic Kodak Ektachem 500 analyzer reported by Nakano, et al.
(Hepatology 1995;22:538-545). The effect of the compositions and methods of this
invention in reducing ischemic liver damage induced by occlusion is noted based on a
reduction in the release of hepatocellular enzymes immediately following the occlusive
period and/or during the postischemic-reperfusion period in the perfused livers from
the rats in the treatment group compared to perfused fivers from rats in a placebo-
treated control group. '

Other methods and parameters which could altematively be utilized to
demonstrate the benefit of the compositions and methods of this invention in reducing
ischemic liver damage include those described by Nakano, et al. (Hepatology
1995;22:539-545). A

Any glycogen phosphorylase inhibitor may be used as the second compound
of this invention. The term glycogen phosphorytase inhibitor refers to any substance
oragent or ariy combination of substances and/or agents which reduces, retards, or
eliminates the enzymatic action of glycogen phosphorytase. The currently known
enzymatic'action of glycogen phosphorylase is the degradation of glycogen by
catalyéis of the reversible reaction of a glycogen macromolecule and inorganic
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phosphate to glucose-1-phosphate and a glycogen macromolecule which is one
glucosy! residue shorter than the original glycogen macromolecule (forward direction
of glycogenolysis). Such actions are readily determined by those skilled in the art
according to standard assays (e.g., as described hereinafter). A variety of these
compounds are included in the following published PCT patent applications: PCT
application publication WO 86/39384 and W(086/39385. However, other glycogen
phosphorylase inhibitors will be known to those skilled in the art.

Compounds of formula |, prodrugs thereof, mutual prodrugs of the compounds
of formula | with aldose reductase inhibitors. pharmaceutically acceptable salts of any
of the above and pharmaceutical compositions comprising a compound of formula |, a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
pradrug and either (a) an aldose reductase inhibitor, a prodrug thereof or a
pharmaceutically acceptable salt of said aldose reductase inhibitor or said prodrug, (b)
a NHE-1 inhibitor, a prodrug thereof or a pharmaceutically acceptable salt of said
NHE-1 inhibitor or said prodrug, or a glycogen phosphorylase inhibitor, a prodrug
thereof or a phamaceutically acceptable salt of said giyoogen phosphorylase inhibitor
or said prodrug are hereinafter referred to, collectively, as “the active compounds and
comopasitions of this invention.”

The active compounds and compositions of this invention may be
administered to a subject in need of treatment by a variety of conventional routes of
administration, including orally, parenterally and topically. In general, compounds of
the formula | and their pharmaceutically acceptable salts will be administered orally or
parenterally at dosages between about 0.001 and about 100 mg/kg body weight of the
subject to be treated per day, preferably from about 0.01 to 10 mgkag, in single or
divided doses. Mutual prodrugs of compounds of the formula | and aldose reductase
inhibitors will generally be administered orally or parenterally at dosages between
about 0.001 and about 100 mg/kg body weight of the subject to be treated per day,
preferably from about 0.01 to about 10 mg/kg, in single or divided doses.
Compositions containing both a compound of the formula | and an aldose reductase
inhibitor will generally be administered orally or parenterally at dosages between
about 0.001 and about 100 mg of each active component (i.e., the compound of
formula | and the aldose reductase inhibitor) per kg body weight of the subject to be
treated per day, preferably from about 0.01 to about 10 mg/kg. Compositions
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containing both a compound of formula | and a NHE-1 inhibitor will generally be
administered orally or parenterally at dosages between about 0.001 and 100 mg of
said compound of formuta | per kg body weight of the subject to be treated per day
and about 0.001 to 100 mg/kg/day of the NHE-1 inhibitor. An especially preferred
dosage contains between about 0.01 and 10 mg/kg/day of said compound of formula |
and between about 0.01 and 50 mg/kg/day of said NHE-1 inhibitor. Compositions
containing both a compound of formula | and a glcogen phosphorylase inhibitor will
generally be administered orally or parenterally at dosages between about 0.001 and
100 mg of said compound of formula I per kg body weight of the subject to be treated
per day and 0.005 to 50 mg/kg/day of said glycogen phosphorylase inhibitor,
preferably 0.01 and 10 mg/kg/day of said compound of formuia and 0.01 to 25
mg/kg/day of said glycogen phosphorylase inhibitor and most preferably 0.01 and 10
mg/kg/day of said compound of formuta and 0.1 to 15 mg/kg/day of said glycogen
phosphorylase inhibitor. However, some variation in dosage will necessarily occur
depending on the condition of the subject being treated. The person responsible for
administration will, in any event, determine the appropriate dose for the individual
subject.

The active compounds and compositions of this invéntion may be
administered alone or in combination with pharmaceutically acceptable carriers, in
either single or multiple doses. Suitable pharmaceutical carmriers inciude inert solid
diluents or fillers, sterile aqueous solutions and various organic soivents. The
pharmaceutical compositions formed by combining the active compounds of formula |
of this invention and the pharmaceutically acceptable carriers are then readily
administered in a variety of dosage forms such as tablets, powders, tdzenges, syrups,
injectable solutions and the like. These pharmaceutical compositions can, if desired,
contain additional ingredients such as flavorings, binders, excipients and the like.
Thus, for purposes of oral administration, tablets containing various excipients such
as sodium citrate, calcium carbonate and calcium phosphate may be employed along
with various disintegrants such as starch, alginic acid and certain complex silicates,
together with binding agents such as polyvinyipyrrolidone, sucrose, gelatin and
acacia. Additionally, lubricating agents such as magnesium stearate, sodium lauryl
sulfate and talc are often useful for tabletting purposes. Solid compositions of a
similar type may also be employéd as fillers in soft and hard filled gelatin capsules.
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Preferred materials for this include lactose or milk sugar and high molecular weight
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral
administration, the essential active ingredient therein may be combined with various
sweetening or flavoring agents, coloring matter or dyes and, if desired, emulsifying or
suspending agents, together with diluents such as water, ethanol, propyiene glycol,
glycerin and combinations thereof.

For parenteral administration, solutions of the active compounds and
compositions of this invention in sesame or peanut oil, aqueous propylene glycol, or in
sterile aqueous solutions may be empioyed. Such aqueous solutions should be
suitably buffered if necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solutions are especially
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal
administration. In this connection, the sterile aqueous media employed are all readily
available by standard techniques known to those skilled in the art.

Administration of the compounds of formuia { of this invention can be via any
method which delivers a compound of this invention preferentially to the desired tissue
(e.g., nerve, kidney, retina and/or cardiac tissues). These methods include oral
routes, parenteral, intraduodenal routes, etc. Generally, the compounds of the present
invention are administered in single (e.g., once daily) or multiple doses or via constant
infusion,

| The compositions of this invention comprising a compound of formula | in
combination with an NHE-1 inhibitor are useful, for example, in reducing or minimizing
damage effected directly to any tissue that may be suscepfible to
ischemia/reperiusion injury (e.g., heart, brain, lung, kidney, liver, gut, skeletal muscle,
retina) as the result of an ischemic event (e.g., myocardial infarction). The
composition is therefore usefully employed prothlacticaHy to prevent, i.e.
(prospectively or prophytactically) to blunt or stem, tissue damage (e.g., myocardial
tissue) in patients who are at risk for ischemia (e.g., myocardial ischemia).

Generally, a compouned of formula | of this invention is administered orally, or
parenterally (e.g., intravenous, intramuscular, subcutaneous or intramedutlary).
Topical administration may also be indicated, for example, where the patient is
suffering from gastrointestinal disorders or whenever the medication is best applied to
the surface of a tissue or organ as determined by the attending physician.
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The amount and timing of compounds administered will, of course, be
dependent on the subject being treated, on the severity of the affliction, on the manner
of administration and on the judgement of the prescribing physician. Thus, because of
patient to patient variability, the dosages given below are a guideline and the

‘physician may titrate doses of the drug to achieve the treatment that the physician
_considers appropriate for the patient. In considering the degree of treatment desired,

the physician must balance a variety of factors such as age of the patient, presence of
preexisting disease, as well as presence of other diseases.

Thus, for example, in one mode of administration the compounds of formula |
of this invention may be administered just prior to surgery (e.g., within twenty-four
hours before surgery for example cardiac surgery) during or subsequent to surgery
(e.g-, within twenty-four hours after surgery) where there is risk of myocardial
ischemia. The compounds of formula | of this invention may also be administered in a
chronic daily mode.

The compounds of the present invention are generally administered in the
form of a pharmaceutical composition comprising at least one of the compounds of
formula | of this invention together with a pharmaceutically acceptabie vehicle or
diluent. Thus, the compounds of formula | of this invention can be administered
individually or together in any conventional oral, parenteral, rectal or transdermal
dosage form.

For purposes of transdermal (e.g..topical) administration, dilute sterile,
aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration),
otherwise similar to the above parenteral solutions, are prepared.

Methods of preparing various phammaceutical compositions with a certain
amount of active ingredient are known, or will be apparent in light of this disclosure, to
those skilled in this art. For examples of methods of preparing pharmaceutical
compositions, see Remington's Phammaceutical Sciences, Mack Publishing Company,
Easton, Pa., 19th Edition (1995).

Pharmaceutical compositions according to the invention may contain for
example 0.0001%-95% of the compound(s) of this invention. In any event, the
composition or formutation to be administered will contain a quantity of a compound(s)
according to the invention in an amount effective to treat the disease/condition of the

subject being treated.
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The two different compounds of this combination of this invention can be co-
administered simultaneously or sequentially in any order, or as a single
pharmmaceutical composition comprising a compound of Formula | and an aldose
reductase inhibitor as described above or a glycogen phosphorylase inhibitor as
described above or a cardiovascular agent.

Since the present invention has an aspect that relates to the treatment of the
disease/conditions described herein with a combination of active ingredients which
may be administered separately, the invention also relates to combining separate
pharmaceutical compositions in kit fon'ﬁ. The kit comprises two separate
pharmaceutical compositions: a compound of Formula | a prodrug thereof or a salt of
such compound or prodrug and a second compound as described above. The kit
comprises means for containing the separate compositions such as a container, a
divided bottle or a divided foil packet. Typically the kit comprises directions for the
administration of the separate components. The kit form is particularly advantageous
when the separate components are préferably administered in different dosage forms
(e.g., oral and parenteral), are administered at different dosage intervals, or when
titration of the individual components of the combination is desired by the prescribing
physician. .

An exampie of such a kitis a so—cailed blister pack. Blister packs are well
known in the packaging industry and are being widely used for the packaging of
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs
generally consist of a sheet of relativély stiff material covered with a foil of a preferably
transparent plastic material. During the packaging process recesses are formed in
the piastic foil. The recesses have the size and shape of the tablets or capsules to be
packed. Next, the tablets or capsules are placed in the recesses and the sheet of
relatively stiff material is sealed against the plastic foil at the face of the foil which is
opposite from the direction in which the recesses were formed. As a result, the tablets
or capsuies are sealed in the recesses between the plastic foil and the sheet.
Preferably the strength of the sheet is such that the tablets or capsules can be
removed from the blister pack by manually applying pressure on the recesses
whereby an opening is formed in the sheet at the place of the recess. The tablet or
capsule can then be removed via said opening.
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It may be desirable to provide a memory aid on the kit, €.g., in the form of
numbers next to the tablets or capsules whereby the numbers correspond with the
days of the regimen which the tablets or capsules so specified should be ingested.
Another example of such a memory aid is a caiendar printed on the card, e.g., as
follows "First Week, Monday, Tuesday, ...etc.... Second Week, Monday, Tuesday,...”
etc. Other variations of memory aids will be readily apparent. A "daily dose" can be a
single tablet or capsule or several pills or capsules to be taken on a given day. Also, a
daily dose of Formula | compound can consist of one tablet or capsule while a daily
dose of the second compound can consist of several tablets or ¢apsules and vice
versa. The memory aid should reflect this.

In another specific embodiment of the invention, a dispenser designed to
dispense the daily doses one at a time in the order of their intended use is provided.
Preferably, the dispenser is equipped with a memory-aid, so as to further facilitate
compliance with the regimen. An exampie of such a memory-aid is a mechanical
counter which indicates the number of daily doses that has been dispensed. Another

' ~ example of such a memory-aid is a battery-powered micro-chip memory coupled with

a liquid crystal readout, or audible reminder signal which, for example, reads out the
date that the last daily dose has been taken and/or reminds one when the next dose is
to be taken.

The compounds of formuta | of this invention generally will be administered in
a convenient formulation. The following formulation examples are illustrative only and
are not intended to limit the scope of the present invention.

in the formulations which follow, "active ingredient” means a compound(s) of
this invention.
Formulation 1: Gelatin Capsules

Hard gelatin capsules are prepared using the following:

Ingredient - Quantity (mg/capsule)
Active ingredient 0.25-100
Starch, NF 0-650

Starch flowable powder | 0-50

Silicone fiuid 350 centistokes 0-15

A tablet formulation is prepared using the ingredients below:
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Formulation 2: Tablets
ingredient Quantity (mg/tablet)
Active ingredient 0.25-100
Celluiose, microcrystalline . 200-650
Silicon dioxide, fumed 10-650
Stearate acid 5-16

The components are blended and compressed to form tablets.
Alternatively, tablets each contéining 0.25-100 mg of active ingredients are
made up as follows:
Formulation 3: Tablets .
Ingredient Quantity (mg/tablet)

Active ingredient 0.25-100
Starch 45
Cellulose, microcrystalline ‘ 35
Polyvinylpyrrolidone (as 10% solution in water) ' A 4
Sodium carboxymethyt cellulose 4.5
Magnesium stearate 0.5
Talc | | 1

_ The active ingredient, starch, and cellulose are passed through a No. 45 mesh
U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is mixed with
the resultant powders which are then passed through a No. 14 mesh U.S. sieve. Tl'ie
granules so produced are dried at 50° - 60°C and passed through a No. 18 mesh U.S.
sieve. The sodium carboxymethy! starch, magnesium stearate, and talc, previously
passed through a No. 60 U.S. sieve, are then added to the granules which, after
mixing, are compressed on a tablet machine to yield tablets.

Suspensions each containing 0.25-100 mg of active ingredient per S mi dose
are made as follows:
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Formulation 4: Suspensions
Ingredient Quantity (mg/5 mi)
Active ingredient 0.25-100 mg
Sodium carboxymethyi cellulose | 50 mg
Syrup ‘ 1.25mg
Benzoic acid solution 0.10 mL
Flavdr q.v.
Color 4 q.v.
Purified Water to S5mL

The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed
with the sodium carboxymethyl cellulose and syrup to form smooth paste. The
benzoic acid solution, flavor, and color are diluted with some of the water and added,
with stirring. Sufficient water is then added to produce the required volume. An aerosol
solution is prepared containing the following ingredients:

Formuiation S: Aerosol

Ingredient Quantity (% by weight)
Active ingredient ' 10.25

Ethanol 25.75
Propeliant 22 (Chiorodifiuoromethane) 74.00

The active ingredient is mixed with ethanol and the mixture added to a portion
of the propeliant 22, cooled to 30°C, and transferred to a filling device. The required
amount is then fed to a stainless steel container and diluted with the remaining
propellant. The valve units are then fitted to the container.

Suppositories are prepared as follows:
Formulation 6: Suppositories

Ingredient Quantity (mg/suppository)
Active ingredient 250
Saturated fatty acid glycerides 2,000

The active ingredient is passed through a No. 60 mesh U.S. sieve and

suspended in the saturated fatty acid glycerides previously melted using the minimal
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necessary heat. The mixture is then poured into a suppository mold of nominal 2 g
capacity and allowed to cool.

An intravenous formulation is prepared as follows:
Formulation 7: Intravenous Solution

ingredient Quantity
Active ingredient 25 mg-10,000 mg
Isotonic saline 1,000 mL

The solution of the above ingredients is intravenously administered to a

patient.
The active ingredient above may also be a combination of agents.

GENERAL EXPERIMENTAL PROCEDURES
Melting points were determined on a Thomas-Hoover capillary melting point
apparatus, and are uncorrected. 'H NMR spectra were obtained on a Bruker AM-250
(Bruker Co., Billerica, Massachusetts), a Bruker AM-300, a Varian XL-300 (Varian
Co., Palo Alto, California), or a Varian Unity 400 at about 23 °C at 250, 300, or 400
MHz for proton. Chemical shifts are reported in parts per million (5) relative to residual
chioroform (7.26 ppm), dimethyisulfoxide (2.49 ppm), or methanol (3.30 ppm) as an

intenal reference. The peak shapes and descriptors for the peak shapes are denoted
as follows: s, singlet;' d. doublet; t, triplet; q, quartet; m, multiplet; ¢, complex; br, broad:
app, apparent. Low-resolution mass spectra were obtained under thermospray (T S)
conditions on a Fisons (now Micromass) Trio 1000 Mass Spectrometer (Micromass
inc., Beverly, Massachusetts), under chemical-ionization (Cl) conditions on a Hewlett
Packard 5989A Particle Beam Mass Spectrometer (Hewlett Packard Co., Palo Alto,
California), or under atmaospheric pressure chemical ionization (APC) on a Fisons
(now Micromass) Platform Il Spectrometer. Optical rotations were obtained on a
Perkin-Elmer 241 MC Polarimeter (Perkin-Elmer, Norwalk, Connecticut) using a

~standard path length of 1 dcm at about 23 °C at the indicated concentration in the

indicated solvent.

Liquid column chromatography was performed using forced flow (flash
chromatography) of the indicated solvent on either Baker Silica Gel (40 pym, J. T.
Baker, Phillipsburg, New Jersey) or Silica Gel 60 (EM Sciences, Gibbstown, New
Jersey) in glass columns or using low nitrogen or air pressure in Flash 40™ or Flash

PCT/IB00/00296
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12™ (Biotage, Charlottesville, Virginia) cartridges. Radial chromatography was
performed using a Chromatron (Harrison Research, Palo Alto, California). The terms

“concentrated” and “evaporated” refer to removal of solvent using a rotary evaporator

at water aspirator pressure or at similar pressures generated by a Biichi B-171
Vacobox (Brinkmann Instruments, Inc., Westbury, New York) or a Biichi B-177
Vacobox with a bath temperature equal to or less than 50 °C. Reactions requiring the
use of hydrogen gas at pressures greater than 1 atmosphere were run using a Parr
hydrogen apparatus (Parr instrument Co., Moline, lllinois). Uniess otherwise
specified, reagents were obtained from commercial sources. The abbreviations “d”,
“h", and “min” stand for “day(s)", “hour(s)", and “minute(s)", respectively. '
Example 1
(R)-1-[4-{4-Quinoxalin-2-yl-piperazin-1-vh-pyrimidin-2-yi-ethanol.

—— m —N,
 Tata W

solution of (R)§1-(4-d1|oro-pyrimidin-2-yl)—ethyl acetate (prepared according to the
method of Preparation Five, 7.3 g, 36.2 mmol) in isopropanol (240 mL) was added

triethylamine (10.1 mL, 72.4 mmol) followed by 2-(1-piperazinyl)quinoxaiine (10.1g,
47.1 mmol; J. Med. Chem. 1981, 24, 93). This mixture was stirred at room
temperature overnight then concentrated. The residue was diluted with saturated
aqueous sodium bicarbonate and extracted with chloroform (5x). The combined
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
flash column chromatography (2% methanol/chioroform) to give 12.4 g (91%) of the
title compound of Example 1, Step A as a yellow foam. 'H NMR (CDCl,, 250 MHz) §

8.61(s, 1H), 8.27 (d, 1H), 7.91 (dd, 1H), 7.72 (dd, 1H), 7.61 (td, 1H), 7.4 (td, 1H),

6.43 (d, 1H), 5.70 (q, 1H), 3.96-3.84 (c, 8H), 2.18 (s, 3H), 1.61 (d, 3H); MS (CV/NH,)
379 (MH"). '

Siep B: (R}-1-{4-{4-Quinoxalin-2-yl-piperazin-1-y})-pyrimidin-2-yll-ethanol. To a
solution of‘(R)-1-[4-(4-quinoxalin-2-yl-piperazin-1-yl)~pyﬁmidin—2—yl]=emyl acetate
(prepared according to the method of Example 1, Step A, 14.1 g, 37.2 mmol) in a

PCT/IB00/00296
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3:1:1 mixture of tetrahydrofuran/water/methanol (375 mL) was added lithium
hydroxide hydrate (4.7 g, 112 mmol). This mixture was stirred at room temperature
for 1 h 45 min, concentrated, and extracted with chioroform (6x). The combined
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
flash column chromatography (2x; 2% methanol/chloroform) to give 11.3 g (90%) of
the title compound as a pale yellow solid after tritration with hexanes. mp: 106.5-108
°C; 'H NMR (CDCl,, 250 MHz) & 8.62 (s, 1H), 8.26 (d, 1H), 7.92 (dd, 1H), 7.72 (dd,

1H), 7.61 (td, 1H), 7.4 (td, 1H), 6.45 (d, 1H), 4.75 (m, 1H), 3.95-3.85 (c, 8H), 1.54 (d,

3H); MS (Cl/NH,) 337 (MH’); [a]o +15.3 (c 2.3, MeOH).

Example 2
(R)-1-[4-{4-Oxazolol5.4-clpyridin-2-vi-piperazin-1-vi}-pyrimidin-2-yll-ethanol.

= /T \ N =
N<_>——N \—/N——</ | P

butyrate. 'I:o a solution of 2-(1-piperazinyl)oxazolo[5,4-c]pyridine (775 mg, 3.8 mmol;
J. Org. Chem. 1985, 60, 5721) in isopropanol (38 mL) was added (R)-1-(4-chloro-
pyﬁinidin-Z-yl)—ethyl butyrate (prepared according to the method of Preparation
Seven, 868 mg, 3.8 mmol) followed by triethylamine (1.6 mL, 11.4 mmol). This
mixture was stirred at reflux overnight, cooled to room temperature, and evaporated.
The.residue was dituted with saturated aqueous sodium bicarbonate and extracted
with chloroform (3x). The combined organic extracts were dried over sodium sulfate,
filtered, evaporated, and purified by flash column chromatography (2x; 3%
methanol/chioroform then 6—8% methanol/ethyl acetate, where used herein, the
arrow symbol, —, indicates a gradient) to give 1.2 g (79%) of the title compound of
Example 2, Step A as a pale yellow oil which solidified upon standing. 'H NMR
(CDCl,, 250 MHz) 6 8.57 (s, 1H), 8.39 (d, 1H), 8.28 (d, 1H), 7.30 (d, 1H), 6.44 (d, 1H),
5.70 (g, 1H), 3.85 (s, 8H), 2.42 (t, 2H), 1.78 -1.61 (c, 2H), 1.60 (d, 3H), 0.98 (t, 3H);
MS (APCI) 397 (MH").

To a solution of (R)-1-{4~(4-oxazolof5,4-c]pyridin-2-yl-piperazin-1-yl}-pyrimidin-2-yl}-

PCT/IB00/00296
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ethyl butyrate (prepared according to the method of Example 2, Step A, 1.2 g, 3.0
mmol) in methanot (30 mL) was added potassium carbonate (823 mg, 6.0 mmol).
This mixture was stirred at room temperature for 5 h, diluted with saturated aqueous
ammonium chioride, concentrated, and extracted with chioroform (3x). The combined
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
flash column chromatography (6% methanol/chloroform) to give 915 mg (84%) of the
title compound as a white sofid after tritration with hexanes. mp: 181-183 °C; 'H NMR
(CDCl,, 300 MHz) & 8.54 (d, 1H), 8.35 (d, 1H), 8.25 (d, 1H), 7.27 (dd, 1H), 6.44 (d,
1H), 4.71 (q, 1H), 4.25 (br s, 1H), 3.86-3.83 (c, 8H), 1.50 (d, 3H); MS (APCI) 327
(MH"); [a]p +15.3 (¢ 0.5, MeOH).

Example 3
1R-(4-{1'-[2-(1R-Hvdroxv-ethyi)-pyrimidin-4-vil-[4 4 Tbipiperidinvi-1-v}-pvrimidin-2-vi)-

ethanol.

Deatataty

OH OH
A mixture of (R)-1-(4-chloro-pyrimidin-2-yl)-ethanol (prepared according to the method
of Preparation Ten, 100 mg, 0.63 mmol), 4,4'-bipiperidine dihydrochloride (76 mg,
0.32 mmol), and triethylamine (0.44 mL, 3.2 mmol) in isopropanol (3 mL) was refluxed
overnight and cooled to room temperature. The reaction mixture was diluted with
saturated aqueous sodium bicarbonate and extracted with chioroform (4x). The
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and
purified by flash column chromatography (Biotage Flash 40S™, 5%
methanol/chioroform) to give 110 mg (85%) of the titie compound as a white solid.
mp: 144-153 °C, 'H NMR (CDCl,, 400 MHz) 5 8.14 (d, 2H), 6.36 (d, 2H), 4.67 (q, 2H),
4.53-4.28 (c, 4H), 2.84 (t, 4H), 1.82 (d, 4H), 1.49 (d, 6H), 1.43-1.40 (c, 2H), 1.30-1.18
(c, 4H); MS (APCI) 413 (MH"); [a]p +22.6 (c 1.0, MeOH).

Examples 4 to 8 »

Examples 4 to 8 were prepared from the appropriate starting materials in a manner
analogous to the method of Exampile 3.
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Example 4
1R-(4-{4-[2-(1R-Hvdroxy-ethvl)-pyrimidin-4-yl}-2R 55-dimethvl-piperazin-1-vi}-

pyrimidin-2-vi)-ethanol.

N
N N
Meno-- Me Me

OH ' OH
5 mp:153-155 °C, 'H NMR (CDCl,, 400 MHz) & 8.23 (d, 2H), 6.40 (d, 2H), 4.71 (m, 2H),
4.28 (dd, 2H), 3.51-3.45 (c, 4H), 1.51 (d, 6H), 1.23 (d, 6H); MS (APCI) 359 (MH"); [al,
+18.6 (c 1.2, CHC,).

OH HO
Me ; wupe
—N N—
N N—linker—
\\—/>_— N_<\.__//N
10 '
Example N-linker-N mp (°C) MS (MH")
5 N,N'-ethyienediamine 141-143 333
6 [1,4]diazepane 136-138 345
7 4,4'-ethylenebipiperidine 441
8 methyl-piperidin-4-yimethyl-amine 373

Step A: 2-(1-Piperazinyl\oxazolo[5 4-blpvyridine. A mixture of 2-

(thiomethyl)oxazolo[5,4-b]pyridine (2.2 g, $5.5 mmol; J. Org. Chem. 1995, 60, 5721)
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and piperazine (23.9 g, 277 mmol), with a small amount of ethyl acetate which was
used for washing the compound down the sides of the flask, was heated at 90 °C for
1.5 h. The reaction mixture was cooled to room temperature, diluted with ~20%
saturated aqueous sodium bicarbonate solution, and extracted with chioroform (4x).
The combined organic extracts were washed with saturated aqueous sodium

~ bicarbonate (1x), dried over sodium sulfate, filtered, evaporated, and purified by flash

column chromatography (3—»5% methanol/chloroform + 1% ammonium hydroxide) to
give 8.1 g (81 %) of the title compound of Example 9, Step A as an off-white solid. 'H
NMR (CDCl,, 300 MHz) § 7.92 (dd, 1H), 7.55 (dd, 1H), 7.10 (dd, 1H), 3.74-3.70 (c.
4H), 3.02-2.97 (c, 4H); MS (APCI) 205 (MH").

Step B: (R)-1-{4-(4-Oxazolo[5 4-blpyridin-2-vi-piperazin-1-vl)-pyrimidin-2-yil-ethvi
butyrate. To a solution of {R)-1-{4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared
according to the method of Preparation Seven, 6.8 g, 29.9 mmo!) and triethylamine
(12.5 mL., 89.6 mmol) in isopropano! (100 mL) was added 2;(1-
piperazinyl)oxazolo[5,4-b]pyridine (prepared according to the method of Example 9,
Step A, 6.1 g, 29.9 mmol). This mixture was stirred at reflux overnight, cooled to room
temperature, and evapdrated. The residue was diluted with saturated aqueous

| sodium bicarbonate and extracted with chioroform (3x). The combined organic

extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash
cotumn chromatography (1.5—2% methanol/chioroform) to give 11.1 g (94%) of the

title compound of Example 9, Step B as a yellow oil which solidified upon standing. 'H
NMR'(CDCfs, 250 MHz) 5 8.28 (d, 1H), 7.97 (dd, 1H), 7.60 (dd, 1H), 7.25 (dd, 1H),
6.44 (d, 1H), 5.70 (q, 1H), 3.85 (app s, 8H), 2.42 (t, 2H), 1.78 -1.61 (c, 2H), 1.60 (d,
3H), 0.98 (t, 3H); MS (APCI) 397 (MH").

To a solution of (R)-1-[4-(4-oxazolo[5.4-b]pyridin—2-y!-piperazin-1-yl)-pyrimidin-z-yl]-
ethyl butyrate (prepared according to the method of Example 9, Step B, 11.0g, 27.6
mmol) in dioxane (11.5 mL) was added concentrated hydrochloric acid (23 mL, 276
mmol). This mixture was stired at room temperature ovemight, neutralized with 6 N
aqueous sodium hydroxide, and extracted with chioroform (3x). The combined
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
flash column chromatography (3.5% methanol/chloroform) to give 8.4 g (S3%) of the
titte compound as a white solid. mp: 153-156 °C; 'H NMR (CDCl,, 300 MHz) & 8.25
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(d, 1H), 7.95 (dd, 1H), 7.58 (dd, 1H), 7.15 (dd, 1H), 6.45 (d, 1H), 4.72 (q, 1H), 4.25 (br
s, 1H), 3.85-3.82 (¢, 8H), 1.51 (d, 3H); MS (CI/NH;) 327 (MH"); [ a]p +16.1 (¢ 1.0,
MeOH).

Examples 10 to15
Examples 10 to 15 were prepared from the appropriate starting materials in a manner

analogous to the method of Example 9.

R R1
7\ N =<
Art—x—N N N
\ 7
Example X-Ar' R mp (°C) MS (MH")
10 oxazolof4,5-c]pyridin-2-yi (R)-CH(CH,)OH 178-180 327
11 oxazolo[5,4-c]pyridin-2-yl -C(CH,),OH 181-184 341
12 . oxazolo[5,4-clpyridin-2-yl (+)-CH(CH,)OH 153-158 327
13 oxazolo[5,4-c]pyridin-2-yl (S)-CH(CH,)OH 175-179 327
14 quinoxalin-2-yl (x)-CH(CH,)OH 102-105 337
15 (5-iodo)-benzoxazol-2-yl (R)-CH(CH,)OH 452
Example 16

1R-[4-(3S-Methyi-4-oxazolo[5 4-blpyridin-2-vi-piperazin-1-vl-pyrimidin-2-yll-ethanol.

=\ S
'QQ_”\_("—(OIQ
Mer Me

OH
Step A: (S)-2-(4-Benzvi-2-methvl-piperazin-1-vi)-oxazolo[5.4-blpyridine. A mixture of
2-(thiomethyl)oxazolo[5,4-b]pyridine (44 g, 264 mmol; J. Org. Chem. 1995, 60, 5721)
and (S)-1-benzyl-3-methyl-piperazine (25 g, 132 mmol; J. Org. Chem. 1985, 60, 4177)
was stirred at 130 °C for 3 d, cooled to room temperature, and purified by flash

column chromatography (17—83% ethy! acetate/hexanes) to give 30 g (74%) of the
tite compound of Example 16, Step A as a dark yeliow oil. 'H NMR (CDCl,, 400 MHz)
57.89 (d, 1H), 7.53 (d, 1H), 7.34-7.25 (c, SH), 7.10 (dd, 1H), 4.45 (m, 1H), 4.11 (d,
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1H), 3.59 (d, 1H), 3.52-3.45 (¢, 2H), 2.90 (d, 1H), 2.73 (d, 1H), 2.32 (dd, 1H), 2.21 (td,

- 1H), 1.41 (d, 3H), MS (APCI) 309 (MH"*).

Step B: (S)-2-(2-Methvi-piperazin-1-vi)-oxazolof5 4-blpyridine. To a solution of (S)-2-
(4-benzyl-2-methyl-piperazin-1-yl)-oxazolo[5,4-bjpyridine (prepared according to the
method of Exarﬁple 16, Step A, 30 g, 97 mmol) in methanol (970 mL) was added
hydrogen chloride (5.85 M in methanol, 20 mL., 116 mmol), ammonium formate (122
g. 1.85 mol), and 10 % palladium on carbon (60 g, 200 wt%). This mixture was stirred
at reflux for 50 min, cooled, and fittered through Celite. The filtrate was concentrated,
diluted with saturated aqueous sodium bicarbonate, and extracted with chloroform
(1x) followed by 10% isopropanol/chloroform (4x). The combined organic extracts
were dried over sodium sulfate, filtered, and evaporated to give 16 g (76%) of the title
compound of Example 16, Step B as a green oil. 'H NMR (CDCl,, 400 MHz) § 7.89
(m, 1H), 7.53 (m, 1H), 7.09 (m, 1H), 4.42 (m, 1H), 4.11 (d, 1H), 3.35 (td, 1H), 3.09-
3.03 (¢, 2H), 2.85 (d, 1H), 2.82 (td, 1H), 1.38 (d, 3H); MS (APCI) 219 (MH").

Step C: 1R-{4-(3S-Methyl-4-oxazolo[5.4-blpyridin-2-yi-piperazin-1-vl}-pyrimidin-2-vi}-
ethyl butyrate. A mixture of (S)-2-(2-methyl-piperazin-1-yl}-oxazolo[5,4-b]pyridine
(prepared according to the method of Example 16, Step B, 10 g, 45.9 mmol), (R)-1-(4-
chloro-pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Preparation
Seven, 9.5 g, 41.7 mmol), and triethylamine (17.3 mL, 125 mmol) in isopropano! (230
ml) was heated at reflux for 30 h, cooled to room temperature, diluted with saturated
aqueous sodium bicarbonate, and extracted with chloroform (4X). The combined

organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
fiash column chromatography (1.5% methanol/chloroform) to give 16 g (93%) of the -
titte compound of Example 16, Step C as a yellow oil. *H NMR (CDCl,, 400 MHz) §
8.23 (d, 1H), 7.83 (dd, 1H), 7.57 (d, 1H), 7.13 (dd, 1H), 6.39 (d, 1H), 5.67 (g, 1H), 4.61
(m, 1H), 4.42 (m, 1H), 4.28 (m, 1H), 4.18 (dt, 1H), 3.51 (td, 1H), 3.41 (dd, 1H), 3.17
(td, 1H), 2.39 (t, 2H), 1.72-1.59 (c, 2H), 1.57 (d, 3H), 1.30 (d, 3H), 0.95 (t, 3H); MS
(APCI) 411 (MH").

ethanol. A mixture of 1R-[4-(3S-methyl-4-oxazolo[5,4-blpyridin-2-yi-piperazin-1-yi)-
pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Example 16, Step
C, 16 g, 39.0 mmol) and potassium carbonate (10.8 g, 78.1 mmol) in methanol (195
mL) was stirred at room temperature for 4 h, diluted with saturated aqueous sodium

PCT/IB00/00296
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bicarbonate, and extracted with chioroform (1x) followed by 10%
isopropanol/chloroform (3x). The combined organic extracts were dried over sodium
sulfaié, filtered, evaporated, and purified by flash column chromatography (1—2.5%
methanol/chloroform) to give a white foam that was recrystaliized from
ether/chloroform to give 8.9 g (67%) of the title compound as a white solid. mp: 147-
149 °C; 'H NMR (CDCl,, 400 MHz) & 8.24 (d, 1H), 7.94 (dd, 1H), 7.58 (d, 1H), 7.14
(dd, 1H), 6.42 (d, 1H), 4.72 (m, 1H), 4.64 (m, 1H), 4.42 (m, 1H), 4.32 (m, 1H), 4.25 (d,
1H), 4.21 (dt, 1H), 3.54 (td, 1H), 3.46 (dd, 1H), 3.24 (td, 1H), 1.51 (d, 3H), 1.33 (d,
3H). MS (APCI) 411 (MH"); [a], +70.4 (c 1.1, MeOH).

Examples 17 to 25
Examples 17 to 25 were prepared from the appropriate starting materials in a manner
analogous to the method of Example 16.

Exampie 17
1R-[4-(3S-Methvi-4-guinoxalin-2-vi-piperazin-1-vh-pyrimidin-2-vil-ethanol.

S

'H NMR (CDCl,, 400 MHz) & 8.56 (d, 1H), 8.23 (d, 1H), 7.89 (d, 1H), 7.69 (d, 1H), 7.59
(t, 1H), 7.41 (t, 1H), 6.42 (d, 1H), 4.78 (m, 1H), 4.73 (m, 1H), 4.43 (m, 1H), 4.38-4.23
(c, 2H), 3.64-3.52 (c, 2H), 3.38 (m, 1H), 1.52 (d, 3H), 1.30 (d, 3H); MS (APCI) 351
(MH"); [odp +57.0 (c 1.2, CHCly).

Example 18
1RA{4-[4-(4 6-Dimethyl-pyrimidin-2-v1}-3S-methvi-piperazin-1-yll-pyrimidin-2-vi}-

ethanol.
Me

— . N—
{2 C\(_<\

Mese: Me Me
OH
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"H NMR (CDCl,, 400 MHz) & 8.18 (d, 1H), 6.37 (d, 1H), 6.30 (s, 1H), 5.04 (m, 1H),
4.70 (g, 1H), 4.60 (dt, 1H), 4.37 (brs, 1H), 4.36~4.12 (c, 2H), 3.40 (dd, 1H), 3.34 ((d,
1H), 3.16 (td, 1H), 2.28 (s, 6H), 1.51 (d, 3H), 1.16 (d, 3H); MS (APCI) 329 (MH"); [,
+78.8 (c 1.6, MeOH).

Example 19
1R-{4-[4-(2-Hvdroxymethvi-6-methyi-pyrimidin-4-vi)-3S-methyl-piperazin-1-yf}-

pyrimidin-2-yl-ethanol.
Me

—_— /_'\ pre——
Met+- Me
OH

OH
'H NMR (CDCl,, 400 MHz) 5 8.23 (d, 1H), 6.38 (d, 1H), 6.23 (s, 1H), 4.71 (g, 1H), 4.58
(s, 3H), 4.36-4.18 (c, 4H), 3.86 (br s, 1H), 3.57 (dd, 1H), 3.46 (td, 1H), 3.32 (id, 1H),
2.38 (s, 3H), 1.51 (d, 3H), 1.22 (d, 3H); MS (APCI) 345 (MH"); [a), +72.6 (c 1.1,
MeOH).

Example 20
1R-{4-(3S-Methyi4-oxazolo[4 5-blpyridin-2-vi-piperazin-1-vi}-pyrimidin-2-yll-ethanol.

Mg e

=\ T\ S

N/\——>—N N—< l P
y |
OH

mp: 158-161 °C; 'H NMR (CDCl,, 400 MHz) § 8.22-8.15 (c, 2H), 7.40 (dd, 1H), 6.86
(dd, 1H), 6.40 (d, 1H), 4.65 (m, 1H), 4.61 (m, 1H), 4.44-4.20 (c, 3H), 4.18 (dt, 1H),
3.50 (td, 1H), 3.41 (dd, 1H), 3.19 (td, 1H), 1.45 (d, 3H), 1.26 (d, 3H); MS (APCI) 341
(MH"); [o], +58.2 (c 1.1, MeOH).

Example 21
1R-[4-(3S-Methvl-4-oxazolof4 5-clpyridin-2-yl-piperazin-1-y)-pyrimidin-2-vil-ethanol.
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| QNQN-{D
Mers M

OH
'H NMR (CDCl,, 400 MHz) § 8.68 (d, 1H), 8.32 (d, 1H), 8.24 (d, 1H), 7.25 (dd, 1H),
6.42 (d, 1H), 4.71 (m, 1H), 4.60 (m, 1H), 4.42 (m, 1H), 4.32-4.23 (c, 2H), 4.17 (dt, 1H),
3.56 (id, 1H), 3.47 (dd,‘ 1H), 3.24 (td, 1H), 1.51 (d, 3H), 1.32 (d, 3H); MS (APCI) 341
5 (MH"), [a]p +57.9 (c 1.6, MeOH).

e

Example 22
1R-[4-(3S-Methyl-4-oxazolol5 4-clpvridin-2-vi-piperazin-1-yl)-pyrimidin-2-vil-ethanol.

Merese e

OH
'H NMR (CDCl;, 400 MHz) § 8.56 (s, 1H), 8.37 (d, 1H), 8.25 (d, 1H), 7.29 (d, 1H), 6.43
10 (d, 1H), 4.72 (m, 1H), 4.65 (m, 1H), 4.45 (m, 1H), 4.29 (m, 1H), 4.26-4.20 (c, 2H), 3.58
(td, 1H), 3.48 (dd, 1H), 3.26 (td, 1H), 1.51 (d, 3H), 1.34 (d, 3H); MS (APCI) 341 (MH");
[odo +61.1 (c 1.0, MeOH).

HO
Me uuMe
=
Arl—x—N N N
o/ _<\_//
15
Example X-Ar' c* mp (°C) MS (MH")

23 quinoxalin-2-yl R 351
24 (2-[C(CH,),OH])- pyrimidin-4-yi S 359
25 benzoxazol-2-yi S 340
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: Example 26
1R-(4~{4-[2-(1R-Hvdroxv-ethyl}-pyrimidin-4-y[l-2R.6S-dimethvi-piperazin-1-yi}-

pvrimidin-2-vl}-ethanol.

Me
N/=>—N N-+<=\ N
\_ 7 > /N4

Me' Me Me
OH

OH

Method 1: To a solution of 1R-[4-(2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-y{}-ethyl
butyrate (prepared according to the method of Preparation Four, 72.8 g, 238 mmol)
and triethylamine (50 mL, 357 mmol) in isopropanol (793 rﬁL) was added (R)-1-(4-
chloro-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of Preparation
Seven, 54.3 g, 238 mmol). This mixture was stirred at reflux for 12 h and
concentrated. The residue was dissolved in @ 3:1:1 mixture of
tetrahydrofuran/methanoliwater (1200 mL) and lithium hydroxide hydrate (60 g, 1.43
mol) was added. This mixture was stired at room temperature for 2.5 h, concentrated
someWhat, diluted with saturated aqueous sodium bicarbonate, and extracted with
10% isopropanol/chioroform (6x). The combined organic extracts were dried over
sodium sulfate, filtered, and evaporated. The residue was diluted with 1:1 ethyl
acetate/methanol (1100 mL) and stirred at room temperature for 1 h. The precipitate
was collected by filtration and the filtrate was concentrated to about 850 mL. After 1 h,
more precipitate had formed and this material was collected by filtration. The filtrate
was concentrated somewhat and ethyl acetate was added. After 1 h more precipitate
had again formed and this material was collected by filtration. This was repeated one
more time to give in total 65.9 g (77%) of the title compound as a white solid. mp:
163-164.5 °C; 'H NMR (CDCl,, 400 MHz) § 8.24 (d, 1H), 8.23 (d, 1H), 6.46 (d, 1H),
6.36 (d, 1H), 4.74-4.70 (c, 2H), 4.70-4.50 (c, 2H), 4.50-4.30 (c, 2H), 4.30 (d, 1H), 4.27
(d, 1H), 3.31 (dt, 2H), 1.51 (d, 6H), 1.26 (d, 6H); MS (APCI) 359 (MH"); [o], +42.3 (¢
1.0, MeOH).

Method 2, Step A: 1R-(4-{4-[2-(1R-Butyryloxy-ethyi)-pyrimidin4-y-2R .6 S-dimethyl-
piperazin-1-yi}-pyrimidin-2-vi)-ethyl butyrate. To a solution of (R)-2-(1-butyryloxy-
ethyl)-3H-pyrimidin-4-one (828 g, 3.9 mol) in dichloromethane (50 L) was added
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triethylamine (576 mL, 4.1 mol) and the resulting solution was cooled to 5 °C. A
solution of trifluoromethanesulfonic anhydride (729 mL, 4.3 mol) in dichloromethane (6
L) was added slowly such that the intemnal temperature was maintained at <10 °C.
After the addition was complete, the reaction was judged complete by TLC and
quenched by the addition of water (5.3 L). The organic layer was separated, washed
with water (20 L) and saturated aqueous sodium bicarbonate (20 L), and dried over
sodium sulfate. This solution was then élowiy added to a solution of 1R-[4-(2R,6S-.
dimethyl-piperazin-1-yl)-pyrimidin-2-yl}-ethyl butyrate dibenzoy!-L-tartrate salt
(prepared according to the method of Pr_eparétion Fifteen, 2.49 kg, 3.75 mol) and
triethylamine (1.6 L., 11.6 mol) in dimethylacetamide (18 L) such that the internal
temperature was maintained at <10 °C. The resulting solution was allowed to stir for
12 h at 10 °C and then diluted with ethyl acetate (40 L) and water (27 L). The
aqueous layer was removed and the organic layer was washed twice with water (40
L) and once with brine (20 L), and dried over sodium sulfate. The resuiting solution
was partially concentrated (8 L) and then hexanes (23 L) was added. The resulting
suspension was allowed to granulate for 12 h and then filtered over cotton. The solids
were dried under vacuum (40 °C) to provide 1178 gm (63%) of the title compound of
Example 26, Method 2, Step A as a white solid. The 'H NMR and MS data for this
compound are in agreement with that of Example 266.

Method 2, Step B: 1R-(4-{4-[2-(1R-Hydroxy-ethyl)-pyrimidin-4-yl}-2R 6 S-dimethyl-
piperazin-1-yi}-pyrimidin-2-yl}-ethanol. To a solution of 1R-(4-{4-[2-(1R-butyryloxy-
ethyl)-pyrimidin4-yl]-2R,6S-dimethyi-piperazin-1-yl}-pyrimidin-2-y!)-ethyl butyrate
(prepared according to the method of Exampie 26, Method 2, Step A, 1140 g, 2.28
mol) in isopropano! (11.4 L) was added 40% aqueous potassium hydroxide (800 mL)
at room temperature. The resulting solution was allowed to stir for 16 h and then
diluted with water (5 L) and dichloromethane (4 L). The organic layer was separated
and the aqueous layer was extracted with dichloromethane (4 L). The combined

organic layers were washed twice with 1 M aqueous sodium hydroxide (10 L) and '
twice with water (5 L), partially concentrated (5 L), diluted with ethy! acetate (4 L), and
again partially concentrated (6 L). Hexanes (10 L) was added and the resulting slurry
was allowed to stir at reflux for 12 h, cooled to room temperature, and filtered. The
resulting solid was dried under vacuum to provide 758 g (93%) of the title compound
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as a white solid. The mp, 'H NMR, MS, and optical rotation data for this compound
are in agreement with that of Example 26, Method 1.

Examples 27 to 62
Examples 27 to 62 were prepared from the appropriate starting materials in a manner
analogous to the method of Example 26.

Example 27
1R-{4-[4-(4 6-Dimethyl-pyrimidin-2-v1)-2R.6S-dimethvi-piperazin-1 -vll-pvrimidin-2-vi}-

ethanol.
Me Me

- e

OH
mp: 150.5-152 °C; 'H NMR (CD,0D, 300 MHz) § 8.14 (d, 1H), 6.62 (d, 1H), 6.46 (d,
1H), 6.40 (s, 1H), 4.83 (d, 2 H), 4.724.52 (c, 3H), 3.30 (dd, 2H), 2.28 (s, 6H), 1.46 (d,
3H), 1.23 (d, 6H); MS (APCI1) 343 (MH"); [a]p +12.0 (c 1.3, MeOH).

Example 28
1R-[4-(2R 6S-Dimethyl-4-oxazolo[5 4-clpyridin-2-vi-piperazin-1-vl)-pvrimidin-2-yil-

€

ethanol.

Merses
OH
'H NMR (CD,OD, 300 MHz) 5 8.53 (d, 1H), 8.28 (d, 1H), 8.20 (d, 1H), 7.34 (dd, 1H),
6.68 (d, 1H), 4.90-4.72 (c, 2H), 4.69 (q, 1H), 4.32 (d, 2H), 3.56 (dd, 2H), 1.47 (d, 3H),
1.33 (d, 6H); MS (APCI) 343 (MH"); [a]o +8.1 (€ 1.3, MeOH).
Example 29
1RA{4-[4-(4-Hydroxymethyi-6-methyl-pyrimidin-2-v1)-2R .6 S-dimethyi-piperazin-1-vil-

pyrimidin-2-yl}-ethanol.
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Me Me

S ogy

mp: 139-141 °C; 'H NMR (CD,0D, 300 MHz) § 8.24 (d, 1H), 6.51 (d, 1H), 6.38 (s,
1H), 4.90 (m, 1H), 4.84 (d, 2H), 4.77-4.53 (c, 2H), 4.55 (s, 2H), 3.24 (dd, 2H), 2.37 (s,
3H), 1.61 (d, 3H), 1.32 (d, 6H); MS (APCI) 359 (MH"); [a], +14.8 (¢ 1.0, MeOH).

Example 30
1R-{4-{4-(2 6-Dimethyi-pyrimidin-4-v)-2R 6S-dimethvi-piperazin-1 -yll-pyrimidin-2-vi}-

ethanol.
Me Me

Ol =
2\—‘N >__/ N—/<
Mets Me Me
OH

"'H NMR (CDCl,, 300 MHz) & 8.22 (d, 1H), 6.36 (d, 1H), 6.26 (s, 1H), 4.71 (m, 1H),

4.65-4.50 (c, 2H), 4.42-4.28 (c, 3H), 3.24 (dd, 2H), 2.49 (s, 3H), 2.35 (s. 3H), 1.52 (d,
3H), 1.26 (d. 6H); MS (APCI) 343 (MH"); [a], +11.4 (c 0.8, MeOH).

Example 31 _
1R-{4-(2R,6S-Dimethyl-4-oxazoiol4,5-blpvridin-2-vi-piperazin-1 -yh-pyrimidin-2-vil-

ethanol.
. Me :
= M\ N
N/\——N/>-—N N—-<O:/©
Mese- Me
OH

mp: 231-233 °C; 'H NMR (CDCl,, 400 MHz) & 8.26-8.23 (c, 2H), 7.47 (d, 1H), 6.94
(dd, 1H), 6.39 (d, 1H), 4.754.53 (c, 2H), 4.72 (q, 1H), 4.35 (d, 1H), 4.28 (m, 1H), 3.44
(dd, 2H), 1.51 (d, 3H)}, 1.34 (d, 6H); MS (APCI) 355 (MH"); folo +8.0 (c 0.8, MeOH).
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Example 32
1R-{4-[4-(2-Hydroxymethyl-6-methyi-pyrimidin-4-vi}-2R .6 S-dimethvi-piperazin-1-vil-

pyrimidin-2-vi}-ethanol.

Me Me

N/\__->—N>—\N‘-<\_;—/< N
' OH

OH
5 - 'HNMR (CD,0OD, 300 MHz) 5 8.16 (d, 1H), 6.66 (s, 1H), 6.63 (d, 1H), 4.85-4.63 (c,
2H), 4.67 (q, 1H), 4.58 (d, 2H), 4.50 (s, 2H), 3.26 (dd, 2H), 2.35 (s, 3H), 1.46 (d, 3H),
1.24 (d, 6H); MS (APCI) 359 (MH"); [a], +11.8 (¢ 0.9, MeOH).
Example 33
1R-[4-(2R.6S-Dimethyi-4-oxazolo!5 4-blpyridin-2-vl-piperazin-1-vi)-pyrimidin-2-vil-
10  ethanol.

5
p N NS
Mer- Me

OH

mp: 204-207 °C; "H NMR (CDCl,, 400 MHz) & 8.25 (d, 1H), 7.85 (dd, 1H), 7.59 (dd,
1H), 7.15 (dd, 1H), 6.39 (d, 1H), 4.80-4.57 (¢, 2H), 4.73 (q, 1H), 4.30 (d, 2H), 3.42 (dd,
2H), 1.51 (d, 3H), 1.35 (d, 6H). MS (APCI) 355 (MH"); o], +7.5 (¢ 0.7, MeOH).

15 Example 34
2-(444-[2-(1R-Hvdroxy-ethv\-pyrimidin-4-y{]-3R 5S-dimethvi-piperazin-1 -yi-pyrimidin-

2-yl}-propan-2-ol.
Me
araYe
\_ 7 N\ _
M

Do

OH OH

Metre=
Me
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mp: 138-140 °C; 'H NMR (CDCl,, 400 MHz) 5 8.23 (d, 2H), 6.45 (d, 1H), 6.36 (d, 1H),
4.86 (s, 1H), 4.70 (m, 1H), 4.67-4.33 (c, 4H), 4.30 (d, 1H), 3.31 (dd, 2H), 1.53 (s, 6H),
1.51 (d, 3H), 1.25 (d, 6H); MS (APCI) 373 (MH"); [a], +15.5 (c 1.2, MeOH).

Example 35
1R-{4-J4-(4-Hydroxymethyl-6-methyl-pyrimidin-2-vi }-2S-methvl-piperazin-1-yfl-
pyrimidin-2-yl}-ethanol.

Me
=\ - /\ M=
N/\-_—N/>—N>——/N—<}J /

Melll--< Me‘

OH CH

"H NMR (CDCl,, 400 MHz) § 8.18 (d, 1H), 6.36 (d, 1H), 6.32 (s, 1H), 4.69 (q, 1H),
460-4.53 (c. 3H), 452 (5, 2H), 4.38-4.18 (c, 2H), 3.63 (m, 1H), 3.40-3.29 (c, 2H), 3.24
(m. 1H), 2.32 (s, 3H), 1.49 (d, 3H), 1.20 (d, 3H); MS (APCI) 345 (MH"; [op +66.5 (c
1.0, MeOH). o

Example 36
1 R-{4-{4-(4-Hvdroxvmethyl-6-methvl-pvn'midin-Z—vl)—2R-methvl-oioerazin-1 ~vil-

pyrimidin-2-vil-ethanol.

Me
p—— m Ne—
N/_>-N N—\
\ N/ > /_<~ /
Meree. Me
OH OH

'HNMR (CDCl,, 400 MHz) 8 8.21 (d, 1H), 6.37 (d, 1H), 6.33 (s, 1H), 4.72 (m, 1H),
4.67-4.54 (c, 3H), 4.54 (s, 2H), 4.34 (d, 1H), 4.20 (d, 1H), 3.58 (brs, 1H), 3.42-3.32 ¢,
2H), 3.26 (td, 1H), 2.34 (s, 3H), 1.51 (d, 3H), 1.21 (d, 3H); MS (APCI) 345 (MH"); [a], -
35.0 (¢ 1.1, MeOH).
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Example 37
1R-{4-14-(2-Hvdroxymethvi-pvrimid in-4-yl}-3S-methyl-piperazin-1-yil-pyrimidin-2-v}-

ethanol.
N \—< N
Me: - Me -

5 mp: 178-181 °C; 'H NMR (CDCls, 400 MHz) & 8.23 (d, 2H), 6.38 (d, 2H), 4.60 (@. 1H),
4.80 (s, 2H), 4.56 (m, 1H), 4.28-4.15 (c, 4H), 3.72 (br s, 1H), 3.58 (dd, 1H), 3.48 (m,
1H), 3.33 (td, TH), 1.51 (d, 3H), 1.23 (d, 3H); MS (APCI) 331 (MH"); [o, +88.9 (c 1.1,
MeOH).

Example 38
10 1R-(4-{4-12-(1 R-Hvdroxy-ethyl)-pyrimidin-4-y1]-2S-methvi-piperazin-1 -vi}-pvrimidin-2-

I-ethanol.
N
N R N
Me! X Me\ Me

OH OH

mp: 158-160 °C; *H NMR (CDCl,, 400 MHz) & 8.24 (d, 2H), 6.39 (d, tH), 6.38 (d, 1H),
4.71(m, 2H), 4.55 (br s, 1H), 4.32-4.16 (c. 5H), 3.60 (dd, 1H), 3.48 (td, 1H), 3.38 (td,
15 1H), 1.52 (d, 6H), 1.24 (d, 3H); MS (APCI) 345 (MH"); [a], +82.5 (c 1.0, MeOH).
Example 39
1R-(444-[2-(1R-Hvdroxy-ethyi)-pyrimidin-4-vi-2R-methvi-piperazin-1 -yI}-pyrimidin-2-

yl}-ethanol.

N\

S
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mp: 155-157 °C; 'H NMR (CDCl,, 400 MHz) 5 8.24 (d, 2H), 6.39 (d, 1H), 6.38 (d, 1H),
4.73 (m, 2H), 4.58 (br s, 1H), 4.32-4.16 (¢, 5H), 3.59 (dd, 1H), 3.50 (m, 1H), 3.38 (m,
1H), 1.52 (d, 6H), 1.25 (d, 3H); MS (APCI) 345 (MH"); [a] -30.4 (¢ 0.9, MeOH).

Exampie 40
1R-(4-{3-[2-(1R-Hvdroxy-ethvl)-pvrimidin-4-yl}-3.9-diaza-bicyelol3.3.1lnon-9-vi}-
pyrimidin-2-vi)-ethanol.

N
Menu Me

OH OH

mp: 151-158 °C; 'H NMR (CDCl,, 400 MHz) § 8.24 (d, 2H), 6.42 (d, 1H), 6.41 (d, 1H),
4.72 (m, 2H), 4.484.18 (c, 2H), 4.29 (dd, 2H), 3.28 (d, 2H), 2.03 (m, 1H), 1.98-1.82 (c,
4 H), 1.58 (m, 1 H), 1.51 (d, 3H), 1.50 (d, 3H); MS (APCI) 371 (MH"); [a], +27.6 (c 0.9,
MeOH).

Example 41
1R-(4-{4-[2-(1S-Hvdroxy-ethyl)-pyrimidin-4-v]-2R .6 S-dimethyl-piperazin-1 -y}

pyrimidin-2-yi}-ethanol. _

Me

Nf:>_~> — W
E\ / > /0 N\ /S
N N
Metes-- Me i Me
OH OH

mp: 222-223.5 °C; 'H NMR (CDCl,, 400 MHz) § 8.24 (d, 1H), 8.23 (d, 1H), 6.46 (d,
1H), 6.36 (d, 1H), 4.75-4.51 (c, 4H), 4.504.30 (c, 4H), 3.31 (dt, 2H), 1.51 (d, 6H), 1.26
(d, 6H); MS (APCI) 359 (MH"); [a], -3.4 (c 0.5, CHCl,).

PCT/1B00/00296
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Example 42
1S-(4-{4-12-(1R-Hydroxv-ethyl)-pyrimidin-<4-vll-2R. 6 S-dimethvi-piperazin-1-vi}-

pyrimidin-2-vi}-ethanol.

5  mp:224-226 °C; "H NMR (CDCl,, 400 MHz) & 8.24 (d, 1H), 8.23 (d, 1 H), 6.46 (d, 1H),
6.36 (d, 1H), 4.76-4.51 (c, 4H), 4.50-4.23 (c, 4H), 3.33 (dt, 2H), 1.51 (d, 6H), 1.25 (d,
6H); MS (APCI) 359 (MH"); [a]p +64.2 (c 0.5, CHCl,).

Example 43
1S-(4-{4-f2-(1 S-Hvdroxv-ethvl)-bvrimidin—4-vﬂ-2R,GS-dimethvl-piperazin-1 -yl
10 pyrimidin-2-v)-ethanol.

Me

Nf=>_N> v— »
\_/ N Y,

Me Me 't Me
OH OH

mp: 164-165.5 °C; 'H NMR (CDCl,, 400 MHz) § 8.24 (d, 1H), 8.23 (d, 1H), 6.46 (d,
1H), 6.36 (d, 1H), 4.75-4.51 (c, 4H), 4.504.23 (c, 4H), 3.47-3.28 (c, 2H), 1.51 (d, 6H),
1.25 (d, 6H); MS (APCI) 359 (MH"); [x], -43.8 (¢ 1.0, MeOH).

15 Example 44
1RS-(4-{4-[2-(1RS-Hydroxy-ethyl)-pyrimidin-4-ylJ-2R* 6 S*-dimethvi-piperazin-1-vi-

pyrimidin-2-yi)-ethanol.

S
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mp: 180-186 °C; 'H NMR (CDClI,, 400 MHz) & 8.24 (d, 1H), 8.23 (d, 1H), 6.46 (d, 1H),
6.36 (d, 1H), 4.754.51 (c, 4H), 4.50-4.23 (c, 4H), 3.47-3.28 (c 2H), 1.51 (d, 6H), 1.25
(d. 6H); MS (APCI) 359 (MH").

Example 45
1-(4-{4-[2-(1R-Hydroxv-ethyl}-pyrimidin-4-vil-2R .6 S-dimethyl-piperazin-1-vi}-pyrimidin-

2-vl}-ethanone.

mp: 123-127 °C; 'H NMR (CDCl,, 400 MHz) & 8.41 (d, 1H), 8.24 (d, 1H), 6.56 (d, 1H),
6.47 (d, 1H), 4.75-4.53 (c, 3H), 4.52-4.28 (c, 2H), 4.26 (m, 1H), 3.36-3.29 (c, 2H), 268
(s, 3H), 1.51 (d, 3H), 1.28 (d, 6H); MS (APCI) 357 (MH"); [a]o+19.4 (c 1.0, MeOH).

Example 46
1-(4-{4-[2-(1R-Hydroxy-ethvi)}-pyrimidin-4-v{l-3R. SS-dumethvl-moerazm 1-vi-pvrimidin-

2-vl}-ethanone.
Me

N/j—N N—<=\N
E\ / > /N
N N
Metre Me ‘&‘Me
OH O

mp: 150-164 °C; 'H NMR (CDCl,, 400 MHz) & 8.40 (d, 1H), 8.24 (d, 1H), 6.66 (d, 1H),
6.37 (d, 1H), 4.74-4.52 (c, 3H), 4.51-4.31 (c, 2H), 4.29 (m, 1H), 3.36 (dd, 2H), 2.69 (s,
3H), 1.51 (d, 3H), 1.27 (d, 6H); MS (APCI) 357 (MH"); [a]o+21.8 (c 1.1, MeOH).
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Example 47
1R-{4-{4-[2-(1R-Hydroxy-ethy!)-pyrimidin-4-vi}-2R 6 R-dimethyi-piperazin-1-vi}-

pyrimidin-2-vi)-ethanol.

N
N >—" N
Menl-- Me Me

OH ' : OH

mp: 168-171 °C; "H NMR (CDCl,, 400 MHz) & 8.27 (d, 1H), 8.23 (d, 1H), 6.33 (d, 1H),
6.30 (d, 1H), 4.78-4.69 (c, 2H), 4.68-4.28 (c, 5H), 3.83-3.69 (c, 2H), 3.54 (m, 1H), 1.53
(d, 3H), 1.52 (d, 3H), 1.43-1.22 (c, 6H); MS (APCI) 359 (MH); [a]p+92.2 (¢ 0.5,
MeOH).

Exampie 48
1R-{4-{4-[2-(1R-Hydroxy-ethyl)-pyrimidin-4-vll-2S .6 S-dimethyl-piperazin-1-vi}-

pyrimidin-2-vl)-ethanol.

mp: 168-178 °C; 'H NMR (CDCl,, 400 MHz) & 8.26 (d, 1H), 8.23 (d, 1H), 6.32 (d, TH),

- 6.29(d, 1H), 4.78-4.68 (c, 2H), 4.65-4.27 (c, 5H), 3.82-3.71 (c. 2H), 3.85 (m, 1H), 1.52

(d, 3H), 1.51 (d, 3H), 1.43-1.20 (c, 6H); MS (APCI) 359 (MH*); [alo- 32.4 (c 0.7,
MeOH).
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HO
R® et Me
~ =
Ar—x—nN N—<\JN
\_<R7
Example X-Ar R® R’ mp (°C) MS (MH")
49 benzoxazol-2-yl - (R-Me  (S)}-Me 354
50 benzothiazol-2-yl (R)-Me (S)-Me 370
51 oxazolo[4,5-c]pyridin-2-yl (R)-Me (S)-Me 355
52 quinoxalin-2-yl (R)¥-Me H 351
53 quinoxalin-2-yl (S)-Me H 351
54 quinoxalin-2-yl (R)-Me (S)y-Me 365
55 (4,6-dimethyl)- H H 132-133 315
pyrimidin-2-yl _
56 (4,6-dimethyl)- (S)-Me H 329
pyrimidin-2-yl
57 (2,6-dimethyl)- H H 125.5-127 314
pyrimidin-4-yi
58 (2-hydroxymethyl)- (8)-Me H 146-148 331
_ pyrimidin-4-yl ' _
59 (2-hydroxymethyi)- (R)-Me (S)-Me 168-171 345
‘ pyrimidin-4-yl
60 (2-hydroxymethyl-6-  (S)-Me H 345
methyl)-pyrimidin-4-yi
HO
"'Me
N=—
1
A,_X_N©N_<\JN
Example X-Ar' mp (°C) MS (MH")
61 ' (4-hydroxymethyl-6-methy)- | 357
Ipyrimidin-2-yi
62 (R )2-(1-hydroxy-ethyl)}- 357

pyrimidin-4-yi
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Example 63

1-{4-{4-(2-Acetyl-pyrimidin-4-v|}-2R* 6S*-dimethvi-piperazin-1-vil-pyrimidin-2-y/}-

ethanone.

A mixture of 1S-(4-{4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-y[}-2R 6 S-dimethyl-piperazin-
1-yl}-pyrimidin-2-yi)-ethanol (prepared according to the method of Example 42, 1.05 g,
2.93 mmol) and manganese(lV) oxide (5.15 g. 58.3 mmol) in dichloroethane (28 mL)
was heated at reflux for 7 h, and filtered through Celite (hot). The filtrate was
concentrated and purified by flash column chromatography (Flash 40M™, 5%
methanol/chloroform) to give 0.67 g (64%) of the title compound as a white solid. mp:
>235 °C (dec); 'H NMR (CDCl,, 400 MHz) 5 8.42 (d, 1H), 8.41 (d, 1H), 6.68 (d, 1H),
6.57 (d, 1H), 4.814.36 (¢, 4H), 3.39 (dd, 2H), 2.69 (s, 3H), 2.68 (s, 3H), 1.29 (d, 6H);
MS (APCI) 355 (MH").

Example 64
1R-{4-{4-(4-Hydroxymethyl-6-methyl-pyrimidin-2-y1)-3R,5S-dimethyl-piperazin-1-vil-
pyrimidin-2-vi}-ethanol.

S

Step A: 1R-{4-{4-(tert-Butoxycarbonviamino-tert-butoxycarbonylimino-methyl)-3R,5S-
dimethyl-piperazin-1-yll-pyrimidin-2-yl}-ethyvl butyrate. To a mixture of 1R-[4-(3R,5S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethyl butyrate (prepared according to the
method of ‘Preparation Three, 10 g, 32.7 mmol), N.N'-bis(te'rt-butoxycarbonyl)miourea
(8.6 g, 32.7 mmol; Synth. Commun. 1_993. 23, 1443), and triethylamine (9.0 mL, 65.4

Me

—<\
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mmol) in dimethylformamide (110 mi) at 0 °C was added mercury(ll) chioride (9.8 g,
36.0 mmol). This mixture was stirred overnight with warming to room temperature,
diluted with ethyl acetate, and washed with water (3x) and brine (1x). The organic
phase was dried over sodium sulfate, fi ltered, and evaporated to give 17.9 g (100%)
of the title compound of Example 64, Step A as a yellow foam. 'H NMR (CDCl,, 300
MHz) & 9.61 (s, 1H), 8.19 (d, 1H), 6.37 (d, 1H), 5.66 (q, 1H), 4.514.14 (c, 4H), 3.36-
3.23 (¢, 2H), 2.37 (1, 2H), 1.75-1.60 (c, 2H), 1.55 (d, 3H), 1.49 (s, 8H), 1.46 (s, SH),
1.28 (d, 3H), 1.26 (d, 3H), 0.94 (t, 3H); MS (APCI) 549 (MH").

Step B: 1R-[4-(4-Carbamimidovl-SR.58—dimethvl-oiperazin-1—vl)—ovrimidin-Z—vﬂ-ethyl
butvrate trifluoroacetic acid salt. A mixture of 1R-{4-[4-(tert-butoxycarbonylamino-tert-
butoxycarbonylimino-methyl)-3R,5$-dimethyl-piperazin-1-y!]-pydmidin—Z—yl}-ethyl
butyrate (prepared according to the method of Example 64, Step A, 17.9 g, 32.7
mmol) in a 3:1 mixture of dichloromethane/rifiuoroacetic acid (300 mL) was stirred at
room temperature ovemnight and concentrated to provide ~36 g of the title compound
of Example 64, Step B as an oil that was used as is. 'H NMR (CD,0D, 400 MHz) &
8.24 (d, 1H), 7.25 (d, 1H), 5.69 (q, 1H), 4.19-4.10 (c. 4H), 3.79-3.42 (c, 2H), 2.45 (t,
2H), 1.67-1.45 (c, 2H), 1.63 (d, 3H), 1.32-1.25 (c, 6H), 0.95 (t, 3H); MS (APCI) 349
(MH").

Step C: 1 R-{4-[4-(4-Methoxymethyi-6-methvi-pyrimidin-2-vi}-3R. S5S-dimethyl-
pperazm 1-vil-pyrimidin-2-vi}-ethanol. A solution of 1 M sodium isopropoxide in
lsopropanol was prepared by adding sodxum metal (3.8 g, 160 mmol) to isopropanol
(160 mL) and heating at reflux until all the metal was consumed. 1R-{4-(4-
Carbamimidoyl-3R,5S-dimethyl-piperazin-1 -yl)-pyrimidin-2-yl}-ethyl butyrate
trifluoroacetic acid salt (prepared according to the method of Example 64, Step B,
32.7 mmol theory) was added to the refluxing sodium isopropoxidefi Isopropanol
solution followed, after 1 h, by 1-methoxy-pentane-2,4-dione (21.2 g, 163 mmot; J.
Am. Chem. Soc. 1944, 22, 2092). After 12 h, another aliquot of sodium isopropoxide
(1 Min isopropanol, 65 mL, 65 mmol) was added. After refluxing overnight, the
reaction mixture was cooled to room temperature and diluted with water (100 mL).
Lithium hydroxide hydrate (6.9 g, 163 mmo!) was added and this mixture was stirred
for 3 h, concentrated, and extracted with 10% isopropanol/chloroform (3x). The
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and

purified by flash column chromatography (1—2.5% methanol/chloroform) to give 10.5

PCT/IB00/00296
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g (87%. 2 steps) of the titie compound of Example 64, Step C as a yellow solid. 'H
NMR (CDCl,, 400 MHz) 5 8.18 (d, 1H), 6.54 (s, 1H), 6.43 (d, 1H), 5.00-4.94 (c, 2H),
4.69 (m, 1H), 4.37-4.34 (c, 2H), 4.33 (s, 2H), 3.45 (s, 3H), 3.29-3.23 (¢, 2H), 2.33 (s,
3H), 1.51 (d, 3H), 1.20 (s, 6H); MS (APCI) 373 (MH").

Step D: 1R{4-[4-(4-Hydroxymethyi-6-methvi-pyrimidin-2-vI}-3R.5S-dimethvi-
piperazin-1-vll-pyrimidin-2-vi}-ethanol. To a solution of 1R<{4-[4-(4-methoxymethyi-6-
methyl-pyrimidin-2-yl}-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yi}-ethanol
(prepared according to the method of Example 64, Step C, 8.0 g, 21.5 mmol) in
dichloromethane (150 mL) at 0 °C was added boron tribromide (1 M in
dichloromethane, 64.3 mL, 64.3 mmol). This mixture was stirred ovemight with
warming to room temperature and quenched by careful addition of saturated aqueous

sodium bicarbonate. The layers were separated and the aqueous phase was
extracted with 10% isopropanol/chloroform (3x). The combined organic extracts were
washed with brine (1x), dried over sodium sulfate, filtered, and evaporated. The
resulting solid was refluxed in ethyl acetate and filtered (hot). This procedure was
repeated and the combined filtrates were concentrated to a minimal volume. After
standing at room temperature ovemight, a tan solid was collected by filtration. The
resulting filtrate was again allowed to stand at room temperature ovemnight to yield an
additional crop of the desired product to give all together 6.0 g (78%) 6f the titie
compound as a tan solid. mp: 148-151 °C; 'H NMR (CDCl,, 400 MHz) & 8.19 (d, 1H),
6.45 (d, 1H), 6.32 (s, 1H), 5.02-4.96 (c, 2H), 4.71 (q, 1H), 4.53 (s, 2H), 4.504.23 (c,
2H), 3.31-3.25 (c, 2H), 2.33 (s, 3H), 1.51 (d, 3H), 1.23 (s, 6H); MS (APCI) 359 (MH");
[o]p +18.9 (c 1.1, MeOH). ’

Examples 65 to 74
Examples 65 to 74 were prepared from the appropriate starting materials in a manner
analogous to the method of Example 64.
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S mp: 138-140 °C; 'H NMR (CDCl,, 300 MHz) 8 8.21 (d, 1H), 6.41 (d, 1H), 6.37 (s, 1H),
4.71 (m, 1H), 4.54 (s, 2H), 4.32 (d, 1H), 4.02-3.93 (c, 4H), 3.78-3.68 (¢, 4H), 3.65 (br
s, 1H) 2.34 (s, 3H), 1.19 (d, 3H); MS (TS) 331 (MH"); [a]p +21.6 (c 2.0, MeOH).

Example 66
1R{4-[4-(4 6- Dnmethvl-pvnmxdun-Z-vl)-SR 5Sdimethvl-piperazin-1-vll-pyrimidin-2-v/}-

10 ethanol.
Melu -<

mp: 141.5-142.5 °C; 'H NMR (CDCl,, 400 MHz) § 8.17 (d, 1H), 6.43 (d, 1H), 6.28 (s,
1H), 5.03-4.97 (c, 2H), 4.70 (q, 1H), 4.44-4.18 (c, 2H), 3.32-3.20 (c, 2H), 2.27 (s, 6H),
1.50 (d, 3H), 1.20 (d, 6H); MS (APCI) 343 (MH"); [a], +19.2 (c 1.1, MeOH).

15 Exampie 67
1R-{4-[4-(4-Methoxymethyi-6-methyi-pyrimidin-2-vi)-3R . 5S-dimethvl-piperazin-1-vil-

imidin-2-yi{}-ethanol.
Me Me
— f__< _-<N_
N/_>_N N \ ,
\_/ \__< \_¢

Meree Me OMe
OH

Me

—<\
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'H NMR (CDCl,, 400 MHz) & 8.18 (d, 1H), 6.55 (s, 1H), 6.43 (d, 1H), 5.02-4.93 (c, 2H),
4..69 (m, 1H), 4.43-4.20 (c, 2H), 4.36 (d, 1H), 4.33 (s, 2H), 3.46 (s, 3H), 3.30-3.21 (c,
2H), 2.34 (s, 3H), 1.51 (d, 3H), 1.20 (d, 6H); MS (APCI) 373 (MH"); [a], +16.0 (c 0.9,
MeOH).

Exampie 68
1R44-[4-{4-Hydroxymethvl-6-methvi-pyrimidin-2-vi)-3R-methvi-piperazin-1-yll-

: Me
pmer /-—\ N=—
= )
\_/ \—/ _<\N /
Met e Me OH
OH

pyrimidin-2-vil-ethanol.

'H NMR (CDCl,, 400 MHz) 5 8.17 (d, 1H), 6.36 (d, 1H), 6.32 (s, 1H), 4.98 (m, 1H),
4.69 (q, 1H), 4.58 (dt, 1H), 4.51 (s, 2H), 4.37-4.11 (c, 3H), 3.62 (br s, 1H), 3.48-3.36
(c. 2H), 3.18 (td, 1H), 2.31 (s, 3H), 1.48 (d, 3H), 1.17 (s, 3H); MS (APCI) 359 (MH"),
[a]p 40.6 (c 1.0, MeOH).

Example 69
1R-{4-[4-(4-Hvdroxvmethyl-6-methyi-pyrimidin-2-vi}-3S-methyi-piperazin-1-yi}-

. pydmidin-2-yi}-ethanol.

Me
p— /—\ N=—
N/\_>——N \_< —<\N /

N
Met+

OH

N
Me OH

1H NMR (CDCl,, 400 MHz) § 8.17 (d, 1H), 6.36 (d, 1H), 6.33 (s, 1H), 4.99 (m, 1H),
4.69 (q, 1H), 4.58 (m, 1H), 4.52 (s, 2H), 4.40-4.11 (c, 3H), 3.60 (br s, 1H), 3.45-3.34
(c, 2H), 3.19 (td, 1H), 2.32 (s, 3H), 1.49 (d, 3H), 1.16 (s, 3H); MS (APCI) 359 (MH");
[a]o +68.1 (¢ 0.7, MeOH).
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HO
RY =7 iMe
—N 3/——|—\2 N=—
\ />—N N \ /N
N\,
R R®
Example R" R*% R’ R® mp (°C) MS (MH")
70 H OH 3R-Me 5S8-Me 331
71 Me OH 3R-Me 68-Me  231-232 345
72 Ph OH 3R-Me  5S-Me 407
73 ‘Me ethoxymethyl 3R-Me  5S-Me 387
74 Me ethoxymethyl 2R-Me 6S-Me  106-108 387
Example 75

(R)-5-[2-{1-Hydroxy-ethvi}-pyrimidin-4-vil-1-methyl-2-quinoxalin-2-yl-1,.2.4,5.6.7-

hexahydro- zolof4 . 3-clpvyridin-3-one.

o e
2\,.( 7\

N N
aNRACe
OH : o] =
_ N

carboxviic acid tert-butyi ester. To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-ethyl ester (500 mg, 1.84 mmol; Tetrahedron 1994, 50, 515) in
toluene (10 mL) was added quinoxalin-2-yi-hydrazine (285 mg, 1.85 mmol;
Heterocycles 1985, 23, 2603). This mixture was stirred at refiux overnight, cooled to
room temperature, concentrated, and purified by flash oolur(nn chromatography
(25—-75% ethy! acetate/nexanes) to give 600 mg (89%) of the titte compound of
Example 75, Step A as a fight orange solid. 'H NMR (CDCl,, 250 MHz, 5:1 mixture of
tautomers) & 11.94 (br s, 0.83H), 10.16 (s, 0.17H), 9.57 (s, 0.83H), 8.13 (dd, 1H),
7.91-7.69 (c, 3H), 445 (s, 1.66H), 4.33 (s, 0.34H), 3.79-3.72 (c, 2H), 2.82-2.72 (c,
2H), 1.52 (s, 9H); MS (APCI) 368 (MH").
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Step B: 1-Methvl-3-0x0-2-quinoxalin-2-vi-1,2,3 4 6 7-hexahvdro-pyrazolof4,3-
clpyridine-5-carboxviic acid tert-butyl ester. To a solution of 3-oxo#2-quinoxalin-2-yl-
1.2,3,4,6,7-hexahydro-pyrazolo[4,3-clpyridine-5-carboxylic acid tert-butyi ester
(prepared according to the method of Example 75, Step A, 250 mg, 0.68 mmol) in
dimethylformamide (2 mL) at 0 °C with stirring under nitrogen was added sodium
hydride (60% dispersion in mineral oil, 41 mg, 1.02 mmol). After 10 min, iodomethane
(51 pL, 0.82 mmol) was added. This mixture was allowed to stir at 0 °C for 2 h,
quenched by addition of saturated aqueous sodium bicarbonate and extracted with
ethyl acetate (4x). The combined organic extracts were dried over sodium sulfate,
filtered, evaporated, and purified by flash column chromatography (40% ethyl
acetate/hexanes) to give 164 mg (63%) of the title compound of Exémple 75, Step B
as a yellow foam. *H NMR (CDCl,, 250 MHz) § 8.71 (s, 1H), 8.15 (dd, 1H), 8.02 (m,
1H), 7.80-7.70 (c, 2H), 4.29 (s, 2H), 4.14 (t, 2H), 3.79 (s, 3H), 2.72-2.67 (c, 2H), 1.50
(s, SH); MS (APCI) 382 (MH"*).

Step C: 1-Methvi-2-guinoxalin-2-yl-1,2.4.5.6.7-hexahydro- raiolo4 3-clpyridin-3-
one hydrochioride. To a solution of 1-methyl-3-oxo-2-quinoxalin-2-yi-1,2,3,4,6,7-

hexahydro-pyrazolo[4,3-c]pyridine-5-carboxylic acid tert-butyl ester (prepared
according to the method of Example 75, Step B, 279 mg, 0.73 mmol) in methanol (6
mL) was added hydrogen chioride (5.85 M in methanol. 1.25 mlL, 7.3 mmol). This
mixture was heated at 60 °C for 30 min, cooled to room temperature, and
concentrated to give 249 mg (>100%) of the title compound of Example 75, Step C as
a dark red solid. '"H NMR (CD,OD. 250 MHz) § 9.45 (s, 1H), 8.13 (dd, 1H), 8.05 (m,
1H), 7.91-7.83 (c, 2H), 4.05 (s, 2H), 3.64 (t, 2H), 3.56 (s, 3H), 3.12 (t, 2H); MS (APCI)
282 (MH"). '

Step D: (R)-1-{4-{1-Methvl-3-oxo-2-quinoxalin-2-vi-1,2.3 4 6 7-hexahydro-
pyrazolof4,3-clpyridin-5-vi)-pyrimidin-2-yll-ethyi butyrate. To a stirred solution of 1-
methyl-2-quinoxalin-2-yi-1 ,2.4,5,6.7—hexahydro—pyrazolo[4,3-c]pyn‘din-3-one
hydrochiloride (prepared according to the method of Example 75, Step C, 175 mg,
0.55 mmol) and (R)-1-(4-chloro-pyrimidin-2-yi)}-ethyl butyrate (prepared according to
the method of Preparation Seven, 126 mg, 0.55 mmol) in isopropanol (6 mL) was

added triethylamine (230 pL, 1.66 mmol). This mixture was heated to reflux ovemight,
cooled to room temperature, and evaporated. The residue was diluted with saturated
aqueous sodium bicarbonate and extracted with chloroform (3x). The combined
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organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
flash column chromatography (1.5% methanol/chloroform) to give 248 mg (85%) of
the titie compound of Example 75, Step D as a yellow oil. 'H NMR (CDCI,, 250 MHz) &
9.70 (s, 1H), 8.29 (d, 1H), 8.15 (dd, 1H), 8.03 (m, 1H), 7.82-7.70 (c, 2H), 6.48 (d, 1H)
5.72 (g, 1H), 4.36 (s, 2H), 4.354.15 (¢, 2H), 3.42 (s, 3H), 2.77-2.82 (c, 2H), 2.43 (1,
2H), 1.79-1.60 (c, 2H), 1.61 (d, 3H), 0.98 (t, 3H); MS (APCI) 474 (MH").
Step E: {R)-5-[2-(1-Hydroxy-ethvl)-pyrimidin-4-vil-1-methyl-2-guinoxalin-2-vl-
1.2.4,5,6.7-hexahvdro-pyrazolo[4,3-clpyridin-3-one. To a solution of (R)-1-{4-(1-
methyl-3-oxo-2-quinoxalin-2-yi-1,2,3,4,6,7-hexahydro-pyrazolo[4, 3-c)pyridin-5-yl)-
pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of Example 75, Step
D, 248 mg, 0.52 mmo!) in a 5:2 mixture of methanoltetrahydrofuran (7 mL) was added
potassium carbonate (218 mg, 1.57 mmol). This mixture was stirred at room
temperature ovemight and evaporated. The residue was diluted with saturated
aqueous sodium bicarbonate and extracted with chioroform (3x). The combined
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by
fiash column chromatography (1.5—3% methanol/chloroform) to give 150 mg (71%)
of the title compound as a white solid. mp: 217-219 °C (dec); 'H NMR (CDCl,, 250
MHz) 6 9.66 (s, 1H), 8.25 (d, 1H), 8.12 (dd, 1H), 7.99 (m, 1H), 7.68-7.78 (c, 2H), 6.47
(d, 1H), 4.72 (q, 12H), 4.32 (s, 2H), 4.19-4.14 (c, 3H), 3.41 (s, 3H), 2.80 (t, 2H), 1.51
(d, 3H); MS (APCI) 404 (MH"); [a], +13.4 (¢ 1.5, CHCL,).

Examples 76 and 77
Examples 76 and 77 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 75.

Example A R® B mp (°C) MS (MH*)

76 N-Me  benzothiazol-2-yl CcO 176-178 409
77 CO .quinoxalin-2-yl N-Me 201-204 (dec) 404
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Example 78
(R)-6-Chloro-1'-[2-{1-hvdroxy-ethyv)-pyrimidin-4-vll-spiro[chroman-2.4'-piperidin}-4-
one. '
(o}
N/_/>—N
\ N O Cl

Meiee
~ OH

Step A: 6-Chloro-spiro{chroman-2 4'-piperidini-<4-one hvdrochloride. To a solution of

1'-benzyl-6-chloro-spiro[chroman-2,4'-piperidin}<4-one (300 mg, 0.88 mmol, Chem.
Pharm. Bull. 1981, 29, 3494) in acetone (5 mL) at 0 °C was added 1-chloroethyl
chlorofoﬁnate (0..29 mL, 2.64 mmol). This mixture was warmed to room temperature,
stired ovemnight, and concentrated. The residue was purified by flash column
chromatography (10—20% ethyt acetate/hexanes) to give the intermediate carbamate
which was refiuxed in methanol (3 mL) for 1 h. Evaporation of the reaction mixmi’e
provided 149 mg (59%) of the titie compound of Example 78, Step A as a colorless
solid. 'H NMR (CD,0D, 250 MHz) § 7.77 (d, 1H), 7.58 (dd, 1H), 7.15 (d, 1H), 3.33
(buried, 4H), 2.90 (s, 2H), 2.46-2.20 (c, 2H), 2.04-1.81 (c, 2H); MS (APCI) 252, 254
(MH").

Step B: (R)-1"-[2-(1-Butyrvioxv-ethyl}-pyrimidin-4-yll-6-chloro-spiro[chroman-2.4'-
piperidin}-4-one. To a solution of 8-chloro-spiro[chroman-2,4'-piperidin}<4-one
hydrochloride (prepared according to the method of Example 78, Step A, 175 mg,
0.61 mmol) in isopropanol (5 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl
butyrate (prepared _accdrding to the method of Preparation Seven, 160 mg, 0.70

mmol) followed by triethylamine (0.29 mL, 2.1 mmol). This mixture was stirred at
refiux for 1.5 h, concentrated, and purified by flash column chromatography (1%
methanol/chioroform) to give 270 mg (100%) of the title compound of Example 78,
Step B as a yellow oil. 'H NMR (CDCl,, 400 MHz) 5 8.19 (d, 1H), 7.83 (d, 1H), 7.44
(dd, 1H), 6.97 (d, 1H), 6.37 (d, 1H), 5.64 (q, 1H), 4.18 (app s, 2H), 3.34 (t, 2H), 2.72
A(s, 2H), 2.37 (t, 2H), 2.10 (d, 2H), 1.71-1.60 (c, 4H), 1.55 (d, 3H), 0.94 (t, 3H); MS
(APCI) 444, 446 (MH™).
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Step C: (R)-6-Chioro-1'-[2-( 1-hydroxy-ethvi)-pyrimidin-4-vil-spiro[chroman-2.4'-
piperidin}-4-one. A mixture of (R)}-1'-{2-(1-butyryloxy-ethy!)-pyrimidin-4-yi}-6-chioro-
spiro[chroman-2 /4'-piperidin]-4-one (prepared according to the method of Example
78, Step B, 270 mg, 0.61 mmol) and lithium hydroxide hydrate (80 mg, 1.83 mmol) in
a 3:1:1 mixture of tetrahydrofuran/methancl/water (6 mL) was stirred at room
temperature for 1.5 h. The organic solvents were evaporated and the residue was
extracted with chloroform (4x). The combined organic extracts were dried over
sodium sulfate, filtered, evaporated, and purified by flash column chromatography
(ethy! acetate) to give 41 mg (18%) of the title compound as a reddish foam. '"HNMR
(CDCI3. 300 MHz) & 8.19 (d, 1H), 7.82 (d, 1H), 7.44 (dd, 1H), 6.96 (d, 1H), 6.40 (d,
1H) 4.65 (g, 1H), 4.20 (app s, 2H), 3.42-3.32 (¢, 2H), 2.73 (s, 2H), 2 14 (d, 2H), 1.67
(td, 2H), 1.48 (d, 3H); MS (APCI) 374, 376 (MH"); [a], +12.6 (c 0.5, MeOH).
Examples 78 to 85
Examples 79 to 85 were prepared from the appropriate starting materials in a manner

analogous to the method of Example 78.

RSG HO
7—s wMe
R“: 0 N=—
N N
) O ~\

Example R* RY D mp (°C) MS (MH")
79 6-Ph H CH, . 402
80 6-Ph H CHOH 418
81 6-Ph H CcOo 416
82 6-OMe H Cco 156.5-157.5 370
83 7-Br H co 418,420
84 5-Cl 6-Cl CO 408,410
85 6-OMe 7-OMe CcoO 400
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Example 86 _
(R}»-1-[4-{2-Methyl-4-phenvl-5 .8-dihydro-6H-pvrido[3.4-dlpyrimidin-7-vi)-pvrimidin-2-

. yil-ethanol.

N/\=N/>—-N / \N
Me“"e_ ‘ N=<

OH Me

Step A: 7-Benzyl-2-methvi-5.6.7 8-tetrahydro-3H-pyrido[3,4-d]pyrimidin-4-one. A
solution of sodium ethoxide in ethanol was prepared by addition of sodium metal (5.7

g. 247 mmol) to absolute ethanol (141 mL). After the sodium metal had all dissolved,
ethy! 1-benzyl-3-oxo-4-piperidine carboxytate hydrochloride (21 g, 70.5 mmol) was
added followed by acetamidine hydrochloride (13.3 g, 141 mmol). This mixture was
stirred at reflux for 1 h, cooled to room temperature, and concentrated. The residue
was dissolved in a minimum amount of water and the pH was adjusted to about 7 with
glacial acetic acid. The resulting yellow precipitate was filtered, washed with water
(3x), air-dried for 2 h, then vacuum-dried ovemight to provide 17.1 g (95%) of the title
compound of Example 86, Step A as a yellow solid. 'H NMR (CDCl,, 250 MHz) 8
7.35-7.25 (¢, 5H), 3.70 (s, 2H), 3.42 (s, 2H), 2.73-2.64 (c, 2H), 2.64-2.60 (c, 2H), 2.41
(s, 3H); MS (APCI) 256 (MH").

Step B: 7-Benzyi-4-chioro-2-methyl-5.8-dihydro-6H-pyridof3.4-dlpvrimidine. 7-
Benzyl-z-methyl-S,S,7'B-tetrahydro-BH-pyn'do[3,4-d]pyrimidin-4-one (prepared
according to the method of Example 86, Step A, 17.1 g, 67.0 mmol) was suspended in

phosphorus oxychloride (66 mL, 335 mmol). This mixture was stirred at reflux for 1 h,
cooled to room temperature evaporated, then chased with toluene. The residue was
carefully diluted with ice/water/chloroform and the layers were separated. The
aqueous phase was extracted with chioroform (3x) and the combined organic extracts
were washed with saturated aqueous sodium bicarbonate (1x) and water (1x), dried
over sodium sulfate, filtered, and evaporated to give the title compound of Example
86, Step B as a brown oil that was used without purification in the next step. ‘H NMR
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(CDCl,, 250 MHz) § 7.36-7.23 (c, SH), 3.73 (s, 2H), 3.63 (s, 2H), 2.63 (app s, 4H),
2.36 (s, 3H); MS (APCI) 274, 276 (MH").

Step C: Z-Benzyl-2-methyi-4-phenvyl-5.8-dihvdro-6H-pyridol3.4-dipvrimidine. Toa
suspension of 1,4-diphenylphosphinobutane (1.43 g, 3.35 mmol) in toluene (50 mL)
was added bis(benzonitrile)pafiadium(if) chioride (1.28 g, 3.35 mmol). This mixture
was stirred for 25 min at room temperature, then was added to a suspension of 7-
benzyl-4-ch!oro-2-methyl-5.8-dihydro-6H-pyrido[3,4-d]pyrimidine (prepared according
to the method of Example 86, Step B, 67.0 mmol, assumed) and phenyiboronic acid
(10.6 g, 87.1 mmol) in a mixture of absolute ethanol (40 mL), toluene (175 mlL), and 2
N aqueaus sodium carbonate (33.5mL). This mixture was stirred at reflux for 6.5 h,
cooled to room temperature and stirred for ~2.5 d, then filtered through a pad of
Celite. The filtrate was concentrated and the residue was diluted with water and
extracted with chloroform (3x). The combined organic extracts were dried over
sodium sulfate, filtered, evaporated, and purified by flash column chromatography
(45-50% ethy! acetate/hexanes) to give 16.5 g (78%, two steps) of the title
compound of Example 86, Step C as a yeliow oil. 'H NMR (CDCl,, 250 MHz) & 7.57-
7.54 (c, 2H), 7.48-7.24 (c, 8H), 3.71 (app s, 4H), 2.85 (t. 2H), 2.71-2.67 (c, 2H), 2.69
(s, 3H); MS (APCI) 316 (MH").

Step D: 2-Methyi4-phenvl-5.8-dihvdro-6H-pyrido[3.4-dipyrimidine. 7-Benzyl-2-
methyl-4~phenyi-5,8-dihydro—6H-pyn'do[3,4-d]pyn'midine hydrochloride was formed in
situ by addition of hydrogen chioride (1.9 M in methanol, 31.1 mL, 51.1 mmol) to a
solution of 7-benzyl-2-methy|-4~phenyl-5,8-dihydro-GH-pyﬁdo[3.4-d]pyrimidine
(prepared according to the method of Example 86, Step C, 16.5 g, 52.2 mmol) in
methanol (75 mL). After stirring 10 min at room temperature, a precipitate formed,
and another aliquot of methanol (100 mL) was added to obtain a homogeneous
solution. To this mixture was added a slurry of 10% palladium on carbon (3.3 g, 20
wit%) in methano! followed by ammonium formate (16.5 g, 261 mmol). This mixture
was stirred at reflux for 5 h, cooled to room temperature, and filtered through Celite.

The filtrate was evaporated, diluted with saturated aqueous sodium bicarbonate, and
extracted with chloroform (3x). The combined organic extracts were dried over
sodium sulfate, filtered, evaporated, and purified by flash column chromatography (3%
methanol/chloroform + 1% ammonium hydroxide) to give 6.7 g (57%) of the title
opmpound of Example 86, Step D as an off-white solid and 2.4 g (19%) of 7-formyi-2-
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methyl-4-phenyl-5,8-dihydro-6H-pyrido[3,4-djpyrimidine as a yéllow gum. Treatment
of the 7-formy! byproduct with methanolic hydrogen chioride at room temperature
overnight foliowed by aqueous workup and column chromatography provided an
additional 1.4 g (12%) of the title compound of Example 86, Step D. 'H NMR (CDCl,,
250 MHz) 5 7.55-7.40 (c, 5H), 4.09 (s, 2H), 3.05 (t, 2H), 2.75 (t, 2H), 2.79 (s, 3H); MS
(APCI) 226 (MH").

Step E: (RH-I4-(2-Methvl-4-phenvl~5.8-dihydro-SH-pvﬁdof3.4—d]pvﬁmidin-7ﬂﬂ-
pyrimidin-2-yll-ethyl butyrate. To a solution of 2-methyl-4-phenyl-5,8-dihydro-6H-
pyridof3,4-d]pyrimidine (prepared according to the method of Example 86, Step D, 6.8
g, 30.0 mmol) in isopropanol (125 mL) was added (R)-1-{4~chloro-pyrimidin-2-yl)-ethyl
butyrate (prepared according to the method of Preparation Seven, 6.8 g, 30 mmol)

followed by triethylamine (12.5 mL, 89.9 mmol). This mixture was stirred at reflux for
8 h, cooled to room temperature overnight, and evaporated. The residue was diluted
with saturated aqueous sodium bicarbonate and extracted with ethyl acetate (3x).
The combined organic extracts were dried over sodium suifate, filtered, evaporated,
and purified by flash column chromatography (2% methanol/ethyl acetate) to give
11.0 g (88%) of the title compound of Example 86, Step E, as ayellow oil. 'H NMR
(CDCls, 250 MHz) & 8.28 (d, 1H), 7.62-7.40 (c, 5H), 6.45 (d, 1H), 5.69 (g, 1H), 4.78 (s,
2H), 3.93 (app s, 2H), 2.95 (t, 2H), 2.77 (s, 3H), 2.40 (t, 2H), 1.77-1.63 (c, 2H), 1.60 (d,
3H), 0.98 (t, 3H); MS (APCI) 418 (MH").

Step F: { R)—‘i—r4-!2-Methvl-4-pHenvl-5.8-dihvdro-GH-DvridoL'S.4—d]pvn'midin-7-vl)-
pyrimidin-2-vil-ethanol. To a solution of (R)-1-[4-(2-methyl-4-phenyl-5,8-dihydro-6H-
pyrido[3,4-d]pyrimidin-7-yl)-pyrimidin-2-y{]-ethy! butyrate (prepared according to the
method of Example 86, Step E, 11.0 g, 26.4 mmol) in dioxane (13 mL) was added
concentrated hydrochtoric acid (22 mL, 264 mmo!). This mixture was stirred at room

temperature overnight, cooled to 0 °C, neutralized via slow addition of 6 N aqueous
sodium hydroxide, and extracted with ethyi acetate (4x). The combined organic
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash
column chromatography (2—+5% methanol/ethyl acetate) to give an oil which after
tritration with hexanes provided 8.0 g (88%) of the title compound as a white solid.
mp: 114-116 °C; 'H NMR (CD,0D, 250 MHz) & 8.26 (d, 1H), 7.62-7.47 (c, 5H), 6.52
(d. 1H), 4.79 (s, 2H), 4.66 (q, 1H), 4.24 (br s, 1H), 3.90-3.80 (c, 2H), 2.95 (t, 2H), 2.70
(s, 3H), 1.48 (d, 3H); MS (APCI) 348 (MH"), [a], +15.6 (c 1.0, MeOH).
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‘Examples 87 to 100
Examples 87 to 100 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 86.

RA HO
=N ‘—2--"'Me
N \ / Y N—== \,
. e
Exampie R® R* mp (°C) MS (MH")
87 H Ph 72-74 334 .
88 Ph H 334
89 Ph Et 362
90 Ph NH, 225-228 (dec) 349
81 Ph Ph 73-75 410
g2 Ph 4-pyridyl 411
g3 (4-OMe)Ph Me 6264 378
94 (4-F)Ph Me 55-58 366
a5 (4-Cl)Ph H 368, 370
- 96 OMe Me , 302
g7 OPh Me 156-158 364
98 SPh Me 103-105 380
a9 N-indoiiny! Me 128-131 389
100 NMe, Et - 329

Example 101

dihydro-5H-pyridol4.3-dlpyrimidin-6-yl}-methanone.
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(\( \/l\
3 o

Me OH

Step A: 4-Oxo-piperidine-1-carboxviic. acid tert-butyl ester. A mixture of 4-piperidone
monohydrate hydrochloride (9.22 g, 60 mmol) and di-tert-butyl dicarbonate (10.9 g, 50
mmol) in a 1:1 mixture of dichloromethane/saturated aqueous sodium bicarbonate
(100 mL) was stirred at room temperature for 15.5 h. The layers were separated and
the aqueous layer was extracted with chloroform (3x). The combined organic extracts
were washed with 1 N aqueous phosphoric acid (3x), dried over sodiumn sulfate,
filtered, and evaporated to give 16.0 g (100%) of the title compound of Example 101,
Step A as a white solid. 'H NMR (CDCl,, 400 MHz) & 3.70 (t, 4H), 2.42 (t, 4H), 1.47
(s, OH). _

Step B: 3-Dimethviaminomethvlene-4-oxo-piperidine-1-carboxylic acid tert-butvi
ester. To a sofution of 4-oxo—pipeﬁdine-1 -carboxylic acid tert-butyl ester (prepared
according to the method of Example 101, Step A, 4.0 g, 20.0 mmol) in
dimethylformamide (40 mL) was added tert-butoxybis(dimethylamino)methane (4.35
mL, 22 mmol). This mixture was stirred at reflux for 15 h, cooled to room temperature,
diluted with water, and extracted with ethyl acetate (5x). The combined organic
extracts were washed with water (3x) and brine (1x), dried over sodium sulfate,
filtered, and evaporated to give 3.64 g (72%) of the title compound of Example 101,
Step B as a brown oil that was sufficiently pure to camry on to the next step. 'H NMR
(CDCl,, 400 MHz) § 7.47 (s, 1H), 4.53 (s, 2H), 3.58 (t, 2H), 3.09 (s, 6H), 2.43 (t, 2H),
1.46 (s, SH); MS (APCI) 255 (MH").

Step C: 2-Phenvl-7.8-dihvdro-5H-pvridof4.3-d]ovrimidine—6—wrboglic acid tert-butyl
ester. A mixture of 3-dimethylaminomethylene-4-oxo-piperidine-1-carboxylic acid tert-

butyl ester (prepared according to the method of Example 101, Step B, 509 mg, 2.0

mmol), benzamidine hydrochloride hydrate (470 mg, 3.0 mmol), and sodium ethoxide
(1 Min ethanol, 6.0 mL, 6.0 mmol) in absolute ethanol (4 mL) was heated to reflux for
about 3 d, cooled to room temperature, and concentrated. The residue was diluted |

PCT/1B00/00296
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with saturated aqueous sodium bicarbonate and extracted with chloroform (3x). The
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and
purified by flash column chromatography (Biotage Flash 40S™, 10—15% ethyl
acetate/hexanes) to give 304 mg (49%) of the titie compound of Example 101, Step C
as a yellow oil. 'H NMR (CDCl,, 400 MHz) 5 8.52 (s, 1H), 8.40-8.38 (c, 2H), 7.50-7.44
(c, 3H), 4.62 (s, 2H), 3.78 (t, 2H) 3.02 (t, 2H), 1.50 (s, OH); MS (APCI) 312 (MH").
Step D: 2-Phenvi-7.8-dihvdro-5H-pyridol4.3-d]pyrimidine hydrochloride. To a solution
of 2-phenyl-7,8-dihydro-5H-pyrido[4,3-d]pyrimidine-6-carboxylic acid tert-butyl ester
(prepared according to the method of Example 101, Step C, 304 mg, 0.98 mmol) in
ethyl acetate (2 mL) was added hydrogen chloride (2.5 M in ethyl acetate, 3.9 mL,
9.76 mmol). This mixture was stirred at room temperature for 16 h and concentrated

to give 256 mg (>100%) of the title compound of Example 101, Step D as a pale
yellow solid. 'H NMR (CD,0D, 400 MHz) & 8.75 (s, 1H), 8.42-8.38 (c, 2H), 7.51-7.45
(c, 3H), 4.48 (s, 2H), 3.68 (t, 2H) 3.35-3.25 (buried, 2H); MS (APCI) 212 (MH").

Step E: 1R-[4-(4-Chlorocarbonyi-3R.5S-dimethvl-piperazin-1-vl)-pvrimidin-2-vil-ethyl
butvrate. To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1 -yl)-pyrimidin-2-yl}-ethyl
butyrate (prepared according to the method of Preparation Three, 1.36 g, 4.44 mmol)
in dichloromethane (22 mL) at 0°C under nitrogen was added pyridine (0.36 mL, 4.44
mmol) followed by triphosgene (883 mg, 2.97 mmol). This mixture was stirred with

warming to room temperature for 1.5 h and quenched with saturated aqueous sodium
bicarbonate. The layers were separated and the aqueous phase was extracted with
chioroform (3x). The combined organic extracts were dried over sodium sulfate,

-ﬁlter_ed, evaporated, and purified by flash column chromatography (1—>2%

methanol/chioroform) to give 1.59 g (97%) of the title compound of Example 101, Step
E as a brown oil. 'H NMR (CDCl,, 400 MHz) & 8.23 (d, 1H), 6.39 (d, 1H), 5.66 (g, 1H),
4.54-4.47 (c, 2H), 4.35 (m, 1H), 4.25 (m, 1H), 3.20 (dt, 2H), 2.38 (t, 2H), 1.72-1.62 (c,
2H), 1.56 (d, 3H), 1.31 (d, 3H), 1.30 (d, 3H), 0.85 (t, 3H); MS (APCI) 369, 371 (MH").
Step F: {4-[2-(1R-Hvdroxy-ethyl)-pyrimidin-4-v(l-2R.6S-dimethyl-piperazin-1-yi}-(2-
phenvyi-7 8-dihydro-5H-pyridol4.3-dloyrimidin-6-yl}-methanone. A mixture of 2-phenyl-
7,8-dihydro-5H-pyrido[4,3-d]pyrimidine hydrochloride (prepared according to the
method of Example 101, Step D, 160 mg, 0.65 mmot), 1 R-[4-(4-chlorocarbonyl-
3R,58-din{ethyl-piperazin-1-yl)-pyrimidin-z-yl]-emyl butyrate (prepared according to
the method of Example 101, Step E, 200 mg, 0.54 mmo!), and triethylamine (0.19 mL,
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1.36 mmol) in tetrahydrofuran (5 mL) was stirred at reflux for 3 h, cooled to room
temperature ovemnight, and concentrated. The residue was diluted with a 4:1 mixture
of methanol/water (5 mL) and lithium hydroxide hydrate (114 mg, 2.71 mmol) was
added. This mixture was stirred for 2.5 h, concentrated, and partitioned between
saturated aqueous sodium bicarbonate and chloroform. The layers were separated
and the aqueous phase was extracted with 20% isopropanol/chloroform (3x). The
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and
purified by flash column chromatography (2—5% methanol/chloroform) to give 183
mg (71%) the title compound as a white foam. 'H NMR (CDCI;,, 400 MHz) & 8.56 (s,
1H), 8.41-8.39 (c, 2H), 8.20 (d, 1H), 7.50-7.46 (c, 3H), 6.38 (d, 1H), 4.71 (s, 2H), 4.69
(m, 1H), 4.28 (d, 1H), 3.89 (t, 2H) 3.83 (d, 2H), 3.60-3.56 (c, 2H), 3.46-3.39 (c, 2H),
3.09 (t, 2H), 1.50 (d, 3H), 1.18 (d, 6H); MS (APCI) 212 (MH"); [a]p +6.1 (c 1.8, CHCl,).
Examples 102 t0 110
Examples 102 to 110 were prepared from the appropriate starting materials in a
manner analogous to the method of Exampie 101.
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R‘ 8 Yy} Me
0 7—-}\3 N=—
>— N N N
R%Z—N NS —<\__//
\Rm R'®
Example R2 R*! R* R" mp (°C) MS (MH*)
102 quinolin-2-yl H 3R-Me 5S-Me  172-1745 407
103 quinolin-3-yl H 2R-Me  6S-Me 407
104 quinolin-4-yl H 3R-Me  5S-Me 407
105 quinolin-6-yl H 3R-Me  5S-Me 407
106 pyridin-3-yl-  pyridin-3- 2R-Me  6S-Me " 462
methy! yl-methyl
Example NR¥*R®2 R RY mp (°C) MS (MH")
107 2-amino-7,8-dihydro-SH- 2R-Me  6S-Me 225-228 413
_ pyrido[4,3-d]pyrimidin-6-yi
108 2-(1-hydroxy-1-methyl- 2R-Me  6S-Me 456
ethyl)-7,8-dihydro-5H-
pyrido[4,3-d]pyrimidin-6-yl
108 5,7-dihydro- 2R-Me  6S-Me 458
dibenzojc,elazepin-6-yl
110 4-2-(1R-hydroxy-ethyl)- 3R-Me  5S-Me 499
pyrimidin-<4-y(}-3R,5S-
dimethyl-piperazin-1-y!
Example 111

(E}-1R44-[4-(2-Phenvi-ethenesulfonvl)-piperazin-1-vil-pyrimidin-2-vi}-ethanol.

O

—N

=n=0

)

N
\—/

HO

anpde
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Step A: (E)-1R-{4-{4-(2-Phenvi-ethenesulfonv!)-piperazin-1-yll-pyrimidin-2-yl}-ethyi
acetate. To a solution of (R)-1-[4-piperazin-1-yl)-pyrimidin-2-yl}-ethy! acetate

' (prepared according to the method of Preparation Two, 0.25 g, 1.0 mmol) and

triethylamine (0.10 g, 1.0 mmol) in tetrahydrofuran (5 mL) was added B-
styrenesulfonyl chloride (0.21 g, 1.0 mmol) at ambient temperature and stirred for 1 h.
The mixture was diluted with water and extracted twice with ethyl acetate. The extract
was dried over magnesium sulfate, filtered, and the filtrate was concentrated to an oil,
which was purified by flash chromatography (8:1 dichloromethane:methanol) to give
the titlie compound of Example 111, Step A as an oil, 0.15 g (34%). 'H NMR (CDCl,,
300 MHz) & 1.48 (d, 3H), 2.15 (s, 3H), 3.23 (m, 4H), 3.84 (m, 4H), 5.61 (q, 1H), 6.40
(d, 1H), 6.65 (d, 1H), 7.39-7.52 (m, 6H), 8.21 (d, 1H); MS (TS) 417 (MH").

Step B: (E)-1R-{4-[4-(2-Phenyl-ethenesulfonyl)-piperazin-1-vil-pyrimidin-2-yi}-ethanol.
To a solution (E)-1R-{4-{4-(2-phenyl-ethenesulfonyl)-piperazin-1-yl]-pyrimidin-2-yi}-
ethyl acetate (prepared according the method of Example 111, Step A, 0.14 g, 0.33
mmol) in methano! (1 mL) was added at ambient temperature 6 N agqueous potassium
hydroxide (0.25 mL). After stirring for 3 h, the solution was diluted with ethyl acetate
and washed twice with water. The organic layer was separated, dried over
magnesium sulfate, filtered, and the filtrate was concentrated to give the title
compound as a white solid, 0.09 g (69%). ‘H NMR (CDCl,, 300 MHz) & 1.48 (d, 3H),
3.23 (m, 4H), 3.84 (m, 4H), 4.20 (br s,1H), 4.71 (q, 1H), 6.40 (d, 1H), 6.65 (d, 1H),
7.39-7.52 (m, 6H), 8.21 (d, 1H); mp: 68-70 °C; MS (TS) 375 (MH"); [a]p +20.9 (¢ 1.0,
MeOH).

Examples 112 and 113

Examples 112 and 113 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 111.
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HO
R' waMe

~ =
R'L—N NMN
\_<Rw

Example  R" RY RY mp (°C)  MS (MH")
112 (R-Me (S)}-Me isopropylsulfonyi 162-154 343
113 (R-Me (S)-Me 1-methyi-1H-imidazol-4- 157-158 381

yi-sulfony!
Exampie 114

1R{4-15-(4-Bromobenzenesulfonvi}-2R 5S-diaza-bicvcio[2.2. 11hept-2-vil-pyrimidin-2-
yl}-ethanol.

HO
v Me
ﬁ N=—
0]

Step A: 1R-[4-(2R.5S-Diaza-bicvciof2.2. 11hept-2-yi)-pyrimidin-2-yll-ethvl butyrate. To
a suspension of 2,5-diaza-bicyclo[2.2.1}heptane dihydrobromide (7.57 g, 88.0 mmol;
Synthesis 1990, 10, 925) in dichloromethane (90 mL) was added 1,8-
diazabicyclo[5.4.0jundec-7-ene (13.7 g, 90 mmol) and stirred until homogeneous. A

solution of (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the
method of Preparation Seven, 10.2 g, 45 mmol) in dichloromethane (10 mL) was
added and stirred at reflux for 14 h. The mixture was filtered and washed with
saturated aqueous sodium bicarbonate. The organic layér was dried over sodium
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was
purified by flash chromatography (9:1-5:1 dichloromethane:methanol) to give the title
compound of Example 114, Step Aas anoil, 6.75 g (51 %). 'H NMR (CDCl,, 300
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MHz) 8 0.92 (t, 3R), 1.54 (d, 3H), 1.68-1.78 (m, 5H), 2.68 (t, 2H), 3.38 (m, 1H), 3.76
(m, 3H), 4.42 (m, 1H), 5.35 (q, 1H), 6.16 (d, 1H), 8.12 (d. 1H); MS (CI) 291 (MH").
Step B: 1R-{4-[5-(4-Bromaobenzenesulfonyl}-2R.5S-diaza-bicvclol2.2 1]hept-2-yll-
pyrnmidin-2-vi}-ethyl butvrate. To a solution of 1R-{4-(2R,5S-diaza-bicyclo[2.2.1]hept-
2-yl)-pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Example 114,
Step A, 0.58 g, 2.0 mmol) and triethylamine (0.22 g, 2.2 mmol) in chioroform (10 mL)
was added 4-bromobenzenesulfony! chloride (0.56 g, 2.2 mmol) and stired at
ambient temperature for 16 h. The mixture was washed once with water, once with
brine, dried over magnesium sulfate, filtered, and the filtrate was concentrated to give
the title compound of Example 114, Step B as a clear oil, 0.92 g (80%). 'H NMR
(CDCl,;, 300 MHz) 5 0.92 (1, 3H), 1.54 (d, 3H), 1.68-1.78 (m, SH), 2.68 (t, 2H), 3.25 (m,
1H), 3.46 (m, 3H), 4.28 (m, 1H), 5.25 (q, 1H), 6.16 (d, 1H), 7.58 -7.64 (m, 4H), 8.12 (d,
1H); MS (CI) 510 (MH").

Step C: 1R-{4-[5-(4-Bromobenzenesulfonv)-2R . 5S-diaza-bicyclof2.2. 1thept-2-v]-
pyrimidin-2-vi}-ethanol. To a solution of 1R-{4-{5-(4-bromobenzenesulfonyl)-2R,5S-
diaza-bicyclo[2.2.1]hept-2-yl]-pyrimidin-2-yi}-ethyl butyrate (prepared according to the
method of Example 114, Step B, 0.85 g, 1.6 mmol) in a 2:1 mixture of
tetrahydrofuran:methanol (10 mL) was added at ambient temperature 6 N aqueous
potassium hydroxide (1 mL). After stirring for 6 h the solution was diluted with
dichloromethane and washed twice with water. The organic layer was separated,

- dried over magnesium suifate, filtered, and the filtrate was concentrated to a viscous
~ oil which was purified by flash chromatography (9:1 dichloromethane:methanof) to

give the titte compound as a white foam, 0.49 g (66%). 'H NMR (CDCl,, 300 MHz) §
1.54 (d, 3H), 1.68 (m, 2H), 1.78 (m, 1H), 3.25 (m, 1H), 3.46 (m, 3H), 4.28 (m, 1H),
4.78 (q, 1H), 6.16 (d, 1H), 7.64 (m, 4H), 8.12 (d, 1H); mp: 83-88 °C; MS (Ch 440
(MH*); [a]o 49.2 (¢ 1.0, MeOH).

Examples 115 to 120
Examples 115 to 120 were'prepared from the appropriate starting materiais in a
manner analogous to the method of Example 114.

PCT/IB00/00296
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Example R" mp (°C) MS (MH")
115 4-chlorophenylsuifonyl 83-88 385, 397
116 2-thienylsulfonyl 84-86 367
117 2-(5-chlorothienyl)-sulfonyl 62-64 401, 403
118 - 4-carboxamidoyiphenyl-sulfonyl 148-151 404
119 4-(tert-butylphenyl)-sulfonyl 72-75 417
120 N,N-dimethylsulfamoyl 110-111 328
Example 121

{4-[4-(Pvrrolidine-1 -sulfonvl)-biperazin-1 -vil-pyrimidin-2-v{}-methanol.
’ HO

Step A: 2-Methoxymethyi-4-[4-(pyrrolidine-1-sulfonyi)-piperazin-1-vll-pyrimidine. To a

solution of 2-methoxymethyl-4-piperazin-1-yl-pyrimidine (prepared according to the
method of Preparation One, 2.08 g, 10 mmol) and triethylamine (1.01 g, 10 mmol) in
tetrahydrofuran (20 ml) was added N-pyrrolidinesulfonyi chloride (1.69 g, 10 mmol) at
0 °C and stirred for 3 h at ambient temperature. The mixture was diluted with ethyl
acetate and washed twice with water. The organic layer was separated, dried over
magnesium sulfate, filtered, and the filtrate was concentrated to an oil which was
purified by flash chromatography (85:5 dichloromethane:methanol) to give the title
compound of Example 121, Step A as a clear oil, 3.24 g (83%). 'H NMR (CDCl,, 300
MHz) & 1.81-1.85 (m, 4H), 3.12-3.18 (m, 8H), 3.59 (s, 3H), 3.81(m, 4H), 4.43 (s, 2H),
6.71 (d, 1H), 8.18 (d, 1H); MS (TS) 342 (MH").
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Step B: {4-[4-(Pyrrolidine-1-sulfonvl)-piperazin-1-yll-pvaimidin-2-yl}-methanol. To a
solution of 2-methoxymethyl-4-[4-(pyrrolidine-1-sulfony!)-piperazin-1-yl}-pyrimidine
(prepared according to the method of Example 121, Step A, 3.1g, 9.4 mmol) in
dichloromethane (47 mL) was added boron tribromide (1 M in dichloromethane, 19

S5 ml, 18.7 mmol) at 0 °C then stirred at ambient temperature for 2 h. The mixture was

washed twice with saturated aqueous sodium bicarbonate, and the organic layer was

separated, dried over magnesium sulfate, filtered, and the filtrate was concentrated to

give an oil which was crystallized from isopropy! ether to give the title compound as a

white solid, 2.43 g (77%). 'H NMR (CDCl,, 300 MHz) & 1.82 (m, 4H), 3.15 (m, 8H),
10 3.81(m, 4H), 4.35 (d, 2H), 4.83 (t, 1H), 6.71 (d, 1H), 8.18 (d, 1H); mp: 128-131 °C;

MS (CI) 328 (MH").

Examples 122 to 125
Examples 122 to 125 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 121.

15
R‘l
/N N=<
R'—N N N
M\
Example R RY mp (°C)  MS (MH")
122 CH,OH 2,5-dimethyipyrrolidin-1- 128-131 356
’ ylsulfonyi
123 CH,OH piperidin-1-yisulfonyl 141-142 342
124 (R)}-CH(Me)OH aza-bicyclo[3.2.1]octan-8- 111-112 382
yisulfonyi
125 (R}-CH(Me)OH  aza-bicyclo[3.2.1]octan-3- 113-114 396
one-8-yi-sulfonyl
20 Example 126

(E}-1-{4-[2-(1R-Hvdroxy-ethvl)-pyrimidin-4-vil-piperazin-1-vi}-2-methyi-3-phenvi-
propenone.
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o) NL_./N_<\__//N

Step A: (E)-1R-{4-[4-(2-Methyl-3-phenvi-acrylovl)-piperazin-1-vil-pyrimidin-2-y[}-ethyi
acetate. To a solution of (R)-1-(4-piperazin-1-yl-pyrimidin-2-yl}-ethyl acetate

(prepared according to the method of Preparation Two, 0.54 g, 2.1 mmol) and a-
methyicinnamic acid (0.34 g, 2.1 mmol) in dichloromethane (10 mL) was added 1-
hydroxybenzotriazole (0.50 g, 3.6 mmol) foliowed by 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.45 g, 2.4 mmol) at ambient temperature and stirred
for 48 h. The mixture was washed once with water, once with saturated agueous
sodium chioride, dried over magnesium sulfate, filtered, and the filtrate was
concentrated to an oil which was purified by flash chromatogréphy (9:1
dichloromethane:methanol) to give the title compound of Example 126, Step A as a
clear viscous oil, 0.53 g (63%). 'H NMR (CDCl,, 300 MHz) & 1.51 (d, 3H), 2.14 (s,
3H), 2.18 (s, 3H), 3.75 (m, 8H), 5.68 (q, 1H), 6.41 (d, 1H), 6.59 (s, 1H), 7.25-7.43 (m,
5H), 8.23 (d, 1H); MS (CI) 385 (MH"); [a], +38.6 (¢ 1.0, MeOH).

Step B: (E}-1-{4-[2-(1R-Hydroxy-ethvi}-pyrimidin-4-vl}-piperazin-1-vi-2-methyi-3-
phenyl-propenone. Tc; a solution of (E)-1R-{4-{4-(2-methyl-3-phenyl-acryioyl)-

piperazin-1-yl}-pyrimidin-2-yl}-ethyl acetate (prepared according to the method of
Example 126, Step A, 0.51 g, 1.3mmol) in methanol (S mL) was added. at ambient
temperature 6 N aqueous potassium hydroxide (1 mL). After stirring for 1 h the
solution was diluted with ethyl acetate and washed twice with water. The qrganic
layer was separated, dried over magnesium sulfate, filtered, and the filtrate was
concentrated to give the title compound as a white solid, 0.25 g (55%). 'H NMR
(CDCl,, 300 MH2z) & 1.51 (d, 3H), 2.14 (s, 3H), 3.75 (m, 8H), 4.22 (br s, 1H), 4.71 (q,
1H), 6.41 (d, 1H), 6.59 (s, 1H), 7.25-7.43 (m, SH), 8.23 (d, 1H); mp: 119-121 °C; MS
(Cl) 353 (MH"); [a], +16.0 (¢ 1.0, MeOH).

Examples 127 to 129 o
Examples 127 to 129 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 126.
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Ar\ R ~oMe
— /—< N=—
N N—-<_—/N
A < N\ /
R7
Example Ar' R® R’ mp (°C)  MS (MH)
127 thien-2-y1 H H 104-106 345
128 thien-2-yl R-Me  (S)-Me  69-73 373
HO
uuMe
AR 7\ N=—
N N \ N
S N/ Y
Example . AP mp (°C) MS (MH")

129 4-{o-tolylcarbamoyl)-phenyl 98-103 446
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4 Example 130
(E)-3-Benzofuran-2-yi-1-{4-[2-(1R-hydroxy-ethvl}-pyrimidin-4-vil-2R,6 S-dimethyi-

piperazin-1-vi}-propenone.

l HO
o Me
p— /——< N—
N N N
{ —\/
o)
Me
Step A: (E)-1R-{4-[4-(3-Benzofuran-2-vl-acrvioy)-3R.5S-dimethvl-piperazin-1-vll-
pyrimidin-2-yi}-ethyl butyrate. To a solution of 1R-{4-(3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Preparation Three,
0.79 g, 2.6 mmol) and triethylamine (0.26 g, 2.6 mmol) in dichioromethane (SO mL)
was added (E)-3-benzofuran-2-yl-acryloyl chicride (0.54 g, 2.6 mmol) and stirred at -

ambient temperature for 16 h, then at reflux for 2.5 h. The mixture was washed
successively with saturated aqueous sodium bicarbonate and water, and the organic

e

layer was dried over sodium sulfate and filtered. The filtrate was concentrated to
obtain a crude product, which was purified.by flash chromatography (9:1
dichloromethane:methanol) to give the title compound of Example 130, Step A as a
viscous oil, 0.79 g (54%). 'H NMR (CDCl,, 300 MHz) & 0.95 (t, 3H), 1.40 (d, 6H), 1.56
(d, 3H), 1.67 (q, 2H), 2.38 (t, 2H), 3.25 (d, 2H), 4.33 (m, 2H), 4.75 (m, 2H), 5.66 (q,
1H), 5.95 (d, 1H), 6.40 (d, 1H), 7.14-7.37, (m, 5H), 8.06 (d, 1H), 8.22 (d, 1H); MS (Cl)
477 (MH"); [a], +49.1 (¢ 1.0, MeOH). ‘

Step B: (E)-3-Benzofuran-2-yi-1-{4-[2-(1R-hydroxy-ethvi)-pyrimidin-4-v{l-2R.6 S-
dimethyl-piperazin-1-vil-propenone. To a solution of (E)-1R-{4-{4-(3-benzofuran-2-yi-
acryloyl)-3R,55-dimethyl-piperazin-1-yl]-pyrimidin-2-yi}-ethyl butyrate (prepared
according to the method of Example 130, Step A, 0.51 g, 1.1 mmol) in methanol (5

mL) was added at ambient temperature 6 N aqueous potassium hydroxide (1 mL).

After stirring for 1 h the solution was diluted with ethyl acetate and washed twice with

water. The organic layer was separated, dried over magnesium sulfate, filtered, and

the filtrate was concentrated to give the titie compound as a white solid, 0.49 g (75%).
'H NMR (CDCl,, 300 MHz) & 1.40 (d, 6H), 1.56 (d, 3H), 3.25 (d, 2H), 4.33 (m, 2H),

PCT/IB00/00296
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4.75 (m, 2H), 4.68 (q. 1H), 5.95 (d, 1H), 6.40 (d, 1H), 7.14-7.37, (m, 5H), 8.06 (d, 1H),
8.22 (d, 1H); mp: 80-82 °C; MS (CI) 407 (MH"); [oJo +17.7 (c 1.0, MeOH).

Example 131
Cyclohexyi-{4-[2-(1 R~hvdroxv-ethv!)—p\}rimidin-4ill-2R,GS-dimethyl-piperazin-1 -yi}-

methanone.

Step A: 1R-[4-(4-Cyclohexanecarbonyl-3R, 5S-dimethyi-piperazin-1-yl)-pyrimidin-2-
vil-ethyl butyrate. To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-
yi]-ethyl butyrate (prepared according to the method of Preparation Three, 306 mg,

1.0 mmol) and triethylamine (230 mg, 1.2 mmol) in dichloromethane (10 mL) was
added at ambient temperature cyclohexanecarbonyi chioride (161 mg, 1.1 mmol).
After 1 h the mixture was washed with water, and the dichloromethane layer was dried
over magnesium sulfate and filtered. The filtrate was concentrated to give the title
compound of Example 131, Step A as an oil, 388 mg (94%). 'H NMR (CDCl,, 300
MHz) 5 0.94 (t, 3H), 1.2-1.4 (m, 6H), 1.54 (d, 3H), 1.5-1.83 (m, 12H), 2.44 (m, 3H),
3.2-3.3 (m, 2H), 4.4-4.6 (m, 4H), 5.52 (g, 1H), 6.44 (d, 1H), 8.22 (d, 1H); MS (Cl) 417
(MH").

Stép B: Cvclohexyi-{4-[2-(1R-hydroxy-ethv!)-pyrimidin-4-vi]-2R.6S-dimethvi-piperazin-
1-yll-methanone. To a solution of 1R-[4-(4-cyciohexanecarbonyl-3R,5S-dimethyi-

‘piperazin-1-yl)-pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of

Example 131, Step A, 375 mg, 9.0 mmol) in methanol (5 mL) was added 6 N aqueous
potassium hydroxide (0.5 mL) and stirred at ambient temperature for 4 h. The
reaction mixture was concentrated, diluted with water, and extracted into
dichloromethane. The extract was washed twice with water, dried over magnesium
sulfate, and evaporated to an cil. The crude product was crystallized from ethyi ether
to give the titie compound as a white solid, 106 mg (34%). *H NMR (CDCI,, 300 MHz)
5 1.2-1.4 (m, 6H), 1.55 (d, 3H), 1.6-1.8 (m, 10H), 2.46 (m, 1H), 3.2-3.3 (m, 2H), 4.2-
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4.6 (m, 4H), 4.78 (q, 1H), 6.43 (d, 1H), 8.22 (d, 1H); mp: 174-175 °C; MS (Cl)
347(MH"); [alo +18.4 (c 1.0, MeOH).

Example 132
Furo[3.2-clpvridin-2-vi-{4-[2-( 1 R-hydroxy-ethvl}-pyrimidin-4-v|]-2R .6 S-dimethvi-

piperazin-1-vl}-methanone.

N= HO
\ / | Me vMe
5 — N=—
¢ N>__/N_<\__//N

Step A: 7-Chloro-furo[3.2-c dine-2-carboxvlic acid. To a solution of n-butyllithium

(2.5 M in hexanes, 17 mL, g, 42.6 mmol) in anhydrous ethyl ether (30 mL) was added

dropwise a solution of 4-chioro-furo[3,2-c]pyridine (5.81 g, 37.8 mmol; J. Heterocyecl.
Chem. 1975, 12, 705) in ethyl ether (85 mL) at —78 °C under nitrogen atmosphere.
This mixture was stirred for 1.5 h at —65 °C, poured onto dry ice (100 cc) and warmed
to ambient temperature and quenched into water. The separated organic layer was
extracted once with water and the combined aqueous layers were acidified to pH 2
with concentrated hydrochloric acid to give the title compound of Example 132, Step A
as a white sofid, 3.33 g (45%). 'H NMR (CDCl,, 300 MHz) & 7.69 (s, 1H), 7.85 (d, 1H),
8.42 (d, 1H); mp: 233-235 °C (dec); MS (Cl) 153 (MH"- CO,).

Step B: 7-Chloro-furo[3,2-c]pvridine-2-carboxvlic acid chloride. 7-Chloro-furo[3,2-
clpyridine-2-carboxylic acid (prepared according to the method of Example 132, Step
A, 8./94 g, 45.2 mmol) was combined with thionyl chloride (30 mL) and sodium
carbonate (8.59 g, 90.5 mmol) and heated to refiux for 16 h under nitrogen
atmosphere. The cooled mixture was diluted with dichloromethane and filtered. The
filtrate was evaporated to give the title compound of Example 132, Step B as an
orange oil, 9.19 g (94%). The acid chloride was used directly without further
purification.

Step C: 1R-{4-14-(4-Chloro-furo[3,2-clpyridine-2-carbony!)-3R 5S-dimethyl-piperazin-
1-yil-pyrimidin-2-yi}-ethyl butyrate. To a solution of 1R-{4-(3R,5S-dimethyl-piperazin-
1-yi)}-pyrimidin-2-yi}-ethyl butyrate (prepared according to the method of Preparation
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Three, 13.04 g, 42.5 mmol) and triethylamine (8.61 g, 85.1 mmol) in dichloromethane
(90 mL) was added 7-chloro-furo[3,2-clpyridine-2-carboxylic acid chloride (prepared
according to the method of Example 132, Step B, 8.1 g, 84.0 mmol) and stirred at
ambient temperature for 2 h. The mixture was washed successively with saturated
aqueous sodium bicarbonate and water, and the organic layer was dried over sodium
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was
purified by flash chromatography (9:1 dichloromethane:methanol) to give the title
compound of Example 132, Step C as a viscous oil, 18.9 g (81%). 'H NMR (CDCl,,
300 MHz) & 0.95 (t, 3H), 1.40(d, 6H), 1.56 (d, 3H), 1.67 (m, 2H), 2.38 (t, 2H), 3.25 (d,
2H), 4.33 (m, 2H), 4.75 (m, 2H), 5.66 (q, 1H), 6.40 (d, 1H), 7.33 (s, 1H), 7.41 (d, 1H).
8.23 (d, 1H), 8.35 (d, 1H); MS (CI) 487 (MH"); [a}, +33.3 (¢ 1.0, MeOH).

Step D: 1R-{4-[4-(Furol3.2-clpyridine-2-carbonyl}-3R,5S-dimethyl-piperazin-1-yll-
pyrimidin-2-yi}-ethvl butyrate. To a solution of 1R-{4-[4-(4-chloro-furo[3,2-c]pyridine-2-
carbonyl)-3R,5S-dimethyl-piperazin-1-yl{}-pyrimidin-2-yl}-ethyl butyrate (prepared
according to the method of Example 132, Step C, 18.6 g, 38.4 mmol) in ethanol (160
mL) was added sodium carbonate (4.07 g, 38.4 mmol) and 10% palladium on carbon
(6.10 g, 33 wt%). This mixture was hydrogenated at 50 psi hydrogen for 6 h using a
Parr apparatus. The catalyst was filtered and the filtrate was evaporated to an oil

which was purified by flash chromatography (9:1 dichloromethane:methanol) to give
the title compound of Example 132, Step D as a yellow oil, 14.2 g (82%).. 'H NMR
(CDCl,, 300 MHz) 5 0.95 {t, 3H), 1.40 (d, 6H), 1.56 (d, 3H), 1.67 (g, 2H), 2.38 (t, 2H),
3.25 (d, 2H), 4.33 (m, 2H), 4.75 (m, 2H), 5.68 (g, 1H), 6.40 (d, 1H), 7.37 (s, 1H), 7.48
(d, 1H), 8.22 (d, 1H), 9.04 (s, 1H); MS (Cl) 452 (MH"); [a], +36.7 (c 1.0, MeOH).

Step E: Furo[3.2-cloyridin-2-yi-{4-[2-(1R-hvdroxy-ethvi)-pyrimidin-4-yl-2R 6S-
dimethyl-piperazin-1-vit-methanone. 1R-{4-{4-(Furo[3,2-C]pyridine-2-carbonyl)-3R,5S-
dimethyl-piperazin-1-yf}-pyrimidin-2-yl}-ethyl butyrate (prepared according to the
method of Example 132, Step D, 5.48 g, 12.1 mmol) was combined with concentrated

hydrochloric acid (15 mL) and stirred at ambient temperature for 6 h. The mixture was
poured into cold 6 M aqueous sodium hydroxide and extracted twice with ethyl
acetate. The organic extract was washed once with water, dried over sodium sulfate
and evaporated to a foam which crystallized from isopropy! ether to give the title
compound as a white solid, 3.33 g (72%). 'H NMR (CDCl;, 300 MHz) & 1.43 (d, 6H),
1.52 (d, 3H), 3.37 (m, 2H), 4.38 (m, 2H), 4.71 (q, 1H), 4.83 (m, 2H), 6.43 (d, 1H), 7.38
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(s, 1H), 7.47 (m, 1H), 8.22 (m, 1H), 8.54 (d, TH), 8.58 (d, 1H), 9.04 (s, 1H); mp: 142-
143 °C; MS (Cl) 382 (MH"); [ap +15.9 (¢ 1.0, MeOH).

Exampie 133
{4-[2-(1R-Hvdroxy-ethyl)-pyrimidin-4-vil-2R . 6S-dimethyi-piperazin-1-yi-(4-pyrrolidin-1-

yl-furol[3.2-clpyridin-2-vl}-methanone.

A solution of 1R-{4-[4-(4-chloro-furof3,2-c]pyridine-2-carbonyl)-3R,5S-dimethyi-
piperazin-1-yl]-pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of
Example 132, Step C, 0.046 g, 0.11 mmol) in pyrrolidine (0.037 mL, 0.44 mmol) was
heated to reflux for 14 h and evaporated to give the titie compound as a tan solid, 0.04
g (80%). 'H NMR (CDCl;, 300 MHz) 5 1.43 (d, 6H), 1.53 (d, 3H), 2.08 (m, 4H), 3.43
(m, 2H), 3.77 (m, 4H), 4.43 (m, 2H), 4.71 (q, 1H), 4.92 (m, 2H), 6.43 (d, 1H), 6.70 (d,
1H), 7.60 (s, 1H), 8.08 (d, 1H), 8.23 (d, 1H); MS (Cl) 451 (MH").
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Examples 134 to 158
Examples 140 and 142 to 158 were prepared from the appropriate starting materials
in a manner analogous to the method of Example 131. Example 141 was prepared
from the appropriate starting materials in a manner analogous to the method of

Example 133.
HO
Rtg NTTT Me
RN
R'—nN N N
4 N\ 7
6 R‘l!

Example RY R" R* mp (°C) MS (MH")
134 cyclopropylcarbonyl 2R-Me  6S-Me 110-111 305
135 cyclobutylcarbony! 2R-Me 6S-Me 134-135 319
136 cyclopentylcarbonyl 2R-Me  6S-Me 1998-200 333

137 tert-butylcarbonyl 2R-Me 6S-Me 168-169 321
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wMe
Exampl Ar 4 R" mp (°C) MS (MH")
e
138 benzofuran-2-yl 2R-Me 6S-Me 124-126 381
139 furo[3,2-c}pyridin-2-yl H H 55-65 354
140 furo[3,2-c]pyridin-2-yt 3R-Me 58-Me 382
141 morpholin4-yi-furo[3,2- 2R-Me 6S-Me 467
clpyridin-2-yl
142 furof2,3-c]pyridine-2-yl 2R-Me 6S-Me 128-131 382
143 5-chlorobenzofuran-2-yl H H 387, 389
144 5-chlorobenzofuran-2-yl 3R-Me 58-Me 114-116 415, 417
145 S,7-dichlorobenzofuran-2-y1 2R-Me 6S-Me 136-137 450, 452
146 8,7-dichiorobenzofuran-2-yl 3R-Me 58-Me 152-153 450, 452
147 S-nitrobenzofuran-2-yl 2R-Me 6S-Me 153-154 426
148 5,7-dimethylbenzofuran-2-yl 3R-Me 5S-Me 134-136 409
149 5-methoxybenzofuran-2-y! 3R-Me 55-Me  137-138 411
150 S-methoxybenzofuran-2-yl 2R-Me @ 6S-Me 118-119 411
151 imidazo[1,2-a]pyridin-2-yl H H 149-150 353
152 imidazol[1 ,2-a]py'n'din-2-yl 3R-Me 55-Me 171-173 381
153 imidazo[1,2-a]pyridin-2-yl 2R-Me 6S-Me 147-149 381
154 6-chloroimidazo[1,2- 2R-Me 6S-Me 76-84 416, 418
blpyridazin-2-yi
155 6-methylimidazo[1,2- 3R-Me  55-Me  164-165 395
a)pyridin-2-yf
156 benzoxazol-2-yi 2R-Me 6S-Me 126-127 382
157 4-cyanopheny! 2R-Me 6S-Me 90-100 366
158 2R-Me 6S-Me 359

6-hydroxy-pyridazin-3-yi
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- Example 1589
1-{4-12-{1R-Hvdroxy-ethvl)-pyrimidin-4-vl]-2R .6 S-dimethyl-piperazin-1-yi}-2-(6-
methvi-pyridin-3-vioxy)-ethanone.

Me
— f_-< 0
2 atats
Me Me N=—
H : Me

o

Step A: 1R 4-Chioroacetyl-3R.5S-dimeth
butyrate. To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1-yl)-pyrimidin-2-yi}-ethy!
butyrate (prepared according to the method of Preparation Three, 8.69 g, 31.3 mmol)

l-piperazin-1-vi

and triethylamine (4.74 g, 46.9 mmol) in chloroform (150 mL) was added dropwise
chloroacety! chioride (3.00 mL, 37.6 mmol) at 0 °C then stirred at ambient temperature
for 12 h under nitrogen atmosphere. The mixture was washed successively with
saturated aqueous sodium bicarbonate and water, and the organic layer was dried
over sodium sulfate, treated with activated carbon, and filtered. The fiitrate was
concentrated to obtain an oil which was purified by flash chromatography (8:1
dichloromethane:methanol) to give the fitle compound of Example 159, Step A as an
oil, 8.98 g (75%). 'H NMR (CDCl,, 300 MHz) 5 0.96 (d, 3H), 1.32 (d, 6H), 1.59 (d,
3H), 1.71 (m, 2H), 2.40 (t, 2H), 3.28 (m, 2H), 4.28 (s, 2H), 4.35 (m, 4H), 5.68 (q, 1H),
6.41 (d, 1H), 8.23 (d, 1H); MS (Cl) 383, 385 (MH").

Step B: 1R-{4{3R 5S-Dimethvi-4-{(6-methyl-pyridin-3-yloxy)-acetvil-piperazin-1-vi}-
pyrimidin-2-yl)-ethvi butyrate. To a suspension of sodium hydride (60% dispersion in .
oil, 0.05 g, 1.3 mmol) in tetrahydrofuran (2 ml.) was added a solution of 6-methyl-3-

pyridinol (0.14 g, 1.3 mmol) in tetrahydrofuran (3 mL) at 0 °C under nitrogen
atmosphere and stirred for 0.5 h warming to ambient temperature. Next, a solution of
1R-{4-(4-chloroacetyl-3R,SR-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethyl butyrate
(prepared according to the method of Exampie 159, Step A, 0.40 g, 1.1 mmol) in
tetrahydrofuran (2 mL) was added and refluxed for 1 h. The mixture was diluted with
dichloromethane and washed with saturated agueous sodium bicarbonate, dried over
sodium sulfate and filtered. The filtrate was evaporated to an oil which was purified by
flash chromatography (9:1 dichloromethane:methanol) to give the title compound of
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Example 159, Step B as an oil, 0.31 g (66%). 'H NMR (CDCl,, 300 MHz) 8 0.96 (d,
3H), 1.32 (d, 6H), 1.59 (d, 3H), 1.71 (m, 2H), 2.40 (t, 2H), 2.46 (s, 3H), 3.28 (m, 2H),
3,78 (s, 2H), 4.35 (m, 4H), 5.68 (q, 1H), 6.41 (d, 1H), 6.83 (m, 1H), 7.14 (m, 1H), 8.08,
(d, 1H), 8.23 (d, 1H); MS (Cl) 456 (MH").

Step C: 1-{4-[2-(1R-Hydroxv-ethyl)-pyrimidin-4-vll-2R 6S-dimethvl-piperazin-1-yf}-2-
(6-methyl-pyridin-3-yloxy)-ethanone. 1R-(4-{3R,5S-Dimethyl-4-[(6-methyl-pyridin-3-
yloxy)-acetyl]-piperazin-1-yl}-pyrimidin-2-yl)-ethyl butyrate (prepared according to the
method of Example 159, Step B, 0.30.g, 0.65 mmol) was combined with concentrated

hydrochloric acid (3 mL) and stirred at ambient temperature for 6 h. The mixture was
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl
acetate. The organic extract was washed once with water, dried over sodium sulfate

and filtered. The filtrate was concentrated to an oil which was purified by flash

“chromatography (9:1 dichloromethane:methanol) to give the titie compound as a white

foam, 0.14 g (55%). ‘H NMR (CDCl,, 300 MHz) & 1.38 (d, 6H), 1.55 (d, 3H), 2.46 (s,
3H), 3.28 (m, 2H), 3.76 (s, 2H), 4.354.65 (m, 4H), 4.67 (q, 1H), 6.38 (d, 1H), 6.83 (m,
1H), 7.11 (m, 1H), 8.08, (d, 1H), 8.21 (d, 1H); mp: 55-65 °C; MS (Cl) 330 (MH"); [a]»
+16.0 (¢ 1.0, MeOH).

Example 160
1-{4-[2-(1R-Hydroxy-ethyl)-pyrimidin-4-v{l-2R .6 S-dimethyl-piperazin-1-vi}-2-{pyrimidin-

2-yisulfanvi)-ethanone.

Me

— /——< S
N/_>—N N—<_ N
Me' Me S

OH
Example 160 was prepared from the appropriate starting materials in a manner
analogous to example 159. 'H NMR (CDCl,, 300 MHz) & 1.38 (m, 6H), 1.48 (d, 3H),
3.28 (m, 2H), 3.96 (s, 2H), 4.35 (m, 4H), 4.65-4.97 (m, 3H), 6.28 (d, 1H), 6.93 (m, 1H),
7.11 (m, 1H), 8.21 (d, 1H), 8.45, (m, 2H); mp: 60-70 °C; MS (Cl) 389 (MH"); [a], +16.8
(c 1.0, MeOH).
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Example 161

phenvi ester.

Step A: 4-[2-(1R-Butyrvioxy-ethvl)-pyrimidin-4-vil-2R 6 S-dimethvl-piperazine-1-
carboxylic acid phenyl ester. To a solution of 1 R-[4-(3R,5S8-dimethyl-piperazin-1-yl)-

pyrimidin-2-ylj-ethyl butyrate (prepared according to the method of Preparation Three,
0.30 g, 0.98 mmol) and triethylamine (0.20 g, 1.9 mmol) in dichioromethane (5 mL)
was added phenyi chloroformate (0.76 g, 4.8 mmol) and stirred at ambient
temperature for 2 h under nitrogen atmosphere. The mixture was washed
successively with saturated aqueous sodium bicarbonate and water, and the organic
layer was driéd over sodium sulfate and filtered. The filtrate was concentrated to
obtain an oil which was purified by flash chromatography (9:1
dichloromethane:methanol) to give the title compound of Example 161, Step A as an
oil, 0.35 g (84%). 'H NMR (CDCl,, 300 MHz) 5 0.96 (d, 3H), 1.32 (d, 6H), 1.59 (d,
3H), 1.71 (q, 2H), 2.40 (t, 2H), 3.28 (m, 2H), 4.35 (m, 4H), 5.68 (q, 1H), 6.41 (d, 1H),
7.12(d, 2H), 7.22 (m, 1H), 7.35 (m, 2H), 8.23 (d, 1H); MS (CI) 427 (MH"); [als +39.6
(c 1.0, MeOH).

Step B: 4-[2-(1R-Hydroxy-ethvi}-pyrimidin-4-yl]-2R.6S-dimethvi-piperazine-1-
carboxylic acid phenyl ester. 4—[2-(1 R-Butyryloxy-ethyl)-pyrimidin-4-y[}-2R,6S- _
dimethyl-piperazine-1-carboxylic acid phenyl ester (prepared according to the method

of Example 161, Step A, 0.31 g, 0.70 mmol) was combined with concentrated
hydrochloric acid (5 mL) and stirred at ambient temperature for 6 h. The mixture was
neutralized with 6 N aqueous sodium hydroxide to pH 8 and extracted twice with ethyl
acetate. The organic extract was washed once with water, dried over sodium sulfate
and filtered. The filtrate was concentrated to an oil which was purified by flash
chromatography (9:1 dichioromethane:methanol) to give the title compound as a white
solid, 0.12 g (81%). 'H NMR (CDCl,, 300 MHz) & 1.41 (d, 6H), 1.51(d, 3H), 3.34 (m,
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2H), 4.43 (m, 2H), 4.52 (m, 2H), 4.71 (q, 1H), 6.46 (d, 1H), 7.12 (m, 2H), 7.23 (m, 1H),
7.35 (m, 2H), 8.23 (d, 1H); MS (Cl) 357 (MH"); [a], +16.9 (¢ 1.0, MeOH).

Example 162
4-[2-{1R-Hydroxv-ethyl)-pyrimidin-4-v(]-2R 6S-dimethyl-piperazine-1-carboxvlic acid

gyridin-S-yl ester.

HO
wafe

/ \ . | Me _

" Step A: 4-[2-(1R-Hydroxy-ethyi)-pyrimidin-4-vI}-2R .6 S-dimethvi-piperazine-1-carbonvl
chloride. To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1-yl)-pyrimidin-2-yl}-ethyl

butyrate (prepared according to the method of Preparation Three, 3.61, 11.8 mmol)
and pyridine (0.93 g, 11.8 mmol) in dichloromethane (50 mL) was added triphosgene
(1.17 g, 3.9 mmol) and stirred at ambient temperature for 16 h under nitrogen
atmosphere. The mixture was washed successively with saturated aqueous sodium
bicarbonate and water, and the organic layer was dried over sodium sulfate and
filtered. The filtrate was concentrated to obtain an oil which was purified by flash
chromatography (ethyl acetate) to give the titte compound of Example 162, Step A as
a yellow ail, 2.12 g, (51%). 'H NMR (CDCl,, 300 MHz) § 0.90 (t, 3H), 1.31 (d, 6H),
1.56 (d, 3H), 1.68 (m, 2H), 2.38 (t, 2H), 3.21(m, 2H), 3.88-4.40 (m, 4H), 5.66 (q, 1H),
6.43 (d, 1H), 8.22 (d, 1H); MS (Cl) 389, 371 (MH").

Step B: {4-[2-(1R-Butyrvioxy-ethvi)-pyrimidin-4-y}-2R.6 S-dimethyl-piperazine}-1-
carboxylic acid pyridin-3-vl ester. To a suspension of sodium hydride (60% dispersion
in oil, 0.046 g, 1.15 mmol) in anhydrous tetrahydrofuran (8 mL) was added 3-
hydroxypyridine (0.11 g, 1.15 mmol) at 0 °C. After a homogeneous solution was
obtained, a solution of 4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-yl}-2R,6S-dimethyi-
piperazine-1-carbonyl chloride (prepared according to the method of Example 162,
Step A, 0.36 g, 0.96 mmol) in tetrahydrofuran (3 mL) was added at 0 °C and this
mixture was warmed to ambient temperature, then heated to reflux for 6 h. The

mixture was quenched in water and extracted twice with ethyl acetate. The combined
organic layers were dried over sodium sulfate and filtered. The filtrate was
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concentrated to obtain an oil, which was purified by flash chromatography'(ethyl
acetate) to give the title compound of Example 162, Step B as a semi-solid, 031g
(78%). 'H NMR(CDCl;, 300 MHz) 5 0.80 (t, 3H), 1.35 (m, 6H), 1.61 (d, 3H), 1.69 (m,
2H), 2.41 (t, 2H), 3.30 (m, 2H), 4.11-4.38 (m, 4H), 5.69 (g, 1H), 6.41 (d, 1H), 7.32 (m,
1H), 7.52 (m, 1H), 8.22 (d, 1H), 8.46 (s, 1H), 8.48, (d, 1H); MS (CI) 428 (MH").

Step C: 4-[2-(1R-Hydroxy-ethyl)-pyrimidin-4-vil-2R . 6S-dimethvi-piperazine-1-
carboxylic acid pyridin-3-vi ester. {4-{2-(1R-Butyryloxy-ethyl}-pyrimidin-4-yi}-2R,6S-

dimethyl-piperazine}-1-carboxylic acid pyridin-3-y! ester (prepared according to the
method of Exa'mple 162, Step B, 0.31 g, 0.70 mmol) was combined with concentrated
hydrochloric acid (5§ mL) and stirred at ambient temperature for 6 h. The mixture was
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl
acetate. The extract was washed once with water, dried over sodium sulfate and
filtered. The filtrate was concentrated to an oil which was purified by flash
chromatography (9:1 dichloromethane:methanol) to give the title compound as a white
solid, 0.12 g (81%). 'H NMR (CDCl,, 300 MHZz) & 1.41 (d, 6H), 1.51 (d, 3H), 3.33 (m,
2H), 4.25-4.45 (m, 4H), 4.71 (g, 1H), 6.43 (d, 1H), 7.33 (m, 1H), 7.56 (m, 1H), 8.23 (d,
1H), 8.25 (d, 1H), 8.48 (d, 1H); MS (Cl) 358 (MH"); [a], +18.5 (c 1.0, MeOH).

Example 163
4-[2-(1R-Hydroxy-ethyl)-pyrimidin-4-vl}-2R-phenvi-piperazine-1-carboxviic acid

pyridin-3-vi ester.

Step A: 1R-[4-(3R-Phenvi-piperazin-1-vi}-pyrimidin-2-vil-ethvl butyrate. To a solution
of (R)-2-phenyipiperazine (0.48 g, 3.0 mmol, /ndian J. Chem. Sect. B 1994, 33, 285)
and triethytamine (1.21 g, 12.0 mmol) in tetrahydrofuran (10 mL) was added (R}-1-(4-
chloropyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation
Seven, 0.68 g, 3.0 mmol) and stirred at ambient temperature for 18 h. The mixture
was poured into saturated aqueous sodium bicarbonate and extracted with ethyl
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acetate. The combined organic layer was dried over sodium sulfate and filtered. The
filtrate was concentrated to obtain a crude product which was purified by flash
chromatography (95:5 dichloromethane:methanol) to give the title compound of
Example 163, Step A as a viscous oil, 0.70 g (67%). 'H NMR (CDCl,, 300 MHz) §
0.95 (t, 3H), 1.56 (d, 3H), 1.67 (m, 2H), 2.40 (t, 2H), 3.55 (m, 2H), 4.0 (m, 2H), 4.32
(m, 2H), 4.70 (m, 1H), 5.69 (q, 1H), 6.49 (d, 1H), 7.40 (m, 5H), 8.21 (d, 1H); MS (Cl)
385 (MH"). _
Step B: 4-[2-(1R-Butyryloxy-ethvl)-pyrimidin-4-vll-2R-phenyl-piperazine-1-carboxylic
acid pyridin-3-vi ester. To a solution 1R-[4—(3R-phenyi-piperazin-1 -yl}-pyrimidin-2-yl}-

ethyl butyrate (prepared according to the method of Example 163, Step A, 0.22 g, 0.6
mmol) and triethylamine (0.31 g, 3.1 mmol) in toluene (5 mL) was added dipyridin-3-y!
carbonate (0.67 g, 3.1 mmol) and_heated to reflux for 3 h. The mixture was poured
into saturated aqueous sodium bicarbonate, the organic layer was separated and the
aqueous layer was extracted with ethyl acetate. The combined organic layers were
dried over sodiumn sulfate and filtered. The filtrate was concentrated to obtain a crude
product which was purified by flash chromatography (9:1 dichloromethane:methanol)
to give the titie compound of Example 163, Step B as a yeliow oil, 0.22 g (73%). MS
(Cl) 476 (MH").
Step C: 4-[2-(1R-Hydroxy-ethv)-pyrimidin<4-yl}-2R-phenvi-piperazine-1-carboxvlic
acid pyridin-3-vi ester. 4-[2-(1R-Butyryloxy-ethyl)-pyrimidin-4-yl}-2R-phenyi-
piperazine-1-carboxylic acid pyridin-3-yl ester (prepared according to the method of
Example 163, Step B, 0.21 g, 0.44 mmol) was combined with concentrated
hydrochloric acid (2 mL) and stirred at ambient temperature for 6 h. The mixture was
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyt
acetate. The combined extracts were washed once with water, dried over sddium
sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash
chromatography (9:1 dichloromethane:methanol) to give the title compound as a white
solid, 0.13 g (73%). 'H NMR (CDCl,, 300 MHz) & 1.55 (d, 3H), 3.55 (m, 2H), 4.0 (m,
2H), 4.32(m, 2H), 4.71 (m, 1H), 4.75 (q, 1H), 6.40 (d, 1H), 7.18-7.41 (m, 7H), 8.24 (d,
1H), 8.35 (br s, 1H), 8.45 (d, 1H); MS (Cl) 406 (MH").

Examples 164 to 173
Examples 164 to 173 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 163.
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A 1 6 YY) M
/ r R ‘2 e
O 3. N—
>/-—N N——<__/N
s Y
7
Example R’ R® Ar' mp (°C) MS (MH")
164 3R-Me 55-Me phenyi 357
165 3R-Me 58-Me 2-methyl-pyridin-3-yl 65-75 372
166 H H pyridin-3-yi 107-110 330
167 3R-Me 58-Me 2-chloro-pyridin-3-yl 60-70 392, 394
168 3R-Me 58-Me 5-chloro-pyridin-3-yl 65-69 392,394
169 3R-Me 58-Me isoquinolin-5-yl 60-70 407
170 3R-Me 58-Me 4-chioro-pyridin-3-yl 60-70 392, 394
171 3R-Me 5S-Me 6-methyl-pyridin-3-yi 60-70 372
172 2RS- H pyridin-3-yi 388
CH,OMe _
173 2RS-CO,Et H pyridin-3-yl 402
Example 174

(R)}4-Benzvi-1-[2-(1-hvdroxy-ethvl)-pyrimidin-4-vil-piperidin-4-ol.

HO

HO
e
N—

N-&N

Step A: (R)-1-[4-(4-Benzyi-4-hydroxy-piperidin-1-yl)-pyrimidin-2-vil-ethyl acetate. To

a solution of 4-benzyl-4-hydroxypiperidine (0.95 g, 5.0 mmol) and triethylamine (0.51

g, 5.0 mmol) in dichloromethane (10 mL) was added (R)-1-(4-methanesulfonyloxy-
pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of Preparation Eight,
1.23 g, 4.0 mmol) and stired at ambient temperature for 18 h. The mixture was
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washed once with water, once with saturated aqueous sodium chioride and the
organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated
to an oil which was purified by flash chromatography (85:5
dichloromethane:methanol) to give the title compound of Example 174, Step Aas a
viscous oil, 0.99 g (52%). 'H NMR (CDCl,, 300 MHz) § 0.85 (t, 3H), 1.53 (d, 3H),
1.65-1.78 (m, 4H), 1.88 (m, 2H), 2.08 (m, 2H), 2.48 (t, 2H), 3.45 (m, 2H), 4.42 (br s,
1H), 5.68 (q, 1H), 6.41 (d, 1H), 7.30-7.48 (m, 5H), 8.18 (d, 1H); MS (C1) 384 (MH").
Step B: (R)-4-Benzyi-1-[2- -(1-hvdroxy-ethyl)-pyrimidin-4-yll-piperidin-4-ol. To a
solution of (R)-1-[4-(4- -benzyl-4-hydroxy-piperidin-1 1-yl)-pyrimidin-2-yl}-ethy! butyrate
(prepared according to the method of Example 174, Step A, 0.20 g, 0.52 mmof} in

methanol (5 mL) was added 1 N aqueous sodium hydroxide (1 mL) and stired for4 h
at ambient temperature. The mixture was diluted with dichloromethane and washed
once with water, once with saturated aqueous sodium chloride and the organic layer
was dried over sodium sulfate and filtered. The filtrate was evaporated to give the title
compound as a foam, 0.12 g (68%). 'H NMR (CDCl,, 300 MHz) 5 1.49 (d, 3H), 1.74
(br s, 2H), 1.82 (m, 2H), 2.08 (m, 2H), 3.42 (m, 2H), 4.42 (br s, 1H), 4.71 (q. 1H), 6.43
(d, 1H), 7.33-7.48 (m, 5H), 8.21 (d, 1H); MS (Cl) 314 (MH").

Example 175
(R)4-Phenyl-1-12-( 1-hvdroxv—ethvl)—ovrimidin-4~yﬂ-piperidin-4—ol.

Q@2

Example 175 was prepared from the appropriate starting materials in a manner
analogous to the method of Example 174. mp: 114 °C; MS (Cl) 300 (MH").

Example 176
( R)—1—{4-[4-(3-Chlorobenzviidene)—oiveridin-1-vﬂ-bvrimidin-z-vl}-ethanol.
HO

Cl ‘2""Me
N
O

|||lMe
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Step A: 1-[4-(3-Chlorobenzylidene)-piperidine-1-yll-1-carboxylic acid tert-butvl ester.
To a suspension of 4-chiorobenzyitriphenyiphosphonium chioride (4.23 g, 10.0 mmol)
in tetrahydrofuran (40 mL) was added n-butyllithium in hexanes (2.5 M in hexanes, 4.4

mL, 11.0 mmol) at 0 °C under nitrogen atmosphere and stirred 0.5 h. A solution of 4-
oxo-piperidine-1-carboxylic acid tert-butyl ester (prepared according to the method of
Example 101, Step A, 1.89 g, 10.0 mmol) in tetrahydrofuran (10 mL) was added at 10-
15 °C and warmed to ambient temperature. The mixture was evaporated to an oil
which was purified by flash chromatography (9:1 hexanes:ethy! acetate) to give the
titte compound of Example 176, Step A as an oil, 2.63 g (85%). 'H NMR (CDCl,, 300
MHz) 5 1.39 (s, 9H), 2.48 (m, 2H), 2.57 (m, 2H), 3.68-3.82 (m, 4H), 6.36 (s, 1H), 7.08
(m, 1H), 7.12-7.28 (m, 3 H); MS (Cl) 308 (MH").

Step B: 4-(3-Chloro-benzylidene)-piperidine hvdrochtoride. To a solution of 1-{4-(3-

chlorobenzylidene)-piperidine-1-yl}-1-carboxylic acid tert-butyl ester (prepared
according to the method of Example 176, Step A, 2.5 g, 8.1 mmol) in dichloromethane
(20 mL) was added hydrogen chloride (4 M in dioxane, 4.0 mL, 16.0 mmol) at ambient
temperature and stirred for 4 h. The mixture was evaporated to dryness, suspended
in ethy! ether and filtered to give the title compound of Example 176, Step B as a white
solid, 1.63 g (82%). 'H NMR (CDClyD,0, 300 MHz) 5 2.48 (m, 2H), 2.57 (m, 2H),
3.63 (m, 2H), 3.77 (m, 2H), 6.36 (s, 1H), 7.10 (m, 1H), 7.12-7.28 (m, 3H); mp: 147-151°C.
Step C: (R)-1-{4-[4-(3-Chloro-benzvlidene)}-piperidin-1-vil-pyrimidin-2-yii-ethvi
butyrate. To a solution of 4-(3-chlorobenzyiidene)-piperidine hydrochloride (prepared

according to the method of Example 176, Step B, 0.46 g, 2.0 mmot) and triethylamine

'(0.61 g, 6.0 mmol) in dichloromethane (10 h'1L) was added (R)-1-(4-chloropyrimidin-2-

yl)-ethyl acetate (prepared according to the method of Preparation Five, 0.54 g, 2.2
mmol) and stirred at ambient temperature for 12 h. The mixture was washed
successively with saturated aqueous sodium bicarbonate and water, and the organic
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to
obtain a crude product which was purified by flash chromatography (95:5
dichloromethane:methanol) to give the title 6ompound of Example 176, Step Cas a
viscous oil, 0.64 g (80%). 'H NMR (CDCl,, 300 MHz) § 0.95 (d, 6H), 1.51 (d, 3H),
1.68 (m, 2H) 2.35 (m, 2H), 2.47-2.64 (m, 4H), 3.67-3.75 (m, 4H), 5.68 (g, 1H), 6.36 (s,
1H), 6.40 (d, 1H), 6.98 (m, 1H), 7.12-7.28 (m, 3H), 8.18 (m, 1H); MS (C1) 400 (MH‘).
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Step D: (RM-(4-[4-(3—ChIorobenzvlidene)-pioeﬁdin-1—vl]-ovrimidin-2-vl}-ethanol. Toa
solution of (R)—1-{4-[4-(3-chloro-benzylidene)-piperidin-1 -yl]-pyrimidin-2-yl}—ethyl
butyrate (prepared according to the method of Example 176, Step C. 062g,1.55
mmol) in methanol (8 mL) was added 1 N aqueous sodium hydroxide (1 mL) then
stirred for 4 h at ambient temperature. The mixture was diluted with chloroform and

washed once with water, once with saturated aqueous sodium chloride and the
organic layer was dried over sodium sulfate and fittered. The filtrate was concentrated
to obtain a crude product which was purified by flash chromatography (85:5
dichloromethane:methanol) to give the title compound as a white solid, 0.31 g (61%).
1H NMR (CDCl,, 300 MHz) & 1.51 (d, 3H), 2.46 (m, 2H), 2.56 (M, 2H), 3.07 (m, 2H),
3,77 (m, 2H), 4.35 (d, 1H), 469 (g, 1H), 6.36 (s, 1H), 6.40 (d, 1H), 7.07 (m, 1H), 7.1 2-
7.28 (m, 3H), 8.18 (m, 1H); mp: 45-55 °C; MS (C1) 330 (MH"); [c)o +16.8 (c 1.0,
MeOH).

Examples 177 to 181
Examples 177 to 181 were prepared from the appropriate starting materials ina

manner analogous to the method of Example 176.

177 4-chloropheny! 330, 332
178 (E)-2-phenyl-ethen-1-yl 322
179 benzoyl H 44-59 324
180 phenyl phenyl 108-108 372
181 phenyl , pyrid-2-yl 98-101 373

Example R¢ R mp (°C) MS (MH")
H
H

Example 182
(RM-1 -I4-(4-Pvn'din-2-vimethvl-pioerazin—1 -vi)-pyrimidin-2-yil-ethanol.
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alnls
Me v / \

OH —

Step A: (R)-1 -[4-(4-Pyridin-2-vimethyvl-piperazin-1 -v})-pyrimidin-2-vil-ethyl acetate. To

a solution of (R)-1 -{4—piperazin-1-yl)—pyrimidin-z-yl]-ethyl acetate (prepared according
to the method of Preparation Two, 1.55 g, 6.2 mmol) and triethylamine (0.86 mL, 6.2
mmol) in tetrahydrofuran (20 mL) was added 2-picoyichloride hydrochtoride (1.01 g,
6.2 mmol) at ambient temperature and stirred for 1 h. The mixture was diluted with
water and extracted twice with ethyl acetate. The combined extracts were dried over
magnesium sulfate, filtered, and the filtrate was concentrated to an oil which was
purified by flash chromatography (95:5 dichloromethane:methanol) to give the title
compound of Example 182, Step A, 0.98 g (46%). 'H NMR (CDCl,, 300 MHz) & 1.58
(d, 3H), 2.15 (s, 3H) 262 t, 4H), 3.72 (t, 4H), 3.75 (s, 2H), 5.67 (q, 1H), 6.35 (4, 1H),
7.22 (m, 1H), 7.46 (d, 1H), 7.73 (m, 1H), 8.21 (d, 1H), 8.62 (d, 1H); MS (Cl) 342
(MH"). |

Step B: { R)-1-[4-(4-Pyridin-2-vimethvi-piperazin-1 -yI)-pyrimidin-2-yli-ethanol. Toa

solution of (R)-1-[4-(4-pyridin-2-ylmethyl—piperazin-1-yl)—pyrimidin-Z-yl]-ethyl acetate
(prepared according to the method of Example 182, Step A, 0.14 g, 0.33 mmol) in
dioxane (6 mL) was added at ambient temperature 6 N aqueous potassium hydroxide
(0.5 mL). After stirring for 3 h the solution was diluted with ethyl acetate and washed
twice with water. The organic layer was separated, dried over magnesium sulfate,
filtered, and the filtrate was concentrated to give the title compound as a white solid,
0.09 g (69%). 'HNMR (CDCl,, 300 MHz) 5 1.52 (d, 3H), 2.38-2.59 (m, 4H), 3.72-3.77
(m, 6H), 4.69 (q, 1H), 6.37 (d. 1H), 7.22 (d, 1H), 7.41 (d, 1H), 7.68 (m, 1H), 8.21 (4,
1H) 8.58, (d, 1H); mp: 68-70 °C; MS (C1) 300 (MH"); [a]p +16.2 (€ 1.0, MeOH).
Examples 183 to 187
Examples 183 to 187 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 182.
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orMe
SN\ =
R™—N N N
Example R’ mp (°C) MS (MH")
183 phenyimethyl 299
184 isoquinolin-2-yi-methyl 350
185 _benzothien-2-yl-methy! 355
186 benzothiazol-2-yl-methyl 356
187 benzofuran-2-yl-methyl 339
Examplie 188

1R-{4-[2R.6S-Dimethvi-4-(2-[1.2 4ltriazol-1 -vl-pyrimidin-4-yl)-piperazin-1-vi}-pvrimidin-
2-ylt-ethanol.

PN

NT Ny

[\ HO
N Me aupMe

Step A: 4-(3R SS-Di}meth \-piperazin-1-vi 2—meihanesu!fon |-pyrimidine. To a

solution of cis-2,6-dimethylipiperazine (10.7 g, 94.1 mmol) and triethylamine (8.524g,
94.1 mmol) in chioroform (300 mL) was added 4-chloro-2-methanesulfonylpyrimidine
(15.1 g, 78.4 mmol; Heterocycles 1985, 23, 611) at ambient temperature and stirred
for 1 h. The mixture was partitioned with saturated aqueous sodium bicarbonate and
the separated organic layer was washed once with water,‘once with saturated
aqueous sodium chioride and the organic layer was dried over sodium sulfate and
filtered. The filtrate was evaporated to an orange solid which was slurried in ethyl
ether and filtered to give the titie compound of Example 188, Step Aas a white solid,
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15.4 g (73%). 'H NMR (CDCl,, 400 MHz) 5 1.01 (m, 6H), 2.35-2.78 (m, 4H), 2.85 (s.
3H), 3.32 (m, 2H), 6.81 (d, 1H), 8.2 (d, 1H); mp: 182-183 °C; MS (Cl) 301 (MH").

Step B: 4-(3R,5S-Dimethyl-piperazin-1-y1)-2-{1 2 Altriazol-1-yi-pyrimidine. To a slurry
of sodium hydride (60% dispersion in oil, 0.37 g, 9.4 mmol) in dimethytformamide (5
mL) was added a solution of 1,2,4-triazole (0.67 g, 9.4 mmol) in dimethylformamide (4
mL) at 0 °C under nitrogen atmosphere. After 10 min, a solution of 4-(3R,5S-
dimethyl-piperazin-1-yl)-2-methanesulfonyl-pyrimidine (prepared accofding to the
method of Example 188, Step A, 2.54 g, 9.4 mmol) in warm dimethylformamide (5 mL)

was added dropwise and stirred at ambient temperature for 2 h then heated to 100 °C
for 0.5 h. The mixture was quenched in saturated aqueous sodium bicarbonate and
extracted twice with ethyl acetate. The combined extracts were washed once with
water, once with saturated aqueous sodium chloride and the organic layer was dried
over sodium sulfate and filtered. The filtrate was evaporated to an oil which was
purified by flash chromatography (8:1 dichioromethane:methanol) to give the title
compound of Example 188, Step B as an oil, 0.50 g (62%). 'H NMR (CDCl,, 400
MHz) & 1.01 (m, 6H), 2:35-2.88 (m, 5H), 3.32 (m, 1H), 6.81 (d, 1H), 8.16-8.23 (m, 2H),
9.25 (d, 1H); MS (Cl) 260 (MH").

Step C: 1R-{4-[2R 6S-Dimethyl-4-(2-[1 2 3)triazol-1-vi-pyrimidin-4-yl)-piperazin-1-yi}-
pvrimidin-2-vll-ethvl butyrate. To a solution of 4-(3R,5S-dimethyl-piperazin-1-y1)-2-
[1,2.4]triazol-1-yl-pyrimidine (prepared according to the method of Example 188, Step
B, 0.46 g, 1.8 mmol) in acetonitrile (3 mL) was added (R)-1-(4-methanesulfonyloxy-
pyrimidin-2-yi)-ethy! butyrate (prepared according to the method of Preparation Eight,
0.57 g, 2.0 mmol) and heated to reflux for 6 h under nitrogen atmosphere‘. The
mixture was quenched in saturated aqueous sodium bicarbonate and extracted twice

with ethyl acetate. The combined extracts were washed once with water, once with
saturated aqueous sodium chloride and the organic layer was dried over sodium
sulfate and filtered. The filtrate was evaporated to an oit which was purified by flash
chromatography (9:1 dichloromethane:methanal) to give the title compound df
Example 188, Step C as an oil, 0.22 g (54%). 'H NMR (CDCl;, 400 MHz) 8 0.95 (¢,
3H), 1.51 (m, 6H), 1.54 (d, 3H), 1.63 (m, 2H), 2.38 (¢, 2H), 3.38 (m, 2H), 4.33-4.64 (m,
4H), 5.68 (q. 1H), 6.28 (d, 1H), 6.58 (d, 1H), 8.10 (s, 1H), 8.26-8.32 (m, 2H), 8.10 (d,
1H); MS (Cl) 452 (MH"); {a], +50.0 (c 1.0, MeOH).



WO 00/59510 PCT/1B00/00296

-214-

Step D: 1R-{4-[2R.6S-Dimethy!-4-(2-[1,2 4ltriazol- 1-vl-pyrimidin-4-vi}-piperazin-1-yii-
pyrimidin-2-yl}-ethanol. 1R-{4-[2R,6S-Dimethyl-4-(2-[1,2,3]triazol-1-yl-pyrimidin-4-yl)-
piperazin-1-yl}-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of
Example 188, Step C, 0.18 g, 0.40 mmol) was combined with concentrated

S  hydrochloric acid (2 mL) and stimed at ambient temperature for 4 h. The mixture was
quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl
acetate. The combined extracts were washed once with water, once with saturated
aqueous sodium chloride and the organic layer was dried over sodium sulfate and
filtered. The filtrate was evaporated to an oil which was purified by flash

10 chromatography (9:1 dichloromethane:methanol) to give the title compound as a white
solid, 0.13 g (87%). 'H NMR (CDCl,, 400 MHz) § 1.31 (d, 6H), 1.51 (d, 3H), 3.42 (m,
2H), 4.42-4.73 (m, SH), 6.41 (d, 1H), 6.56 (d, 1H), 8.12 (s, 1H), 8.24 (d, 1H), 8.30 (d,
1H), 8.10 (s, 1H); MS (Cl) 382 (MH"*); [a], +18.6 (¢ 1.0, MeOH).
Examples 189 to 185
15  Examples 189 to 195 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 188.
HO
R\ =8 Me
N /LN\}—Nﬁ—Z\N—{:/N
— o/ \ 7
R7
20
Example R" R’ R® mp (°C) MS (MH")
189 2-hydroxyphenyi 2R-Me 6S-Me 60-70 407
190 imidazol-1-yl 2R-Me 6S-Me 60-70 381
191 [1,2,3]triazol-1-yl 2R-Me  6S-Me 70-80 382
192 pyrrol-1-yl 2R-Me 6S-Me 70-80 380
193 4-methylimidazol-1-yl 2R-Me  6S-Me 70-80 385
194 2-methylimidazol-1-yi 2R-Me 6S-Me 70-80- 395

185 - 24-dimethylimidazol-1-yl 2R-Me 6S-Me 70-80 409
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Example 186

1R-{4-[2R 6S-Dimethyl-4-(4-[1,2 4ltriazol-1-yl-pyrimidin-2-yl)-piperazin-1-vll-pyrimidin-
2-vi}-ethanol.

AN
No SN HO
Wy y

/ ”\>_({N !
— \_<M_<\_//

e

e

Step A: 2-Thiomethyi-4-[1.2 4)triazol-1-vI-pvrimidine. To a slurry of sodium hydride
(60% dispersion in oil, 24.2 g, 605 mmol) in dimethylformamide (800 mL) was added a
solution of 1,2,4-triazole (0.67 g, 9.4 mmol) in dimethylformamide (4.0 mL) at0 °C

under nitrogen atmosphere. After 10 min, a solution of 4-chloro-2-methyithio-
pyrimidine (97.2 g, 605 mmol) in dimethylformamide (200 mL) was added dropwise at
10 °C and stirred at ambient temperature for 14 h. The mixture was quenched in
water and the solid precipitate was filtered off and dried under vacuum to give the titie
compound of Example 196, Step A as a white solid, 113 g (94%). 'H NMR (CDCl,,
400 MHz) 6 2.82 (s, 3H), 6.82 (d, 1H), 8.18 (d, 1H), 8.19 (s, 1H), 8.35 (s, 1H); mp:
125-126 °C; MS (Cl) 194 (MH").

Step B: 2-Methanesulfonvyi-4-{1,2 4ltriazol-1-vi-pyrimidine. To a mechanically stirred

suspension of 3-chloroperb$<ybenzoic acid (75%, 127 g, 5§51 mmol) in chloroform (625
mL) was added a solution of 2-thiomethyi-4-{1,2 4]triazol-1-yl-pyrimidine (prepared
according to the method of Example 196, Step A, 50.7 g, 262 mmol) in chioroform
(625 mL) and stirred at ambient temperature for 16 h. The mixture was filtered and
the filtrate was washed six times with saturated aqueous sodium carbonate. The
organic layer was dried over sodium sulfate, filtered, and concentrated to give the fitle
compound of Example 196, Step B as a white solid, 37.8 g (64%). 'H NMR (CDCl,,
400 MHz) § 3.62 (s, 3H), 6.82 (d, 1H), 8.19 (s, 1H), 8.24 (d, 1H), 8.35 (s, 1H); mp:
135-136 °C; MS (Cl) 226 (MH").
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Step C: 2-(3R.5S-Dimethvi-piperazin-1-yi)-4-[1,2 4ltriazol-1-vi-pyrimidine. 2-
Methanesulfonyi-4-[1,2 4]triazol-1-yi-pyrimidine (prepared according to the procedure
of Example 196, Step B, 32.5 g, 144 mmol) was combined with cis-2,6-
dimethylpiperazine (34.5 g, 302 mmol) and heated neat at 135 °C for 1 h, cooled,
dissolved in 2 N aqueous hydrochloric acid and washed once with ethyl acetate. The

acidic aqueous layer was basified to pH 8 with 6 N aqueous sodium hydroxide at 0 °C
then extracted four times with ethyl acetate. The combined extracts were washed
once with water, once with saturated aqueous sodium chloride and the organic layer
was dried over sodium sulfate and filtered. The filtrate was evaporated to an oil which
crystallized from hexanes to give the titte compound of Example 196, Step C as a
white solid, 31.8 g (71%). 'H NMR (CDCl,, 400 MHz) § 0.99 (d, 6H), 2.38 (m, 4H),
3.30 (s, 2H), 6.82 (d, 1H), 8.18 (d, 1H), 8.19 (s, 1H), 9.35 (s, 1H); mp: 143-145 °C; MS
(ClI) 260 (MH").

Step D: 1R-{4-[2R 6S-Dimethyl-4-(4-[1,2 4ltriazol-1-vl-pyrimidin-2-v])-piperazin-1-yil-
pyrimidin-2-vi}-ethyl butyrate. To a solution of 2-(3R,5S-dimethyl-piperazin-1-yl)}4-
(1,2,4]triazol-1-yl-pyrimidine (prepared according to the method of Example 196, Step
C, 8.33 g, 32.1 mmol) in acetonitrile (30 mL) was added (R)-1-(4-
trifluoromethanesulfonyloxy-pyrimidin-2-yl}-ethy! butyrate (prepared according to the
method of Preparation Nine, 5.50 g, 16.1 mmol) and heated to refiux for 3 h under

nitrogen atmosphere. The cooled mixture was filtered and the solids were washed
twice with ethyl acetate. The combined extracts were washed once with water, once
with saturated aqueous sodium chloride and the organic layer was dried over sodium
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash
chromatography (99:1 dichloromethane:methanol) to give the titlte compound of
Example 196, Step D as an oil, 3.61 g (50%). 'H NMR (CDCl;, 400 MHz) & 0.91 (d,
6H), 1.26 (t, 3H), 1.58 (d, 3H), 1.68 (q, 2H), 2.40 (m, 2H), 3.40 (d, 2H), 4.60 (M, 4H),
.70 (g, 1H), 6.39 (d, 1H), 6.58 (d, 1H), 8.12 (s, 1H), 8.25 (d, 1H), 8.31 (d, 1H), 8.35
(s, 1H); MS (C1) 452 (MH"). |
Step E: 1R{4-[2R 6S-Dimethvi-4-{4-{1.2 4ltriazol-1-yi-pyrimidin-2-y})-piperazin-1-vil-
pyrimidin-2-vl}-ethanol. 1R-{4-[2R,6S-Dimethyl-4-(4-[1,2 4]triazol-1-yl-pyrimidin-2-yl)-
piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of
Example 186, Step D, 3.60 g, 8.0 mmol) was combined with concentrated
hydrochloric acid (10 mL) and stirred at ambient temperature for 4 h. The mixture was
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quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl
acetate. The combined extracts were washed once with water, once with saturated
aqueous sodium chloride and the organic layer was dried over sodium sulfate and
filtered. The filtrate was evaporated to an oil which was purified by flash
chromatography (99:1 dichloromethane:methanol) to give the titte compound as a
white solid, 2.35 g (77%). 'H NMR (CDCl,, 400 MHz) & 1.31 (d, 6H), 1.51 (d, 3H),
3.34 (m, 2H), 4.42 (m, 2H), 4.68-4.82 (m, 3H), 6.42 (d, 1H), 7.11 (d, 1H), 8.11 (s, 1H),
8.23 (d, 1H), 8.49 (d, 1H), 9.12 (s, 1H); mp: 181-182 °C; MS (Cl) 382 (MH").

Examples 197 to 200
Examples 197 to 200 were prepared from the appropriate startihg materials in a
manner analogous to the method of Example 196.

HO
R'\ nMe
\>_ ﬁ‘i
_<\__//
R
Example R" R’ R® mp (°C) MS (MH")
197 imidazol-1-yl 2R-Me 6S-Me 60-70 381
198 morpholin-4-yl 2R-Me 6S-Me 70-80 400
199 pyrrolidin-1-yl 2R-Me 6S-Me 70-80 384
200 4-methylpiperazin-i-yl  3R-Me  &5S-Me  168-170 413
Example 201

1R~{4-[?R .6 S-Dimethyi-4-(2-pyrdin-3-vi-pyrimidin-4-vi)-piperazin-1-yll-pyrimidin-2-vi-
ethanol.
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Step A: 2-Pyridin-3-vi-pvrimidin-4-y! triflucromethanesulfonate. To a solution of 2-
pyridin-3-yi-3H-pyrimidin-4-one (150 mg, 0.87 mmol; J. Med. Chem. 1990, 33, 1230)
and triethytamine (0.13 mL, 0.95 mmol) in dichloromethane (3 mL) was added

dropwise a solution of trifluoromethanesulfonic anhydride (0.22 mL, 0.91 mmol) in
dichloromethane (2 mL) at 0 °C under nitrogen atmosphere. The mixture was allowed
to stir for 30 min at 0 °C then diluted with dichloromethane and washed once with
water and the aqueous layer was extracted twice with dichloromethane. The organic
extracts were combined, washed sequentially with saturated aqueous sodium
carbonate and saturated aqueous sodium chloride, dried over sodium sulfate and
filtered. The filtrate was evaporated to give the titte compound of Example 201, Step
A as an orange oil, 0.22 g (95%), that was used without further purification.

Step B: 1R-{4-[2R.6S-Dimethyl-4-(2-pvridin-3-yl-pyrimidin-4-v}-piperazin-1-yl}-
pyrimidin-2-yi}-ethanol. A solution of 2-pyridin-3-yl-pyrimidin-4-yi
trifluoromethanesulfonate (prepared according to the method of Example 201, Step A,

0.15 g, 0.5 mmol) in tetrahydrofuran (3 mL) at 0 °C was added dropwise to a solution
of 1R-[4-(2R,6S-dimethyl-piperazin-1yl)-pyrmidin-2-yi]-ethy! butyrate (prepared
according to the method of Preparation Four, 0.15 g, 0.45 mmol) in tetrahydrofuran (2
mL) and stirred for 1 h at ambient temperature. The mixture was quenched in
saturated agueous sodium bicarbonate and extracted twice With ethyl acetate. The
combined extracts were washed once with water, once with saturated aqueous
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The
filtrate was evaporated to an oil and dissolved in concentrated hydrochloric acid (3
mL) and stirred at ambient temperature for 4 h. The mixture was quenched in
saturated aqueous sodium bicarbonate and extracted twice with ethyl acetate. The |
combined extracts were washed once with water, once with saturated aqueous
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The
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filtrate was evaporated to give the title compound as a white foam, 0.091 g (48%). 'H
NMR (CDCl,, 400 MHz) & 1.31 (d, 6H), 1.51 (d, 3H), 3.34 (m, 2H), 4.42-4.70 (m, 4H),
4.71 (q, 1H), 6.40 (d, 1H), 6.56 (d, 1H), 7.37 (m, 1H), 8.22 (d, 1H), 8.36 (d, 1R), 8.62-
8.68 (m, 2H), 9.53 (m, 1H); mp: 61-70 °C; MS (CI) 392 (MH*).

Example 202
1R-{44{2R 6S-Dimethyl-4-[2-(4-methyl-piperazin-1-yl)-pyrimidin-4-yil-piperazin-1-vi}-
pyrimidin-2-vi}-ethanol.

Me
\

Step A: 1R-{4-[4-(2-Methanesulfonyl-pyrimidin-4-v})-2R .6S-dimethyl-piperazin-1-vii-
pyrimidin-2-ylt-ethv! butyrate. To a solution of 4-(3R,5S-dimethyl-piperazin-1-yl)-2-
methanesulfonyl-pyrimidine (prepared according to the method of Example 188, Step
A, 7.70 g, 14.3 mmol) in acetonitrile (30 mL) was added 1R-(4-
trifluoromethanesulfonyloxy-pyrimidin-2-yl)-ethy! butyrate (prepared according to the
method of Preparation Nine, 5.50 g, 16.1 mmol) and heated to reflux for 3 h under
nitrogen atmosphere. The cooled mixture was filtered and the solids were washed

twice with ethyl acetate. The combined extracts were washed once with water, once
with saturated aqueous sodium chioride and the organic layer was dried over sodium
sulfate and ﬁltered. The filtrate was evaporated to an oil which was purified by flash
chromatography (98:2 dichloromethane:methanol) to give the tite compound of
Example 202, Step A as an all, 4.01 g (62%). 'H NMR (CDCl,, 400 MHz) 5 0.93 (t,
3H), 1.21 (d, 6H); 1.55 (d, 3H), 1.64 (q, 2H), 2.36 (t, 2H), 3.25 (s, 3H), 3.37 (m, 2H),
4.54.7 (m, 4H), 5.65 (q, 1H), 6.33 (d, 1H), 6.68 (d, 1H), 8.22 (d, 1H), 8.28 (d, 1H); MS
(C1) 463 (MH").

Step B: 1R-{4-[4-(2-Methanesulfonyl-pyrimidin-4-y1}-2R.6S-dimethvi-piperazin-1-vil-
pyrimidin-2-yi}-ethanol. 1R-{4-{4-(2-Methanesulfonyl-pyrimidin-4-yl)-2R, 6S-dimethyl-
piperazin-1-yf}-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of

PCT/IB00/00296
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Example 202, Step A, 0.42 g, 0.9 mmol) was combined with concentrated
hydrochioric acid (3 mL) and stirred at ambient temperature for 4 h. The mixture was

quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl

acetate. The combined extracts were washed once with water, once with saturated
aqueous sodium chioride and the organic layer was dried over sodium sulfate and
filtered. The filtrate was evaporated to an oil which was 'puriﬁed by flash
chromatography (99:1 dichloromethane:methanol) to give the title compound of
Example 202, Step B as a white foam._ 0.25g (71%). 'HNMR (CDCl;, 400 MHz) &
1.26 (d, 6H), 1.50 (d, 3H), 3.25 (s, 3H), 3.41 (m, 2H), 4.5-4.7 (m, 5H), 6.37 (d, 1H),
6.71 (d, 1H), 8.24 (d, 1H), 8.30 (d, 1H); MS (CI) 383 (MH").

Step C: 1R-(4-{2R 6S-Dimethyi~4-[2-(4-methvi-piperazin-1-yI)-pyrimidin-4-vil-
piperazin-1-yl-pyrimidin-2-yl}-ethanol. 1 R-{4-{4-(2-Methanesulfonyl-pyrimidin-4-yi)-
2,6-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol (prepared according to the method
of Example 202, Step B, 0.25 g, 6.4 mmol) was combined with N-methylpiperazine
(2.0 mL) and heated at 80 °C for 1 h under nitrogen atmosphere. The mixture was
quenched in water and extracted twice with ethyl acetate. The combined extracts

. were washed once with water, once with saturated aqueous sodium chloride and the

organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated
to an oil which was purified by flash chromatography (96:4 chloroform:methanot) to
give the title compound as a white foam, 0.11 g (41%). 'H NMR (CDCl;, 400 MHz) 5
1.31(d, 6H), 1.51 (d, 3H), 2.47 (s, 3H), 2.63 (m, 4H), 3.23 (m, 2H), 3.94 (m, 4H), 4.33
(m, 2H), 4.57 (m, 2H), 4.71(q, 1H), 5.96 (d, 1H), 6.46 (d, 1H), 7.98 (d, 1H), 8.23 (d,
1H); mp: 60-70 °C; MS (Cl) 413 (MH").

| Examples 203 to 207

- Examples 203 to 207 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 202.
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Example R" R’ R® mp (°C) MS (MH*)
203 morpholin4-yl - 2R-Me  6S-Me 70-80 400
204 pyrrolidin-1-yi 2R-Me 6S-Me 70-80 384
205 2,6-dimethyimorpholin4-yl 2R-Me 6S-Me 428
206 3,5-dimethyipiperidin-1-yl  2R-Me 6S-Me 426
207 5-methyi-furan-2-yl 2R-Me 6S-Me 123-128 395
Example 208

1R-(4-{3R.5S-Dimethyl-4-[2-(4-methyi-piperazin-1-vl)-pyrimidin-4-vil-piperazin-1-yl}-
Dpyrimidin-2-yl}-ethanol.

Me wu e

Step A: 4-(4-
To a solution of cis-1-benzyl-3,5-dimethylpiperazine (24.9 g, 122 mmol, Org. Prep.
Proceed. Int. 1976, 8, 19) in dimethylacetamide (60 mL) was added 4-chloro-2-
methanesulfonyl pyrimidine (11.8 g, 61.3 mmol) and stirred for 16 h at 120 °C. The
mixture was partitioned between water and ethyl acetate and the aqueous layer was
extracted three times with ethyl acetate. The combined organic layers were washed
three times with 1% aqueous copper sulfate, once with saturated aqueous sodium
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate
was evaporated to an orange solid which was siurried in isopropyl ether (100 mL) and
filtered to give the title compound of Example 208, Step A as an orange solid, 16.5 g
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(75%). 'H NMR (CDCl,, 300 MHz) & 1.35 (d, 6H), 2.25 (m, 2H), 2.76 (m, 2H), 3.23 (s,
3H), 3.83 (s, 2H), 4.35-4.65 (m, 2H), 6.51 (d, 1H), 7.26 (m, 2H), 7.34 (m, 3H), 8.24 (d,
1H); MS (CI) 361 (MH").

Step B: 4-(4-Benzyl-2R,6S-dimethyl-piperazin-1-vi)-2-(4-methvipiperazin-1-y{}-
pyrimidine. 4-(4-Benzyl-2R,6S-dimethylipiperazin-1-yl)-2-methanesulfonylpyrimidine
(prepared according to the method of Example 208, Step A, 11.5 g, 31.9 mmol) was
combined with N-methylpiperazine (15 mL, 128 mmol) and heated to 120 °C for 2'h.
The mixture was diluted with ethyl acetate and washed once with water, once with

saturated aqueous sodium chloride and the organic layer was dried over sodium
sulfate and filtered. The filtrate was evaporated to give the title compound of Example
208, Step B as an orange solid, 14.7 g (84%). 'H NMR (CDCl,, 300 MHz) & 1.30 (d,
6H), 2.21 (m, 2H), 2.33 (s, 3H), 2.46 (m, 4H), 2.72 (d, 2H), 3.53 (s, 2H), 3.78 (m, 4H),
4.31 (m, 2H), 5.79 (d, 1H), 7.24 (m, 2H), 7.31 (m, 3H), 7.90 (d, 1H); MS (Cl) 381
(MRH*).

Step C: 4-(2R.6S-Dimethyl-piperazin-1-yI)-2-(4-methvipiperazin-1-yl)-pyrimidine. To
a solution of 4-(4-benzyl-2R,6S-dimethyipiperazin-1-yl)-2-(4-methyl-piperazin-1 ~yl)-
pyrimidine (prepared according to the method of Example 208, Step B, 9.8 g, 25.8
mmol) in methanol (200 mL) and hydrochloric acid (1 N in ethyl ether, 38.7 mL, 38.7
mmol) was added ammonium formate (16.3 g, 25.8 mmol). After stirring at ambient
temperature for § min, 10% palladium on carbon (1.96 g, 20 wt% pre-wetted with

isopropanol) was added and this mixture was heated to reflux for 2 h. The cooled
reaction was filtered and the filtrate was concentrated to a solid, which was diluted
with ethyl acetate and washed twice with water, once with saturated aqueous sodium
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate
was evaporated to give the title compound of Example 208, Step C as a clear ail, 6.01
g (81%). 'HNMR (CDCl,, 300 MHz) § 1.25 (s, 6H), 2.31 (s, 3H), 2.24-2.44 (m, 4H),
2.80 (m, 4H), 3.76 (m, 4H), 4.25 (m, 2H), 5.79 (d, 1H), 7.90 (d, 1H); MS (C1) 291
(MH").

Step D: 1R-(4-{3R.5S-Dimethyl-4-[2-(4-methvyl-piperazin-1-vi}-pyrimidin-4-vil-
piperazin-1-yll-primidin-2-yl)-ethyl butyrate. To a solution of 4-(2R,65-dimethyl-
piperazin-1-yl}-2-(4-methyl-piperazin-1-yl)-pyrimidine (prepared according to the
method of Example 208, Step C, 9.0 g, 31.1 mmoal) and triethylamine (659,46.5
mmol) in dimethylformamide (S0 mL) was added (R)~1-(4-chIoro-pyrimidin-z-yl)-ethyl
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butyrate (prepared according to the method of Preparation Seven, 7.78 g, 34.1 mmol)
and heated to reflux for 3 h under nitrogen atmosphere. The cooled mixture was
filtered and the solids were washed twice with ethyl acetate. The combined extracts
were washed once with water, once with saturated aqueous sodium chloride and the
organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated
to an oil which was purified by flash chromatography (95:5 chioroform:methanof) to
give the title compound of Example 208, Step D as an oil, 11.4 g (76%). 'H NMR
(CDCl,, 300 MHz) 6 0.95 (t, 3H), 1.18 (d, 6H), 1.54 (d, 3H), 2.23-2.35 (m, 7H), 2.51
(m, 4H), 3.21 (m, 2H), 3.81 (m, 4H), 4.32 (m, 2H), 4.52 (m, 2H), 5.65 (q, 1H), 5.82 (d,
1H), 6.38 (d, 1H), 7.38 (d, 1H), 8.18 (d, 1H); MS (CI) 483 (MH").

Step E: 1R-(4-{3R.5S-Dimethyl-4-[2-(4-methvi-piperazin-1-vi)-pvrimidin4-vii-
piperazin-1-yl}-pyrimidin-2-vl)-ethanol. 1R-{(4<{3R,5S-dimethyl-4-[2-(4-methyi-
piperazin-1-yl)-pyrimidin4-yl}-piperazin-1-yl}-pyrimidin-2-yl}-ethyi butyrate (prepared
according to the method of Example 208, Step D, 11.3 g, 23.5 mmol) was combined
with concentrated hydrochloric acid (60 mL) and stired at ambient temperature for4

h. The mixture was quenched in saturated aqueous sodium bicarbonate and
extracted five times with 10% isopropanol/chloroform. The combined extracts were
washed once with saturated aqueous sodium chloride and the organic Iayef was dried
over sodium sulfate and filtered. The filtrate was evaporated to an oil and crystallized
from isopropanol to give the title compound as a white solid, 7.34 g (76%). 'H NMR
(CDCl,, 300 MHZz) 6 1.21 (d, 6H), 1.51 (d, 3H), 2.34 (s, 3H), 2.45 (m, 4H), 3.24 (m,
4H), 3.76 (m, 2H), 4.30-4.53 (m, 4H), 4.68 (q, 1H), 5.82 (d, 1H), 6.42 (d, 1H), 7.94 (d,
1H), 8.21 (d, 1H); mp: 181-182°C; MS (Cl) 413 (MH").

~ Examples 209 to 211
Exampies 209 to 211 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 208.




WO 00/59510 PCT/IB00/00296

-224-
HO
R\ 6 erMe
R
N }—lﬁ N—
NN N N
—/ L/ \ 7
H ]
R7
Example RY R’ R® mp (°C) MS (MH")
208 2,6-dimethylmorpholin<4-yi 3R-Me 5S-Me 428
210 4-ethylpiperazin-1-yl ~ 3R-Me 5S-Me 144-146 427
211 4-isopropyipiperazin-1-yl 3R-Me §&S-Me 137-139 441
Example 212

1R+{4-[2R 6S-Dimethyi-4-(4-momholino-4-vi-[1.3.5ltriazin-2-vi)-piperazin-1 -yi}-
5 pyrimidin-2-yi-ethanol.

Step A: 1R{4-[4-(4-Chioro-6-morphoiino-[1,3 5ltriazin-2-y)}-2R 6S-dimethvipinerazin.
1-vi]-pyrimidin-2-yil-ethyi butyrate. To a solution of 1R-{4-(2R,6S-dimethyl-piperazin-
1-yl)}-pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Preparation
10 Four, 0.31 g, 1.0 mmol) and sodium bicarbonate (0.17 g, 2.0 mmol) in
dimethylformamide (3 mL) was added 2,4-dichloro-6-morpholino-[1,3,5)triazine (0.24
g, 1.0 mmol; Chem. Pharm. Bull. 1997, 45, 291) and stirred at ambient temperature

for 2 hours. The mixture was diluted with ethyl acetate and washed twice with water,
once with saturated aqueous sodium chloride, and the organic layer was dried over
15 sodium sulfate and filtered. The filtrate was concentrated to an oil, which was purified
by flash chromatography (98:1 chloroform:methanol) to give the fitle compound of
Example 212, Step A as a white solid, 0.19 g (37%). 'H NMR (CDCl,, 300 MHZ) &5
0.93 (t, 3H), 1.23 (d, 6H), 1.53 (d, 3H), 1.66 (m, 2H), 2.37 (t, 2H), 3.16 (m, 2H), 3.72-
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3.78 (m, 10H), 4.124.78 (m, 2H), 5.65 (q, 1H), 6.34 (d, 1H), 8.18 (m, 2H); MS (CI)
505, 507 (MH").

Step B: 1R-{4-[2R 6S-Dimethyi-4-(4-morpholino-4-yl-[1.3 5ltriazin-2-vI)-piperazin-1-
yll-pyrimidin-2-yl}-ethano!l. To a solution of 1R-{4-[4-(4-chloro-6-morpholino-
[1,3,5]triazin-2-yl)-2R 6 S-dimethyi-piperazin-1-yi}-pyrimidin-2-yl}-ethy! butyrate
(prepared according to the method of Example 212, Step A, 0.15 g, 0.35 mmol) in
ethanol (10 mL) was added 10% palfadium on carbon (0.75 g, 500 wt %) and
hydrogenated at 45-50 psi using a Parr apparatus for 12 hours. The catalyst was
filtered off and the filtrate was concentrated to an oil which was added to concentrated
hydrochloric acid (2 mL) and stired at ambient temperature for 6 hours. The mixture
was diluted with chioroformand washed twice with water, once with saturated

aqueous sodium chloride and the organic layer was dried over sodium sulfate and
filtered. The filtrate was concentrated to give the title compound as a white solid, 0.47
g (40%). 'H NMR (CDCl,, 300 MHz) 6 1.23 (d, 6H), 1.53 (d, 3H), 3.16 (m, 2H), 3.72-
3.78 (m, 10H), 4.124.78 (m, 3H), 6.34 (d, 1H), 8.19 (m, 2H); mp: 78-82 °C; MS (CI)
401 (MH®); [a]o +15.1 (c 1.0, MeOR).

Example 213
1R~{4-[4-(4-Methoxy-6-methvlI-[1.3 5ltriazin-2-v}-3R . 5S-dimethvipiperazin-1-vil-

pyrimidin-2-vi}-ethanol.

HO

0] Me
a ”\>_N>“N_<”;N
=
Me Me
Step A: 1R-{4-{4-{4-Chloro-6-methyl-{1,3,5]triazin-2-yI)-3R.5S-dimethvipiperazin-1-vil-
pyrimidin-2-yl}-ethyl butyrate. To a solution of 1R-[4-(3R,5S-dimethyi-piperazin-1-yl)-
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation
Three, 1.47 g, 6.43 mmol) and sodium bicarbonate (2.25 g, 26.8 mmol) in
dimethylformamide (10 mL) was added 2 4-dichloro-6-methyl-[1,3 S]triazine (0.88 g,
5.3 mmol; Monatsh. Chem. 1970, 101, 724) and stirred at ambient temperature for 2
h. The mixture was diluted with ethyl acetate (150 mL) and washed twice with water,
once with 10% aqueous CuSO,, once with saturated aqueous sodium chloride, and

Me noMe




10

15

20

25

WO 00/59510

PCT/1B00/00296

-226-

- the organic layer was dried over sodium sulfate and filtered. The filtrate was

concentrated to give the title compound of Example 213, Step A as a tan solid, 2.12 g
(81%). 'H NMR (CDCl,, 300 ‘MHz) 5 0.83 (t, 3H), 1.23 (m, 6H), 1.54 (d, 2H), 1.66 (m,
2H), 2.31 (s, 3H), 2.37 (m, 2H), 2.41 (s, 1H), 3.19 (m, 2H), 4.22-4.55 (m, 2H), 4.91 (m.
2H), 5.85 (g, 1H), 6.40 (d, 1H), 8.20 (d, 1H); MS (CI) 434, 436 (MH").

Step B: 1R-{4-{4-(4-Methoxv-6-methvi-{1.3 5ltriazin-2-vi)-3R . 5S-dimethvipinerazin-1-
yll-pyrimidin-2-yl}-ethanol. A solution of sodium methoxide in methanol was freshly
prepared by allowing sodium metal (0.4 g, 17.3 mmol) to dissolve in methanol (40
mL). To this mixture was added 1 R-{4-[4-(4-chloro-6-methyi-[1,3,5]triazin-2-yi)-
3R.SS-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethy! butyrate (prepared according to
the method of Exarnple 213, Step A, 1.5 g, 3.46 mmol) which was stirred at ambient

temperature for 16 h. The reaction mixture was evaporated to an oil, diluted with
chloroform and washed twice with water, once with saturated aqueous sodium
chloride, and the organic layer was dried over sodium sulfate and filtered. The filtrate
was concentrated to a clear oil which was crystallized from isopropy! ether to give the
title compound as a white solid, 0.85 g (72%). 'H NMR (CDCl,, 300 MHz) § 1.23 (d,
6H), 1.48 (d, 3H), 2.36 (s, 3H), 3.20-3.26 (m, 2H), 3.90 (s, 3H), 4.18-4.43 (m, 2H),
4.63 (m, 2H), 4.68 (q, 1H), 4.85 (d, 1H), 6.42 (d, 1H), 8.18 (d, 1H); mp: 161-162 °C;

MS (CI) 360 (MH"); [«], +16.8 (c 1.0, MeOH).

Example 214
1R-{4-{4-(4 6-Dimethoxy-[1.3 Sltriazin-2-y1)-3R.5S-dimethyl-piperazin-1-vll-pyrimidin-

2-vi}-ethanol.

HO
ssifie

S S
R aSaY

Step A: 1R-{4-{4-(4.6-Dichloro-{1.3 S)triazin-2-y1}-3R.5S-dimethyi-piperazin-1-vil-
pyrimidin-2-vi}-ethyl butyrate. To a solution of 1R-[4-(3R,5S-Dimethy!-piperazin-1 -yl)-
pyrimidin-2-yf}-ethyl butyrate (prepared according to the method of Preparation
Three, 3.25 g, 10.5 mmol) and sodium bicarbonate (1.01 g, 19.2 mmol)- in
dimet!'\ylfonnémide (8 mL) was added cyanuric chioride (1.76 g, 9.6 mmol) and stirred
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at ambient temperature for 2 h. The mixture was diluted with ethyl acetate and
washed twice with water, once with saturated aqueous sodium chioride, and the
organic layer was dried over sodium sulfate and filtered. The filtrate was concentrated
to give the title compound of Example 214, Step A as a white semi-solid, 1.42 g
(68%). "H NMR (CDCl,, 300 MHz) 5 0.93 (t, 3H), 1.23 (m, 6H), 1.54 (d, 3H), 1.66 (m,
2H}, 2.37 (m, 2H), 3.19 (m, 2H), 4.42-4.55 (m, 2H), 4.91 (m, 2H), 5.65 (q, 1H), 6.40 (d,
1H), 8.20 (d, 1H); MS (Cl) 448, 448 (MH").

Step B: 1R-{4-[4-(4 6-Dimethoxy-{1 .3.S]triazin-2-vl)-3R.58—dimetﬁvl-pioerazin-1 =vil-
pyrimidin-2-yi}-ethanol. A solution of sodium methoxide in methanol was freshly

prepared by allowing sodium metal (0.18 g, 8.0 mmol) to dissolve in methanol (16
mL). To this mixture was added 1R—{4-[4-(4.6-dich!oro-[1,3,5}triazin-2-yl)-3R,58—
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethy! butyrate (prepared according to the
method of Example 214, Step A, 0.91 g, 2.0 mmol) at 0 °C, then warmed to ambient
temperature for 1 h. The mixture was evaporated to an oil, diluted with chloroform
and washed once with water, once with saturated aqueous sodium chioride, dried
over sodium sulfate and filtered. The filtrate was concentrated to a clear oil which
crystallized from isopropyl ether to give the title compound as a white solid, 0.54 g
(72%). 'H NMR (CDCl,;, 300 MHz) § 1.23 (d, 6H), 1.50 (d, 3H), 3.20 (m, 2H), 3.95 (s,
6H), 4.32 (m, 1H), 4.67-4.86 (m, 4H), 6.34 (d, 1H), 8.22 (d, 1H); mp: 187-188 °C; MS
(CI) 376 (MH").

Example 215
1R{2R . 6S-Dimethyl-4-(4-phenyi-[1 .3.5]tﬁ§zin—2vl)-oipemzin~1—vﬂ-pvn’midin-Z-vl}-

ethanol.

HO

Me
N /——< Ne=—
N 4 \>—N N—<__/N
= \_/
» Me
Step A: 1R-{4-[4-(4-Chioro-6-phenvi-[1, 3 Sltriazin-2-y)-2R .6 S-dimethvi-piperazin-1-

yil-pyrimidin-2-yi}l-ethyl butyrate. To a solution of 1R-{4-(2R,8S-dimethyl-piperazin-
1yl)}-pyrmidin-2yl}-ethyl butyrate (prepared according to the method of Preparation

sipMe

PCT/IB00/G0296
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Four, 2.35 g, 7.67 mmol) and sodium bicarbonate (1.29 g, 15.3 mmol) in
dimethylformamide (25 mL) at 0 °C was added 2 4-dichloro-6-phenyl[1,3,5]triazine
(1.73 g, 7.67 mmotl; Helv. Chim. Acta 1850, 33, 1365) portionwise. The reacticn
mixture was aliowed to warm to room temperature and stir under nitrogen for 4 h,
poured into water then filtered to give the title compound of Example 215, Step Aas a
light tan solid, 1.99 g (51%). 1H NMR (CDCl,, 400 MHz) & 0.94 (t, 3H), 1.25 (d, 6H),"
1.57 (d, 3H), 1.68 (m, 2H), 2.40 (t, 2H), 3.27 (d, 2H), 4.65 (m, 2H), 4.82 (d, 1H), 5.00
(d, 1H), 5.68 (q, 1H), 6.34 (d, 1H), 7.46 (m, 3H), 8.21 (d, 1H), 8.40 (d, 2H); MS (Ch)
496, 498 (MH").

Step B: 1R-{4-]4-(6-Phenvi-[1 3 Sltriazin-2-y1)-2R.6S-dimethyl-piperazin-1-v{-
pyrimidin-2-vl}-ethyi butyrate. To a solution of 1R~{4-[4-(4-chloro-6-phenyi-
[1,3.5)triazin-2-y1)-2R 6 S-dimethyi-piperazin-1-y[l-pyrimidin-2-yl}-ethyl butyrate
(prepared according to the method of Example 215, Step A, 4.81 g, 9.7 mmol) in
methanol (50 mL) was added 10% palladium on carbon (940 mg, 20 wt%),
ammonium formate (5.88 g, 97 mmol), and hydrochioric acid (2 M in ethyl ether, 7.1
mL, 14.2 mmol) and refluxed for 1.5 h. The mixture was allowed to cool, then filtered.
The filtrate was concentrated and partitioned between chioroform and saturated
aqueous sodium bicarbonate. The organic layer was separated, dried over sodium
sulfate, filtered, and the filtrate was evaporated to an oil which was purified by flash
chromatography (99:1 chloroform:methanot) to give the title compound of Example
215, Step B as a clear oil, 2.69 g (59%). 1H NMR (CDCl,, 400 MHz) & 0.95 (t, 3H),
1.25 (d, 6H), 1.57 (d, 3H), 1.68 (m, 2H), 2.40 (t, 2H), 3.27 (d, 2H), 4.65 (m, 2H), 4.82
(d, 1H), 5.00 (d, 1H), 5.68 (q, 1H), 6.34 (d, 1H), 7.46 (m, 3H), 8.21 (d, 1H), 8.40 (d,
2H), 8.66 (s, 1H); MS (Cl) 462 (MH").

Step C: 1R{2R,6S-Dimethvi-4-(4-phenvl-[1,3,5]triazin-2yl)-piperazin-1 ~yll-pyrimidin-2-
vil-ethanol. Concentrated hydrochioric acid (10 mL) was added to 1R~{4-[4-(6-phenyl
[1,3,5]triazin-2-yi}-2R 6S-dimethyi-piperazin-1 yil-pyrimidin-2yi}-ethy! butyrate
(prepared according to the method of Example 215, Step B, 2.69 g, 5.8 mmol) and
allowed to stir for 5 h at ambient temperature. The reaction mixture was cooled to 0

°C, diluted with chloroform, and 6 M aqueous sodium hydroxide was added slowly
until basic (pH 9). The layers were separated and the aqueous layer was extracted
twice with chloroform. The combined organic extracts were washed once with
saturated aqueous sodium chloride, dried over sodium sulfate, filtered, and the filtrate

PCT/IB00/00296
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was concentrated to an oil which was purified by flash chromatography (97:3
chloroform:methanol) to give a white foam that crystallized from isopropyi ether to give
the title compound as a white solid, 1.55 g (68%). 1H NMR (CDCl,, 400 MHz) 5 1.28
(d, 6H), 1.54 (d, 3H), 3.31 (d, 2H), 4.63 (m, 2H), 4.77 (q, 1H), 4.85 (d, 1H), 5.50 (d,
1H), 6.42 (d, 1H), 7.50 (m, 3H), 8.25 (d, 1H), 8.41 (d, 2H), 8.68 (s, 1H); mp: 133-134
°C, MS (ClI) 392 (MH*); [a], +18.7 (c 1.07, MeOH).

Examples 216 to 235
Examples 216 to 235 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 215.

HO

11

O

R"

""Me
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Example R" R¥ R® R’ mp (°C) MS (MH")
216 Cl morpholin-4-yl 2R-Me 6S-Me 138-141 435,437
217 H morpholin-4-yl 3R-Me 5S-Me 152 401
218 OMe morpholin-4-yl 2R-Me 6S-Me 176-178 431
218 Me 4-methyl-piperazin- 3R-Me 5S-Me 428

1-yi
220 Me H 2R-Me 6S-Me  91-94 330
221 OMe - OMe - 2R-Me 68S-Me 128-129 376
222 OEt Me 3R-Me 55-Me 141-142 374
223 OiPr Me 3R-Me 5S-Me  87-91 388
224 phenyi H 3R-Me 5S-Me 154-155 392
225 phenyl OMe 3R-Me 5S-Me 422
226 phenyl OMe 2R-Me 6S-Me 135-138 422
227 iPr H 2R-Me 6S-Me 122-124 358
228 iPr -OMe 3R-Me 5S-Me  75-80 388
229 phenyl H H H 115-117 364
230 OMe Me H H 173-175 332
231 o-tolyl H. 3R-Me 5S-Me 123-125 406
232 o-tolyl OMe 3R-Me 5S-Me 143-145 436
233 cyclopropyl H 3R-Me 55-Me 134-135 356
234 cyclopropyl H 2R-Me 6S-Me 133-134 356
235 OMe CH,OMe 3R-Me 5S-Me 104-105 390
Example 236
1R-{4-[4-(4-Hydroxymethyi-6-methoxy-[1,3 5ltriazin-2-vI)-3R.5S-dimethyl-piperazin-1-
rimidin-2-yi}-ethanol.
HO -
MeO Me weee
>_ —

_)—%—/

—<\J
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Step A: 1R-{4-[4-(4-Chioro-6-diazomethyl-[1.3 5triazin-2-y1}-3R 5S-dimethyi-
piperazin-1-vll-pyrimidin-2-vi}-ethvl butyrate. To a solution of 1R-[4-(3R,58-dimethyl-
piperazin-1-yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of
Preparation Three, 3.06 g, 10.0 mmol) and sodium bicarbonate (1.68 g, 20.0 mmol) in
dimethylformamide (10 mL) was added 2 4-dichloro-6-diazomethyl-[1,3,5}triazine
(1.90 g, 10.0 mmol; J. Am. Chem. Soc. 1957, 79, 944) and stirred at ambient
temperature for 2 h. The mixture was diluted with ethyl acetate, washed twice with
water, once with saturated aqueous sodium chloride, and the organic layer was dried

over sodium sulfate and filtered. The filtrate was concentrated and purified by flash
chromatography (ethyl acetate) to give the title compound of Example 236, Step A as
a foam, 1.84 g (41%). 'H NMR (CDCl,, 300 MHz) § 0.94 (t, 3H), 1.23 (m, 6H), 1.55 (d,
3H), 1.66 (m, 2H), 2.38 (m, 2H), 3.19 (m, 2H), 4.22-4.45 (m, 2H), 4.86 (m, 2H), 5.10
(s, 1H), 5.65 (g, 1H), 6.40 (d, 1H), 8.20 (d, 1H); mp: 106-108 °C; MS (Cl) 461, 463
(MH").

Step B: 1R-{4-[4-(4-Hydroxymethyl-6-methoxy-[1,3,51trigzin-2-vI)-3R.5S-dimethyl-
piperazin-1-vil-pyrimidin-2-vi}-ethanol. 1R-{4-[4-(4-Chioro-6-diazomethyi-
[1,3,5)triazin-2-yl}-3R,5S-dimethylpiperazin-1-yl]-pyrimidin-2-y{}-ethyl butyrate
(prepared according to the method of Example 236, Step A, 1.5 g, 3.2 mmol) was
dissolved in ethyl acetate (20 mL) and 10% aquedus sulfuric acid (5 mL.) was added

slowly at ambient temperature, stirred 5 min then basified to pH 9 with 6 N aqueous
sodium hydroxide. The separated ethyl acetate layer was washed once with brine,
dried over magnesium sulfate, and concentrated to a semi-solid. To a freshly
prepared solution of sodium methoxide, generated by dissolving sodium metal (0.92

g, 4.0 mmol) in methanol (6 mL), was added the crude solid (0.89 g, 2.0 mmol). This

mixture was stirred for 4 h at ambient temperature then evaporated to dryness. The
residue was purified by flash chromatography (95:5 dichloromethane:methanol) to
give the title compound as a white solid, 0.084 g (13%). 'H NMR (CDCl,, 300 MHz) &
1.23 (d, 6H), 1.49 (d, 3H), 3.14-3.21 (m, 2H), 3.86 (m, 2H), 3.90 (s, 3H), 4.18-4.38 (m,
2H), 4.69 (q, 1H), 4.97 (m, 2H), 6.44 (d, 1H), 8.20 (d, 1H); mp: 170-171 °C; MS (Cl)
376 (MH"); [a], +16.6 (c 1.0, MeOH),

Example 237
1R-{4-[4-(4-Methoxymethyi-[1.3 Sltriazin-2-vI}-3R 5S-dimethyl-piperazin-1-vil-

imidin-2-yvi}-ethanol.
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Step A: 1R-{4-[4-(4-Chloro-6-methoxvmethyl-[1.3 5ltriazin-2-v1)-3R.5S-dimethyi-
piperazin-1-yll-pyrimidin-2-yl}-ethvl butyrate. 1R-{4-[4-(4-Chioro-6-diazomethyi-
[1.3,5]triazin-2-y1)-3R,58-dimethylpiperazin-1-yi}-pyrimidin-2-yl}-ethy! butyrate
(prepared according to the method of Example 236, Step A, 1.5 g, 3.2 mmol) was
dissolved in methanol (10 mL) and 10% aqueous sulfuric acid (3 mL) was added.
This mixture was stirred at ambient temperature for 1 h then diluted with ethyl acetate.

The separated ethyl acetate layer was washed once with saturated aqueous sodium
chioride, dried over magnesium sulfate, and concentrated to an oil which was purified
by flash chromatography (99:1 dichloromethane:methanol) to give the title compound
of Example 237, Step A as an oil, 1.02 (60%). 'H NMR (CDCl,, 300 MHz) 6 0.95 (t,
3H), 1.26 (d, 6H), 1.58 (d, 3H), 1.67 (q, 2H), 2.41 (t, 2H), 3.24 (m, 2H), 3.51 (s, 3H),
4.18-4.38 (m, 4H), 4.69 (q, 1H), 4.92 (m, 2H), 6.47 (d, 1H), 8.24 (d, 1H); MS (Cl) 464,
466 (MH").

Step B: 1R-{4-[4-(4-Methoxymethyl-[1,3 5ltriazin-2-yI)-3R.5S-dimethvi-piperazin-1-vil-
pyrimidin-2-vi}-ethanol. To a solution of 1R-{4-[4~(4-chloro-6-methoxymethyi-
[1,3,5]triazin-2-y1)-3R,5S-dimethpiperazin-1-yl}- pyrimidin-2-yi}-ethyl butyrate
(prepared according to the method of Example 237, Step A, 0.43 g, 0.92 mmol) in
methanol (8 mL) and hydrochloric acid (2 M in ethy! ether, 0.7 mL, 1.37 mmol) was
added ammonium formate (0.58 g, 9.2 mmol) and 10% palladium on carbon (0.085 g,
20 wt%) and heated to reflux for 3 h. The solvents were removed and concentrated
hydrochloric acid (2 mL) was added and stirred at ambient temperature for 16 h,
basified to pH 9 with 6 N aqueous sodium hydroxide and diluted with ethyl acetate.

The separated ethyl acetate layer was washed once with saturated aqueous sodium
chloride, dried over magnesium sﬁlfate, and concentrated to an oil which was purified
by fiash chromatography (9:1 dichloromethane:methanol) to give the tite compound
as a white.solid, 0.12 g (36%). 'H NMR (CDCl,, 300 MHz) 5 1.25 (d, 6H), 1.49 (d,
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3H), 3.24 (m, 2H), 3.51 (s, 3H), 4.18-4.38 (m, 4H), 4.72 (q, 1H). 4.97 (m, 2H), 6.47 (d,
1H), 8.22 (d, 1H), 8.57 (s, 1H); MS (CI) 360 (MH").
Examples 238 to 240
Exampies 238 to 240 were prepared from the appropriate starting materials in a
S  manner analogous to the method of Example 237.

_ HO
R1 1\‘ ey Me
>_/ \>_ _<_/
R‘l
Example R" R% R’ R® mp (°C) MS (MH")
238 CH,OH H 3R-Me 5S5-Me 173-175 346
239 OMe CH,OMe 3R-Me 58-Me 143-145 390
240 CH,OH phenyl 2R-Me 6S-Me 173-175 422
10
Exampie 241
1RA{4-f4-(4 6-Dimethvi-[1,3.5)triazin-2-v1)-2R. 6 S-dimethvipiperazin-1-vll-pyrimidin-2-
-ethanol.
HO
“iMe.
\>_ _<_/
15

Step A: 1R-{4-[4-(4-Methvl-6-trichioromethyl-{1.3 5]triazin-2-v!)-2R.6S-dimethyi-
piperazin-1-yli-pyrimidin-2-yi}-ethyl butyrate. To a solution of 1R-[4-(2R,6S-dimethyi-
piperazin-1-yl}-pyrimidin-2-yl}-ethy! butyrate dibenzoyl-L-tartrate salt (prepared

according to the method of Preparation Fifteen, 1.33 g, 2.0 mmol) and sodium
20 bicarbonate (0.34 g, 4.0 mmol) in dimethylformamide (5 mL) was added 2-methyl-4,6-
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bis-trichloromethy!-[1,3,5)triazine (1.00 g, 3.0 mmol; Bull. Chem. Soc., Jpn. 1969, 42,

2824) and stirred at ambient temperature for 14 h. The mixture was diluted with ethyl
acetate and washed twice with water and the organic layer was dried over
magnesium sulfate and concentrated. The crude oil was purified by flash
chromatography (95:5 dichloromethane:methanol) to give the titte compound of
Example 241, Step A as a foam, 0.71 g (69%). 'H NMR (CDCl,, 300 MHz) 8 0.95 (t,
3H), 1.22 (m, 6H), 1.56 (d, 3H), 1.66 (m, 2H), 2.37 (m, 2H), 2.55 (s, 1H), 3.27 (m, 2H),
4.48-4.78 (m, 2H), 4.84 (m, 2H), 5.67 (g, 1H), 6.32 (d, 1H), 8.22 (d, 1H); MS (CI) 517,
518 (MH").

Step B: 1R-{4-[4-(4 6-Dimethy!-[1 .3,5ltriazin-2-y1)-2R.6S-dimethvipiperazin-1-vil-
pyrimidin-2-vi}-ethanol. A suspension of 1R-{4-{4-(4—methyl-6-trichloromethyl-
[1.3,5)triazin-2-y1)-2R,6S dimethy! piperazin-1-yl}-pyrimidin-2-yl}-ethyl butyrate
(prepared according to the method of Example 241, Step A, 0.65 g. 1.2 mmol) and
10% palladium on carbon (0.2 g) in triethylamine (1 mL) and methano! (20 mL) was

hydrogenated at 40 psi for 0.5 hours using a Parr apparatus. The catalyst was filtered
and the filtrate was concentrated to a solid which was dissolved in concentrated
hydrochloric acid (2 mL) and stirred for 6 hours. This mixture was diluted with water,
basified to pH 9 with 6 N aqueous sodium hydroxide, and extracted into
dichloromethane. The extract was washed twice with water, once with saturated
aqueous sodium chloride and the organic layer was dried over sodium sulfate and
fiitered. The filtrate was concentrated to a clear oil which crystailized from isopropy!
ether to give the title compound as a white solid, 0.25 g (58%). 'H NMR (CDCl,, 300
MHz) § 1.21 (d, 6H), 1.49 (d, 3H), 2.40 (s, 6H), 3.16 (m, 2H), 4.45-4.68 (m, 2H), 4.71
(g, 1H), 4.84 (m, 2H), 6.42 (d, 1H), 8.20 (d, 1H); mp: 172-173 °C; MS (Cl) 344 (MH");
[a)o +17.2 (c 1.0, MeOH).

Example 242
1RA4-[4-(4 6-Dimethyi-[1 .3,5ltriazin-2-yI}-3R . 5S-dimethyi-piperazin-1 -yll-pyrimidin-2-

yl-ethanol.

PCT/IB00/00296
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Step A:  4-Methvl-6-trichioromethyl-[1,3 Sltriazin-2-vl methanesulfonate. To a

HO
wiipfe

solution of 2-hydroxy-4-methyl-6-trichloromethy!-{1,3,5]triazine (1.14 g, 5.0 mmol; J.
Amer. Chem. Soc. 1958, 78, 2447) and triethylamine (0.51 g, 5.5 mmol) in
dichloromethane was added methanesulfony! chioride (0.57 g. 5.0 mmol) at 0 °C and
stirred for 1 h then quenched in saturated aqueous sodium bicarbonate. The
separated organic layer was washed once with saturated sodium chloride, dried over
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound
of Example 242, Step A as an orange oil, 0.98 g (65%) which was used directly
without any further purification. MS (Cl) 281,293 (MH").

Step B: 1 R—(4-(3R.5S—Dimethyl-4-(4-methvl-6-tn’chIoromethvl—[ 1.3.5ltriazin-2-vl)-

piperazin-1-yf-pyrimidin-2-yi}-ethyl butyrate. To a solution of 1 R-[4-(3R,5S-dimethyl-

piperazin-1-yl)-pyrimidin-2-y{}-ethy! butyrate (prepared according to the method of

Preparation Three, 0.62 g, 2.0 mmol) and sodium bicarbonate (0.34 g, 4.0 mmol) in
dimethylformamide (5 mL) was added 4-methyl-6-trichIoromethy!-[‘l,3,5]triazin-2—yl
methanesulfonate (prepared according to the method of Example 242, Step A, 1.00 g,
3.0 mmol) and stirred at ambient temperature for 14 h. The mixture was diluted with
ethyl acetate and washed twice with water and the organic layer was dried over
magnesium sulfate and concentrated. The crude oil was purified by flash
chromatography (ethyl acetate) to give the title compound of Exampie 242, Step B as
a clear oil, 0.41 mg (86%). 'H NMR (CDCl,, 300 MHz) 5 0.95 (t, 3H), 1.22 (m, 6H),
1.56 (d, 3H), 1.66 (m, 2H), 2.37 (m, 2H), 2.55 (s, 3H), 3.27 (m, 2H), 4.484.78 (m, 2H),
4.84 (m, 2H), 5.67 (g, 1H), 6.32 (d, 1H), 8.22 (d, 1H); MS (Cl) 517, 519 (MH").

Step C: 1R-{4-[4-(4 6-Dimethvi-[1,3 5ltriazin-2-v1)-3R.5S-dimethyl-piperazin-1-vll-
pyrimidin-2-vi}-ethanol. A suspension of 1R-{4-[3R,58—dimeﬁ1yl-4-(4—meﬂ1yl-6-
trichloromethy!-[1 .3,5]txiazin-2-y|)-piperazin-1-yl]-pyﬁmidin-Z—yl}-emyl butyrate
(prepared according to the method of Example 242, Step B, 0.65 g, 1.2.mmol) and
10% palladium on carbon (0.2 g, 30 M%) in triethylamine (1 mL) and methano! (20
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mL) was hydrogenated at 40 psi for 0.5 h using a Parr apparatus. The catalyst was
filtered off and the filtrate was concentrated to a solid which was dissolved in
concentrated hydrochloric acid (3 mL) and stirred for 6 h. This mixture was diluted
with water, basified to pH 9 with 6 N aqueous sodium hydroxide, and extracted into
S dichloromethane. The extract was washed twice with water and once with saturated
aqueous sodium chioride and the organic layer was dried over sodium sulfate and
concentrated to a clear oil which crystallized from isopropyl ether to give_ the title
compound as a white solid, 0.25 g (23%). 'H NMR (CDCl;, 300 MHz) § 1.21 (d, 6H),
- 148 (d, 3H), 2.40 (s, 6H), 3.16 (m, 2H), 4.45-4.68 (m, 2H), 4.71 (q, 1H), 6.42 (d, 1H),
10 8.20(d, 1H); MS (Cl) 344 (MH"); mp: 157-159 °C; [a)p +17.2 (¢ 1.0, MeOH).
Examples 243 to 246
Examples 243 to 246 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 242,

15
HO
R wiMe
>/ \>_
> \ Ya
R"

Example R" R* R’ R® mp(°C)  MS (MH")
243 Me phenyl 2R-Me  65-Me 406
244 Me phenyl 3R-Me 58-Me 132-134 406
245 Me tetrahydrofuran-2-yl  2R-Me 6S-Me 428
246 Me o-tolyl 2R-Me  65-Me 148-150 436

Example 247
20 (R}-2-[2-(1-Hvdroxy-ethvl)-pyrimidin-4-yfl-1 2,3 4-tetrahvdro-isoquinoline-7-sulfonic

acid dimethylamide.
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Step A: 2-Trifluoroacetyl-1.2,3 4-tetrahvdro-isoquinoline-7-sulfonic acid

dimethvlamide. A mixture of 2-trifluoroacetyl-1,2,3,4-tetrahydro-isoquinoline-7-
sulfonyl chloride (400 mg, 1.22 mmol, J. Med. Chern. 1980, 23, 837), dimethylamine
hydrochloride (150 mg, 1.83 mmol), and triethylamine (0.50 mL, 3.66 mmol) in
dioxane (10 mL) was refluxed with stirring for 30 min, cooled to room temperature,
concentrated, and purified by flash column chromatography (iO-—>50% ethyl
acetate/hexanes) to give 337 mg (82%) of the title compound of Example 247, Step A
as a yellow oil. 'H NMR (CDCl,, 300 MHz, 9:5 mixture of rotamers)  7.67-7.52 (c,
2H), 7.36 (t, 1H), 4.87 (s, 1.3H), 4.81 (s, 0.7H), 3.96-3.86 (c, 2H), 3.08-3.02 (c, 2H),
2.72 (s, 6H); MS (TS) 337 (MH").

Step B: 1.2,3.4-Tetrahvdro-isoquinoline-7-sulfonic acid dimethylamide. A mixture of
2-trifluoroacetyi-1,2,3,4-tetrahydro-isoquinoline-7-sulfonic acid dimethylamide
(prepared according to the method of Example 247, Step A, 337mg, 1.0 mmol) and
potassium carbonate (207 mg, 1.5 mmol) in a 3:1 mixture of methanol/water (10 mL)
was stirred at room temperature for 1 h and concentrated. The remaining aqueous
residue was extracted with 10% isopropanol/chloroform (7x) and the combined
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 214
mg (89%) of the title compound of Example 247, Step B as a white solid. 'H NMR
(CDsoD. 300 MHz) § 7.52 (d, 1H), 7.48 (s, 1H), 7.36 (d, 1H), 4.90 (s, 2H), 3.11 (t, 2H),"
2.91 (t, 2H), 2.65 (s, 6H); MS (CI/NH,;) 241 (MH").

Step C: (R}-1-[4-(7-Dimethylsulfamoyi-3 4-dihydro-1H-isoguinolin-2-vi}-pyrimidin-2-
yll-ethy! acetate. To a solution of 1,2,3,4-tetrahydro-isoquinoline-?-éulfonic acid
dimethylamide (prepared according to the method of Example 247, Step B, 210 mg,
0.88 mmol) in isopropanol (5 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl
acetate (prepared according to the method of Preparation Five, 175 mg, 0.88 mmol)
followed by triethylamine (0.24 mL, 1.75 mmol). This mixture was stirred at room

temperature for 1.75 h then heated to refiux for 1.5 h, cooled to room temperature,
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evaporated, and purified by flash column chromatography (1% methanol/chioroform)
to give 327 mg (92%) of the title compound of Example 247, Step C as a white solid.
'H NMR (CDCl,, 250 MHz) § 8.28 (d, 1H), 7.68-7.58 (¢, 2H), 7.47 (d, 1H), 6.44 (d, 1H),
5.72(q, 1H), 4.86 (s, 2H), 3.92 (t, 2H), 3.05 (t, 2H), 2.73 (s, 6H), 2.19 (s, 3H), 1.62 (d,
3H); MS (TS) 431 (MH").

Step D: (R)-2-[2-(1-Hydroxy-ethvi)-pyrimidin-4-yll-1,2.3 4-tetrahydro-isoquinoline-7-
sulfonic acid dimethylamide. To a solution of (R)-1-[4-(7-dimethyisulfamoyl-3,4-
dihydro-1 H-isoqﬁinolin-z-yl)—pyrimidin-z-yl]-ethyl acetate (prepared according to the
method of Example 247, Step C, 326 mg, 0.81 mmol) in a 4:1 mixture of
methanol/water (8 mL) was added fithium hydroxide hydrate (170 mg, 4.0 mmol).
This mixture was siired at room temperature for 50 min, concentrated, re-suspended
in water, and extracted with 10% isopropanol/chloroform (3x). The combined organic
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash

column chromatography (1% methanol/chloroform) to give a white foam which was

further purified by recrystallization from ether/methanol to give 90 mg (31%) of the title

compound as a white solid. mp: 120.5-122 °C; 'H NMR (CDCl,, 300 MHz) & 8.24 (d,

1H), 7.62-7.59 (c, 2H), 7.35 (d, 1H), 6.44 (d, 1H), 4.83 (s, 2H), 4.73 (g, 1H), 4.34 (br s,

1H), 3.93-3.85 (¢, 2H), 3.03 (t, 2H), 2.71 (s, 6H), 1.52 (d, 3H); MS (TS) 363 (MH").
Example 248

1-[4-(6-Thiophen-3-vi-3 4-dihydro-1H-isoquinolin-2-yl)-pyrimidin-2-vil-ethanol.

HO

| _ wiMe

S N= |
N—<\_//N

Step A: 6-Thiophen-3-yi-3 4-dihvdro-1H-isoquinoline-2-carboxyviic acid tert-butvi
ester. A mixture of bis(benzonitrile)palladium(il) chloride (30 mg, 0.079 mmol) and
1,4-bis(diphenyiphosphino)butane (33.6 mg, 0.079 mmol) in toluene (3 mL) was
stirred at room temperature for 20 min. To this mixture was added 6-

trifluoromethanesulfonytoxy-3,4-dihydro-1H-isoquinoline-2-carboxylic acid tert-butyl
ester (300 mg, 0.78 mmol, Synth. Commun. 1985, 25, 3255), thiophene-3-boronic
acid (131 mg, 1.02 mmol), 1 M aqueous sodium carbonate (1.57 mL, 1.57 mmol), and
ethanol (2 mL). This dark mixture was heated to refiux with stirring under nitrogen

PCT/IB00/00296
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overnight, cooled to room temperature, diluted with saturated aqueous sodium
bicarbonate, and extracted with ethyl acetate (4x). The combined organic extracts
were dried over sodium sulfate, filtered through Celite, evaporated, and purified by
flash column chromatography (hexanes—5% ethy! acetate/hexanes) to give 252 mg
(100%) of the title compound of Example 248, Step A as a pale yeliow waxy solid. 'H
NMR (CDCl,, 250 MHz) & 7.47-7.38 (c, §H), 7.14 (d, 1H), 4.60 (s, 2H), 3.72-3.64 (c,
2H), 2.95-2.82 (c, 2H), 1.52 (s, 9H); MS (TS) 316 (MH").

Step B: 6-Thiophen-3-yi-3.4-dihydro-1H-isoquinoline hydrochloride. A mixture of 6-
(thiophen-3-yl-3,4-dihydro-1H-isoquinoline-2-carboxylic acid tert-butyl ester (prepared
according to the method of Example 248, Step A, 250 mg, 0.79 mmol) and
hydrochloric acid (4 M in dioxane, 6 mL, 23.8 mmol) was stirred at room temperature
for 1 h and concentrated to give 170 mg (86%) of the title compound of Example 248,
Step B as a yellow solid that was used without purification in the next step. 'H NMR
(CD,0OD, 250 MHz) 5 7.66 (m, 1H), 7.61-7.53 (c, 2H), 7.51-7.42 (c, 2H), 7.23 (d, 2H),
4.38 (s, 2H), 3.52 (t, 2H), 3.16 (t, 2H); MS (TS) 216 (MH"*).

Step C: (R}-1-[4-(6-Thiophen-3-yI-3 4-dihydro-1H-isoquinolin-2-vi)-pyrimidin-2-yi-
ethyl acetate. To a solution of 6-thiophen-3-yl-3,4-dihydro-1H-isoquinoiine
hydrochloride (prepared according to the method of Example 248, Step B, 170 mg,
0.68 mmol) in isopropanol (6 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl
acetate (prepared according to the method of Preparation Five, 136 mg, 0.68 mmol)
followed by triethylamine (0.28 mL, 2.04 mmol). This mixture was stirred at reflux for

7 h, cooled to room temperature overnight, evaporated, and purified by flash column
chromatography (0.5—1% methanol/chioroform) to give 253 mg (98%) of the title
compound of Example 248, Step C as a yellow solid. 'H NMR (CDCl,, 250 MHz) &
8.26 (d, 1H), 7.52-7.36 (c, 6H), 6.43 (d, 1H), 5.73 (q. 1H), 4.76 (s, 2H), 3.96-3.82 (c,
2H), 3.02 (t, 2H), 2.21 (s, 3H), 1.63 (d, 3H); MS (TS) 380 (MH").

Step D: 1-14-(6-Thiophen-3-vI-3 4-dihydro-1H-isoquinolin-2-yl)-pyrimidin-2-vil-e thanol.
To a solution of (R)-1-{4-(6-thiophen-3-y}-3,4-dihydro-1 H-isoquinolin-2-yl)-pyrimidin-2-
yll-ethyl acetate (prepared according to the method of Example 248, Step C, 253 mg,
0.67 mmol) in a 3:1:1 mixture of methanolftetrahydrofuraniwater (5 mL) was added

lithium hydroxide hydrate (84 mg, 2.0 mmol). This mixture was stirred at room
temperature for 1 h, concentrated, re-suspended in water, and extracted with
chioroform {4x). The combined organic extracts were dried over sodium sulfate,
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filtered, evaporated, and purified by flash column chromatography (2%

PCT/IB00/00296

methanol/chloroform) to give a yellow solid which was further purified by
recrystallization from ether/methanol to give 163 mg (72%) of the title compound as a
white solid. mp: 125.5-127.5 °C; 'H NMR (CDCl,, 300 MHz) & 8.22 (d, 1H), 7.47-7.35
(c, 5H), 7.22 (d, 1H), 6.42 (d, 1H), 4.78-4.72 (c, 2H), 4.46 (br s, 1H), 3.93-3.84 (c, 2H),

2.99 (t, 2H), 1.54 (d, 3H); MS (APCI) 338 (MH").
Examples 249 to 252

Examples 249 to 252 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 248.

Example R* mp (°C) MS (MH*)
249 6-th iopﬁen-Z-yl 104-105 338
250 6-pyrimidin-5-yl 334
251  7-pyrimidin-5-l 135-137 334
252 6-hydroxy 272

Examples 253 to 258

Examples 253 to 258 were prepared from the appropriate starting materials in a

manner analogous to the method of Example 86.
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N=— e
Rz"——<\ y N_‘_-g
N . N——<\—//N
Example R® mp (°C) MS (MH")
253 H | 79-82 258
254 Me 272
255 - CF, 130-132 326
256 NH, 208-210 273
257 Ph 128-131 334
258 pyridin-4-yi 144-148 335

5 Example 259

pvrimidin-2-vil-ethanoi.

HO
_N iMe
N\ N N—
S \ N N \ /N

Step A: 5-Ethoxy-3.6-dihydro-2H-pyrazine-1-carboxviic acid benzyl ester. To a

10  solution of 3-oxo-piperazine-1-carboxylic acid benzyl ester (2.0 g, 8.54 mmol, '
Maybridge) ih dichloromethane (18 mL) at room temperature was added
triethyloxonium tetrafiuoroborate (4.1 g, 21.3 mmol). This mixture was allowed to stir
for about 3 days then quenched by the addition of ice chips followed by saturated
aqueous sodium bicarbonate until a neutral pH was obtained. The organic layer was
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separated and the aqueous layer was extracted with chloroform (3x). The combined
organic extracts were washed with brine (1x), dried over sodium sulfate, and
concentrated to give 2.11 g (85%) of the title compound of -Example 259, Step Aasa
slightly yellow oil that was sufficiently pure to carry on to the next step. 'H NMR
(CDCl,, 300 MHz) & 7.43-6.97 (¢, 5H), 5.17 (s, 2H), 4.10 (q, 2H), 3.98 (s, 2H), 3.60-
3.40 (c, 4H), 1.27 (1, 3H); MS (APCI) 263 (MH").

Step B: 3-Benzothiazol-2-yl-5.6-dihvdro-8H-[1,2 4ltriazolof4.3-alpyrazine-7-carboxvlic
acid benzyl ester. A mixture of 5-ethoxy-3,6-dihydro-2H-pyrazine-1-carboxylic acid
beniyl ester (prepared according to the method of Exampie 259, Step A, 490 mg,

1.87 mmol) and benzothiazole-2-carboxylic acid hydrazide (360 mg, 1.87 mmol; J.

Org. Chem. 1958, 23, 1344) in n-butanol (2 mL) was stirred at reflux ovemight, cooled
to room temperature, concentrated, and purified by ftash column chromatography (1%
methanol/chloroform) to give 580 mg of the title compound of Example 259, Step B
(contaminated with an equimolar amount of benzothiazole-2-carboxylic acid hydrazide
which was removed in the subsequent step) as a yellow solid.

Step C: 3-Benzothiazol-2-vI-5.6-dihydro-8H-[1.2 4}triazolol4,3-alpyrazine. To a
solution of 3-benzothiazol-2-yl-5,6-dihydro-8H-[1,2,4}triazolo[4,3-a)pyrazine-7-
carboxylic acid benzyl ester (prepared according to the method of Example 259, Step
B, 580 mg, contaminated with benzothiazole-2-carboxyiic acid hydrazide) in
dichloromethane (10 mL) at 0 °C was added a solution of boron tribromide (1 Min
dichloromethane, 4.45 mL, 4.45 mmol). This mixture was warmed to room
temperature ovemnight, quenched by addition of water, and concentrated. The
residual aqueous layer was washed with ether (6x), neutralized with saturated
aqueous sodium bicarbonate, and extracted with 10% isopropanol/chloroform (3x).
The combined organic extracts were dried over sodium sulfate, filtered, evaporated,
and purified by flash column chromatography (1—10% methanol/chloroform) to give
175 mg (36%, two steps) of the titie compound of Example 259, Step C as a white
solid. 'H NMR (CDCl,, 300 MHz) 6 8.05 (d, 1H), 7.96 (d, 1H), 7.57-7.41 (¢, 2H), 4.62
(t, 2H), 4.36 (s, 2H), 3.35 (t, 2H); MS (APCI) 258 (MH").

Step D: (R}-1-[4-(3-Benzothiazol-2-yi-5.6-dihydro-8H-[1.2 4ltriazolol4 3-alpyrazin-7-
yl}-pyrimidin-2-vil-ethvl butvrate. A mixture of 3-benzothiazol-2-yl-5,6-dihydro-8H-

[1.2 4)triazolof4,3-a]pyrazine (prepared according to the method of Example 259, Step
C, 170 mg, 0.66 mmol), (R)-1-(4-chloro-pyrimidin-2-yl)-ethy! butyrate (prepared |
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according to the method of Preparation Seven, 150 mg, 0.66 mmoi), and triethylamine
(0.28 mL, 1.28 mmol) in n-butanol (2.2 mL) was heated to refiux overnight, cooled to
room temperature, evaporated, and purified by flash column chromatography (1%
methanol/chloroform) to give 224 mg (76%) of the title compound of Example 258,
Step D as a colorless éolid. 'H NMR (CDCl,, 300 MHz) & 8.37 (d, 1H), 8.08 (d, 1H),
7.97 (d, 1H), 7.57-7.43 (c, 2H), 6.53 (d, 1H), 5.71 (q, 1H). 5.09 (s, 2H), 4.82 (t, 2H),
4.33-4.26 (c, 2H), 2.42 (t, 2H), 1.78-1.64 (c, 2H), 1.61 (d, 3H), 0.99 (t, 3H); MS (APCH)
450 (MH").

Step E: (R)-1-{4-(3-Benzothiazoi-2-vi-5.6-dihvdro-8H-[1.2 41triazolol4 . 3-alpyrazin-7-
yh-pyrimidin-2-vil-ethanol. To a solution of (R)-1-{4-(3-benzothiazol-2-yi-5,6-dihydro-
8H-[1 ,2,4]triazolo[4.3-a]pyrazin-7-yl)-pyrimidin-2—yl_}-ethyl butyrate (prepared according
to the method of Example 258, Step D, 220 mg, 0.48 mmol) in a 3:1:1 mixture of
tetrahydrofuran/methanol/water (S mL) was added lithium hydroxide hydrate (62 mg,
1.47 mmol). This mixture was stirred at roomn temperature for 3 h, concentrated, and
extracted with chioroform (3x). The combined organic extracts were dried over
sodium sulfate, filtered, evaporated, and purified by flash column chromatography (5%
methanol/chioroform) to give 192 mg (100%) of the title compound as a coloriesé
solid. mp: 216.5-218.5 °C; 'H NMR (CDCl,, 300 MHz) § 8.37 (d, 1H), 8.06 (d, 1H),
7.97 (d, 1H), 7.56-7.45 (c, 2H), 6.56 (d, 1H), 5.11 (s, 2H), 4.83 (t, 2H), 4.77 (m, 1H),
4.35-4.25 (c, 2H), 4.16 (s, 1H), 1.54 (d, 3H); MS (APCI) 380 (MH"), [a]p +14.2 (c 1.0,
CHCI,). :

Examples 260 to 263
Examples 260 to 263 were prepared from the appropriate starting materials in a

manner anaiogous to the method of Example 258.

PCT/IB00/00296
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N . eipMe
-
L=
N N N
R* L/ —<\_//

Example R® mp (°C) MS (MH")
260 phenyi 161-164 323
261 quinoxalin-6-yl 212-215 375
262 benzothiophen-2-yl 224-226 379
263 biphen-4-yi 123-125 399

Example 264

Spiro[benzothiazoline-2 4'-piperidinel)-

Step A: Spiro[benzothiazolin-2,4'-piperidine] hydrochioride. To a solution of 1'-

benzylspiro[benzomiazoline—2.4'-pipeﬁdine] (500 mg, 1.69 mmol; Indian J. Chem.
1976, 14B, 984) in acetone (5 mL) at 0 °C was added 1-chloroethyl chloroformate
(0.37 mL, 3.38 mmol). This mixture was stirred at 0 °C for 2 h, warmed to room
temperature, and concentrated. The residue was purified by fiash column
chromatography (10—»25% ethyl acetate/hexanes) to give the intermediate carbamate
which was refluxed in methanol (2 mL) for 30 min. Evaporation of the reaction mixture
provided 128 mg (31%) of the tit!é compound of Example 264, Step A as a white soiid.
'H NMR (CD,0D, 400 MHz) 5 6.98 (dd, 1H), 6.88 (t, 1H), 6.68-6.64 (c, 2H), 3.48-3.34
(c. 2H), 3.25-3.11 (c, 2H), 2.39-2.20 (c, 4H); MS (APCI) 207 (MH").




10

15

20

25

WO 00/59510

PCT/1B00/00296

-245.

Step B: (R Spiro[benzothiazoline-2.4'-piperidine])-
To a solution of spiro[benzothiazolin-2,4'-piperidine] hydrochloride (prepared
according to the method of Example 264, Step A, 147 mg, 0.60 mmol) in isopropanol
(4 mL) was added (R)-1-(4-chioro-pyrimidin-2-yl)-ethy! butyrate (prepared according
to the method of Preparation Seven, 140 mg, 0.60 mmol) foliowed by triethytamine
(0.25 mL, 1.8 mmol). This mixture was stirred at reflux for 2 h, concentrated, and
purified by flash column chromatography (1%-»2% methanol/chloroform) to give 210
mg (88%) the title compound of Example 264, Step B as a yellow oil. '"H NMR (CDCl,,
300 MHz) & 8.20 (d, 1H), 7.09 (dd, 1H), 6.95 (t, 1H), 6.78 (t, 1H), 6.68 (d, 1H), 6.40 (d,
1H), 5.68 (q, 1H), 4.32-4.18 (c, 2H), 4.02 (s, 1H), 3.38-3.25 (c, 2H), 2.39 (t, 2 h), 2.36-
2.25 (c, 2H), 1.99-1.83 (¢, 2H), 1.75-1.64 (c, 2H), 1.57 (d, 3H), 0.96 (t, 3H); MS (APCI)
398 (MH"*).

Step C: (R)-1-4-(Spirolbenzothiazoline-2 4 -piperidinel)-pyrimidin-2-yll-ethanol. A

mixture of (R)-1-[4-(spiro[benzothiazoline-2,4 -piperidine])-pyrimidin-2-yi}-ethy!
butyrate (prepared according to the method of Exampie 264, Step B, 204 mg, 0.51
mmol) and lithium hydroxide hydrate (65 mg, 1.53 mmol) in a 2:2:1 mixture of
tetrahydrofuran/methanol/water (5 mL) was stirred at room temperature for 1 h. The
organic solvents were evaporated and the residue was extracted with 10%
isopropanol/chloroform (3x). The combined organic extracts were dried over sodium
sulfate, filttered, evaporated, and purified by flash column chromatography (2%
methanol/chloroform, 2x) to give a red foam which was further recyrstaliized (ethyl
acetate) to give 42 mg (25%) of the title compound as a yeliow solid. 'H NMR (CDCl,,
400 MHz) & 8.18 (d, 1H), 7.07 (d, 1H), 6.93 (td, 1H), 6.78 (td, 1H), 6.69 (d, 1H), 6.42
(d, 1H), 4.69 (m, 1H), 4.35-4.16 (c, 3H), 4.02 (s, 1H), 3.41-3.28 (¢, 2H), 2.37-2.24 (c,
2H), 1.99-1.85 (c, 2H), 1.49 (d, 3H); MS (APCI) 329 (MH"); [a], +17.3 (¢ 1.0, MeOH).



10

15

20

WO 00/59510 PCT/1B00/00296

-246-

Example 265
4-[2-(1R-Hydroxy-ethvl)-pyrimidin-4-vil-3R.5S-dimethvi-piperazine-1-carboxvlic acid

methv! ester.

HO
Me
O>—N/—<N—:C//N
MeO \_'—<Me

To a solution of 1R-[4-(2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yl]-ethyl butyrate
(prepared according to the procedure of Preparation Four, 70 mg, 23 umol) in

wafMe

tetrahydrofuran (2 mL) at room temperature under nitrogen was added triethylamine
(63 pL, 46 umol) followed by methyl chloroformate (21 pl, 27 pmol). This mixture was
stirred for 1 h and concentrated. The residue was dissolved in a 3:1:1 mixture of
methanolitetrahydrofuran/water (2 mL) and lithium hydroxide hydrate (29 mg, 69
umol) was added. This mixture was stirred for 1 h, concentrated, re-suspended in
water, and extracted with 10% isopropanol/chioroform (4x). The combined organic
extracts were washed with saturated aqueous sodium bicarbonate (1x), dried over
sodium sulfate, filtered, and evaporated to give 50 mg (74%, 2 steps) of the titie
compound as a coloriess oil. '*H NMR (CDCl,, 400 MHz) & 8.21 (d, 1H), 6.33 (d, 1H),
4.70 (m, 1H), 4.63-3.92 (¢, SH), 3.76 (s, 3H), 3.20-3.02 (c, 2H), 1.50 (d, 3H), 1.25 (d,
6H); MS (APCI) 285 (MH"); [} +19.0 (¢ 0.9, MeOH).

Example 266 ‘
1R-(4-{4-[2-(1R-Butyrvioxy-ethyi)-pyrimidin-4-y}-2R 6 S-dimethyl-piperazin-1-vi}-
pyrimidin-2-vl)-ethy! butyrate.

nPr nPr
o ,
Me _<O Me O supMe
N No—
L ..<N—<\__//N
Me

To a solution of 1R-[4-(2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yi}-ethy! butyrate
(prepared according to the procedure of Preparation Four, 200 mg, 0.65 mmol) in
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isopropanol (2 mL) at room temperature was added triethylamine (0.18 mL, 1.31
mmol) followed by (R)-1-(4-chloro-pyrimidin-2-yl)-ethy! butyrate (prepared according
to the procedure of Preparation Seven, 150 mg, 0.65 mmol). This mixture was heated
to reflux for 18 h, cooled to room temperature, concentrated and purified by flash
column chromatography (1% methanol/chioroform) to give 321 mg (99%) of the title
compound as a yeliow oil. 'H NMR (CDCl;, 400 MHz) & 8.22 (d, 2H), 6.43 (d, 1H),
6.32 (d, 1H), 5.68 (q, 2H), 4.72-4.24 (c, 4H), 3.30-3.12 (¢, 2H), 2.39 (t, 4H), 1.77-1.63
(c, 4H), 1.57 (d, 6H), 1.28-1.17 (c, 6H), 0.96 (t, 6H); MS (APCI) 499 (MH").

Example 267
4-{4-[2-(1R-Hvydroxy-ethyl)-pyrimidin-4-vi]-2R .6 S-dimethy!-piperazin-1-yi}-6-methvi-
[1.3.5ltriazin-2-0l.

Me Me

N<=>-—N/—_<l\l—<\N_—-</N
Meh\""e— i \_<Me " "OH
OH

1R-{4-[4-(4-Chloro-6-methyl-{1,3,5}triazin-2-yl}-3R,5S-dimethylpiperazin-1-yl}-
pyrimidin-é—yl}-ethyl butyrate (prepared according to the method of Example 213, Step
A, 0.30 g, 0.70 mmol) was added to concentrated hydrochloric acid (3 mL) and heated
to reflux for 12 h. The mixture was neutralized to pH 7 with solid sodium bicarbonate
and extracted into chloroform. The organic extract was dried over sodium sulfate and
fitered. The filtrate was concentrated to an oil which was purified by flash
chromatography (82:8 chloroform:methanol) to give the title compound as a white
solid, 0.15 g (64%). 'H NMR (CDCl,, 300 MHz) 51.21 (d, 6H), 1.49 (d, 3H), 2.36 (s,
3H), 3.21-3.27 (m, 2H), 4.22-4.43 (m, 2H), 4.63 (m, 2H), 4.69 (q, 1H), 6.42 (d, 1H),
8.18 (d, 1H); mp: 247-248 °C; MS (CI) 346 (MH").

Examples 268 to 275
Examples 268 to 275 were prepared from the appropriate starting materials in a
manner analogous to the method of Example 267.
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]! 5 R 6
Example R" ‘R® R’ mp (°C) MS (MH")
268 H 3R-Me 58-Me > 250 332
269 isopropy! 3R-Me 5S-Me > 250 374
270 cyclohexyl 3R-Me 5S-Me > 250 414
271 phenyl 3R-Me 58-Me > 250 408
272 cyciopropy! 3R-Me 5S-Me > 250 372
273 methyl 2R-Me 6S-Me > 250 346
274 cyclopropyi 2R-Me 6S-Me > 250 372
275 pheny! 2R-Me 6S-Me > 250 408
5 ) Example 276

(E)-[4-Ox0-3-(5-trifluoromethvi-benzothiazol-2-vimethyl)-3.4-dihvdro-phthalazin-1-
vil-acetic acid 1R-{4-[4-(3-thiophen-2-vi-acrviovi)-piperazin-1-vil-pyrimidin-2-vi}-ethyl

ester.
O
Ui
= —
[/
ON N 57
\NO CHS
N S
N%Dﬁi
') N g F

10  To a solution of [4-oxo-3-(5-triflucromethyl-benzothiazol-2-yimethyl)-3 4-dihydro-
phthalazin-1-yl}-acetic acid (0.59 g, 1.41 mmol) in dichloromethane (30 mL) and 4-
dimethylaminopyridine (0.18 g, 1.41 mmol) was added 1-(3-dimethylaminopropyli)-3-
ethylcarbodiimide hydrachloride (0.54 g, 2.82 mmol) followed by (E)-1-{4-{2-(1R-
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hydroxy-ethyl)-pyrimidin-4-yl}-piperazin-1-yl}-3-thiophen-2-yl-propenone (prepared
according to the method of Example 127, 0.49 g, 1.41 mmol) at ambient temperature
and stirred for 20 h. The mixture was washed once with saturated aqueous sodium
bicarbonate, once with saturated aqueous sodium chloride, dried over magnesium
sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash
chromatography (ethy! acetate) to give the title compound as a white foam, 0.65 g
(62%). 'H NMR (CDCl,, 300 MHz) & 1.51 (d, 3H), 3.41-3.77 (m, 8H), 4.28 (m, 2H),
5.18 (g, 1H), 5.79 (d, 1H), 6.35 (d, 1H), 6.68 (d, 1H), 7.05, (m, 1H), 7.32 (d, 1H), 7.68
(m, 1H), 7.71-7.80 (m, 5H), 8.18 (d, 1H), 8.27 (d, 1H), 8.46 (m, 1H); mp: 105-109 °C;
MS (CI) 746 (MH"); [a]p +49.2 (¢ 1.0, MeOH).

Exampie 277
(E)-[4-Oxo-3-(5-trifluoromethyl-benzothiazol-2-vimethvl)-3 4-dihvdro-phthalazin-1-
yll-acetic acid 1R-[4-(4-quinoxalin-2-vi-piperazin-1-vl)-pyrimidin-2-vi}-ethyl ester.

=N
N
oA

Example 277 was prepared from the appropriate starting materials in a manner
analogous to the method of Example 276. 'H NMR (CDCl,, 300 MHz) 6 1.53 (d, 3H),
3.38-3.87 (m, 8H), 4.28 (m, 2H), 5.18 (q, 1H), 6.35 (d, 1H), 7.68 (m, 1H), 7.68-7.94
(m, 8H), 8.18 (d, 1H), 8.21-8.37 (m, 2H), 8.46 (m, 1H); mp: 108-112 °C; MS (Cl) 738
(MH").

2-Methoxymethyl-4-piperazin-1-yl-pyrimidine.

Step A: 2-Methoxymethyi-pyrimidin-4-vi-methanesulfonate. To an ice cold solution of
2-methoxymethyl-3H-pyrimidin-4-one (35.0 g, 250 mmol; US §,215,890) and
triethylamine (25.6 g, 250 mmol) in dichloromethane (250 mL) was added
methanesulfonyl chloride (28.6 g, 250 mmol) dropwise. This mixture was allowed to

warm slowly to room temperature over 1 h then washed successively with saturated
aqueous sodium bicarbonate and water. The organic layer was dried over
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magnesium sulfate, filtered, and evaporated to give the title compound of Preparation
One, Step A as a tan solid, 49.2 g (90%)- 'H NMR (CDCl,, 300 MHz) & 3.55 (s, 3H),
3.82 (s, 3H), 4.42 (s, 2H), 6.36 (d, 1H), 8.12(d, 1H); mp: 39-40 °C; MS (TS) 219
(MH").

Step B: 2_Methoxymethyi-4-piperazin-1-vi-pyrimidine. To a solution of 2-

methoxymethyl-pyrimidin-4-yl-methanesulfonate (prepared according to the method of
Preparation One, Step A, 43.6 g, 200 mmol) in tetrahydrofuran (400 mL) was added
piperazine (34.4 g, 400 mmol). This mixture was heated to refiux for 0.5 h, cooled to
room temperature, and filtered. The filtrate was concentrated and dried under
reduced pressure to give the title compound as a semi-solid, 36.6 g (85%). 'H NMR
(CDCl,, 300 MHz) § 2.45 (br s, 1H), 2.88 (m, 4H), 3.45 (s, 3H), 3.72 (m, 4H), 4.46 (s,
2H), 6.38 (d, 1H), 8.22 (d, 1H); MS (TS) 209 (MH").

Preparation Two
(R)-1-(4-Piperazin-1-vi-pyrimidin-2-vl}-ethvl acetate. A mixture of (R)-1-(4-
methanesulfonyloxy-pyrimidin-2-yl)-ethyl acetate (prepared according to the method
of Preparation Six, 24.1 g, 92 mmol) and piperazine (16.0 g, 184 mmol) in
tetrahydrofuran (200 mL) was heated at reflux for 1 h. This mixture was cooled,
filtered, concentrated, and purified by flash column chromatography (9:1
dichloromethane/methanol) to give 24.4 g (88%) of the title compound as an oil. 'H
NMR (CDCl,, 300 MHz) 5 1.56 (d, 3H), 2.25 (s, 3H), 2.83 (m, 4H), 3.63 (m, 4H), 5.54
(g, 1H), 8.38 (d, 1H), 8.24 (d, 1H); MS (CI) 251 (MH").

Preparation Three
1R-(4-(3R.58—Dimethv|~oiperazin-1-v!)-ovﬁmidin-2¥vﬂ-ethvl butyrate. A mixture of (R)-
1-(4~chioro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of
Preparation Seven, 18.5 g, 80.8 mmol) and cis-2,6-dimethylpiperazine (18.6 g, 162
mmol) in tetrahydrofuran (400 mL) was stirred at room temperature overnight, diluted

with ether, and washed with saturated aqueous sodium bicarbonate (1x) and water
(3x). The combined aqueous extracts were back-extracted with 10%
isopropanol/chloroform (6x). The combined organic extracts were dried over sodium
sulfate, filtered, evaporated, and purified by fiash column chromatography (1-+5%
methanol/chloroform) to give 20.9 g (84%) of the title compound as a waxy yellow
solid. 'H NMR (CDCl,, 400 MHz) & 8.14 (d, 1H), 6.31 (d, 1H), 5.65 (q, 1H), 4.534.16
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(c, 2H), 2.89-2.78 (¢, 2H), 2.47-2.33 (c, 2H). 2.38 (t, 2H), 1.73-1.60 (c, 2H), 1.55 (d,
. 3H), 1.11 (d, 6H), 0.94 (¢, 3H); MS (APCI) 307 (MH").
Preparation Four
1R-[4-( 2R 6S-Dimethyl-piperazin-1-y))-pyrimidin-2-yli-ethvi butyrate.
Step A: 1-[4-(4-Benzyl-2R.6S- dimethyl-piperazin- 1-v)-pyrimidin-2-yli-ethvi butyrate.
A mixture of (R)-1 (4-tnﬂuoromethanesulfonyloxy-pynmldln-2—yl)-ethyl butyrate

(prepared according to the method of Preparation Nine, 84.8 g, 248 mmol) and cis-1-
benzyl-3,5-dimethyl-piperazine (101 g, 496 mmol, Org. Prep. Proceed. Int. 1976, 8,
19) in acetonitrile (310 mL) was stirred at reflux for 15 h, concentrated, and purified by
flash column chromatography (15% ethyl acetate/hexanes) to give 52 g (53%) of the

" title compound of Preparation Four, Step A as an orange oil. 'H NMR (CDCl;, 400

MHz) & 8.15 (d, 1H), 7.39-7.24 (c, 5H). 6.25 (d, 1H), 5.66 (q, 1H), 4.45 (m, 1H), 4.24
(m, 1H), 3.52 (s, 2H), 2.73 (d, 2H), 2.37 (t, 2H), 2.22 (d, 2H), 1.70-1.60 (¢, 2H), 1.55
(d, 3H), 1.30 (d, 3H), 1.27 (d, 3H), 0.93 (t, 3H); MS (APCI) 398 (MH").

‘Step B: 1R-J4-(4-Benzvl-2R.68-dimethvl—oioerazin—1-vl)-ovrimidin-Q-vn-ethvl butyrate
and 1S-[4-(4-Benzvl-2R,68—dimethv|-oioerazin-1-vi)-ovrimidin-Z-yl]—ethvl butyrate. 11
[4—(4-Benzyl-2R.GS-dimethyl-piperazin-1-yl)—pyrimidin-z-yr}-eﬂ'\yl butyrate (prepared

according to the method of Preparation Four, Step A, 131 g, 79% ee) was purified by
chiral HPLC under the following conditions (cotumn: 15 emid x 25 cm Prochrom
column packed with Chiracel AD obtained from Chiral Technologies inc., 730
Springdale Dr., Exton, Pennsylvania, 19341, mobile phase: 80:10 n-
heptaneﬁsopropanol flow rate: about 1 L/min; loading: 4.2 g/cycle) to provide the titte
compounds of Preparation Four, Step B (109 g, >98% ee) and (12.6 g, 93% ee),
respectively, both as yellow oils. The *H NMR and MS data for the preceding
compounds were in agreement with that for scalemic material of Preparation Four,
Step A.

Step C: 1R-T4—(4—Ben_zl|-2RﬁS-dimethv!-piperazin-1-yD-Dvrimidin-z-vﬂ-ethvl butyrate
hydrochloride. To a solution of 1 R-{4-(4-benzyl-2R, 6S-dimethyl-piperazin-1-yl)-

pyrimidin-2-yl}-ethy! butyrate (prepared according to the method of Preparation Four,
Step B, 108 g, 275 mmol) in methanol (500 mL) was added hydrogen chloride (5 Min
methanol, 56 mL, 278 mmol). This mixture was stired at room temperature for 5 min
and concentrated to give 118 g (99%) of the title compound of Prepa‘raﬁon Four, Step
C as a slightly yellow foam. ' '
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Step D: 1R-[4-(2R.6S-Dimethyl-piperazin-1-vl)-pyrimidin-2-vll-ethyl butyrate. To a
solution of 1R-[4-(4-benzyl-2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yl]-ethyl
butyrate hydrochloride (prepared according to the method of Preparation Four, Step
C. 54.2 g, 125 mmol) in methanol (200 mL) was added ammonium formate (79 g,

- 1.25 mol) followed by a slurty of 10% palladium on carbon (13.5 g, 25 wt%) in

methanol (200 mL). This mixture was stirred at reflux for 1 h and filtered through
Celite. The filtrate was concentrated, diluted with saturated aqueous sodium '
bicarbonate, and extracted with chloroform (2x). The combined organic extracts were
dried over sodium sulfate, filtered, and evaporated to give 40.8 g of the title compound
as a yellow oil. 'HNMR (CDCl;, 400 MHz) & 8.16 (d, 1H), 6.26 (d, 1H), 5.66 (q, 1H),
4.39 (m, 1H), 4.22 (m, 1H), 2.93 (app s, 4H), 2.38 (t, 2H), 1.71-1.62 (c, 21;1). 1.56 (d,
3H), 1.27 (d, 3H), 1.24 (d, 3H), 0.94 (t, 3H); MS (APCI) 307 (MH").

Preparation Five
(R)-1-{4-Chloro-pyrimidin-2-vi)-ethvi acetate. (R)-2-(1 -Acetoxy-ethyl)-3H-pyrimidin-4-
one (prepared according to the method of Preparation Thirteen, 3.00 g, 16.5 mmol)
was added to phosphorus oxychloride (10 mL) at ambient temperature and stirred for
3 h. Excess phosphorus'oxychloride was removed under vacuum and the resulting
oil was partitioned between chioroform and saturated agueous sodium carbonate.
The layers were separated and the organic layer was washed twice with water, once
with saturated aqueous sodium chloridé and dried over magnesium sulfate and
filtered. The filtrate was evaporated to give the title compound as an orange oil, 2.88
g (87%). 'H NMR (CDCl,, 300 MHz)§ 1.56 (d, 3H), 2.18 (s, 3H), 5.68 (g, 1H), 6.32 (d,
1H), 8.21 (d, 1H); MS (Cl) 201, 203 (MH"); [a}, +27.6 (¢ 1.0, MeOH).

Preparation Six
(R}-1-{4-Methanesulfonvioxy-pyrimidin-2-vi}-ethvi acetate. To an ice cold solution of
(R)-2-(1-acetoxy-ethyl)-3H-pyrimidin-4-one (prepared according to the method of
Preparation Thirteen, 2.58 g, 14.2 mmol) and triethylamine (1.43 g, 14.2 mmot) in
dichloromethane (20 mL) was added methanesulfonyl chioride (1.63 g, 14.2 mmol)
dropwise and stired for 1 h. The mixture was washed successively with saturated
aqueous sodium bicarbonate and water, dried over magnesium sulfate and filtered.
The filtrate was evaporated to give the titie compound as an oil, 3.15 g (85%). H
NMR (CDCl,, 300 MHz) & 1.56 (d, 3H), 2.18 (s, 3H), 3.82 (s, 3H), 5.56 (q, 1H), 6.38 (d,
1H), 8.24 (d, 1H); MS (Cl) 261 (MH*); [a, +53.8 (c 1.1, MeOH).
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Preparation Seven
(R)-1-(4-Chloro-pyrimidin-2-vl)-ethyi butyrate. (R)-2-(1-Butyryloxy-ethyl)-3H-
pyrimidin-4-one (prepared according to the method of Preparation Fourteen, 3.00 g,
16.5 mmol) was added to phosphorus oxychloride (10 mL.) at ambient temperature
and stirred for 3 h. Excess phosphorus oxychloride was removed under vacuum and

the resulting oil was partitioned between dichloromethane and saturated aqueous
sodium carbonate. The layers were separated and the organic layer was washed
once with water, once with saturated aqueous sodium chloride and dried over
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound
as an orange oil, 3.19 g (8-5%). 'H NMR (CDCl;, 300 MHZz) & 0.98 (t, 3H), 1.54 (d,
3H), 1.67 (m, 2H), 2.48 (t, 2H), 5.68 (g, 1H), 6.36 (d, 1H), 8.21 (d, 1H); [a], +27.6 (¢
1.0, MeOH).

Preparation Eight
(R)-1-(4-Methanesulfonyloxy-pyrimidin-2-vi}-ethvi butvrate. To an ice cold solution of
(R)-2-(1-butyryloxy-ethyl)-3H-pyrimidin-4-one (prepared according to the method of
Preparation Fourteen, 17.8 g, 97.8 mmol) and triethylamine (8.9 g, 97.8 mmol) in
dichloromethane (100 mL) was added methanesulfonyl chioride (11.21 g, 97.8 mmol)

dropwise and stirred for 1 h. The mixture was washed successively with saturated
aqueous sodium bicarbonate and water, dried over magnesium suifate and filtered.
The filtrate was evaporated to give the title compound as an oil, 24.1 g (84%). 'H
NMR (CDCl,, 300 MHz) & 0.99 (t, 3H), 1.54 (d, 3H), 1.68 (m, 2H), 2.48 (t, 2H), 3.81 (s,
3H), 5.54 (q, 1H), 6.38 (d, 1H), 8.24 (d, 1H); MS (Cl) 261 (MH"); [a], +28.8 (¢ 1.0,
MeOH).

Preparation Nine
(R)-1-(4-Trifluoromethanesulfonyloxy-pyrimidin-2-vi}-ethyi butyrate.
Method 1: To a solution of (R)-2-(1-butyryloxy-ethyf)}-3H-pyrimidin-4-one (prepared
according to the method of Preparation Fourteen, 52 g, 248 mmol) and triethylamine
(36.2 mL, 260 mmol) in dichloromethane (830 mL) at 0 °C with stiring under nitrogen

atmosphere was added a solution of trifiuoromethanesulfonic anhydride (44 mL, 260
mmol) in dichloromethane (70 mL) dropwise via addition funne! over 30 min,
maintaining an intemal temperature of 4-8 °C. This mixture was allowed to stir an
additional 15 min at 4 °C, then quenched with water. After stirring for 10 min, the

layers were separated and the aqueous layer was extracted with dichloromethane
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(3x). The combined organic extracts were dried over sodium sulfate, filtered, and
concentrated to give 47.2 g (~100%) of the title compound as a dark oil which was
used immediately in the next step. 'H NMR (CDCl,, 400 MHz) & 8.83 (d, 1H), 7.03 (d,
1H), 5.82 (g, 1H), 2.41-2.32 (¢, 2H), 1.72-1.60 (c, 2H), 1.62 (d, 3H), 0.95 (1, 3H); MS
(APCI) 343 (MH").

‘Method 2: To a solution of (R)-2-(1-butyryloxy-ethy!)-3H-pyrimidin-4-one (prepared

according to the method of Preparation Fourteen, 4.20 g, 20.0 mmol) and
triethylamine (2.02 g, 20.0 mmo!) in dichloromethane (20 mL) was added
trifluoromethanesulfonyl chioride (3.37 g, 20.0 mmol) dropwise, maintaining an
internal temperature less than -20 °C, and stirred for 0.5 h. The mixture was washed
successively with saturated aqueous sodium bicarbonate and water, dried over
sodium sulfate and filtered. The filtrate was evaporated to give the title compound as
a dark oil, 6.42 g (894%), which was used immediately in the next step. 'H NMR and
MS data were were in agreement with that from Preparation Nine, Method 1.
Preparation Ten
{ R)-1-(4-Chloro-pvrimfdin-z-vl)-ethanol. To a soiution of (R)-1-(4-chloro-pyrimidin-2-
yl)-ethyl butyrate (prepared according to the method of Preparation Seven, 250 mg,
1.1 mmol) in dioxane (0.9 mL) was added concentrated hydrochloric acid (0.9 mL).
This mixture was allowed to stir at room temperature for 5 h, quenched with saturated
aqueous sodium bicarbonate followed by solid sodium bicarbonate until no more gas
evolution was evident. Dichloromethane was added and the layers were separated.

The aqueous phase was extracted with dichloromethane (3x) and the combined
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 125
mg (71%) of the title compound as a pale yellow oil. 'H NMR (CDCl;, 400 MHz) §
8.58 (d, 1H), 7.25 (d, 1H), 4.92 (g, 1H), 3.81 (br's, 1H), 1.56 (d, 3H); MS (APCI) 159,
161 (MH").

Preparation Eleven
(R}-(+}-2-(1-Hvdroxy-ethyi)-3H-pyrimidin-4-one hydrochloride.
Step A: R-(+)-2-Hydroxy-propionamidine hydrochioride. To a 22L, 3-neck round

bottom flask equipped with refiux condenser, mechanical stirrer, thermometer and
nitrogen inlet was added tetrahydrofuran (7.3 L), R-(+)-2-hydroxy-propionamide (731
g, 8.2 mol) and triethyloxonium tetrafluoroborate (95%, 1.97 kg, 9.8 mol). The
resulting yellow solution was allowed to stir at room temperature for 2 h, at which time
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an NMR sample indicated consumption of starting material and the presence of the
desired imidate. The solution was concentrated under vacuum to provide a yeliow oil
which was taken up in methanol (2 L). This solution was cooled to 15 °C and
anhydrous ammonia was bubbled through the solution for 5 h. The resulting
suspension was allowed to stir for 2 h. concentrated to a thick mixture, diluted with
ethyl acetate and filtered through Celite. The filtrate was then cooled to 10 °C,

' anhydrous hydrogen chloride was bubbled through the solution for 2 h, warmed to

room temperature, and filtered to provide 418 g (41%) of the title compound of
Preparation Eleven, Step A.. mp: 134-138 °C; '"H NMR (DMSO-d,, 300 MHz) & 1.33 (t,
3H), 4.42 (q, 1H), 6.25-6.88 (br s, 1H), 8.72-8.25 (br s, 3H).
Step B: (R)-(+)-2-(1-Hvdroxy-ethvi}-3H-pyrimidin-4-one hydrochloride. Toa 22 L, 3-
neck round bottom flask equipped with a reflux condenser, mechanical stirrer,
thermometer and nitrogen inlet was added methanol (8 L), potassium hydroxide (946
g, 14.7 mol), R-(+)-2-hydroxy-propionamidine (prepared according to the method of
Preparation Eleven, Step A, 1848 g, 14.7 mol) and ethyl 3-hydroxy-acrylate sodium
salt (prepared according to the method of Preparation Twelve, Step C, 2030 g, 14.7
mol). The resulting siurry was stirred at room temperature for 3 h. The pH was
adjusted from 12.5 to 7 by the addition of concentrated hydrochioric acid (1.32 L).
The solids were filtered off and washed with isopropanol. The filtrate was
concentrated to an oil, diluted with isopropanol (4 L), cooled to 10 °C and anhydrous
hydrogen chloride was bubbied through the solution for 4 h. The resulting suspension
was filtered and the solids were dried to provide 2242 g (87%) of the title compound.
mp: 180-184 °C (dec); 'H NMR (DMSO-d,, 400 MHz) 5 1.46 (d, 3H), 4.84 (q, 1H), 6.52
(d, 1H), 8.00 (d, 1H).

- Preparation Twelve
2-(1-Hydroxy-ethyl}-3H-pyrimidin-4-one.
Step A: 2-Hydroxv-propionimidic acid ethyl ester hydrochloride. A solution of
lactonitrile (378 g, 5.32 mol) in ethyl ether (1.46 L) and ethanol (0.34 L) was saturated
with hydrogen chioride gas at 0-5 °C for 0.5 h and kept at 5 °C for 60 h. The resulting
precipitate was filtered off and washed twice with ethyl ether to give the title compound
of Preparation Twelve, Step A as a solid, 815 g (99%). mp: 165-168 °C; 'H NMR
(CD,0D, 250 MHz) & 1.45-1.53 (c, 6H), 4.40-4.61 (c, 3H).
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Step B: 2-Hydroxy-propionamidine hvdrochioride. A suspension of 2-
hydroxypropionimidic acid ethyl ester hydrochloride (prepared according to the

method of Preparation Twelve, Step A, 751 g, 4.87 mol) in ethano! (3.75 L) at 0 °C
was saturated with ammonia gas, maintaining an intemal temperature <5 °C, for 1 h
then stirred at ambient temperature for 18 h. The solid was filtered off and dried under
vacuum at 40 °C to give an initial crop of material. The filtrate was concentrated to
one-half volume and a second crop was collected and dried under vacuum. The first
and second crops were combined to give the titie compound of Preparation Twelve,

. Step B as a yellow solid, 608 g (99%). mp: 134-138 °C; '"H NMR (DMSO-q;, 400

MHz) & 1.30 (d, 3H), 4.38 (g, 1H), 6.23 (br s, 1H), 7.35 (br s, 1H), 8.78 (br s, 3H).
Step C: Ethyl 3-hvdroxy-acrylate sodium salt. To a suspension of sodium hydride
(60% dispersion in oil, 269 g, 16.7 mol) in isopropy! ether (12 L) was added slowly
ethyl acetate (1280 g, 14.2 mol) at a rate which maintained an internal temperature of
45 °C. This mixture was stirred for and additional 0.5 h, then ethyl formate (2232 g,
30.1 mol) was added dropwise at 42 °C and stirred at ambient temperature for 18 h.
The mixture was filtered and the solids were washed twice with ethyl ether and once
with hexanes and dried to give the title compound of Preparation Twelve, Step Cas a
white solid, 1930 g (99%). 'H NMR (DMSO-d,, 300 MHz) & 1.03 (t, 3H), 3.86 (q. 2H),
4.08 (d, 1H), 8.03 (d, 1H). 4
Step D: 2-(1-Hydroxy-ethyl)-3H-pyrimidin-4-one. To a solution of ethy! 3-hydroxy-

acrylate sodium salt (prepared according to the method of Preparation Twelve, Step
C, 1301 g, 9.42 mol) in water (1.3 L) was added a solution of 2-hydroxy-
propionamidine hydrochloride (prepared according to the method of Preparation
Twelve, Step B, 610 g, 4.9 mol) in water (1.3 L) at ambient temperature and stirred for
48 h. The soluticn was adjusted to pH 7.0 with acetic acid then continuously extracted
with chloroform for 48 h. The extract was dried over sodium sulfate and filtered. The
filtrate was concentrated to a solid, slurried in ethyl ether, filtered, and dried to give the
tile compound as a solid, 232 g (38%). mp: 121-124 °C; 'H NMR (DMSO-d,, 400
MHz) & 1.30 (d, 3H), 4.46 (q, 1H), 5.62 (br s, 1H), 6.13 (d, 1H), 7.80 (d, 1H).

Preparation Thirteen

(R}-2-(1-Acetoxy-ethvi)-3H-pyrimidin-4-one. To a solution of vinyl acetate (4.3g,50

mmol) in dioxane (63 mL) was added 2-(1-hydroxy-ethyl)-3H-pyrimidin4-one
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(prepared according to the method of Preparation Twelve, 2.1 g, 15.1 mmol), and the
mixture waé heated to 50 °C. To the resulting solution was added lipase P30 (0.21 g,
10 wt%) and the heating was continued for 24 h. The reaction mixture was filtered
and the filtrate was evaporated to obtain a thick syrupy liquid residue. The residue
was purified by flash column chromatography (85:5 dichloromethane:methanol) to
give the title compound as a coloriess liquid, 0.97 g (92% of theory). 'H NMR (CDCl,,
300 MHz) 5 1.61 (d, 3H), 2.20 (s, 3H), 5.65 (g, 1H), 6.35 (d, 1H), 7.97 (d, 1H), 11.94
(s, 1H); [o)p +39.9 (¢ 1.0, MeOH).

Preparation Fourteen
(RY-2-(1-Butyryloxy-ethyl}-3H-pyrimidin-4-one.
Method 1: To a solution of vinyl butyrate (17.7 g, 310 mmol) in dioxane (650 mL) was
added 2-(1-hydroxy-ethyl)-3H-pyrimidin-4-one (prepared according to the method of
Preparation Twelve, 21.8 g, 155 mmol), and the mixture was heated to 50 °C. To the
resulting solution was added lipase P30 (4.35 g, 20 wt%) and the heating was

continued for 24 h. The reaction mixture was filtered and the filtrate was evaporated
to obtain a thick syrupy liquid residue which was partitioned between dichloromethane
and water. The layers were separated and the organic layer was dried over sodium
sulfate, filtered, and evaporated to give the title compound as a coloriess liquid, 9.35 g
(86% of theory). 'H NMR (CDCl,, 300 MHz) 0.5 (t, 3H), 1.65 (m, 5H), 2.40 (m, 2H),
5.85 (q, 1H), 6.45 (d, 1H), 8.00 (d, 1H); [a];; +28.5 (¢ 1.0, MeOH).
Method 2: To a chilled (5 °C) solution of (R)-(+)-2-(1-hydroxy-ethyl)-3H-pyrimidin-4-
one hydrochloride (prepared according to the method of Preparation Eleven, 750 g,
4.3 mol) in dichloromethane (8 L) was added triethylamine (1216 mL, 8.7 mol)
followed by 4-dimethylaminopyridine (25.9 g, 0.21 mol). A solution of butyric
anhydride (730 mL, 4.4 mol) in dichloromethane (730 mL) was then slowly added over
a period of § h, keeping the temperature <3 °C. The mixture was washed twice with
half-saturated brine (4 L) and once with saturated aqueous sodium bicarbonate (4 L),
dried over sodium sulfate, filtered, and concentrated under vacuum to give 869 g
(96%) of the title compound as an oil. The 'H NMR and MS data for this compound
are in agreement with that of Preparation Fourteen, Method 1. |
Preparation Fifteen
1R-{4-(2R.6S-Dimethyl-piperazin-1-yl)-pyrimidin-2-vil-ethyl butyrate dibenzovi-L-
tartrate salt.
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Step A: 1R-[4-(4-Benzyl-2R 6S-dimethvl-piperazin-1-y)-pyrimidin-2-yll-ethyl butvrate
bis dibenzovl-L -tartrate salt. To a solution of (R)-2-( 1-butyryloxy-ethyl)-3H-pyrimidin-
4-one (prepared according to the method of Preparation Fourteen, 254 g, 1.25 mol)
and triethylamine (176 mL, 1.3 mol) in dichloromethane (2.3 L) at 5 °C was slowly
added a solution of trifluoromethanesulfonic anhydride (211 mL, 1.25 mol) in
dichloromethane (355 mL) over a period of 3 h. The reaction was then guenched by
the addition of cold water (1.4 L) and the fayers were separated. The organic layer
was washed once with saturated aqueous sodium bicarbonate (1.5 L), once with
saturated aqueous sodium chioride (1 L), and the solvent was removed under
vacuum. The resulting oif was dissolved in dimethylacetamide (890 mL) and added
slowly to a solution of cis-1-benzyl-3,5-dimethyl-piperazine (735 g, 3.6 mol) in
dimethylacetamide (1.3 L) at 80 °C over a 1 h period. Heating at 80 °C was continued
for 3.5 h, at which time the reaction was judged complete by gas chromatography.
After cooling to room temperature, water (2.5 L) and isopropy! ether (2.5 L) were
added, the layers were separated, and the organic layer was washed once with water
(2L). The isépropyl ether layer was then mixed well with a solution of CuSO, (126 Q)
in water (3 L) and filtered through a layer of Celite, washing the filter cake with
isopropyi ether (1 L). The aqueous layer of the filtrate was drained off, and the
remaining organic layer was washed with water (2L) and treated with a solution of
dibenzoyl-L-tartaric acid (619 g, 2.4 mol) in isopropyi ether (5.3 L). The resulting thick
white slurry was stirred for 16 h and the solids were filtered off, washed with isopropyl
ether (2 L), and vacuum dried at .

50 °C to yield 854 g (71%) of the title compound of Preparation Fifteen, Step A as a
white solid. 'H NMR (DMSO-d,, 400 MHz) & 0.89 (t, 3H), 1.23 (d, 3H), 1.25 (d, 3H),
1.48 (d, 3H), 1.54 (dd, 2H), 2.20 (dd, 2H), 2.31 (dt, 2H), 2.77 (d, 2H), 3.57 (s, 1‘H),
4.45 (m, 1H), 4.24 (m, 1H), 5.51 (g, 1H), 6.60 (d, 1H), 7.30 (m, 1H), 7.39 (m, 4H), 7.64
(m, 7H), 7.77 (m, 4 H), 8.05 (c, 7H), 8.17 (d, 1H).
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Step B: 1R-[4-(2R 6S-Dimethyl-piperazin-1-vi)-pyrimidin-2-vil-ethyl butyrate
dibenzovl-L-tartrate salt. To a mixture of 1R-[4-(4-benzyl-2R,6S-dimethyl-piperazin-1-
yl)-pyrimidin-2-yi{]-ethyi butyrate bis dibenzoyl-L-tartrate salt (prepared according to
the method of Prebaraﬁon Fifieen, Step A, 50 g, 0.045 mol) and 5% palladium on
carbon (50% wet, 10 g, 20 wt%) in methanol (400 mL) under a nitrogen atmosphere
was added cyciohexene (4.6 mL, 0.045 mol). This mixture was heated to reflux for 6
h, at which time the reaction was judged complete by TLC. After cooling to 40 °C, the
mixture was filtered through Celite and washed with methano! (100 mL). The
methanol was gradually displaced with isopropano! by atmospheric pressure
distillation until a constant boiling point of 80-82 °C was attained, and the resulting
white slurry was cooled to room temperature and stirred for 4 h. The solids were
filtered off, washed with isopropano! (100 mL), and vacuum dried at 50 °C to yield
25.7 g (86%) of the title compound as a white solid. '*H NMR (DMSO-d,, 400 MHz) §
0.90 (t, 3H), 1.15 (d, 3H), 1.21 (d, 3H), 1.47 (d, 3H), 1.55 (q, 2H), 2.3 (m, 2H), 3.04 (m,
2H), 3.2 (m, 2 H), 4.4 (brs, 1 H), 4.6 (brs, 1 H), 5.5 (q, 1H), 5.74 (s, 2H), 6.6 (d, 1H),
7.5 (t, 4 H), 7.6 (m, 2H), 8.0 (m, 4H), 8.2 (d, 1H).
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CLAIMS
1.* A compound of the formula |

$ aprodrug thereofora pharmaceuticauy acceptable salt of said compound or said
| prodrug, wherein: | .
R' is formyl, acetyl, propionyl, carbamoy! or -C(OH)R*R?;
R*and R® are each independently hydrogen, methy!, ethy! or hydroxy-(C,-C,)alkyl;
R?is hydrogen, (C,-C,)alkyl or (C,-C,)alkoxy;
10 R%is a radical of the formula

X——-R R17 .

N’ / R
‘ ] N
RS I O I
G c® . R
3 N N - N
R ‘ ' R%® I , R | .
’ R2l ,
29 28 2
R NYR , N/kN R*
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wherein said radical of formuia R* is additionally substituted on the ring by RS, R” and

RS

said radical of formula R is additionally substituted on the ring by R*, R' and R®:
G, G' and G* are taken separately and are each hydrogen and RS is hydrogen, (C,-
Coalkyl, (C,-C,)alkoxycarbonyl, (C,-C,)atkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyi or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(Ci-CJlalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-C,)alkoxy, wherein said
(C,-C.)alkyl in the definition of R® and said (C,-C,)atkoxy in the definition of R® are
optionally and indepehdently substituted with up to five fluoro; R7 and R® are each
independently hydrogen or (C,-C,)alky!; or

G and G' are taken together and are (C,-C,)alkylene and R®, R, R® and G2 are
hydrogen; or

G' and G? are taken together and are (C,-C,)alkylene and R, R”, R® and G are
hydrogen; -

qisOor1;

Xis a covalent bond, -(C=NR")-, oxycarbonyl, vinylenylcarbonyl, oxy(C,-
C.)alkylenyicarbonyl, (C,-C,)alkylenyicarbonyl, (C4-C,)alkenylcarbonyl, thio(C,-
C,)alkylenyicarbonyl, vinylenylsuifonyl, sulﬁnyi-(C,-C‘)alkylenylmrbonyl, sulfonyl-(C,-
C.)alkylenyicarbonyl or carbonyl(C,-C,)alkyienyicarbonyl; wherein said oxy(C,-
C.)alkylenylcarbonyl, (C,-C,)alkylenylcarbonyl, (C4-C,)alkenylcarbonyl and thio(C,-
C‘)alkylénylcarbonyl in the definition of X are each optionally and independently
substituted with up to two (C,-C,)alkyl, benzyl or Ar; said vinylenylsulfonyi and said
vinylenyicarbony! in the definition of X are optionally substituted independentiy on one
or two vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar; and said carbonyl(Cy-
Coalkylenyicarbonyl in the definition of X is optionally substituted indepedently with up
to three (C,-C4)aikyl, benzyl or Ar; »

R" is hydrogen or (C,-C,)alky!;

R’is (C-C;)cycloalkyl, Ar'~(Co-Cs)alkylenyi or (C,-Ce)alkyl optionally substituted with
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyi or
(C,-C,)alkylenyicarbonyi, then R® is not (C,-Ce)alkyl;

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight-membered ring optionally having up to four heteroatoms selected
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
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fused independently partially saturated, fully saturated or fully unsaturated five- to
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five
to seven membered rings, taken independently, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or
two oxo groups substituted on sulfur;

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two
or three rings if the moiety is tricyclic, with up to a total of four substituents
independently selected from R", R*, R" and R™; wherein R", R%, R* and R" are
each taken separately and are each independently halo, formyl, (C,-
Ce)alkoxycarbonyl, (C,-Cs)alkylenyloxycarbonyl, (C,-C,)alkoxy-(C-C,)alkyl,
C(OH)R™R™, naphthyl, phenyl, imidazolyl, pyridyl, triazolyl, morpholinyl, (C,-
C.)alkylsulfamoyl, N-(Co-C,)alkylcarbamoyl, N,N-di-(C,-C,)alkylcarbamoyl, N-
phénylwrbamoyl, N-(C,-C.)alkyl—N-phenyicarbamoyl, N.N-diphenyt carbamoyl, (C,-
Caalkylcarbonylamido, (C,-C;)cycloalkylcarbonylamido, phenyicarbonylamido,
piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyl, pyrazolyl,
tetrahydroquinalyl, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy,
pyridylsulfanyl, furanyl, 8-(C,-C,)alky!-3,8-diaza[3.2.1]bicyclooctyl, 3,5-dioxo-1,2,4-
triazinyl, phenoxy, thiophenoxy, (C,-C,)alkylsulfanyl, (C,-C,)alkylsulfonyl, (Cs-
Cr)eycloalkyl, (C,-C,)alkyl optionally substituted with up to five fiuoro or (C-C.)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl,
benzimidazolyl, pyrimidy!, thienyi, benzothiazolyl, pyrrolyl, tetrahydroquinolyl,
tetrahydroisoquinalyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridylsulfanyl, furanyl,
thiophenoxy, anifino and phenoxy in the definition of R"!, R'2, R and R* are
optionally substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-Q)alkyi optionally
substituted with up to five filuoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazoly! in the definition of
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R", R, R" and R*are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-
Cualkyl, (C,-C,)alkyl optionally substituted with up to five fiuoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said morpholinyl in the definition of R",

R™, R" and R"is optionally substituted with up to two substituents independently
selected from (C,-C,)alkyl; said pyrrolidinyl in the definition of R"', R™?, R¥ and R*is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-C,)alkyl, (C,-C.,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fiuoro; said
piperazinyl in the definition of R", R™, R™ and R" is optionally substituted with up to
three substituents independently selected from (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-
(C,-Cyalkyl, phenyl, pyridyl, (CO-C‘)alkylsuifamoyi, (C,-C,)alkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
triazolyl in the definition of R", R*, R™ and R is optionally substituted with hydroxy,
halo, hydroxy-(CcC‘)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said tetrazolyl in the definition of R", R, R* and R"is optionally substituted
with hydroxy-(C;-Cj)alkyl or (C,-C,)alkyi optionally substituted with up to five fiuoro;
and said phenyl and pyridyl which are optionally substituted on piperazine in the
definition of R, R, R"™ and R™ are optionally substituted with up to three hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; or

R" and R* are taken together on adjacent carbon atoms and are
-CH,OC(CH,),0CH,- or -0-{CH,),-O-, and R™ and R are taken separately and are
each independently hydrogen or (C,-C,)alkyl;

pis1,20r3;

R'™ and R are taken separately and are each independently hydrogen, (C,-C,)alkyl
optionally substituted with up to five fluoro; or R' and R™ are taken separately and RS
is hydrogen and R" is (C,-C,)cycloalkyl, hydroxy-(C,-Cs)alkyl, phenyl, pyridyl,
pyrimidyl, thienyl, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyl or
benzoxazdlyl; or R* and R are taken together and are (C,-C;)alkylene;
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G®, G* and G® are taken separately and are each hydrogen; ris 0; R'® is hydrogen,
(C-Cl)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C.,)alkyl, hydroxy-(C,-C Jalky! or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C4-Cl)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyi or (C,-C,)alkoxy, wherein said
(C4-Cl)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R' and R® are
each independently (C,-C,)alkyl; or

G®, G* and G*® are taken separately and are each hydrogen; ris 1; R' is hydrogen,
(C4-C,lalkyl, (C,-C,alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alky!, hydroxy-(C,-C,)alkyl or
phenyi optionally ’independentJy substituted with up to three hydroxy, halo, hydroxy-
(C,-C.)alkyl, (C,-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alkyl or (C,-C,)alkoxy, wherein said
(C,-C.,)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of Réare
optionally and independently substituted with up to five fluoro; and R and R® ére
each independently hydrogen or (C,-C,)alkyt; or

G* and G* are taken together and are (C,-C,)alkylene; ris 0 or 1; and R®, R*, R® and
G?® are hydrogen; or

G* and G°® are taken together and are (C,-C,)alkylene; ris 0 or 1; and R®, R*, R® and
G?* are hydrogen;

R" is SO,NR?'R%, CONR?'RZ, (C,-Ce)alkoxycarbonyl, (C,-Ce)alkylcarbonyl, Ar-
carbonyl, (C,-Ce)alkylsulfonyl, (C,-Ce)alkylsulfinyl, Ar-sulfonyl, Ar-sufinyl and (C,-
Ce)alkyl;

R® and R* are taken separately and are each independently selected from hydrogen,
(C-Ce)alkyl, (C,-Cy)eycloalkyl and Arr-(C,-C,)alkylenyt; or

R* and RZ are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyi, azepinyl,
azabicydo[3.2.2]nonany1. azabicyclo[2.2.11heptyl, 6,7-dihydro-5H-
dibenzo[c,elazepinyl, 1,2,3 4-tetrahydro-isoquinolyl or 5,6,7,8-tetrahydropyrido[4,3-
d]pyrimidy!; said azetidinyl in the definition of R* and R% is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
C,alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl opticnally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl,
piperidinyl, azepinyl in the definition of R*' and RZ are optionally substituted
independently with up to two substituents independently selected from hydroxy,
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amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said morpholinyl in the definition ‘of R?' and R?% is optionally substituted with up
to two substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(C,-CL)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said piperazinyi in the definition of R*' and
RZ is optionally substituted independently with up to three substituents independently
selected from phenyl, pyridyl, (C,-C,)alkoxycarbonyi and (C,-C,)alkyi optionally
substituted with up to five fluoro; said 1,2.3,4-tetrahydro;isoquinolyl and said 5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidyi in the definition of R¥ and R® are optionally
substituted independently with up to three substituents independently selectéd from
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-5H-dibenzofc,e]azepiny! in the definition of
R* and R% is optionally substituted with up to four substituents indepen‘denﬂy
selected from hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl,
(C,-C.)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally

 substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are

optionally substituted on said piperazine in the definition of R*' and R% is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,-
Cyalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fiuoro and (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar? is independently defined as set forth for Ar and Ar! above;

said Ar? is optionally independently substituted as set forth for Ar and Ar' above;

R? is CONRZR® or SO,R*R?%, wherein R* is hydrogen (C,-C,)alkyl or Ar’-(Cy-
C.)alkylenyl and R® is Ar’-(C,-C,)alkylenyl; provided that when Ar®is phenyi, naphthyi
or biphenyl, then R® cannot be CONRZR® where R® is Hydrogen or Artand R®is
Ar :

R* is hydrogen, (C-C,)alkyl, (C-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,

~ hydroxy-(C4-C,)alkyt or pheny! optionally independently substituted with up to three

hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! or (C,-
C.)alkoxy, wWherein said (C,-C,)alky! in the definition of R® and said (C,-C,)alkoxy in
the definition of R®are optionally and independently substituted with up to five fluoro;
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Ar' is independently defined as set forth for Ar and Ar' above;

said Ar is optionally independently substituted as set forth for Ar and Ar' above;

R? is hydrogen or (C,-C,)alkyl;

R? and R® are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alkyl,
(C-Coalkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro, (C,-
C.)alkoxy optionally substituted with up to five flucro, pheny!, pyridyl, pyrimidyl, thienyl,
furanyl, thiazolyi, oxazolyl, phenoxy, thiophenoxy, SO,NR¥R?*', CONR¥*R*' or NR¥R*",
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazoly! in the definition of R® and R® are
optionally substituted by up to two hydfoxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(Cy-Co)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R? and RZ are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro;

R* and R* are each independently hydrogen, (C,-C,)alkyl, (C,-C,)cycioalkyl or
phenyl, said phenyi is optionally substituted with up to three hydroxy, halo, hydroxy-
(Cs-CJ)alkyl, (C-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; or

R* and R* are taken together with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidinyl, piperazinyi or morpholinyl; said pyrrofidinyl and
piperidinyl in the definition of R* and R* are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; said indolinyl and piperazinyl in the definition of R* and R* are
optionally substituted with up to three hydroxy, aming, hydroxy-(C,-C,)alkyl, (C,-
C.,)alkoxy-(C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alky! optionally substituted with
up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R* and R* is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C )alkyl, (C,-C,)alkoxy~(C,-
CJalkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally $ubstituted with up to five flucro;

A is N optionally substituted with hydrogen or (C,-C,)alkyl and B is carbonyt; or
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Ais carbonyl and B is N optionally substituted with hydrogen or (C,-C,)alkyi;

R*is hydrogen or (C,-C,)alkyi; .

R® is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoy!, benzoxazolyl, benzofuranyl or benzothieny!;
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinoly!, isoquinolyi,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzethienyl
in the definition of R® are optionally substituted with up to three phenyl, phenoxy,
NR*R*, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C.,)alkyl, (Ci-C,)alky!
optionally substituted with up to five ﬂuéro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R* and R* are each independently hydrogen, (C,-C, alkyl), phenyl or phenyisutfonyt;
said phenyl and phenylsulfonyl in the definition of R* and R are optionally
substituted with up to three halo, hydroxy, (C,-C,)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Dis CO, CHOH or CH,;

EisO,NHorS;

R* and R are taken separately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Ce)alkylamino, di-(C,-C,)alkylamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-(C,-C,)alky!, hydroxy-(C,-C,)alkyl, Ar*, (Ci-C.)alkyl
optionally substituted with up to five flucro or (C4-C,)alkoxy optionally substituted with
up to five fluoro; ‘

R*, R* and R* are each independently hydrogen or (C,-C,)-alkyl;

Ar'is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C.)alkoxy-(C,-C,)alkyl, halo,
hydroxy-(C,-C,)altkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-
CJalkoxy optionally substituted with up to five fiuoro; or

R* and R¥ are taken together on adjacent carbon atoms and are -O-(CH,)-O-;
tis1,20r3;

Y is (C,-Cs)alkylene;

R“, R* and R* are each independently hydrogen or (C,-Calkyt;

m and n are each independently 1, 2 or 3, provided that the sumofmandnis 2,3 or
4

kis0,1,2,3o0r4; , -

PCT/IB00/00296
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Y' is a covalent bond, carbonyl, sulfonyl or oxycarbonyl;

R® s (Cs-C;)cycioalkyl, Ar-(C,-C,)alkylenyl, NRR*® or (C,-Ce)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyi, then R® is not NR“R*:

R and R* are taken separately and are each independently selected from hydrogen,
Ar, (C,-Cq)alkyl and Ar’~(C,-C,)alkylenyl; or

R and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-SH-dibenzo[c,e]azepiny! or 5.6.7,8-tetrahydropyrido[4,3-d]pyrimidyl; said |
azetidinyl in the definition of R*” and R* are optionally substituted with one hydroxy,
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)atkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidiny! and azepinyl in the definition of R and R*® are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C.yalkoxy-(C,-C,)alky!, (C,-C,)alkyl optionally substituied with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five filuoro; said morpholinyl in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C4-Cy)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and 5,6,7,8-tetrahydro[4,3-
dlpyrimidy! in the definition of R* and R*® are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-Cy)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy opﬁonélly substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzolc,elazepinyl in the definition of R
and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.alkyl, (C,-Q)alkoxy-(C,-Q)aIkyl. (C,-C,)alkyl optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar’ is independently defined as set forth for Ar and Ar' above;

Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R*?and R** are independently hydrogen, (C,-C,)cycloalkyl, Ar®-(C,-Cy)alkylenyl, Ars-
(C,-C.)alkenyl, Ar®-carbony! or (C,-Ce)alkyl optionally substituted with up to five fluoro;
Ar®is independently defined as set forth for Ar and Ar' above;
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Ar® is optionally independently substituted as set forth for Ar and Ar' above; and

- R** and R*** are each independently hydrogen or (C,-C,)alkyl.

2. A compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable sait of said compound or said prodrug, wherein:
Riis
RU
/

/QG—N

5
(C{(é Gt
3

G
N
|

st stituted by R, R" or R%;

G*, G* and G® are taken separately and are each hydrogen, ris 0 and R* is hydrogen,
(C-Cyalkyl, (C,-C,)alkoxycarbonyl or phenyl opﬁohally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C;-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally sdbsﬁtuted with up to five
fluoro; R* and R® are each independently (C,-C,)alky!;

-G*, G*and G® are taken separately and are each hydrogen; ris 1; and R is

hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbony! or pheny! optionally substituted by up to
three hydroxy, halo, hydroxy-(C,-C,)atkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C.-C,)alky!
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; R and R® are each independenﬁy hydrogen or (C,-C,)alkyl; or

G*® and G* are taken together and are (C,-C,)alkylene; ris 0 or 1; and R*, R*, R® and
G*® are hydrogen; or

G* and G°® are taken together and are (C,-C,)alkylene; ris O or 1; and R™, R*, R® and
G?® are hydrogen;

R" is SO,NR*R%, CONR?RZ, (C,-C)alkoxycarbonyl, (C,-Cs)alkyicarbonyl, Ar*-
carbonyl, (C,-Ce)alkyisulfonyl, (C,-Ce)alkylsulfinyl, Ar’-sulfonyl, Arz-suﬁnyl and (C,-
Cealkyl;

R* and R? are taken separately and are each independently selected from hydrogen,
(C,-Cglalkyl, (C5-C,)eycloalkyl and Arz-(Co-C‘)alkylenyE or

R* and RZ are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
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azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 6,7-dihydro-5H-
dibenzo[c,ejazepinyl, 1,2,3,4-tetrahydro-isoquinolyt or 5,6,7,8-tetrahydropyridof4,3-
dlpyrimidyt; said azetidinyl in the definition of R* and R? is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
Caalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyt,
piperidinyl, morpholinyt, azepiny! in the definition of R*' and RZ are optionally
substituted independently with up to two substituents independently selected from
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-Cl)alkyl
optionally substituted with up to five fiuoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; said morpholinyl in the definition of R*' and RZ is optionally
substituted with up to two substituents independently selected from hydroxy~(C,-
Caalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said piperazinyl in
the definition of R* and R¥ is optionally substituted independently with up to three
substituents independently selected from phenyl, pyridyl, pyrimidyl, (C,-
C.)alkoxycarbonyl and (C,-C,)alky! optionally substituted with up to five fluoro; said
1,2,3,4-tetrahydro-isoquinolyl and said 5,8,7,8-tetrahydropyrido[4,3-d]pyrimidyl in the
definition of R*' and R* are optionally substituted independently with up to three
substituents independently selected from hydroxy, amino, halo, hydroxy-(C,-C)alkyl,
(Cy-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro and
(C,-C.,)alkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and
phenyl which are optionally substituted on said piperazine in the definition of R*' and
RZ is optionally substituted with up to three substituents selected from hydrdxy. -
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C)alkyl optionally
substituted with up to five fluoro-and (C,-C,)alkoxy optionally substituted with up to five
fluoro; and said 6,7-dihydro-5H-dibenzo|c,ejazepinyl in the definition of R and RZis
optionally substituted with up to four substituents independently selected from
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C-Co)alkoxy-(C,-C,)alkyl, (C,-C,)alkyi
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro. _ _

3. A compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein:
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R3is

R?
f
N

ot E j
N
|

R® is CONR®R®, SO,R®R*, wherein R is hydrogen (C,-C,)alky! or Ar-(C,-
Caalkylenyl and R® is Ar’-(C-C,)alkylenyl; provided that when Ar is phenyl, naphthy!
or biphenyl, then R cannot be CONR?*R* where R* is hydrogen or A and R® is
Ar; _

R*is hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbony! or phenyl optionally substituted by
up to three (C,-C,)alky! optionally substituted with up to five fiuoro, (C,-C,)alkoxy
optionally substituted with up to five fiuoro, hydroxy, halo or hydroxy-(C,-C,)alkyl.

4. A compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein:
Riis
RZ&

28 /k 20
R NN R .
l R
Rz’{j)\wg R
, T or T

R¥ is hydrogen or (C,-C,)alkyl; ,

R and R* are each independently hydrogen, hydroxy, halo, hydroxy-(CrC‘)alkyl.
(C,-CJ)alkoxy~(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fiuoro, (C,-
C.)alkoxy optionally substituted with up to five fiuoro, phenyl, pyridyl, pyrimidyl, thienyl,
furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR*R*, CONR¥R*' or NR¥R>":
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyi in the definition of RZ and R® are -
optionally substituted by up to two hydroxy, halo, hydroxy-(C,-C,)atkyl, (C,-C.)alkoxy-
(Cs-Cl)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C4-C.)alkoxy
optionally substituted with up to five fiuoro; said phenyl, pyridyl, phenoxy and
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thiophenoxy in the definition of R? and R are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,~C,)alkyl, (C,-C.)alkoxy-(C,-CJ)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro;

5 R¥and R* are each independently hydrogen, (C,-C,)alkyl, (C;-C;)cycloalkyi or
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-Calkyl, (C,-C,)alkoxy-~(C,-C,)alkyl, (C,-C,)alky! aptionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fiuoro; or
R¥ and R* are taken together with the nitrogen to which they are attached to form

10  indolinyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl; said pyrrolidinyl and
piperidiny! in the definition of R¥ and R*' are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; said indoliny! and piperazinyl in the definition of R¥ and R* are

15  optionally substituted with up to three hydroxy, amino, or hydroxy-(C,-C,)alkyl, (C,-
C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkyl optionally substituted with
up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; and said
morpholinyl in the definition of R* and R* is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-

20 C,alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro.

S. A compound of claim 1, a prodrug thereof or a pharmaceutiéally
acceptable salt of said compound or said prodrug, wherein:
Riis

NS B N ~
RSZ Cor R32 | j/

25 '
A is N optionally substituted with hydrogen or (C,-C,)alky! and B is carbonyl; or
A is carbonyl and B is N optionally substituted with hydrogen or (C,-C,)alky;

‘R*¥ is hydrogen or (C,-C,)alkyl;
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R* is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinoly!, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofurany! or benzothienyl;
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothieny!
in the definition of R* are optionally substituted with up to three phenyl, phenoxy,
NR*R™*, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; ,
R* and R* are each independently hydrogen, (C,-C, alkyl), phenyl or phenylsdlfonyi;
said phenyi and phenyisulfony! in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C,)alky! optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro.

6. A compound of claim 1,2 pfodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein:

R3is

or RSB RJQ

D is CO, CHOH or CH,;

EisO,NHorS;

R* and R¥ are taken separately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Cs)alkylémino. di-(C,-C¢)alkylamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyl, Ar*, (C,-C,)alkyl
optionally substituted with up to five fiuoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; |

R*, R¥ and R* are each independently hydrogen or (C,-C,)-alkyl;

Artis pheﬁyl, furanyl, thienyl, pyridy!, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C,)alkoxy-(C,-C,)aikyl, halo,
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hydroxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; or
R¥* and R¥ are taken together on adjacent carbon atoms and are -O-(CH)-0-;
tis1,20r3. '

7. A compound of claim 1, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug, wherein:

Ris
43 43\
R v ’ |
\T/ \R43 RrR* NL Y N
S (i (CHo,
R45/N\ ’
Y1
. 1 N/ \R43
RS Y~
N R
(CH,),
or
N

—_—

Y is (C,-Cg)alkylene;

R*, R* and R“ are each independently hydrogen or (C,-C,)alkyt;

m and n are each independently 1, 2 or 3, provided that the sumof mand nis 2, 3or
4,

kis O to 4,

Y' is a covalent bond, carbonyl, sulfony! or oxycarbonyl;

R*® is (C,-C,)cycloalkyl, Ar*-(C,-C)alkylenyl, NRR* or (C,-C)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R* is not NRR*,;
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R and R* are taken separately and are each independently selected from hydrogen,
A, (C,-Ce)alkyl and Ar~(C,-C,)alkyienyl; or
R and R*® are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2. 1]heptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-5H-dibenzo[c,elazepinyt or 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidyl; said
azetidiny! in the definition of R*” and R*® are optionally substituted with one hydroxy,
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or. (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyi and azepinyl in the definition of R and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C.alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; said morpholiny! in the definition
of R and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyi optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionélly substituted with up to five
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and §,6,7,8-tetrahydrof4,3-
d]pyrimidy! in the definition of R¥ and R*® are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
opfionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,elazepinyl in the definition of R¢
and R*® are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro.

8. A compound of claim 7, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (R)-1-hydroxy-ethyl;
R?is hydrogen;
Riis
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/O /Y1\ R43
(CH,),
|
Kis 0,

Y' is a covalent bond; and
R* is 4-pyrimidinyl substituted at the 2-position with 1-hydroxymethyl.
S. A compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein:
Ris

HO R l

41a | R
y or : l
|
R*and R*® are independently hydrogen, (C,-C,)cycloalkyl, Ar’-(Co-Cs)alkylenyl, Ars-
(C,-C,)alkenyl, Ar*-carbonyl or (C,-Ce)alkyl optionally substituted with up to five fluoro;
and '
R* and R**? are independently is hydrogen or (C,-C,)alkyl. 7

10. A compound of claim 1, a prodrug thereof or a pharmmaceutically
acceptable salt of said compound or said prodrug, wherein:
R'is C(OH)R‘R%, where R* and R® are each independently hydrogen or methyt;
R?is hydrogen;
Ris
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X
/
N
&
G
N
|

wherein said R? is substituted by R®, R” or R®;

G, G' and G? are taken separately and are each hydrogen and R6 is hydrogen or (C,-
C.)alkyl; R” and R® are each independently hydrogen or (C,-C,)alkyt; or

G and G' are taken together and are (C,-Cs)alkylene and R®, R’, R® and G* are
hydrogen; or ‘

G' and G? are taken together and are (C,-Cs)alkylene and R®, R’, R and G are
hydrogen,

qgisOor 1,

X is a covalent bond, oxycarbonyl,vinylenylcarbonyl, oxy(C,-C,)alkyienylcarbonyl,
thio(C,-C,)alkylenylcarbonyi or vinylenyisulfonyl; said vinylenylcarbonyl and said
vinylenylisulfonyt in the definition of X are optionally substituted on one or two vinylenyl
carbons with (C,-C,)alkyl, benzyl or Ar; said oxy(C,-C,)alkylenylcarbonyl and said
thio(C,-C,)alkylenylcarbonyl in the definition of X are optionally substituted with up to
two (C,-C,)alkyl, benzyl or Ar;

R® is (C,-C,)cycloalkyl, Ar'-(C,-C,)alkylenyl or (C,-Ce)alky! optionally substituted with
up to five fiuoro;

Ar' is phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, quinolyl,
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, cinnolinyl, naphthyridinyl, pteridinyl,

‘pyrazinopyrazinyl, pyrazinopyridazinyi, pyrimidopyridazinyl, pyrimidopyrimidyl,

pyridopyrimidy!, pyridopyrazinyl, pyridopyridazinyl, pyrrolyl, furanyl, thienyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl, furopyridyl,
thienopyridy!, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl, pyrazolopyridyl,
isoxazolopyridyl, isothiazolopyridy!, pyrrolopyrimidyl, furopyrimidyl, 'thienopyrimidyl.
imidazolopyrimidy!, oxazolopyrimidy!, thiazolopyrimidyl, pyrazolopyrimidyl,
isoxazolopyrimidy!, isothiazolopyrimidyl, pyrrolopyrazinyl, furopyrazinyl,
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thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl,
pyrazolopyrazinyl, isoxazolopyrazinyl, isothiazolopyrazinyl, pyrrolopyridazinyl,
furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazolopyridazinyl,
thiazolopyridazinyl, pyrazolopyridazinyl, isoxazolopyridaziny! or isothiazolopyridaziny!;
and
said Ar' is optionally substituted as set forth in claim 1.

11. A compound of claim 10, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug, wherein:

Xis a covalent bond, oxycarbonyl or vinylenylcarbonyl optionally substituted on one or
two vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar;

R? is Ar'-(C,-C,)alkylenyl;

Ar' is phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl, triazinyl, quinolyl, isoquinolyl,
quinazolyl, quinoxalyl, furanyl, thienyl, indolyl, benzofuranyl, benzothienyl,
benzoxazolyl, benzothiazolyl, furopyridyl, oxazolopyridyl, thiazolopyridyl, thienopyridyl,

' furopyrimidyl, thienopyrimidyl, oxazolopyrimidy! or thiazolopyrimidyt; and

said Ar' is optionally substituted as set forth in claim 1.
12. A compound of claim 11, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein:
R? is hydrogen;
R* is hydrogen or methyl;
R® is methyl;
G, G' and G? are hydrogen; ,
R® and R’ are each independently hydrogen or methyt;
R® is hydrogen.
13. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (R)-1-hydroxy-ethyl; and
Ris
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Me/[frlMe

14. The compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein: R? is 2-furo[3,2-c]pyridyi;
2-{4-chloro-furo[3,2-c]pyridyl); 2-(4-pyrrolidin-1-yl-furo[3,2-clpyridyl); 2-(4-morpholin-4-
yl-furo[3,2-c]pyridyl), or 2-imidazo[1,2-a]pyridyl.

15. A compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, selected from 1R-(4-{1'{2-(1R-
hydroxy-ethyl)-pyrimidin-4-yl}-[4,4Ibipiperidinyl-1-yl}-pyrimidin-2-yl)}-ethanol;
furo[3,2-C]pyridin-2-yl-{4-[2-(1R-hydroxy-ethy!)-pyrimidin4-y[]-3R,5S-dimethyl-
piperazin-1-yl}-methanone; (4-chloro-furo[3,2-c]pyridin-2-yl}{4-[2-(1R-hydroxy-ethyi)-
pyrimidin-4-y{]-3R,5S-dimethyl-piperazin-1-yl}-methanone; {4-[2-(1R-hydroxy-ethyl)-
pyrimidin-4-yl}-3R,5S-dimethyi-piperazin-1-yf}-(4-pyrrolidin-1-yi-furo[3,2-c]pyridin-2-yl)-
methanone; {4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-yl}-3R,55-dimethyl-piperazin-1-yl}-
(4-mompholin4-yl-furo[3,2-c]pyridin-2-yl)}-methanone; {4-[2-(1R-hydroxy-ethyl)-
pyrimidin-4-yf}-3R,5S-dimethyl-piperazin-1-yl}-imidazo[1,2-a]pyridin-2-yl-methanone;
furo[3,2-c]pyridin-2-yl{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-2R ,6 S-dimethyl-
piperazin-1-yl}-methanone; 4-[2-(1R-hydroxy-ethyl}-pyrimidin4-y[]-2R,6S-dimethyl-
piperazine-1-carboxylic acid pyridin-3-yl esier. 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-
2R,6S-dimethyl-piperazine-1-carboxylic acid 2-methyl-pyridin-3-yl ester; 4-[2-(1R-
hydroxy-ethyl)-pyrimidin-4-yl}-2R,6S-dimethyl-piperazine-1- carboxylic acid 5-chioro-
pyridin-3-yi ester; 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-2R 6 S-dimethyi-piperazine-
1-carboxylic acid 6-methyl-pyridin-3-yl ester; (E)-1{4-{2-(1R-hydroxy-ethyl)-pyrimidin-
4-yl}-2R,6S~dimethyl-piperazin-1-yl}-3-thiophen-2-yi-propenone; 1R-{4-[4-(4,6-
dimethyi-pyrimidin-2-y1)-3R,5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1R-{4-
[4-(4-methoxymethyl-6-methyl-pyrimidin-2-yl)-3R,5S-dimethyi-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-hydroxymethyl-G-methyl-pyrim'idin~2-yl)-3R,5$-

9

‘ dimethyl-piperazin-1 -yl]-pyrimidin-Z-y!}-ethano!; 1R-(4-{3R,55-dimethyl4-[2-(4-methyi-
piperazin-1-yl)-pyrimidin-4-yl}-piperazin-1-yi}-pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2-(4-
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ethyl-piperazin-1-yl)-pyrimidin-4-yl}-3R,5S-dimethyl-piperazin-1 -yi}-pyrimidin-2-yl)-
ethanol; 1R-{4-{3R,5S-dimethyl-4-[2-(4-methyl-imidazol-1-yl)-pyrimidin-4-yl]-piperazin-
1-yl}-pyrimidin-2-yl}-ethanol; 1R-(4-{3R,5S-dimethyl-4-[2-(2-methyl-imidazol-1-yi}-
pyrimidin-4-yl]-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-[2~(2,4-dimethyl-
imidazol-1-yl)-pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol;
1R-(4-{4-[2-(4-isopropy!-piperazin-1 -yl)-pyn'midin-4—yl]-3R,SS-dimethyl-piperazin-1 -yl}-
pyrimidin-2-yl)-ethanol; 1R-(4+{3R,5S-dimethyl4-[4-methyl-6-(4-methyl-piperazin-1-
yi)-[1,3,5)triazin-2-yl]-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1 R~{4-[4-(4-methoxy-6-
methyi-[1,3,5]triazin-2-y1)-3R,5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1R-
{4-[4-(4,6-dimethoxy-[1,3,5]triazin-2-y1}-3R,5S-dimethyl-piperazin-1 ~yl]#pyrimid'in-2-yl}-
ethanol; 1R-{4-[4-(4-ethoxy-6-methyi-[1,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-
yl}-pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-isopropoxy-6-methyl-[1,3,5}triazin-2-yl}-3R,5S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethano!; 1R-{4-[3R,5S-dimethyl-4-(4-phenyi-
[1,3,5)triazin-2-yl)-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-{4-{4-{4-hydroxymethyl-6-
methoxy-{1,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-
{4-{4-(4-isopropoxy-6-methoxy-{1,3,5}triazin-2-yl)-3R,55-dimethyi-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; 1 R-{4-[4—(4-isopfopyi-[1 \3,5]triazin-2-y1)-3R,5S-dimethyl-
piperazin-1-yi]-pyrimidin-2-yi}-ethanol; 1R-{4-[4-(4,6-dimethyl-[1,3,5}triazin-2-yl)-
3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-{4-[3R,5S-dimethyl-4-(4-
methyi-6-phenyl-[1,3,5]triazin-2-yl)-piperazin-1-yl]pyrimidin-2-y{}-ethanol; 1R-{4-{4-(4-
cyclopropyl-[1 3 ,Sltriazin-2-y!)-3R,5S-dimethyi-piperazin-1-yl}-pyrimidin-2-yf}-ethano;
1R-{4-[4-(4-ethyl-6-methoxy-[1,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yi}-ethanol; 1R-{4-{4-(4,6-dimethyl-pyrimidin-2-y!)-2R,6S-dimethyi-
piperazin-1-yl}- pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-hydroxymethyl-6-methyl-pyrimidin-
2-yl)-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1 R?{4-[2R.68-dimethyl-4»
(4-[1,2,4}triazol-1 -yl-pyr'imidin-zéyl)~piperazin-1 -yl}-pyrimidin-2-yl}-ethanot; 1R-{4-[4-
(2,6-dimethyi-pyrimidin4-yl}-2R,6S-dimethyl-piperazin-1-yf}-pyrimidin-2-yi}-ethanol;
1R-(4-{4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-yl]-2R,6 S-dimethyl-piperazin-1-yf}~ -
pyrimidin-2-yl}-ethanol; 1R-{4-{4-(2-hydroxymethyl-6-methyl-pyrimidin-4-yi}-2R,6S-
dimethyl-piperazin-1-y{}-pyrimidin-2-yi}-ethanol; 1R-{(4-{4-[2-(1S-hydroxy-ethyl)-
pyrimidin4-yl{}-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1S-(4-{4-{2-(1R-
hydroxy-ethyl)-pyrimidin-4-y{}-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol;
14{4-{4-(2-acetyl-pyrimidin-4-yl)-2R 6 S-dimethyl-piperazin-1-yl]-pyrimidin-2-yi}-
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ethanone; 1 RS-(4-{4—{2—(1 RS-hydroxy-ethyl)-pyrimidin-4-yl}-2R,6S-dimethyl-piperazin-
1-yl}-pyrimidin-2-yl}-ethanol; (4-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-<4-y(]-3R,5S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanone; 1R<{4-{2R,6S-dimethyi-4-(2-
morpholin-4-yi-pyrimidin-4-yl)-piperazin-1-yl}-pyrimidin-2-yi}-ethano!; 1R-(4-{2R,6S-
dimethyl-4-[2-(4-methyl-piperazin-1-yl)-pyrimidin-4-yl}-piperazin-1-yl}-pyrimidin-2-yl)-
ethanol; 1R-{4-[2R,6S-dimethyl-4-(2-[1,2 4]triazol-1-yl-pyrimidin-4-yl)-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yi}-2R,6R-dimethyi-
piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-[2-(4-ethyl-piperazin-1-yl)-pyrimidin4-
y[-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{2R,6S-dimethyl-4-[2-
(4-methyl-imidazol-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}pyrimidin-2-yl)-ethanol; 1R-{4-
[4-(4-cyclopropyl-{1,3,5}tiazin-2-yl)}-2R,6 S-dimethyl-piperazin-1-y(}-pyrimidin-2-yl}-
ethanol; 1R-{4-[4-(4,6-dimethyl-[1,3,5)triazin-2-y1)-2R,6S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-hydroxymethyl-6-phenyl-{1,3,5]triazin-2-yl)-2R,6S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-methoxy-6- |
methoxymethyl-[1 .3.5}triazin-2—yl)-2R,6S-dimethyl-piperazin-‘l -yl}-pyrimidin-2-yi}-
ethanol; 1R-{4-[2R,6S-dimethyl-4-(4-methyl-{1,3,5]triazin-2-yl)}-piperazin-1-yl}-
pyrimidin-2-yl-ethanol; 1R-(4-{4-[2-(2,4-dimethyl-imidazol-1-yl)}-pyrimidin-4-y[]-2R,6S-
dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-{4-[2R,6S-dimethyl-4-(4-
morpholin-4-yi-{1,3,5]triazin-2-yl)-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R-{4-[4-(4-
methoxy-6-methyi-[1 ,3,5]triazin-2-yl)-2R.6S-dimemyl-pipefazin-1 -yl}-pyrimidin-2-yi}-
ethanol; 1R-{4-[4-(4,6-dimethoxy-[1,3,5)triazin-2-yl)-2R,6S-dimethyi-piperazin-1-yi}-
pyrimidin-2-y{}-ethanol; 1R-{4-[4-(4-methoxymethyl-6-phenyl-[1,3,5}triazin-2-yl)-
2R,6S-dimethyl-piperazin-1-yi}-pyrimidin-2-yl}-ethanol, 1R{4-[2R,6S-dimethyl-4-(4-
phenyl-[1,3,5]triazin-2-yl)-piperazin-1-yl}-pyrimidin-2-yl}-ethanol; 1R<{4-[4-(4-
hydroxymethyl-6-methyl-pyrimidin-2-yl}-3S-methyl-piperazin-1 —yl}-pyﬁmidin-Z-yl}

~ ethanol; 1 R-{4-[4-(2-hydroxymethyl-pyrimidin-4-y1)-3S-methyl-piperazin-1-yi}-

pyrimidin-2-yl}-ethanol; 1R-{4-[4-(2-hydroxymethyl-6-methyl-pyrimidin-4-yl)-3S-
methyl-piperazin-1-yl}-py-rimidin-2-yl}-ethanotl; 1R-[4-(3S-methyl-4-oxazolo[5,4-
bjpyridin-2-yl-piperazin-1-yl)-pyrimidin-2-yl}-ethanol; 1R-[4-(3S-methyl4-oxazolof4,5-
blpyridin-2-yl-piperazin-1-yl)-pyrimidin-2-yf}-ethanol; 1R-{4-(3S-methyl-4-quinoxalin-2-
yl-piperazin-1-yl)-pyrimidin-2-yl}-ethanol; (4-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yf}-
2R,58-dimiethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1S-(4-{4-[2-(1R-hydroxy-ethyl)-
pyrimidin-4-yl}-2R 6 S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-[2-{1R-
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hydroxy-ethyl)-pyrimidin-4-yl}-2R-methyl-piperazin-1-yi}-pyrimidin-2-yl)-ethanol; 1-{4-
[4-(2-acetyl-pyrimidin-4-yl)}-2R*,6 S*-dimethyl-piperazin-1-yl}-pyrimidin-2-yl}-ethanone
or 1-{(-4-{4-[2-(1R-hydroxy-ethyl)-pyrimidin<4-yi]-2R,6S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl)-ethanone. )

5 16. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:

R'is (R)-1-hydroxy-ethyl; and

Riis
OYR°
Me N Me
I
10 17. The compound of claim 16, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 2-furo[3,2-clpyridyl.
18. A compound of claim 12, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug wherein:
R!is (R)-1-hydroxy-ethyl; and
15 Rlis ’

Me Me

OYORQ
N
N
l

19. The oompoundof claim 18, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 3-pyridyl; 3-(2-
methylpyridyl); 3-(5-chloropyridyl); or 3-(6-methylpyridyi).
20 20. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (R)-1-hydroxy-ethyl; and
Rlis
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o W R’
Me\[N]/Me
|
21. The compound of compound of claim 20, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug wherein: R%is 2-
thienyl. ‘ _
22. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: '

R'is (R)-1-hydroxy-ethyl;
Riis

"
|
Me\[Nj/Me
|
R® is pyrimidy! or triazinyl; said pyrimidy! or triazinyl is optionally substituted with up to
two hydroxy, (C,-C,)alkyl, (Cs-C;)cycloalkyl, (C,-C,)alkoxy, hydroxy-(C,-C,)alkyl, (C,-
C.alkoxy-(C,-C,)alkylenyl, phenyl, piperazinyl optionally substituted with (C,-C,)alkyl,

or imidazolyl optionally substituted with up to two (C,-C,)alkyl.
23. A compound of ctaim 22, a prodrug thereof or a pharmaceutically

; and

acceptable salt of said compound or said prodrug wherein: R’ is pyrimid-2-yl
optionally substituted with up to two (C,-C,)alkyl, hydroxy-(C,-C,)alky! or (C,-
C.)alkoxy-(C,-C)alkyl.

24, The compound of claim 23, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 4,6-dimethylpyrimid-
2-yl; 4-methoxymethyl-6-methylpyrimid-2-yl; or 4-hydroxymethyl-6-methylpyrimid-2-yi.

25. A compound of claim 22, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R? is pyrimid-4-yi
optionally substituted with up to two (C,-C,)alkylpiperazin-1-yi or imidazolyl; and said
imidazolyl is optionally substituted with up to two (C,-C,)alkyl.
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26. The compound of claim 25, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 2-(4-
methylpiperazin-1-yl)-pyrimid-4-yl; 2-(4-ethylpiperazin-1-yl}- pyrimid-4-yl; 2-(4-
methylimidazoi-1-yl)- pyrimid-4-Yl; 2-(2-methylimidazol-1-yl)- pyrimid-4-yl; 2-(2,4-
dimethylimidazol-1-yl)- pyrimid-4-yl; or 2-(4-isopropyipiperazin-1-yi}-pyrimid-4-yi.

27. A compound of claim 22, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R? is [1,3,5)-triazin-2-yl
optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy, hydroxy-(C,-C,)alkyl,
(C,-CJ)alkylpiperazin-1-yl or phehyl.

28. . The compound of claim 27, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R is 4-methyl-6-(4-
methylpiperazin-1-yl)-(1,3,5]-triazin-2-y{; 4-methoxy-6-methyl-{1,3,5]-trazin-2-yl; 4,6-
dimethyoxy-{1,3,5}-triazin-2-yl; 4-ethoxy-6-methyl-[1,3,5]-triazin-2-yl; 4-isopropoxy-6-
methyl-[1,3,5]-triazin-2-yl; 4-phenyi-[1,3,5]-triazin-2-y; 4-hydroxymethyl-6-methoxy-
[1,3,5])-triazin-2-yl; 4-isopropoxy-6-methoxy-[1 ,3,5]-triézin-2-yl; 4-isopropyi-{1,3,5}-
triazin-2-yl; 4-ethyl-6-methoxy-[1,3,5}-triazin-2-yl; 4-cyclopropyl-[1,3,5]-triazin-2-yl; 4,6-
dimethyl-[1,3,5}-triazin-2-yl; or 4-methyl-6-phenyl-{1,3,5]-triazin-2-yl. .

29. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:

R'is (R)-1-hydroxy-ethyl;
Riis

9

R
!
/[ Nj\
Me T Me
; and

R® is pyrimidyl or triazinyl, said pyrimidyl and triazinyi optionally substituted with up to
two hydroxy, (C,-C,)alkyl, (C,;-C;)cycloalkyl, (C,-C,)alkoxy, hydroxy-(C,-C,)alkyl, (C;-
C.)alkoxy-(C,-C,)alkyl, triazolyl, acetyl, morpholinyl, (C,-C,)alkylpiperazinyl, phenyl or
imidazolyl optionally substituted with up to two {C,-C,)alkyl.

30. A compound of claim 28, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is pyn'm'id-z-yl
optionally substituted with up to two (C,-C;)alkyl, hydroxy-(C,-C,)alkyl or triazolyl.
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31. The compound of claim 30, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R? is 4,6-dimethyl-pyrimid-
2-yl; 4-hydroxymethyl-6-methylpyrimid-2-yi; or 4-{1,2,4]-triazol-1-yl-pyrimid-2-yl.

32. A compound of claim 29, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is pyrimid-4-yi
optionally substituted with up to two (C,-C,)alkyl, hydroxy-(C,-C,)alkyl, acetyl,
morpholinyl, (C,-C,)alkylpiperazinyl, tiazoly! or imidazolyl optionally substituted with
up to two (C,-C,)alkyl. ,

33. The compound of claim 32, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 2,6-dimethyl-pyrimid-
4-yl; 2-hydroxymethyl-6-methyl-pyrimid-4-yl; 2-acetyl-pyrimid-4-yl; 2-morpholin-4-yi-
pyrimid-4-yl; 2-(4-methylpiperazin-1-yl)-pyrimid-4-yi; 2-{1,2,4]-triazol-1-yl-pyrimid-4-yi;
2-(1S-hydroxyethyl)-pyrimid-4-yl; 2-(1R-hydroxyethy!)-pyrimid-4-yt; 2-(4-
ethylpiperazin-1-yl}-pyrimid-4-yi; 2-(4-methylimidazol-1-yl}-pyrimid-4-yl; or 2-(2 4-
dimethylimidazol-1-yi)}-pyrimid-4-yl.

4. A compound of claim 12 wherein
R'is (R)-1-hydroxyethyi; R*is

Me™ N7 “Me
l ;and
R? is 2-(1R-hydroxyethyl-pyrimid-4-yl, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug. '
35. A compound of claim 29, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug, wherein R® is [1,3,5)-triazin-2-y}
optionally substituted with up to two hydroxy, (C,-C,)alkyl, (Cs-Cy)cycloalkyl, hydroXy-

(C,-Coalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (Cs-C,)alkoxy, morpholinyl or phenyl.

36. The compound of claim 35, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 4-morpholin-4-yl-
[1,3,5]-triazin-2-y!; 4-methoxy-6-methyl-[1,3,5]-triazin-2-yi; 4,6-dimethoxy-[1,3,5}-
triazin-2-yl; 4-phenyi-{1,3,5]-triazin-2-yl; 4-cyclopropyl-{1,3,5]-triazin-2-yl; 4,6-dimethyl-
[1,3,5}-triazin-2-yl; 4-hydroxymethyl-6-phenyl-[1,3,5]-triazin-2-yl; 4-methoxy-6-

PCT/1B00/00296



10

15

20

WO 00/59510

-287-

methoxymethyl-[1,3,5]-triazin-2-yi; 4-methyl-{1 ,3,5]-triazin-2-yl; or 4-methoxymethy!-6-
phenyl-[1,3,5]triazin-2-yl.

37. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (R)-1-hydroxy-ethyl;
R%is

RS
I
[Nj/Me

T ,

R? is pyrimidyl, quinoxalyl or oxazolopyridyl optionally substituted with up to two (C,-
C.)alkyl, (C,-C,)alkoxy or hydroxy-(C,-C,)alkyl.

' 38.  The compound of claim 37, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R? is 4-hydroxymethyl-6-
methyl-pyrimid-2-yl; 2-hydroxymethyi-pyrimid-4-yl; 2-hydroxymethy!-6-methyl-pyrimid-
4-yl; 2-(oxazolo[5,4-b}pyridy}; or 2-(oxazolo[4,5-b]pyridyi; 2-quinoxalyl.

38. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:

R'is (R)-1-hydroxy-ethyt;
Riis

; and

-}

R
|
[Nj\
T Me
;and

R® is pyrimidyl optionally substituted with up to two (C,-C,)alkyt, (C,-C,)alkoxy,

hydroxy-(C,-C,)alkyl.
40. The compound of claim 39, a prodrug thereof or a pharmaceutically

acceptable salt of said compound or said prodrug wherein: R® is 2-(1R-hydroxyethyl)-
pyrimid-4-yl.

PCT/1B00/00296
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41. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (R)-1-hydroxy-ethyl;
R’is

Q

|
@
"N Me
l : and

R® is pyrimidy! optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy,
hydroxy-(C,-C,)alkyl.

42, The compound of claim 41, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R? is 2-(1R-hydroxyethyl)-

Me.,,

pyrimid-4-yl.
43. A compound of claim 12, a prodrug thereof or a phammaceutically
acceptable salt of said compound or said prodrug wherein:
R'is (S)-1-hydroxy-ethyl;
Rlis

Me
; and

R®is pyrimidy! optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy or
hydroxy-(C,-Cy)alkyl.

44, The compound of claim 43, a prodrug thereof or a phanﬁaceutiwlly
acceptable salt of said compound or said prodrug wherein: R? is 2-(1R-hydroxy-ethyl)-
pyrimid-4-yl.

45. A compound of claim 12, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein:

R!'is acetyl;
Rlis
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Me
; and

R® is pyrimidy! optionally substituted with up to two (C,-C,)alkyl, (C,-C,)alkoxy, acety!
or hydroxy-(C,-C)alkyl. |

46. The compound of claim 45, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein: R® is 2-acetyl-pyrimid-4-yt;
or '
2-(1R-hydroxyethyi)-pyrimid-4-yi.

47. A pharmaceutical composition comprising a compound of claim 1, a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug and a pharmaceutically acceptable carrier or diluent.

- 48. A method of inhibiting sorbitol dehydrogenase in a mammal in need of
such inhibition comprising administering to said mammal a sorbito! dehydrogenase
inhibiting amount of a compound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug.

49. A method of treating diabetes in a mammal suffering from diabetes
comprising administering to said mammal an effective amount of a compound of claim
1, a prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug.

50. A method of treating or preventing diabetic complications in a mammal
comprising administering to said mammal an effective amount of a compound of aaim
1, a prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug.

51. A pharmaceutical composition comprising a compound of claim 1, a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug and an aldose reductase inhibitor, a prodrug thereof or a pharmaceutically
acceptable salt of said aldose reductase inhibitor or said prodrug.

52. A method of treating diabetes in a mammal suffering from diabetes
comprising administering to said mammal an effective amount of a cofﬁpound of claim
1, a prodrug thereof or a pharmaceutically acceptable salt of said compound or said
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prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase
inhibitor or a pharmaceutically acceptable salt of said aldose reductase inhibitor or
said prodrug.

53. A method of treating or preventing diabetic complications in a mammal
comprising administering to said mammal an effective. amount of a compound of claim
1, a prodrug thereof or a pharmaceutically acceptabfe\of sald compound or said
prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase
inhibitor or a pharmaceutically acceptable salt of said aldose reductase inhibitor or
said prodrug thereof.

54. A pharmaceutical composition comprising a compound of c!alm 1,a
prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodrUg of said
NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said
prodrug thereof.

55. A method of treating or preventing diabetic complications in a mammal
comprising administering to said mammal an effective amount of a compound of claim
1, a prodrug thereof or a phammaceutically acceptable salt of said compound or said
prodrug and a sodium hydfogen ion exchange (NHE-1) inhibitor, a prodrug of said
NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said
prodrug. _
56. A method of treating diabetes in a mammal suffering from diabetes
comprising administering to said mammal an effective amount of a compound of claim
1, a prodrug thereof or a phannacéutically acceptable salt of said compound or said
prodrug, and a sedium hydrogen ion exchange (NHE-1) inhibitor, a prodrug of said
NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said
prodrug.

57. A method of inhibiting sorbitol dehydrogenase in a mammal in need
thereof comprising administering to said mammal a pharmaceutical composition of
claim 47.

58. A method of treating ischemia in a mammal suffering from ischemia
comprising administering to said mammal a pharmaceutical composition of claim 54.

59. A method of treating or preventing diabetic complications in 2 mammal
comprising administering to said mammal a pharmaceutical composition of claim 47.

PCT/1B00/00296
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60. A compound of claim 1, a prodrug thereof ora pharmaceutically
acceptable salt of said compound or said prodrug, wherein:
R'is C(OH)R'R®, where R* and R® are each independently hydrogen or methyl;
R?is hydrogen;

R3is
1
N/Y\R43
—R°
] N/X (CHy),
/ EZ
(CH.),"~ G

G or
N
{ N

f

wherein said piperazinyl R® is substituted by R®, R” or R®:

G, G'and G?are taken'separate!y and are each hydrogen and R® is hydrogen or (C,-
C.)alkyl; R” and R® are each independently hydrogen or (C,-C.lalkyl; or

G and G' are taken together and are (C-Cjlalkylene and R®, R7, R® and G2 are
hydrogen; or

~ G'and G? are taken together and are (C,-Cs)alkylene and R%, R?, R® and G are

hydrogen;

. qisOor1;

Xis a covalent bond, oxycarbonyl,vinylenyicarbonyi, oxy(C,-C,)alkylenylcarbonyl,
thio(C,-C,)alkylenyicarbonyl or vinylenylsuifonyi; said vinylenylcarbonyl and said
vinylenyisulfonyl in the definition df Xare opﬁonally substituted on one or two vinylenyi
carbons with (C,-C,)alkyl, benzyl or Ar; said oxy(C,-C,)alkylenylcarbony! and said
thio(C,-C,)alkylenylcarbonyl in the definition of X are optionally substituted with up to
two (C,-C,)alkyl, benzyl or Ar;

R?is (C;-C,)cycloalkyl, Ar’-(Co-C.)alkylenyl or (C,-Ce)alky! optionally substituted with
up to five fiuoro; '

Ar'is phenyl, naphthyl, pyridyl, pyrimidy!, pyrazinyl, pyridazinyi, triazinyl, quinolyl,
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, cinnolinyi, naphthyridinyl, pteridinyl,
pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl, pyrimidopyrimidy!,
pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyl, pyrrolyl, furanyl, thienyl, imidazolyl,
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oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyi,
benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl, furopyridyl,
thienopyridyl, imidazolopyridy!, oxazolopyridy!, thiazolopyridyl, pyrazolopyridyl,
isoxazolopyridyl, isothiazolopyridyl, pyrrolopyrimidyl, furopyrimidyl, thienopyrimidyl,
imidazolopyrimidyl, oxazolopyrimidy!, thiazolopyrimidyl, pyrazolopyrimidyl,
isoxazolopyrimidyl, isothiazolopyrimidyl, pyrrolopyrazinyl, furopyrazinyi,
thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl,
pyrazolopyrazinyl, isoxazolopyrazinyl, isothiazolopyrazinyl, pyrrolopyridazinyl,
furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazolopyridazinyl,
thiazolopyridazinyl, pyrazolopyridazinyl, isoxazolopyridazinyl or isothiazolopyridazinyl;
and

said Ar' is optionally substituted as set forth above;

kis0,1,2, 3or4,

Y' is a covalent bond, carbonyl, sulfony! or oxycarbony;

R is (Cs-C,)oycloalkyl, Ar-(C,-C,)alkylenyl, NRR* or (C,-C;)alky! optionally
substituted with one to five fiuoro; provided that when Y* is a covalent bond or
oxycarbonyl, then R® is not NRYR*;

R* and R*® are taken separately and are each independently selected from hydrogen,
A%, (C,-Ce)alkyl and Ars-(Co-C )alkylenyl; or

RY and R* are taken together with the nitrogen atom to which they are attached to

form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2)Jnonanyi, azabicyclo[2.2. 1]heptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-SH-dibenzolc,e]azepinyl or §,6,7,8-tetrahydropyrido[4,3-d]pyrimidy!; said
azetidinyl in the definition of R and R* are optionally substituted with one hydroxy,
amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C.-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to
fluoro; said pyrrolidinyl, piperidinyl and azepinyl in the definition of R* and R*® are
optionally substituted with up to-two hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-
C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-
C,)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition
of R and'R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
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substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and 5,6,7,8-tetrahydro[4,3-
d]pyrimidyl in the definition of R* and R*® are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R*
and R* are opﬁonally substituted with up to four hydroxy, amino, halo, hydroxy-(C;-
Calkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Ar’ is independently defined as set forth for Ar and Ar' above;

Artis optionally independently substituted as set forth for Ar and Ar' above.

61 A compound selected from:
1R-(4{1'-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yi]-[4,4]bipiperidinyl- 1-yl}-pyrimidin-2-yl}-
ethanol;
furo[3,2-c}pyridin-2-yl-{4-{2-(1R-hydroxy-ethyl)-pyrimidin-4-yi{}-3R,5S-dimethyi-
piperazin-1-yl}-methanone;
(4-chioro-furo[3,2-c}pyridin-2-y){4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-y{}-3R,5S-
dimethyl-piperazin-1-yl}-methanone;
{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-y(}-3R,5S-dimethyl-piperazin-1-yl}-(4-pyrrolidin-1-
yi-furo[3,2-c]pyridin-2-yl)-methanone;
{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-3R,5S-dimethyl-piperazin-1-yl}-{4-morpholin-
4-yl-furo[3,2-c]pyridin-2-yl)-methanone; |
{4-[2-(1R-hydroxy-ethyl)-pyrimidin<4-yl}-3R,5S-dimethyi-piperazin-1-yl-imidazo[1,2-
ajpyridin-2-yl-methanone;
furo[3,2-c]pyridin-2-yl-{4-[2-( 1R-hydroxy-ethyl)-pyrimidin<4-yl]-2R 6 S-dimethyl-
piperazin-1-yl}-methanone;
4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6 S-dimethyl-piperazine-1-carboxylic acid
pyridin-3-yl ester;

4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimeﬂwykpiperazine-‘l-carboxylic acid 2-
methyl-pyridin-3-yl ester,
4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-2R,6 S-dimethyi-piperazine-1- carboxylic acid

5-chloro-pyridin-3-yl ester;
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4-[2-(1 R-hydroxy—ethyl)-pyrimidin-4-yl]-2R,SS-dimethyl—piperazine-1-carboxyiic acid 6-
methyi-pyridin-3-yi ester;

A{E)-14{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yi}-3-

thiophen-2-yi-propenone;
1R-{4-[4-(4,6-dimethyl-pyrimidin-2-y1)-3R,5S-dimethyl-piperazin-1-yi]-pyrimidin-2-y}-
ethanol; |
1R-{4-[4-(4-methoxymethyl-6-methyl-pyrimidin-2-yl)-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol;

1R-{4-[4-(4-hydroxymethyl- 6-methyl-pynm|d|n-2-yl) -3R,5S5-dimethyl-piperazin- 1-yl]-
pyrimidin-2-y(}-ethanol;
1R-(4-{3R,5S-dimethyl-4-[2-(4-methyl-piperazin-1-yi)-pyrimidin-4-yl}-piperazin-1-yf}-
pyrimidin-2-yl)-ethanol,
1R-(4-{4-[2-(4-ethyl-piperazin-1-yl)-pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl)-ethanol; ’
1R-(4-{3R,5S5-dimethyl-4-[2-(4-methyl-imidazol-1-yi )—pyrimidin-4-$fl]-pipe razin-1-yl}-
pyrimidin-2-yl)-ethanot; :
1R-(4-{3R,5S-dimethyl-4-{2-(2-methyl-imidazol-1-yi)}-pyrimidin-4-yl}-piperazin-1-yi}-
pyrimidin-2-yl)-ethanol; "
1R-(4-{4-[2-(2,4-dimethyl-imidazol-1-y!)-pyrimidin<4-y[}-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl)-ethanol; |

’1R-(4—{4 -[2-(4-isapropyl-piperazin-1-yl)-pyrimidin-4-y{}-3R SS-dlmethyl-plperazm 1-yl}-

pyrimidin-2-yl)-ethanol,
1R-{4-{3R,5S-dimethyl-4-[4-methyl-6-(4-methyl-piperazin-1-yl)-[1,3,5}triazin-2-yl]-
piperazin-1-yl}-pyrimidin-2-yl}-ethanol; |
1R~{4-[4-(4-methoxy-6-methyl-[1,3,5]triazin-2-y1)-3R,5S-dimethyl-piperazin-1-yl]-
pyrimidin-2-yi}-ethanol; '
1R-{4-[4-(4,6-dimethoxy-{1,3,5)triazin-2-yl)}-3R,5S-dimethyl-piperazin-1-yi}- pynmtd|n~2-
yi}-ethanol;
1R-{4-[4-(4-ethoxy-6-methyl-{1,3,5]triazin-2-y1)-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; ' '
1R—{4-[4-(4-isopropoxy-6-methyi-[1,3,5]triazin-2-y!)-3R,5S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol; ‘
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1R-{4-[3R, 58-dxmethyl-4-(4-phenyl {1.3 5]tnazm-2-yl )-piperazin-1-yl}- pynmldm-z—yl}-
ethanol;

1R-{4-[4-(4-hydroxymethyl-6-methoxy-[1 3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-
yl]-pyrimidin-2-yl}-ethanol;

1R-{4-[4-(4-isopropoxy-6-methoxy-{1, 3 ,Sltriazin-2-y1)-3R,5S-dimethyi-piperazin-1-yl}-
pyrimidin-2-yl}-ethanol;

1R-{4-[4-(4-isopropy!-[1 ,3,5)triazin-2-yl)-3R,5S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yi}-
ethanol; ,

1 R-{4-[4-(4-ethyl-6-methoxy—{1 ,3,5]triazin-2-yl)-3R,5S-dimethyi-piperazin-1-yl}-
pyrimidin-2-yl}-ethano!;
1R-{4-[4-(4.B-dimethyl-pyrimidin-2-yl)-2R,68-dimethyl—piperazin-1-yl]- pyrimidin-2-yf}-
ethanol;
1R-{4-[4-(4-hydroxymethyi-6-methyl-pyrimidin-2-yl)-2R,6S-dimethyl-piperazin-1 -yi}-
pyrimidin-2-yl}-ethanol;

1R-{4-[2R,6S-dimethyi-4-(4-{1,2 4]triazol-1 -yl-pyrimidin-2-yl)-piperazin-1-yl}-pyrimidin-
2-yl}-ethanol;

1R~{4-[4-(2,6-dimethyl-pyrimidin-4-yl )-2R.68-dimethyl-piperazin-1 ~yl}-pyrimidin-2-yl}-
ethanol;

1R-(4{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl}-2R 6 S-dimethyl-piperazin-1 -y}~
pyrimidin-2-yl)-ethanol;

1 R-{4-[4-(2-hydroxymethyl—B-methyI-pyrimidin-4-yl)-2R,SS-dimethy!-piperazin-1 -yl}-
pyrimidin-2-yl}-ethanol; '
1R-(4-{4-[2-(1S-hydroxy-ethy!)-pyrimidin-4-y(}-2R,6S-dimethyl-piperazin-1 -yl
pyrimidin-2-yt)-ethanol;

1S-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-y[}-2R,6S-dimethyi-piperazin-1 -yi}-
pyrimidin-2-yl)-ethanol;

1-{4-[4-(2-acetyl-pyrimidin-4-yl}-2R,6S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-

ethanone;

_ 1RS-(4-{4-]2-( 1RS-hydroxy-ethy!)-pyrimidin-4-yl}-2R, GS-dlmemyi-pxperazm-‘} -yi}-

pyrimidin-2-y{)-ethanol;
(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]—3R,SS-dimethyl-piperazin-1-yl}-pyrimidin-2-
yl)-ethanohe;
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1R-{4-[2R,65-d imethyl—4-(2-morpholin-4-yl—pyrimidin-4-yl)-piperazin-1 -yl}-pyrimidin-2-
yl}-ethanol; ‘

1 R—(4—{2R,6S-dimethyl-4-[2-(4-methyl-piperazin-1 -yl)-pyrimidin-4-yl]-piperazin-1-yl}-
pyrimidin-2-yl)-ethanol;

1R-44-[2R,6S-dimethyl-4-(2-[1,2,4]triazol-1 -yl-pyrimidin-4-yl)-piperazin-1-yl}-pyrimidin-
2-yl}-ethanal;

1R-(4-{4-[2-(1 R-hydroxy-ethyl)—pyn'midin-4-yl]-2R,6R-dimethyl-piperazin-1 -yl}-
pyrimidin-2-yl)-ethanol;

1R-(4-{4-[2-(4-ethyl-piperazin-1 -yl)-pyrimidin-4-y{}-2R,6S-dimethyl-piperazin-1-yl}-
pyrimidin-2-yl)-ethanol;

1R-(4-{2R,6S-dimethyl-4-[2-(4-methyl-imidazoi-1 -yl)-pyrimidin-4-yi}-piperazin-1-yl}-
pyrimidin-2-yl)-ethanol,

1R-(4-{4-[2-(2,4-dimethyl-imidazol-1-yl)-pyrimidin-4-yl}- -2R SS-dlmethyl-plperazm- -yl}-
pyrimidin-2-yl)-ethanot;

1R-{4-[2R,6S-dimethy}-4-(4-morpholin-4-yi-[1 ,3,5]triazin-2-yl)-piperazin-1-y(}-pyrimidin-
2-yl}-ethanol;

1R-{4-[4-(4-methoxy-6-methyl-[1,3,5]triazin-2-y1)-2R, 6S-dimethyi-piperazin- 1-y|]
pyrimidin-2-yl}-ethanol; :
1R-{4-[4-(4,6-dimethoxy-[1 ,3,5)triazin-2-yl)-2R 6 S-dimethyl-piperazin-1-yl}-pyrimidin-2-
yi}-ethanol;

1R-{4-[2R 6S-dimethyl-4-(4-phenyl-[1 ,3,5]triazin-2-yl)-piperazin-1-yl}-pyrimidin-2-yl}-
ethanol; .

1R-{4-[4-(4-hydroxymethyl-6-methyl- pynmldln-2-yl)-38-methyl-plperazm- -yi]-
pyrimidin-2-yl}-ethanol;

1R-{4-[4-(2- hydrox'ymethyl-pynmldm~4-yl}3$-methyl-plperazm 1-yl}-pyrimidin-2-yl}-
ethanol;

1R-{4-[4~(2—hydroxymethyl-&methyl-pynmnd1n-4-y!)-3S-methyl-pnperazm- -yi}-py-

| rimidin-2-yl}-ethanol;

1R-[4-(3S-methyl-4-oxazolo[5,4-b]pyridin-2-yl-piperazin-1 -yl)-pyrimidin-2-yf}-ethanaol;
1R-[4-(3S-methyl-4-oxazolo[4,5-b]pyridin-2-yl-piperazin-1-yi)-pyrimidin-2-yl}-ethanot;
1R-[4-(3S-methyl-4-quinoxalin-2-yl-piperazin-1 -yl)-pyrimidin-2-yl}-ethanol;
1R-{4-[4-(& 6-dimethyl-[1,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-y{}-pyrimidin-2-
yl}-ethanol; ' :
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1 R-{4—[3R.SS-dimethyl-4-(4—methyl-6-phenyl—[1 ,3,S]tn'azin-2—yl)—piperazin-1 -
yl]pyrimidin-2-yi}-ethanot;
1R-{4-[4-(4-cyclopropy!-{1 \3,5]triazin-2-yl)-3R,5S-d imethyl-piperazin-1-yl]-pyn'midin-z-
yl}-ethanol;
1R-{4-[4-(4-cyclopropy!-(1 ,3.5]tn'azin-2-yl)—2R,6S—dimethyl-piperazin-‘l -yl]-pyrimidin-2-
yl}-ethanol;
1R-{4-[4-(4 ,6-dimethy!-[1 ,3,S]triazin-z-yl)~2R,6S-dimethyl-piperazin-1 -yl]-pyrimidih-z-
yl}-ethanol;
1R-{4-[4-(4-hydroxymethyl-6-phenyi-[1 ,3.5]triazin-2-yl)-2R,68—dimeﬂ1yl-piperazin—1 -yil-
pyrimidin-2-yl}-ethanol;
1R-{4-] -(4-methoxy-6-methoxymethyl-[1 ,3,5]triazin-2-y!)-2R,6S-dimethyl-piperazin-1-
yl]-pyrimidin-2-y{}-ethanol; '
1R-{4-[2R,6 S-dimethyl-4-(4-methyl-{1 ,3,5ltriazin-2-y!)-piperazin-1 -yil-pyrimidin-2-yl-
ethanol;
1 -{4-[4-(2—acetyl-pyrimidin-4~y:)-2R',6S‘-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl}-
ethanone;
1-(-4-{4-[2-(1R-hydroxy-ethy! )-pyrimidin-4-y(]-2R.6 S-dimethyi-piperazin-1-yl}-
pyrimidin-2-yl)-ethanone;
1 R-{4-{4—(4-methoxymethyl—6—phenyl-[1 ,3,5]-triazin-2-yl)—2R.6Sfdimethyl-piperazin-1 -
yl]-pyrimidin-2-yl}-ethanol;
(4-44-12-(1 R-hydroxy-ethyl )-pyrimidin-4—yl]-2R,SS-dimethyl-piperazin-1 -yi}pyrimidin-2-
yl)-ethanol; and
18-(4-{4-[2-(1 R-hydroxy-ethyl)-pyri midin-4-yl}-2R.6S—dimethyi-piperazin-1 -yl}-
pyrimidin-2-yl)}-ethanol. :

62" A compound of the formuia I*,
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SN

A

N R

lA

wherein:
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R'is C-(OR®)R'R’, where R¥ is independently (Ci-Caalkyl, benzyl, (Cs-
Cs)alkylcarbonyi or phenylcarbonyl, where said benzyl and said phenyl are optionally
substituted with up to three (C,-C)alkyl, (C,-C.)alkoxy, halo or nitro;

R* and R® are each independently hydrogen, methyl, ethyl or hydroxy-(CfCa)alkyl;
R?is hydrogen, (C,-C,)alkyl or (C,-C.,)alkoxy,

R®is a radical of the formula
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wherein said radical of formula R is substituted by R®, R” and R
said radical of formula R* is substituted by R®, R* and R®;
G, G' and G? are taken separately and are each hydrogen and R® is hydrogen, (Cy-

C.)alkyl, (C,-C‘)alkoxycarbonyl, (C,-C‘)aikoxy-(CcC‘)alkyl, hydroxy-(C,-Q)alkyl or

“phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-

(C,-C.)alkyl, (C,-C4)alkoxy-(C1-C4)alkyI, (C4-Cyalkyl or (C,-C.,)alkoxy, wherein said
(C,-C,)alkyl in the definition of R® and said (C,-C.)alkoxy in the definition of R°are
optionally and independently substituted with up to five fluoro; R’ and R® are each
independently hydrogen or (C-Coalkytl; or

G and G' are taken together and are (C-Cs)alkylene and R, R’, R®and G?are
hydrogen; or

G' and G? are taken together and are (C-Cs)alkylene and RS, R’,R®and G are
hydrogen;

gisOor1;

X is a covalent bond, -(C=NR")-, oxycarbonyl, vinylenylcarbonyl, oxy(Ci-
C,)alkylenyicarbonyl, (C,—Q)alkyteny!carbonyl, (Cs-C.)alkenylcarbonyl, thio(C,-
C.,)alkylenyicarbonyl, vinylenyisulfonyl, sulﬁnyl-(C,-C‘)alkylenylcarbonyl, sulfonyt~(C;-
C.)alkylenyicarbonyl or carbonyl(Co-'C4)alkylenylcarbonyl; wherein said oxy(C-
C.)alkylenylcarbonyl, (C,-C.)alkylenylcarbonyl, (CS-C4)alkenyicarbony\ and thio(Cy-
C.)alkylenylcarbonyl in the definition of X are each optionally and independently
substituted with up to two (C,-C,)alkyl, benzyl or Ar; said vinylenylsulfonyl and said -
vinylenyicarbonyl in the definition of X are optionally substituted independently on one
or two vinylenyl carbons with (C,-C.)alkyl, benzyl or Ar; and said carbonyl(Co-
C.)alkylenylcarbonyl in the definition of X is optionalty substituted indepedently with up
to three (C,-C.)alkyl, benzyl or Ar, ‘

R"™ is hydrogen or (C,-CJ)alkyt;

R? is (C4-C)cycloalkyl, Ar'-(C,-C,)alkylenyl or (C,-Cs)alkyl optionally substituted with
up to five fluoro; provided thatwhen g = 0 and X is a covalent bond, oxycarbonyl or
(C,-Coalkylenyicarbonyl, then R® is not (C,-Cealkyl;

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight:membered ring optionally having up to four heteroatoms selected
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
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fused independently partially saturated, fully saturated or fully unsaturated five- 10
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or @ tricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five
to seven membered rings, taken independently, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or
tricyclic ring optionally having one or two 0X0 groups substituted on carbon or one or
two oxo groups substituted on sulfur; ,

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one fing
if the moiety is monocyclic, on one or poth rings if the moiety is bicyclic, or on one, two
or three rings if the moiety is tricyclic, withup to a total of four substituents
independently selected from R", R'?, R® and R"; wherein R", R%? R%andR" are
each taken separately and are each independently halo, formyl, (C,-
C,)alkoxycarbonyl, (C,—Cs)alkylenyloxycarbonyl, (C,-Q)alkoxy-(c,-C.)alkyl,
C(OH)R™R', naphthyl, phenyl, imidazolyl, pyridyl, triazotlyl, morpholinyl, (Co-
C.)alkylsulfamoyl, N-(C.,-C,)alkylcarbamoyl, N,N-di-(C,-CQalkylcarbamoyl. N-
phenylcarbamoyl, N-(C,—CJalkyl—N-phenylcarbamoyl, N, N-diphenyl carbamoyl, (C,-
C.)alkylcarbonylamido, (Q-C,)cycloalkyicarbonylamido. phenylcarbonylamido,
piperidinyi, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyl, pyrazotyl,
tetrahydroquinolyl, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy.
pyridylsulfanyl, furanyl, 8—(C1-C4)alkyi-3,8-diaza[3.2.1 Jbicyclooctyi, 3,5-dioxo-1 2,4~
triaziny!, phenoxy, thiophenoxy, (C,-C,)alkylsulfanyl, (C,-CJalkylsulfonyl, (Cs-
C,)cycloalkyl, (C,-C,)alkyl optionally substituted with up to five ﬂdoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl,
henzimidazolyl, pyrimidyl, thienyl, benzothiazotyl, pyrrolyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridylsuifanyi. furahyl,
thiophenoxy, anilino and phenoxy in the definition of R"", R'2, R** and R are ’
optionally. substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C-CJalkyl, (C1-C4)alkoxy-(C,-C4)alkyl, (C,-C.)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyl in the definition of
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RY, R%?, R"™ and R are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C1-C.)alkyl, (C-C.)alkoxy-(Cs-
CJalkyl, (C,-C.)alkyl optionally substituted with up to five fiuoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said morpholinyl in the definition of R",
Rz, R® and R"is optionally substituted with up to two substituents independently
selected from (C-C.)alkyt; said pyrrolidiny! in the definition of R". R, R™and R"is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-Ca)alkyl. (C,-C‘)alkoxy-(C,—C.‘)alkyL (C~-CJalkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
piperazinyl in the definition of R, R%, R™ and R™ is optionally substituted with up to
three substituents independently selected from (C,-C4)a|koxy-(C,-C‘)alkyl, hydroxy-
(C4-Cs)alkyl, phenyi, pyridyl, (CO-C.)alkylsulfamoyl. (C,-C.)alkkyl optionally substituted
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said
triazoly! in the definition of R", R®, R¥and R" is optionally substituted with hydroxy,
halo, hydroxy-(C,-C.)alkyl. (C1-C4)alkoxy-(C,-C4)alkyl, (C+-C.)alkyl optionally
substituted with up to five fiuoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro: said tetrazoly! in the definition of R, R™2, R® and R"is optionally substituted
with hydroxy-(Cz-Ca)alkyI or (C,-C,)alkyl optionally substituted with up to five fluoro;
and said phenyl and pyridyl which are optionally substituted on piperazine in the
definition of R, R*?, R and R are optionally substituted with up to three hydroxy,
halo, hydroxy-(Cy-C)alkyl, (C,-CA)alkoxy-(CpC,)alkyl, (C,-C.)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; or '

R and R' are taken together on adjacent carbon atoms and are
-CH,0OC(CH,),OCH;- or -0-(CH,),-O-, and R and R are taken separately and are
each independently hydrogen or (C4-Calkyl;

pis1,20r3;

RS and R' are taken separately and are each independently hydrogen, (C,-Coalkyl
optionally substituted with up to five fluoro; or R™ and R' are taken separately and R*
is hydrogen and R' is (C,-Cg)cycloalkyl, hydroxy-(C,-Cs)aliéyl, phenyl, pyridyl,
pyrimidyl, thienyl, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyl or
benzoxazdlyl; or R and R'® are taken together and are (C,-Ce)alkylene;
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G*, G* and G® are taken separately and are each hydrogen, is 0; R* is hydrogen,
(C4-C)alkyl, (C1-C4)alkoxycarbonyl, (C1-C‘)alkoxy-(c1-C.)alkyl. hydroxy-{C,-Cy)alky! or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C.,)alkyl, (C,-C‘)alkoxy-(C,-C.)alkyl, (C,-C,)alkyl or (C,-C.)alkoxy, wherein said
(C,-C,)alky! in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R' and R® are
each independently (C4-Cllalkytl; or

G*, G* and G°® are taken separately and are each hydrogen; ris 1; R is hydrogen.,
(C-C.)alkyl, (C,-C‘)alkoxycarbonyl, (C1-C4)alkoxy-(C1-C4)alkyl, hydroxy-(C,-C‘)alkyl or
pheny! optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C4-C.)alkyt, (C,-C.)alkoxy-(C-Cy)alkyl, (C,-CJalkyl or (Cs-CJ)alkoxy. wherein said
(C,-CJalkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R and R® are
each independently hydrogen or (C,-Cy)alkyt; or

G® and G* are taken together and are (C,-C,)alkylene; ris O or 1; and R*®, R*, R® and
GS are hydrogen; or -

G* and G® are taken together and are (C,-C,)alkylene; risOor 1; and R®, R", R® and
G® are hydrogen;

RY is SO,NR*RZ, CONR?'R?, (C,-Ce)alkoxycarbonyl, (C,-Cg)alkylcarbonyl, Ar-
carbonyl, (C,-Ce)alkylsulfonyl, (C,-Ce)alkylsulfinyl, Ar-sulfonyl, Ar-sufinyl and (Cs-
Celalkyt;

R?' and R? are taken separately and are each independently selected from hydrogen,
(C4-Ce)alkyl, (C4-Cy)cycloalkyl and Ar>-(C,-C,)alkylenyl; or

R?' and RZ are taken together with the nitrogen atom to which they are attached to
form azetidinyt, pyrrolidinyl, piperidiny!, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2Jnonanyl, azabicyclof2.2.1]heptyl, 6,7-dihydro-SH-
dibenzo[c,elazepinyl, 1,2,3 [4-tetrahydro-isoquinolyl or 5.6,7,8-tetrahydropyridof4,3-
d]pyrimidy}; said azetidinyl in the definition of R?' and R® is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(Cs-
C.alkyl, (C‘-C.)alkoxy-(C,-C‘)alkyl. (C,-C.)alkyl optionally substituted with up to five
fiuoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl,
piperidinyl, azepinyl in the definition of R?' and R2 are optionally substituted
independently with up to two substituents independently selected from hydroxy,
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amino, hydroxy-(C-C,)alkyl, (C1-C4)alkoxy-(c,-c4)alkyl, (C-C.)alkyt optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said morpholinyi in the definition of R* and RZ is optionally substituted with up
to two substituents independently selected from hydroxy-(C,-Q)alkyl, (C,-C,)alkoxy-
(C~Cu)atkyl, (C-Coalkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy
optionally substituted with up to five fluoro; said piperaziny! in the definition of R?' and
R2 js optionally substituted independently with up to three substituents independently
selected from phenyl, pyridyl, pyrimidyl, (C1-C‘)alkoxycarbonyl and (C,-C,)alkyl
optionally substituted with up to five fluoro; said 1,2,3,4-tetrahydro-isoquinolyl and said
5.6.7.8—tetrahydropyrido[4,3-d]pyrimidyi in the definition of R2' and R? are optionally
substituted independently with up to three substituents independently selected from
hydroxy, amino, halo, hydroxy-(C1-C‘)alkyi, (C‘-C‘)aikoxy-(C,-C‘)alkyl. (C,-C.)alkyl
optionally substituted with up to five fluoro and (C-C,)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-SH-dibenzo[c,e]azepinyl in the definition of
R?' and R2 is optionally substituted with up to four substituents independently
selected from hydroxy, amino, halo, hydroxy-(C,-C‘)alkyl. (C1-C‘)alkoxy-(C1-C4)alky1,
(C4-Cy)alkyl optionally substituted with up to five fiuoro and (C,-C.,)alkoxy optionally
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are
optionally substituted on said piperazine in the definition of R* and RZ is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(Cy-
CJalkyl, (C1-C4)alkoxy-(C,-C4)alkyl. (C,-Cyalkyl optionally substituted with up to five
fluoro and (C-C.)alkoxy optionally substituted with up to five fluoro;

Ar is independently defined as set forth for Ar and Ar' above;

said Ar? is optionally independently substituted as set forth for Ar and Ar' above;
R?is CONRZR™ or SO,R®R¥, wherein R? is hydrogen (C,-C,)alkyl or Ar-(Cq-
C.)alkylenyl and R is ArR-(C,-CJalkylenyt; provided that when Ar is phenyl, naphthyl
or biphenyl, then R* cannot be CONRZR? where R® is hydrogen or Ar and R¥is
AL,

R* is hydrogen, (C,-Cyalkyl, (C,-Q)a!koxycarbonyl, (C,-C4)alkoxy-(C,-C4)alky|,
hydroxy-(C-C.)alkyl or pheny! optionally independently substituted with up to three
hydroxy, halo, hydroxy-(C,-C‘)alkyl. (C,-C‘)alkoxy-(C,-C.)aikyl. (C,-C,)alkyl or (C,-
C.)alkoxy, wherein said (C-CJalkyl in the definition of R® and said (C,-C)alkoxy in
the definition of R® are optionally and independently substituted with up to five fiuoro;
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AP is independently defined as set forth for Ar and Ar' above;

said Ar’is optiohally independently substituted as set forth for Ar and Ar' above;

R? is hydrogen or (C-C.)alkyl;

R? and R*® are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C.)alkyl,
(C,-C‘)alkoxy-(C,-C‘)alkyl. (C4-Cy)alky! optionally substituted with up to five fiuoro, (Cy
C.)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl, pyrimidyl, thienyi,
furanyl, thiazolyl, oxazolyl, phenoxy. thiophenoxy, SO,NR¥R?', CONR¥R™ or NR¥R,
said thienyl, pyrimidyl, furanyl, thiazoly!l and oxazolyl in the definition of R?® and R® are
optionaily substituted by up to two hydroxy, halo, hydroxy-(C,-CJalkyl, (C,-C.)alkoxy-
(C,-CJ)atkyl, (C,-C.)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridy!, phenoxy and
thiophenoxy in the definition of R* and R? are optionally substituted by up to three
hydroxy, halo, hydroxy-(CrC‘)alkyl. (C,-C4)alkoxy—(C,-C‘)aIkyl. (C,-C.)alkyl optionally
substituted with up to five fiuoro or (C-C,)alkoxy optionally substituted with up to five
fluoro;

R¥ and R*! are each independently hydrogen, (C,-Cy)alkyl, (C,-C)cycloalkyt or
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C-Coalkyl, (C1-C‘)alkoxy-(C,-C‘)alkyl, (C,-Cu)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; or

R® and R* are taken together with the nitrogen to which they are attached to form
indoliny!, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl; said pyrrolidinyl and
piperidinyl in the definition of R® and R* are optionally substituted with up to two
hydroxy, amino, hydroxy-(C1-C.)alkyl, (C,-C.)alkoxy-(C,—Q)alkyl, (C,-Co)alkyt
optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally subsﬁtuted with
up to five fluoro; said indolinyl and piperazinyl in the definition of R® and R* are
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C.)alkyl, Cs-
C.)alkoxy-(C,-CQalkyi. (C,-C‘)alkoxycarbonyl, (C,-C.)alkyl optionally substituted with
up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyt in the definition of R® and R* is optionally substituted with up to two
substituents independenﬂy selected from hydroxy-(Cs-CJalkyl, (C1-C‘)alkoxy-(c,-
C.)alkyl, (C,-CJ)alkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy
optionally substituted with up to five fiuoro; '

Ais N’opﬁonally substituted with hydrogen or (C-Clalkyland Bis carbonyl; or
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Ais carbonyland Bis N optionally substituted with hydrogen or (C,-C.)alkyt;

R¥ is hydrogen or (C,-C.)atkyl;

R® is phenyl, pyridyl, pyrimidyl, thiazoly!, oxazolyl, benzyl, quinolyl, isoguinolyl,
phthalizinyl, quinoxaniyl, benzothiazoyl, benzoxazolyl, benzofuranyl or benzothienyl;
said phenyl, pyridyl, pyrimidy!, thiazolyl, oxazolyl, benzyl, quinolyt, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothienyl
in the definition of R® are optionally substituted with up to three phenyl, phenoxy,
NR*R>, halo, hydroxy, hydroxy-(CrC‘)alkyl, (C1-C.)aIkoxy-(C,-C‘)aIkyl. (C,-CJalky!
optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted with
up to five fluoro;

R* and R* are each independently hydrogen, (C-C. alkyl), phenyl or phenyisulfonyl;
said phenyl and phenyisutfonyl in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C.)atkyt optionally substituted with up to
five fluoro or (C4-C,lalkoxy optionally substituted with up to five fluoro;

Dis CO, CHOH or CHy;,

Eis O,NHorS;

R* and R¥ are taken separately and are each independently hydrogen. halo, cyano,
hydroxy, amino, (C4-Ce)alkylamino, di-(C,-Ce)alkylamino, pyrrolidino, piperidino,
morpholino, (C1-C‘)alkoxy-(c1—C4)alkyl, hydroxy-(C1-C.)alkyl. Ar*, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C‘)alkoxy optionally substituted with
up to five fluoro;

R®, R* and R* gre each independently hydrogen or (C-C,)-alkyl;

Ar is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C..)alkoxy-(CrC‘)alkyl, halo,
hydroxy-(C,—C.,)alkyl, (C,-Cyalkyl optionally substituted with up to five fluoro or (C-
C.)alkoxy optionally substituted with up to five fluoro; or

R* and R* are taken together on adjacent carbon atoms and are -O-(CH,)-O-,
tis1,20r3;

Y is (C,-Ce)alkylene; _

R“, R* and R* are each independently hydrogen or (Cy-CJ)alkyl;

m and n are each independently 1,2 or 3, provided that the sum ofmandnis 2,30r
4, ' '

kis 0,1,2,30r4;
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' is a covalent bond, carbonyl, sulfony! or oxycarbonyl;

R* is (C,-Cy)cycioalkyl, Ars-(C,-CJ)alkylenyl, NRYR* or (C-Ce)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R* is not NR7R",

R and R* are taken separately and are each independently selected from hydrogen,
ArS, (C,-Ce)alkyl and Ars-(Co-C,)alkylenyl; or

RY and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morphalinyl, azepinyl,
azabicyclo[3.2.2]nonanyl. azabicydo[2.2.1]heptyl. 1 .2,3,4-tetrahydroisoquinolyl. 6,7-
dihydro-5H—dibenzo[c.e]azepinyl or 5.6,7,8-tetrahydropyrido[4.3—d]pyrimidyl; said
azetidinyl in the definition of RY and R* are optionally substituted with one hydroxy,
amino, hydroxy-(C1-C.)alkyl. (C,-C‘)alkoxy-(C,—CQalkyl, (C,-C.alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up fo five
fluoro; said pyrrolidinyt, piperidinyl and azepinyl in the definition of RY and R* are
optionally substituted with up to two hydroxy, amino, hydroxy-(CpC‘)alkyl. (Cs-
C.)alkoxy-(C,-C.)alkyl, (Cs-Coalkyl optionally substituted with up td five fluoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; said morpholinyt in the definition
of R¥ and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C},-C‘)alkyl, (C,-Q)alkoxy-(C,—C‘)alkyl, (Cy-C.)alkyl optionally
substituted with up to five fluoro and (C,-C.,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3,4—tetrahydroisoquinolyl and 5.6.7,8-tetrahydro(4,3-
d]pyrimidyl in the definition of R and R® are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C.)alkyl, (C,-C4)alkoxy-(C1-C‘)alky|. (C,-C.)alkyl
optionally substituted with up to five fluoro or (C4-Cl)alkoxy optionally substituted with
up to five fluoro; and said 6.7-dihydro—5H-dibenzo[c,e]azepinyl in the definition of RY
and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.alkyl, (C,—C4)a|koxy-(C,-C4)alkyl. (C4-Cl)alkyl optionally substituted with up to five

| fluoro or (C4-C.)alkoxy optionally substituted with up to five fluoro;

Ar is independently defined as set forth for Ar and Ar' above;

Af is optionally independently substituted as set forth for Ar and Ar' above;

R*? and R*? are independently hydrogen, (C4-Cr)cycloalkyl, Ars-(C,-Ca)alkylenyl, Art-
(Co-C.)alkenyl, Ar-carbonyl or (C-Cs)alkyl optionally substituted with up to five fluoro;
A is independently defined as set forth for Ar and Ar' above;
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Ar® is optionally independently substituted as set forth for Ar and Ar' above; and
R*' and R**® are each independently hydrogen or (C,-C,)alkyl.

63. A compound of claim 62 selected from 1R-(4~{4-{2-(1R-butyryloxy-
ethyl)-pyrimidin-4-y(}-2R 6 S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl)-ethyl butyrate; 1R-
(4-{4-[2-(1 S-butyryioxy-ethyl)-pyﬁmidin-«i»yl]-zR,SS—dimemyi-piperazin-i -yl}-byrimidin-
2-yl)-ethyl butyrate; 1S-(4-{4-[2-(1R-butyryloxy-ethyl)-pyrimidin-4-y(}-2R,6S-dimethyi-
piperazin-1-yi}-pyrimidin-2-yl}-ethyt butyrate; (E)-1 R-{4-[4-(2-methyl-32-phenyl-
acryloyl)-piperazin-1-yi]-pyrimidin-2-yl}-ethyl acetate; (R)-1-{4-(4-quinoxalin-2-yl-
piperazin-1-yl)-pyrimidin-2-yf-ethyl acetate; 1R-(4-{4-[2-( 1RS-hydroxy-ethyl)-
pyrimidin-4-yl}-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethy! butyrate; 1RS-(4-
{4-[2-(1R-hydroxy-ethy!)-pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-
ethyl butyrate; 1R-[4-(3S-methyl-<4-0xazolo[5,4-b]pyridin-2-yl-piperazin-1-yl)-pyrimidin-
2-yl}-ethy! butyrate; 1R-{4-[3R,5S-dimethyl-4-(4-methyl-6-phenyl-[1,3,5]triazin-2-yi)-
piperazin-1-yl}-pyrimidin-2-yi}-ethy! butyrate; 1R-{4-[4-(4-cyclopropyl-[1,3,5]triazin-2-
yl)-3R,5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate; 1R~{4-[4-(4~
cyclopropyl-[1,3,5]triazin-2-yl}-2R 6 S-dimethyl-piperazin-1-yi}-pyrimidin-2-yi}-ethyl
butyrate; 1R-{4-{4-(4,6-dimethyi-[1,3,5]triazin-2-yl)-2R,6S-dimethyl-piperazin-1-yi}-
pyrimidin-2-yl}-ethyl butyrate; 1R-{4-{4-(4-hydroxymethyl-6-phenyl-{1,3,5}triazin-2-y)-
2R,6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yi}-ethyl butyrate; 1R-{4-[4-(4-methoxy-6-
methoxymethyi-[1 ,3,5]triazin-2-yl)-R,6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yi}-ethyl
butyrate; and 1R-{4-[2R,6S-dimethyl-4-(4-methyl-[1,3,5}trazin-2-y!)-piperazin-1-yl}-
pyrimidin-2-yl}-ethy! butyrate. | |

64> A compound of the formula {8,

wherein:

R'is C-(OR®)R*R®, where R* is an acyl radical of a carboxylic acid aldose reductase
inhibitor;

R* and R® are each independently hydrogen, methyl,‘ ethyl or hydroxy-(C,-C;)alkyt;
R? is hydrogen, (C,-C,)alky! or (C,-C;)alkoxy;
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wherein said radical of formula R* is substituted by R, R” and R,

said radical of formula R® is substituted by R, R* and R%;

G, G' and-G? are taken separately and are each hydrogen and R® is hydrogen, (C,-
C.alkyl, (C,-C,)alkoxycarbony!, (C,-C‘)alkoxy—(C,-C.)alkyl, hydroxy-(C,-C,)alkyl or
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-C,)alkoxy, wherein said
(C,-C.)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; R” and R® are each
independently hydrogen or (C,-C,)alkyl; or

G and G' are taken together and are (C,-C,)alkylene and R%, R’, R® and G? are
hydrogen; or .

G' and G? are taken together and are (C,-C,)alkylene and RS, R’, R®and G are
hydrogen;

qgisOor1;

X is a covalent bond, ~(C=NR'")-, oxycarbonyi, vinylenylcarbonyl, oxy(C,-
C.)alkylenylcarbonyl, (C,-C,)alkylenyicarbonyl, (C,-C,)alkenylcarbonyi, thio(C,-
C.)alkylenylcarbonyl, vinylenylsulfonyl, sulfinyl-(C,-C,)alkylenylcarbonyl, sulfonyi-(C,-
C.,)alkylenylcarbonyl or carbonyl(C,-C,)alkylenyicarbonyl; wherein said oxy(C,-
CJalkylenylcarbonyl, (C,-C,)alkylenylcarbonyl, (C,-C,)alkenylcarbonyl and thio(C,-
C.)alkylenyicarbony! in the definition of X are each optionally and independently
substituted with up to two (C,-C,)alkyl, benzyl or Ar; said vinylenylsuifonyl and said
vinylenyicarbony! in the definition of X are optionally substituted independently on one
or two vinylenyl carbons with (C,-C,)alkyl, benzyl or Ar; and said carbonyl(C,-
C.)alkylenylcarbonyi in the definition of X is optionally substituted indepedently with up
to three (C,-C,)alkyl, benzyl or Ar;

RY%is hydroge‘n or (C,-C,)alkyl,

R® is (C,-C;)cycloalkyl, Ar’-(Co-Ca)alkylenyl or (C,-Ce)alky! optionally substituted with
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyi or
(C-C,)alkylenyicarbonyl, then R® is not (C,-Cg)alkyl;

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated
five- to eight-membered ring opﬁonélly having up to four heteroatoms selected
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two
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fused independently partially saturated, fully saturated or fuily unsaturated five- to
seven-membered rings, taken independently, optionally having up to four heteroatoms
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting
of three fused independently partially saturated, fully saturated or fully unsaturated five
to seven membered rings, taken independently, optionally having up to four
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or -
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or
two oxo groups substituted on sulfur;

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring
if the moiety is monocyclic, on one or both rings if the moiety is bicydic, or on one, two
or three rings if the moiety is tricyclic, with up to a total of four substituents
independently selected from R"', R*, R* and R"; wherein R", R'?, R®and R are
each taken separately and are each independently halo, formyl, (C,-
Ce)alkoxycarbonyl, (C,-C¢)alkylenyloxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,

.C(OH)R”R“". naphthyl, phenyl, imidazolyl, pyridyl, triazolyl, morpholinyl, (C,-

C.)alkyisulfamoyl, N-(C,-C,)alkylcarbamoyl, N,N-di-(C,-C,)alkyicarbamoyi, N-
phenylcarbamoyl, N-(C,-C4)aIkyl-N-phenyicarbamoyl, N,N-diphenyl carbamoyi, (C,-
C.)alkylcarbonylamido, (C,-C,)cycloalkylcarbonylamido, phenylcarbonylamido,
piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anilino, pyrimidyl,
oxazolyl, isoxazolyl, tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyrrolyi, pyfazolyl,
tetrahydroquinolyl, tetrahydroisoquihotyl, benzoxazolyl, pyridazinyl, pyridyloxy,
pyridylsulfanyl, furanyl, 8-(C,-C,)alkyl-3,8-diaza(3.2.1]bicyclooctyl, 3,5-dioxo-1,2,4- -
triazinyl, phenoxy, thiophenoxy, (C,-C,)alkylsulfanyl, (C,-C,)alkylsulfonyl, (C;-
C;)eycloalkyl, (C,-C,)alky! optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl,
benzimidazolyl, pyrimidyl, thienyl, benzothiazolyl, pyrrolyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, benzoxazolyl, pyridaziny!, pyridyloxy, pyridyisulfanyl, furanyl,
thiophenoxy, anilino and phenoxy in the definition of R", R, R and R" are
optionally substituted with up to three substituents independently selected from
hydroxy, halo, hydroxy-(C,-C‘)alkyl, (C;-Ci)alkoxy-(C,-Cyalkyl, (C,-C,)alkyl optionally
substituted with up to five flucro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyt in the definition of |
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R", R, R" and R"are optionally substituted with up to two substituents
independently selected from hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy~(C,-
CJalkyl, (C,-C.)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fluoro; said morpholinyl in the definition of R,

R™, R™ and R'is optionally substituted with up to two substituents independently
selected from (C,-C,)alky!; said pyrrolidinyl in the definition of R"", R", R and R"is
optionally substituted with up to two substituents independently selected from hydroxy,
hydroxy-(C,-Cs)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted
with up to five fluoro and (C-C,)alkoxy optionally substituted with up to five fluoro; said
piperazinyl in the definition of R, R'?, R** and R" is optionally substituted with up to
three substituents independently selected from (C,-CJalkoxy-(C,-.C.)alkyl, hydroxy-
(C,-C,)alkyl, phenyl, pyridyl, (C,-C,)alkylsulfamoyl, (C,-C,)alky! optionally substituted

“with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to ﬁve_ fluoro; said

triazoly! in the definition of R"', R, R™ and R is optionally substituted with hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C1-C4)alkoxy4(C,-C4)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said tetrazolyl in the definition of R", R'?, R* and R"is optionally substituted
with hydroxy-(C,-C,)alkyl or (C,-C,)alky! optionally substituted with up to five fiuoro;
and said phenyl and pyridyl which are optionaily substituted on piperazine in the
definition of R"', R, R"™ and R are optionally substituted with up to three hydroxy,
halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally

substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; or ‘

R'" and R are taken together on adjacent carbon atoms and are
-CH,OC(CH,),0CH,- or -O-(CH,),-O-, and R™ and R™" are taken separately and are
each independently hydrogen or (C,-C,)alky!;

pis1,20r3;

R* and R are taken separately and are each independently hydrogen, (C,-C,)alkyl
optionally substituted with up to five fluoro; or R' and R are taken separately and R*
is hydrogen and R' is (C,-C4)cycloalkyl, hydroxy-(C,-Cy)alkyl, phenyl, pyridyl,
pyn'rhidyl. thieny!, furanyl, thiazolyl, oxazolyl, imidazolyl, benzothiazolyl or
benzoxazodlyl; or R* and R are taken together and are (C,-Cg)alkylene;
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G° G* and G°® are taken separately and are each hydrogen; ris 0; R' is hydrogen,
(C,-C.)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy—(C,-Cé)alkyi or
pheny! optionally independently substituted with up to three hydrdxy, halo, hydroxy-
(C,-C )alkyl, (C,-C,)alkoxy-(C-C,)alkyl, (C,-C,)alky! or (C,-C,)alkoxy, wherein said
(C-CJ)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of Réare
optionally and independently substituted with up to five fluoro; and R and R* are
each independently (C,-C,)alkyl; or

G?, G* and G® are taken separately and are each hydrogen; ris 1; R* is hydrogen,
(C,-CJalkyl, (C,-C,)alkoxycarbonyl, (C1;C4)alkoxy-(C,-C‘)alkyl, hydroxy-(C,-C,)alkyl or
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy-
(C,-Cyalkyl, (C4-C,)alkoxy-(C-Cyalkyl, (C-C,)alkyl or (C,-C,)alkoxy, wherein said
(C,-Cy)alkyl in the definition of R® and said (C,-C,)alkoxy in the definition of R®are
optionally and independently substituted with up to five fluoro; and R'™ and R® are
each independently hydrogen or (C,-C,)alkyl; or

G* and G* are taken together and are (C,-C;)alkylene; ris 0 or 1; and R", R", R® and
G°® are hydrogen; or

G* and G® are taken together and are (C,-C,)alkylene; ris O or 1; and R", R, R® and
G® are hydrogen;

R" is SO,NR?'RZ, CONR?'R?Z, (C,-C)alkoxycarbonyl, (C,-Cs)alkylcarbonyl, Ar*-
carbonyl, (C,-Ce)alkylsulfonyl, (C,-Ce)alkylsulfinyl, Ar-sulfonyl, Ar-sufinyl and (C,-
Cealkyl;

R? and R% are taken separately and are each independently selected from hydrogen,
(C,~Cq)alkyl, (C5-C;)cycloalkyl and Ar’~(Cy-C,)alkylenyl; or

R?' and R? are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl, |
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 6,7-dihydro-SH-
dibenzo[c,elazepinyl, 1,2,3,4-tetrahydro-isoquinoiyl or §,6,7,8-tetrahydropyrido[4,3-
dlpyrimidyl; said azetidinyl in the definition of R*' and R? is optionally substituted
independently with one substituent selected from hydroxy, amino, hydroxy-(C,-
C.)alkyl, (C,-C,)alkoxy-(C,-Cj)alkyl, (C,-C,)alky! optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; éaid pyrrolidinyl,
piperidiny!, azepinyl in the definition of R?' and R* are optionally substituted
independently with up to two substituents independentlyb selected from hydroxy,
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amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said morpholiny! in the definition of R*' and R% is optionally substituted with up
to two substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-
(C,-Cp)alkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionaliy. substituted with up to five fluoro; said piperazinyl in the definition of R?' and
RZ is optionally substituted independently with up to three substituents independently
selected from phenyl, pyridyl, pyrimidyl, (C-C,)alkoxycarbonyl and (C,-C,)alky!
optionally substituted with up to five fluoro; said 1,2,3,4-tetrahydro-isoquinolyl and said
5,6,7,8-tetrahydropyrido[4,3-djpyrimidyl in the definition of R*' and R* are optibnally

~ substituted independently with up to three substituents independently selected from

hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted
with up to five fluoro; and said 6,7-dihydro-5H-dibenzojc,elazepiny! in the definition of
R?' and RZ is optionally substituted with up to four substituents independently
selected from hydroxy, amino, halo, hydroxy-(C,-C4)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl,
(C4-C,)alkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy optionally
substituted with up to five fiuoro; said pyrimidyl, pyridyl and pheny! which are
optionally substituted on said piperazine in the definition of R*' and RZ is optionally
substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,-
CJalkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five
fluoro and (C,-C,)alkoxy optionally substituted with up to five fiuoro;

Ar? is independently defined as set forth for Ar and Ar' above;

said Ar? is optionally independently substituted as set forth for Ar and Ar® above;

R? is CONR®R® or SO,R*R?, wherein R® is hydrogen (C,-C,)alkyl or Ar’{C,-
C.)alkkylenyl and R® is Ar’+(C,-C,)alkylenyl; provided that when Ar? is phenyl, naphthyl
or biphenyl, then R® cannot be CONR®R™ where R* is hydrogen or Ar* and R® s
Ar*; |

R is hydrogen, (C,-C,)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkoxy-(C,-C,)alkyl,
hydroxy-(C,-C,)alkyl or phenyi optionally independently substituted with up to three
hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl or (C,-
C.)alkoxy, wherein said (C,-C,)alkyl in the definition of R® and said (C,-C,)alkoxy in
the definition of R®are optionally and independently substituted with up to five fiuoro;
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Ar® is independently defined as set forth for Ar and Ar’ above;

said Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R? is hydrogen or (C,-C,)alkyl;

RZ and R? are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C,)alky!,
(C,-C.)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to five fiuoro, (Cs-
C.)alkoxy optionally substituted with up to five fiuoro, phenyl, pyridyl, pyrimidyl, thieny!l,
furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy, SO,NR¥R*', CONR*R*' or NR¥R™,
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyl in the definition of R® and R® are
optionally substituted by up to two hydroxy, halo, hydroxy-(C,-C,)alkyl, (C,-C.,)alkoxy-
(C-C.)alkyl, (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C,)alkoxy
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and
thiophenoxy in the definition of R and R are optionally substituted by up to three
hydroxy, halo, hydroxy-(C,-C,)alky!, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alky! optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five

fluoro;

R* and R* are each independently hydrogen, (C,-C,)alkyl, (C,-C;)cycloalkyl or
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy-
(C,-C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl, (C,-C,)alkyl optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five flucro; or

R* and R* are taken together with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl; said pyrrolidinyl and
piperidiny! in the definition of R* and R* are optionally substituted with up to two
hydroxy, amino, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy~-(C-C,)alkyl, (C,-C,)alkyi
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro; said indolinyf and piperazinyi in the definition of R* and R* are
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C)alkyl, (C;-

- C)alkoxy-(C,-C.)alkyl, (C,-C,)alkoxycarbonyl, (C,-C,)alkyl optionally substituted with

up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro; said
morpholinyl in the definition of R* and R* is optionally substituted with up to two
substituents independently selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C,-
CJalkyl, (C,-C,)alky! optionally substituted with up to five fluoro and (C,-C,)alkoxy
optionally substituted with up to five fiuoro;

Ais N optionally substituted with hydrogen or (C,-C,)alky! and B is carbonyl; or
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A isb carbony! and B is N optionally substituted with hydrogen or (C,-C,)alkyl;

R¥ is hydrogen or (C,-C,)alky!;

R® is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl or benzothienyl,
said phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl,
phthalizinyl, quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothieny!
in the definition of R® are optionally substituted with up to three phenyl, phenoxy,
NR*R*, halo, hydroxy, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C;-C,)alkyl, (C,-C,)alky!
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R* and R* are each independently hydrogen, (C,-C, alkyl), phenyi or phenyisulfonyl;
said phenyl and phenyisulfonyt in the definition of R* and R* are optionally
substituted with up to three halo, hydroxy, (C,-C,)alky! optionally substituted with up to
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Dis CO, CHOH or CH,;

EisO,NHorS;

R* and R¥ are taken separately and are each independently hydrogen, halo, cyano,
hydroxy, amino, (C,-Ce)alkylamino, di-{C,-Ce)alkylamino, pyrrolidino, piperidino,
morpholino, (C,-C,)alkoxy-(C,-C,)alkyl, hydroxy-(C,-C,)alkyl, Ar*, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fluoro;

R*®, R* and R* are each independently hydrogen or (C,-C,)-alkyl;

Ar* is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being
optionally substituted with up to three hydroxy, (C,-C,)alkoxy-(C,-C,)alkyl, halo,
hydroxy-(C,-C,)alkyl, (C,-C,)alky! optionally substituted with up to five fiuoro or (C,-
C.)alkoxy optionally substituted with up to five fluoro; or

R* and R¥ are taken together on adjacent carbon atoms and are -O-(CH,),-O-;
tis1,20r3;

Y is (C,-Cg)alkylene;

R*, R* and R* are each independently hydrogen or (C,-C,)alkyl;

m and n are each independenﬂy 1, 2 or 3, provided that the sumof mand nis 2,3 or
4;

kis0,1,2,30r4,

PCT/1IB00/00296
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Y'is a covalent bond, carbonyl, sulfonYl or oxycarbonyi;

R4 is (C4-C;)cycloalkyl, Ar*-(Co-C,)alkylenyl, NRYR* or (C,-Cs)alky! optionally
substituted with one to five fluoro; provided that when Y' is a covalent bond or
oxycarbonyl, then R* is not NR¥R*,; '

R*Y and R* are taken separately and are each mdependently selected from hydrogen,
A, (C,-C¢)alkyl and Ar"-(Co-C‘)alkylenyl, or

R and R* are taken together with the nitrogen atom to which they are attached to
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl,
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1 Jheptyl, 1,2,3,4-tetrahydroisoquinolyl, 6,7-
dihydro-5H-dibenzo[c,elazepinyl or 5.8,7.8-tetrahydropyrido[4,3-d]pyrimidyl; said
azetidinyl in the definition of R* and R* are optionally substituted with one hydroxy,
amino, hydroxy-(C,-C,)alkyl, (C;-C,)alkoxy-(C-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five
fluoro; said pyrrolidinyl, piperidinyl and azepinyl in the definition of R* and R*® are
optionally substituted with up to two hydroxy, amina, hydroxy-(C,-C,)alkyl, (Cy-
C4)a!koxy-(C,-C4)alky!, (C4-C.)alky! optionally substituted with up to five fluoro or (C,-
C,)alkoxy optionally substituted with up to five fluoro; said morphoalinyl in the definition
of RY and R* is optionally substituted with up to two substituents independently
selected from hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy-(C-C,)alkyl, (C,-C,)alkyl optionally
substituted with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinolyl and §,6,7,8-tetrahydro[4,3-
d]pyrimidy! in the definition of R* and R** are optionally substituted with up to three
hydroxy, amino, halo, hydroxy-(C,-C,)alkyl, (C,-C,)alkoxy~(C,-C,)alkyl, (C,-C,)alkyl
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with
up to five fiuoro; and said 6,7-dihydro-5H-dibenzolc,elazepiny! in the definition of R
and R* are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,-
C.)alkyl, (C,-C.)alkoxy-(C,-Calkyl, (C-C,)alkyl optionally substituted with up to five
fiuoro or (C,-C,)alkoxy optionally substituted with up to five fluoro;

Ar® is independently defined as set forth for Ar and Ar* above;

Ar® is optionally independently substituted as set forth for Ar and Ar' above;

R*? and R** are independently hydrogen, (C,-C;)cycloalkyl, Ar®-(C,-C;)alkylenyl, Ars-
(C+CJalkenyl, Ar-carbonyl or (C-Ce)alky! optionally substituted with up to five fluoro;
A is independently defined as set forth for Ar and Ar' above;
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Arf is optionally independently substituted as set forth for Ar and Ar' above; and
R* and R*'? are each independently hydrogen or (C,-C,)alky!.
65.2 A compound of the formula Z
OH

NN
, /)\/OH
N

e

zllu-

5 Z
663 A compound of the formula ZZ,
OH

NN

/)\/OCOR“’O
N

Me
zZ
wherein R'® is (C,-C,)alkyl, benzy! or phenyl! wherein said benzyl and phenyl are
10  optionally substituted with up to three halo or (C,-C,)atkyl.
67.5 A compound of the formula i,

101

R
{
J:N:‘\
Me N Me

]
wherein: .
15 R™ s (C,-Cs)alkyl, benzyl or phenyl wherein said benzyl and phenyl are optionally
substituted with up to three haio or (C,-C,)alkyt; and .
R™ is hydrogen or a suitable amine protecting group.
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68. = A compound of claim 67 wherein R'® is (C;-C,)alkyl and R is benzy!

or tert-butyloxycarbonyl.
69. A-compound of claim 68 wherein R'® is n-butyl or ethyl and R™'is

benzyl.
70. A compound of claim 68 wherein R™ is n-butyl or ethyl and R is tert-
butyloxycarbonyl.
71+ A process for preparing a compound of the formula Z,
OH
NN
L o
N°
o
Z
comprising:

a) reacting R-(+)-2-hydroxy-propionamide with triethyloxonium
tetrafluoroborate in a reaction inert solvent for 10 minutes to 24 hours at 0 °C to
ambient temperature to form the corresponding imidate;

b) reacting said corresponding imidate with anhydrous ammonia in a
reaction inert solvent for 2 hours to 24 hours at 0 °C to ambient temperature to form
R-(+)-2-hydroxy-propionamidine hydrochloride; and

c) reacting said R-(+)-2-hydroxy-propionamidine hydrochioride with ethyl
3-hydroxy-acrylate sodium salt and a suitable base in a reaction inert solvent to form
said compound of formuia Z.

72. A pharmaceutiéal cbmposiﬁon comprising a compound of claim 1, a
prodrug thereof or a pharmaceutically acceptable salt of said prodrug or said
obmpound. and a glycogen phosphorylase inhibitor (GP1), a prodrug of said GPlora
pharmaceutically acceptable salt of said GP! or said prodrug.

73. A method of treating or preventing diabetic complications in /a/gn_a_mmal P
comprising administering to said mammal a pharmaceutical composition of \glgiﬂ_j 81/ -

74. A method of treating W in a mammal comprising
adminstering to said mammal a compound of claim 1, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug and a glycogen
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phosphorylase inhibitor (GPI), a prodrug of said GPl or a pharmaceutically acceptable

salt of said GP! or said prodrug.
75. A method of treating diabetes in a mammal comprising administering

to said mammal a corhpound of claim 1, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug and a glycogen phosphorylase

inhibitor (GP!), a prodrug of said GP! or a pharmaceutically acceptable salt of said GPI

or said prodrug.
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