
PYRROLOPYRAZOLES, POTENT KINASE INHIBITORS This
application claims the benefit of United States
Provisional Patent Application Nos. 60/642,900 filed
January 10, 2005 and 60/733,770 filed November 4, 2005
the disclosures of which are incorporated herein by
reference in their entireties. Field of the Invention
The present invention relates generally to novel
chemical compounds and methods. More particularly, the
invention provides novel amino pyrrolopyrazole
compounds and their analogs, having protein kinase
activity, and methods of synthesizing and using such
compounds. Background Protein kinases are a family of
enzymes that catalyze phosphorylation of the hydroxyl
groups of specific tyrosine, serine, or threonine
residues in proteins. Typically, such phosphorylation
can dramatically change the function of the protein
and thus protein kinases can be pivotal in the
regulation of a wide variety of cellular process,
including metabolism, cell proliferation, cell
differentiation, and cell survival. The mechanism of
these cellular processes provides a basis for
targeting protein kinases to treat disease conditions
resulting from or involving disorder of these cellular
processes. Examples of such diseases include, but are
not limited to, cancer and diabetes. Protein kinases
can be broken into two types, protein tyrosine kinases
(PTKs) and serinethreonine kinases (STKs). Both PTKs
and STKs can be receptor protein kinases or
non-receptor protein kinases. PAK is a family of
non-receptor STKs. The p21 -activated protein kinase
(PAK) family of serine/threonine protein kinases plays
important roles in cytoskeletal organization and
cellular morphogenesis (Daniels et al., Trends
Biochem. Sci. 24: 350-355 (1999); Sells et al., Trends
Cell. Biol. 7: 162-167 (1997)). PAK proteins were
initially identified by their interaction with the
active small GTPases, Cdc42, and Rac, and their
homology to yeast kinase Ste20 (Manser et al., Nature
367: 40-46 (1994)). In addition to mediating the
regulation of actin cytoskeleton and cell adhesion by
Cdc42 and Rac (Daniels et al., Trends Biochem. Sci.
24: 350-355 (1999)), it was determined that some PAK
proteins protect cells from apoptosis (Gnesutta et
al., J. Biol. Chem. 276: 14414-14419 (2001); Rudel et
al., Science 276: 1571- 1574 (1997); Schurmann et al.,
MoI. Cell. Biol. 20: 453-461 (2000)); modulate mitogen
activated protein (MAP) kinase pathways (Bagrodia et
al., J. Biol. Chem. 270: 27995-27998 (1995); Brown et
al., Curr. Biol. 6: 598-605 (1996); Chaudhary et al.,
Curr. Biol. 10: 551-554 (2000); Frost et al., EMBO J.
16: 6426-6438 (1997); King et al., Nature 396: 180-183
(1998); Sun et al., Curr. Biol. 10: 281-284 (2000));
mediate T-cell antigen receptor (TCR) signaling
(Yablonski et al., EMBO J. 17: 5647-5657 (1998)); and
respond to DNA damage (Roig et al., J. Biol. Chem.
21A: 311 19-31 122 (1999)). Through these diverse
functions, PAK proteins regulate cell proliferation
and migration. The full-length PAK4 nucleic acid and
amino acid sequences are disclosed in U.S. Patent No.
6,013,500 and have been deposited in GenBank under
accession numbers AF005046 (mRNA) and AAD01210 (amino
acid). Modulation of human PAK4 activity is reported
to result in alterations in cellular processes
affecting cell growth and adhesion. For example,
overexpression of PAK4 in fibroblasts leads to
morphological changes that are characteristic of
oncogenic transformation through induction
ofanchorage-independent growth and inhibition of
apoptosis (Gnesutta et al., J. Biol. Chem. 276:14414-
14419 (2001); Qu et al, MoI. Cell. Biol. 2 1:
3523-2533 (2001)). PAK4 is an attractive target for
developing therapeutic agents effective for use in
processes and disorders involving cytoskeletal
alterations, such as, for example, cancer. For other
background references, see U.S. Patent Application
Publication No. 2003/0171357 and PCT Publication
WO02/12242. Summary In one embodiment, the invention
provides a compound of formula I , I 



wherein: R1 is chosen from -S(O)Ra, -S(O)2R , C1-C12
alkyl, C1-C12 alkyl substituted by 1 to 6 R5, C3-C12
cycloalkyl, C3-C12 cycloalkyl substituted by 1 to 6
R5, C2-C12 alkenyl, C2-C12 alkenyl substituted by 1 to
6 R5, C4-C12 cycloalkenyl, C -Ci 2 cycloalkenyl
substituted by 1 to 6 R5, C2-C12 alkynyl, C2-C12
alkynyl substituted by 1 to 6 R5, 3-12 member
heterocyclyl, 3-12 member heterocyclyl substituted by
1 to 6 R5,C1- C6 aralkyl, C1-C6 aralkyl substituted by
1 to 6 R5, C1-C6 heteroaralkyl, C1-C6 heteroaralkyl
substituted by 1 to 6 R5, C6-C10 aryl, C6-C10 aryl
substituted by 1 to 6 R5, 5-1 2 member heteroaryl, and
5-12 member heteroaryl substituted by 1 to 6 R5,
wherein any two adjacent R5 together with the atoms to
which they are attached may form a fused 4-7 member
ring, and the said fused ring is optionally further
substituted by 1- 3 Rf ; R2 and R3 are each
independently chosen from -H, C1-C6 perfluoroalkyl,
C1-C6 alkyl, C3-C6 cycloalkyl, -(C1-C3
alkylene)-(C3-C6 cycloalkyl), C2-C6 alkenyl, C2-C6
alkynyl, C1-C6 alkoxy, -(L) m-halide, - (L)m-CN, -(L)
1n-OH, -(L) m-NH2, -(L) 111-(C1-C6 monoalkylamino) and
-(L) 111-(C2-C8 dialkylamino), provided that R2 and R3
are not both H; or R2 and R3 may form a ring selected
from C3-C6 cycloalkyl, C4-C6 cycloalkenyl and 3-6
member heterocyclyl, the said ring is optionally
further substituted by 1 to 2 groups selected from
C1-C3 alkyl, C1-C3 perfluroalkyl, C1-C3 alkoxy, oxo,
-(C 1-C3 alkylene)m-halide, -(C 1-C3 alkylene)m-CN,
-(C 1-C3 aIkylene)m-OH, -(C 1-C3 alkylene)m-NH2, -(C
1-C3 alkylene)m-(CrC 6 monoalkylamino) and -(C 1-C3
alkylene)m-(C2-C8 dialkylamino); R4 is selected from
Ra, -C(O)R , -C(O)NR aRb, -C(O)OR 3, -C(O)CH(R1)Ra,
-C(O)NHCH(R a)Rb, - C(O)OCH(Ra)Rb, -C(O)CH(R')CH(R
a)Rb, -C(O)SR3, -S(O)R3, -S(O)NRaRb, -S(O)ORa,
-S(O)2R3, - S(O)2NR3Rb and -S(O) 2OR , wherein R is H
or C1-C3 alkyl; each R5 is independently selected from
R0, -(L)m-halide, -(L)m-CN, -(L)m-C(O)RC,
-(L)m-C(O)ORC, - (L)m-C(O)NRRd, -(L)m-C(O)SRC,
-(L)m-ORC, -(L)m-OC(O)RC, -(L)m-OC(O)NRcRd,
-(L)m-O-C(O)OR, -(L)m- NO2, -(L)m-NRRd,
-(L)m-N(R)C(O)Rd, -(L)m-N(R)C(O)ORd, -(L)m-NRcS(O)Rd,
-(L)m-NRcS(O)ORd, -(L)mNRcS(O)2Rd, -(L)m-NRcS(O)2ORd,
-(L)m-SRC, -(L)m-S(O)RC, -(L)1 -S(O)OR ,
-(L)m-S(O)2RC, -(L)m-S(O)2OR, -(L)m-S(O)NRcRd,
-(L)m-S(O)2NRRd, -(L)m-O-L-NRcRd, -(L)m-O-L-OR 0 and
-(L)m-NRc-L-ORd each Ra, Rb, Rc, and Rd is
independently selected from H, -(LV(C 1-C6
perfluoroalkyl), C1-C12 alkyl, -(C1-C3
alkylene)m-(C3-C12 cycloalkyl), -(C3-C5 cycloalkylene)
m-(C2-C12 alkenyl), -(L)m-(C4-C12 cycloakenyl),
-(C3-C5 cydoalkylene) m-(C2-C12 alkynyl), -(L)m-(3-12
member heterocyclyl), -(L)m-(C6-C10 aryl) and
-(L)m-(5- 12 member heteroaryl), each Ra, Rb, Rc and
Rd is independently optionally further substituted by
1-6 Rf ; Ra and Rb, or Rc and Rd, together with the
atom to which they are attached, may optionally form a
ring selected from 3-12 member heterocycly and 5-12
member heteroaryl, the said ring is optionally further
substituted by 1-6 Rf ; each Rf is independently
selected from oxo, -(C1-C3 alkylene) m-(CrC 6
perfluoalkyl), C1-C12 alkyl, C2-C6 alkenyl, C2-C6
alkynyl, -(C1-C3 alkylene)m-(C3-C7 cycioalkyl),
-(C1-C3 alkylene)m-(3-7 member heterocyclyl), -(C1-C3
alkylene)m-(5-7 member heteroaryl) ,-(L) m-halide,
-(L)m-CN, -(L)m-C(O)Rk, -(L)m- C(O)ORk,
-(L)m-C(O)NRkR', -(L)m-ORk, -(L)m-OC(O)Rk, -(L)1n-NO2,
-(L)m-NRkRj , -(L)m-N(Rk)C(O)RJ , -(L)m- 0-L-NR 1 R1,
-(L)m-SRk, -(L)m-S(O)Rk, -(L)m-S(O)2RiRk, each Rf is
independently optionally further substituted by 1-3
groups selected from C1-C3 alkyl, halide and C1-C3
perfluroalkyl; each Rk and Rj is independently -H,
-OH, C1-C3 perfluoroalkyl, C1-C6 alkyl, C2-C6 alkenyl,
C3-C6 alkynyl, -(C1-C3 alkylene)m-(C3-C6 cycloalkyl)
or -(C1-C3 alkylene) m-(3 to 6 member heterocyclyl),
Rk and R' may optionally form a ring selected from 3-7
member heterocycly and 5-7 member heteroaryl, the said
ring is optionally further substituted by 1 to 2
groups selected from CrC 3 alkyl, CrC 3 perfluroalkyl,
C1-C3 alkoxy, oxo, -(C 1-C3 alkylene) m-halide, -(C
1-C3 alkylene)m-CN, -(C 1-C3 alkylene)m-OH, -(C 1-C3
alkylene)m-NH2, -(C 1-C3 alkylene)m-(C1-C6
monoalkylamino) and -(C 1-C3 alkylene) m-(C2-C8
dialkylamino); each L is independently a bivalent
radical selected from -(C1-C6 alkylene)-, -(C3-C7
cycloalkylene)- , -(C1-C6 alkylene)-(C 3-C7
cycloalkylene)- and -(C 3-C7 cycloalkylene)-(C r C6
alkylene)-; 



each m is independently Oor 1; and n is 1, 2 , or 3;
or a pharmaceutically acceptable salt, solvate or
hydrate thereof. In one particular aspect of the
embodiment, and in combination of any other particular
aspect not inconsistent, n is 1. More particularly,
each R2 and R3 is independently selected from H,
unsubstituted C1-C3 alkyl and unsubstituted C3-C5
cycloalkyl, or R2 and R3 form a ring selected from
unsubstituted cyciopropyl, unsubstituted cyclobutyl
and unsubstituted cyclopentyl. Even more particularly,
R2 is unsubstituted methyl, R3 is unsubstituted
methyl. In another particular aspect of the
embodiment, and in combination of any other particular
aspect not inconsistent, R4 is selected from
-C(O)NHCH(R a)Rb, -C(O)OCH(R a)Rb and -C(O)CH(Rt)CH(Ra
)Rb. More particularly, Ra is selected from -(C 1-C3
alkylene)m-phenyl, -(C 1-C3 alkylene)m-(5-12 member
heteroaryl), -(C 1-C3 alkylene)m-(C3-C12 cycloalkyl)
and -(C 1-C3 alkylene) m-(3-12 member heterocyclyl),
and Ra is optionally further substituted by 1-6 Rf; Rb
is selected from C1-C6 alkyl substituted by -NRJRk,
and -(C1-C3 alkylene) m-(C3-C12 heterocyclyl)
optionally substituted by 1-6 Rf . Even more
particularly, Rb is a methyl group substituted by -NR
JRk. Yet even more particularly, Ra is selected from
phenyl, 5-12 member heteroaryl, 3-12 member
heterocyclyl and 3-12 member cycloalkyl, Ra is
optionally futher substituted by 1-6 Rf, and Rb is a
methyl group substituted by NR'Rk.In another
particular aspect of the embodiment, and in
combination of any other particular aspect not
inconsistent, R4 is selected from -C(O)NRaRb, -C(O)OR
and -C(O)CH(R )Ra, wherein Rb is selected from H and
C1-Ca alkyl, and R is selected from H and CrC 3 alkyl.
More particularly, Ra is is selected from -(C3-C5
cycloalkylene)-phenyl, -(C3-C5 cycloalkylene)-(5-12
member heteroaryl) and -(C3-C5 cycloalkylene)-(3-12
member heterocyclyl), and Ra is optionally further
substituted by 1-6 Rf. Even more particularly, Ra is
-(cyclopropylene)-phenyl, and Ra is optionally further
substituted by 1-6 Rf. In another particular aspect of
the embodiment, and in combination of any other
particular aspect not inconsistent, n is 1, R4 is
-C(O)NR aRb, and wherein Ra and Rb form a ring seleced
from 3-1 2 member heterocyclyl and 5-12 member
heteroaryl, the said ring contains 1-3 heteroatoms
selected from N, O and S, and the said ring is
optionally further substituted by 1-6 Rf. More
particularly, the ring formed by Ra and Rb is selected
from piperidinyl, morpholinyl, piperazinyl, pyridinyl
and , and the ring is optionally futher substituted by
1-6 Rf . In another particular aspect of the
embodiment, and in combination of any other particular
aspect not inconsistent, R1 is 5-12 member heteroaryl,
and R1 is optionally further substituted by 1-6 R5.
More particularly, R1 is selected from from: , and N N
, and R1 is optionally further substituted as by 1-5
R5. Even more particularly, each R5 is independently
-(L1)m-(CrC 6 perfluoalkyl), C1-C6 alkyl, C2-C6
alkenyl, C2- C6 alkynyl, -(Cr C3 alkylene)m-(C3-C4
cycloalkyl), -(C1-C3 alkylene)m-(3-4 member
heterocyclyl) optionally substituted by 1-2 C1-C3
alkyl, -(L 1)m-halide, -(L 1)m-CN, -(L1)m-C(O)Rk,
-(L1)m-C(O)ORk, - (LX-C(O)SR , -(L1)m-ORk,
-(L1)m-OC(O)Rk, -(L1)m-OC(O)NR Rk, -(L 1)m-NO2,
-(L1)m-NRkRj , -(L 1)m- N(Rk)C(O)Rj , ,
-(L1)m-O-L1-NRkRi, -(L1)m-O-L1-ORk, -(L 1)m-SRk, -
(L1)m-S(O)Rk, -(L 1)m-S(O)ORk, -(L 1)m-S(O)NR Rk,
-(L1)m-S(O)2Rk, -(L1)m-S(O)2ORk or -(L 1)m-S(O)2NR Rk,
wherein each RJ and Rk is independently H, OH, C1-C3
alkyl or C1-C3 perfluoroalkyl, or RJ and Rk on the
same nitrogen forms a 3-4 member ring selected from
aziridinyl and azetidinyl; L1 is a bivalent radical
selected from -(C1-C3 alkylene)-, -(C3-C4
cycloalkylene)-, -(3-4 member heterocyclylene)-, -(CrC
3alkylene)-(C 3-C4 cycloalkylene)-, -(C3-C4
cycloalkylene)-(CrC 3 alkylene)-, -(C1-C3
alkylene)-(3-4 member heterocyclylene)- and -(3-4
member heterocyclylene)-(C r C3 alkylene)-. Yet even
more particularly, each R5 is independently halide or
C1-C3 alkyl. In another embodiment, the present
teachings provide a compound of the formula I , I 



wherein: R1 is chosen from -S(O)R , -S(O) 2R , C1-C12
alkyl, C1-C12 alkyl substituted by at least one Rf ,
C3- C12 cycloalkyl, C3-C12 cycloalkyl substituted by
at least one Rf, C2-C12 alkenyl, C2-C12 alkenyl
substituted by at least one Rf, C2-C12 alkynyl, C2-C12
alkynyl substituted by at least one Rf, 3-1 0 membered
heterocycle, 3-1 0 membered heterocycle substituted by
at least one Rf , C1-C6 aralkyl, C1-C6 aralkyl
substituted by at least one Rf , C1-C6 heteroaralkyl,
C1-C6 heteroaralkyl substituted by at least one Rf,
C6-C10 aryl, C6-C10 aryl substituted by at least one
R5, 5-1 0 membered heteroaryl, and 5-1 0 membered
heteroaryl substituted by at least one R5, wherein any
two adjacent R5 together with the atoms to which they
are attached may form a fused 4-7 membered ring; R2
and R3 are each independently chosen from -H, halide,
-CN, -OH, -NO2, -NH2, C1-C3 perfluoroalkyl, C1-C3
alkoxy, C1-C6 alkoxyalkyl, unsubstituted C1-C6
aliphatic, C1-C6 alkylamine, C1-C12 alkyl, C1-Ci 2
alkyl substituted by 1 or 2 groups selected from -OH,
-NH2 and -CN, C3-C12 cycloalkyl, C3-Ci 2 cycloalkyl
substituted by 1 or 2 groups selected from -OH, -NH2
and -CN, C2-C12 alkenyl, C2-C12 alkenyl substituted by
1 or 2 groups selected from -OH, -NH2 and -CN, C2-C12
alkynyl, and C2-C12 alkynyl substituted by 1 or 2
groups selected from -OH, -NH2 and -CN; R4 is selected
from Ra, -C(O)R , -C(O)NHR , -C(O)NR aRb, -C(O)SR3,
-S(O)R3, and -S(O)2R3; R5 is selected from Rc, -OH,
halide, -CN, -C(O)R0, -C(O)OR 0, -C(O)NHR0, -C(O)NRRd,
-OR0, - OC(O)R0, -NO2, -NHR0, -NRRd, -N(R)C(O)R d,
-NHC(O)R 0, -SR0, -S(O)R0, and -S(O)2R0 R3, Rb, R0,
and Rd are each independently selected from C1-C12
alkyl, C1-Ci 2 alkyl substituted by at least one Rf ,
C3-Ci 2 cycloalkyl, C3-C12 cycloalkyl substituted by
at least one Rf , C2-Ci 2 alkenyl, C2-Ci 2 alkenyl
substituted by at least one Rf , C2-Ci 2 alkynyl,
C2-Ci 2 alkynyl substituted by at least one Rf , 3-1 0
membered heterocycle, 3-1 0 membered heterocycle
substituted by at least one Rf , C6-Ci 0 aryl, C6-Cio
aryl substituted by at least one Rf, 5-1 0 membered
heteroaryl, 5-1 0 membered heteroaryl substituted by
at least one Rf, Cr C6 aralkyl, C1-C6 aralkyl
substituted by at least one Rf , Cr C6 heteroaralkyl,
C1-C6 heteroaralkyl substituted by at least one Rf ,
and C1-C6 perfluoroalkyl; or R3 and Rb, together with
the atom to which they are attached, form a 3 to 8
membered ring; or R and Rd, together with the atom to
which they are attached, form a 3 to 8 membered ring;
each Rf , which may be the same or different, is
selected from halide, -OH, -CN, -C(O)R k, - C(O)ORk,
-C(O)NRkR , oxo, -ORk, -OC(O)Rk, -NO2, -NRkRj ,
-N(Rk)C(O)R' , -SRk, -S(O)Rk, -S(O) 2Rk, C1- C12
alkyl, C1-Ci 2 alkyl substituted by at least one Rm,
C3-C12 cycloalkyl, C3-C12 cycloalkyl substituted by at
least one Rm, C2-C12 alkenyl, C2-C12 alkenyl
substituted by at least one Rm, C2-Ci 2 alkynyl, C2-Ci
2 alkynyl substituted by at least one Rm, 3-1 0
membered heterocycle, 3-1 0 membered heterocycle
substituted by 1 to 4 Rm, C6-C10 aryl, C6-C10 aryl
substituted by 1 to 4 Rm, 5-1 0 membered heteroaryl,
5-1 0 membered heteroaryl substituted by 1 to 4 Rm,
C1-C3 aralkyl, C1-C3 aralkyl substituted by 1 to 4 Rm,
C1-C3 heteroaralkyl, C1-C3 heteroaralkyl substituted
by 1 to 4 Rm, and C1-C6 perfluoroalkyl; Rk and RJ are
each independently selected from -H, -OH, Cr C6
aliphatic, and Cr C3 perfluoroalkyl; and Rm is
selected from halide, -OH, -CN, -C(O)Rk, -C(O)ORk,
-CONRkR', oxo, -ORk, -OC(O)R k, -NO2, -NRkR,
-N(Rk)C(O)R k , -SRk, -S(O)Rk, -S(O)2Rk, and C1-C3
perfluoroalkyl; n is 1, 2, or 3; or a pharmaceutically
acceptable salt, solvate or hydrate thereof. In a
particular aspect of this embodiment, n is 1. In
another embodiment, the present invention provides a
compound of formula II, wherein: R2 and R3 are each
independently chosen from -H, halide, -CN, -OH, -NO2,
-NH2, Cr C3 perfluoroalkyl, Cr C3 alkoxy, Cr C6
alkoxyalkyl, unsubstituted C1-C6 aliphatic, C1-C6
alkylamine, C1-C12 alkyl, C C12 alkyl substituted by 1
or 2 groups selected from -OH, -NH2 and -CN, C3-C12
cycloalkyl, C3-C12 



cycloalkyl substituted by 1 or 2 groups selected from
-OH, -NH2 and -CN, C2-C12 alkenyl, C2-C12 alkenyl
substituted by 1 or 2 groups selected from -OH, -NH2
and -CN, C2-C12 alkynyl, and C2-C12 alkynyl
substituted by 1 or 2 groups selected from -OH, -NH2
and -CN; Ring A is selected from C6-C10 aryl, C6-C10
aryl substituted by at least one R5, 5-1 0 membered
heteroaryl, and 5-1 0 membered heteroaryl substituted
by at least one R5, wherein any two adjacent R5
together with the atoms to which they are attached may
form a fused 4-7 membered ring; R5 is selected from
Rc, -OH, halide, -CN, -C(O)R0, -C(O)OR 0, -C(O)NHR 0,
-C(O)NRcRd, -OR0, - OC(O)R0, -NO2, -NHR0, -NRRd,
-N(R)C(O)Rd, -NHC(O)R 0, -SR0, -S(O)R0, and -S(O)2R0
Ra, R, and Rd are each independently selected from
C1-Ci 2 alkyl, C1-C12 alkyl substituted by at least
one Rf , C3-C12 cycloalkyl, C3-C12 cycloalkyl
substituted by at least one Rf , C2-C12 alkenyl,
C2-C12alkenyl substituted by at least one Rf , C2-C12
alkynyl, C2-C12 alkynyl substituted by at least one Rf
, 3-1 0 membered heterocycle, 3-1 0 membered
heterocycle substituted by at least one Rf , C6-C10
aryl, C6-C10 aryl substituted by at least one Rf , 5-1
0 membered heteroaryl, 5-1 0 membered heteroaryl
substituted by at least one Rf , C1-C6 aralkyl, C1-C6
aralkyl substituted by at least one Rf , C1-C6
heteroaralkyl, C1-C6 heteroaralkyl substituted by at
least one Rf , and C1-C6 perfluoroalkyl; or Rc and Rd,
together with the atom to which they are attached,
form a 3 to 8 membered ring; each Rf, which may be the
same or different, is selected from halide, -OH, -CN,
-C(O)R k, - C(O)OR k, -C(O)NR kR , OXO, -OR k, -OC(O)R
k, -NO 2, -NR kR -N(R k)C(O)R , -SR k, -S(O)R k, -S(O)
2Rk, C1- C12 alkyl, C1-C12 alkyl substituted ,by at
least one Rm, C3-Ci 2 cycloalkyl, C3-C12 cycloalkyl
substituted by at least one Rm, C2-C12 alkenyl, C2-C12
alkenyl substituted by at least one Rm, C2-C12
alkynyl, C2-C12 alkynyl substituted by at least one
Rm, 3-1 0 membered heterocycle, 3-1 0 membered
heterocycle substituted by 1 to 4 Rm, C6-C10 aryl,
C6-C10 aryl substituted by 1 to 4 Rm, 5-1 0 membered
heteroaryl, 5-1 0 membered heteroaryl substituted by 1
to 4 Rm, C1-C3 aralkyl, C1-C3 aralkyl substituted by 1
to 4 Rm, C1-C3 heteroaralkyl, C1-C3 heteroaralkyl
substituted by 1 to 4 Rm, and C1-C6 perfluoroalkyl; Rk
and R are each independently selected from -H, -OH,
C1-C6 aliphatic, and C1-C3 perfluoroalkyl; and Rm is
selected from halide, -OH, -CN, -C(O)R k, -C(O)OR k,
-CONR 1 , oxo, -OR k, -OC(O)R k, -NO 2, -NR kR -N(R
k)C(O)R k , -SR k, -S(O)R k, -S(O) 2Rk, and C1-C3
perfluoroalkyl; or a pharmaceutically acceptable salt,
solvate or hydrate thereof. In another embodiment, the
present invention provides a compound of formula III,
III wherein: R2 and R3 are each independently chosen
from -H, haiide, -CN, -OH, -NO 2, -NH 2 C1-C3
perfluoroalkyl, C1-C3 alkoxy, C1-C6 alkoxyalkyl,
unsubstituted C1-C6 aliphatic, C1-C6 alkylamine,
C1-C12 alkyl, C1-C12 alkyl substituted by 1 or 2
groups selected from -OH, -NH 2 and -CN, C3-C12
cycloalkyl, C3-C12 cycioalkyl substituted by 1 or 2
groups selected from -OH, -NH 2 and -CN, C2-C12
alkenyl, C2-C12 alkenyl substituted by 1 or 2 groups
selected from -OH, -NH 2 and -CN, C2-C12 alkynyl, and
C2-Ci 2 alkynyl substituted by 1 or 2 groups selected
from -OH, -NH 2 and -CN; Ring A is selected from
C6-C10 aryl, C6-C10 aryl substituted by at least one
R5, 5-1 0 membered heteroaryl, and 5-1 0 membered
heteroaryl substituted by at least one R5, wherein any
two adjacent R5 together with the atoms to which they
are attached may form a fused 4-7 membered ring; R5 is
selected from Rc , -OH, halide, -CN, -C(O)R 0, -C(O)OR
, -C(O)NHR 0, -C(O)NRR d, -OR 0, - OC(O)R 0, -NO 2,
-NHR 0, -NR cRd, -N(R)C(O)R d, -NHC(O)R 0, -SR 0,
-S(O)R 0, and -S(O) 2R0Ra, Rc, and Rd are each
independently selected from C1-C12 alkyl, C1-C12 alkyl
substituted by at least one Rf , C3-C12 cycloalkyl,
C3-C12 cycloalkyl substituted by at least one Rf ,
C2-C12 alkenyl, C2-C12 alkenyl substituted by at least
one Rf , C2-C12 alkynyl, C2-C12 alkynyl substituted by
at least one Rf , 3-1 0 membered heterocycle, 3-1 0
membered heterocycle substituted by at least one Rf ,
C6-C10 aryl, C6-Ci 0 aryl substituted by at least one
Rf , 5-1 0 membered heteroaryl, 5-1 0 membered
heteroaryl substituted by at 



least one Rf , C1-C6 aralkyl, C1-C6 aralkyl
substituted by at least one Rf , C1-C6 heteroaralkyl,
C1-C6 heteroaralkyl substituted by at least one Rf,
and C1-C6 perfluoroalkyl; or Rc and Rd, together with
the atom to which they are attached, form a 3 to 8
membered ring; each Rf , which may be the same or
different, is selected from halide, -OH, -CN, -C(O)R
k, - C(O)ORk, -C(O)NRkRj , oxo, -ORk, -OC(O)R k, -NO2,
-NRkR, -N(Rk)C(O)R , -SRk, -S(O)Rk, -S(O) 2Rk, C1- C12
alkyl, C1-C12 alkyl substituted by at least one Rm,
C3-C12 cycloalkyl, C3-C12 cycloalkyl substituted by at
least one Rm, C2-C12 alkenyl, C2-C12 alkenyl
substituted by at least one Rm, C2-C12 alkynyl, C2-C12
alkynyl substituted by at least one Rm, 3-10 membered
heterocycle, 3-10 membered heterocycle substituted by
1 to 4 Rm, C6-C10 aryl, C6-C10 aryl substituted by 1
to 4 Rm, 5-1 0 membered heteroaryl, 5-1 0 membered
heteroaryl substituted by 1 to 4 Rm, C1-C3 aralkyl,
C1-C3 aralkyl substituted by 1 to 4 Rm, C1-C3
heteroaralkyl, C1-C3 heteroaralkyl substituted by 1 to
4 Rm, and C1-C6 perfluoroalkyl; Rk and R' are each
independently selected from -H, -OH, C1-C6 aliphatic,
and C1-C3 perfluoroalkyl; and Rm is selected from
halide, -OH, -CN, -C(O)Rk, -C(O)ORk, -CONRkRj, oxo,
-ORk, -OC(O)R k, -NO2, -NRkRj , -N(Rk)C(O)Rk , -SRk,
-S(O)Rk, -S(O)2Rk, and C1-C3 perfluoroalkyl; or a
pharmaceutically acceptable salt, solvate or hydrate
thereof. In another embodiment, the present invention
provides a compound of formula IV1 ' IV wherein: R1 is
chosen from -S(O)Ra, -S(O)2R , C1-C12 alkyl, C1-C12
alkyl substituted by at least one Rf , C3- C12
cycloalkyl, C3-C12 cycloalkyl substituted by at least
one Rf, C2-C12 alkenyl, C2-C12 alkenyl substituted by
at least one Rf, C2-C12 alkynyl, C2-C12 alkynyl
substituted by at least one Rf , 3-1 0 membered
heterocycle, 3-1 0 membered heterocycle substituted by
at least one Rf , Cr C6 aralkyl, C1-C6 aralkyl
substituted by at least one Rf, C1-C6 heteroaralkyl,
C1-C6 heteroaralkyl substituted by at least one Rf ,
C6-C10 aryl, C6-C10 aryl substituted by at least one
R5, 5-1 0 membered heteroaryl, and 5-1 0 membered
heteroaryl substituted by at least one R5, wherein any
two adjacent R5 together with the atoms to which they
are attached may form a fused 4-7 membered ring; R2
and R3 are each independently chosen from -H, halide,
-CN, -OH, -NO2, -NH2, C1-C3 perfluoroalkyl, C1-C3
alkoxy, C1-C6 alkoxyalkyl, unsubstituted Ci-C 6
aliphatic, C1-C6 alkylamine, Cr Ci2alkyl, C1-C12 alkyl
substituted by 1 or 2 groups selected from -OH, -NH2
and -CN, C3-C12 cycloalkyl, C3-C12 cycloalkyl
substituted by 1 or 2 groups selected from -OH, -NH2
and -CN, C2-C12 alkenyl, C2-C12 alkenyl substituted by
1 or 2 groups selected from -OH, -NH2 and -CN, C2-C12
alkynyl, and C2-C12 alkynyl substituted by 1 or 2
groups selected from -OH, -NH2 and -CN; R5 is selected
from Rc, -OH, halide, -CN, -C(O)R0, -C(O)OR , -C(O)NHR
, -C(0)NRR d, -OR0, - OC(O)R0, -NO2, -NHR0, -NRRd,
-N(R)C(0)R d, -NHC(O)R0, -SR0, -S(O)R0, and -S(O)2R0
Ra, R, and Rd are each independently selected from
C1-C12 alkyl, C1-Ci 2 alkyl substituted by at least
one Rf , C3-C12 cycloalkyl, C3-C12 cycloalkyl
substituted by at least one Rf , C2-C12 alkenyl,
C2-C12 alkenyl substituted by at least one Rf, C2-C12
alkynyl, C2-C12 alkynyl substituted by at least one Rf
, 3-1 0 membered heterocycle, 3-1 0 membered
heterocycle substituted by at least one Rf , C6-C10
aryl, C6-C10 aryl substituted by at least one Rf , 5-1
0 membered heteroaryl, 5-1 0 membered heteroaryl
substituted by at least one Rf , C1-C6 aralkyl, C1-C6
aralkyl substituted by at least one Rf , C1-C6
heteroaralkyl, C1-C6 heteroaralkyl substituted by at
least one Rf , and C1-C6 perfluoroalkyl; or R and Rd,
together with the atom to which they are attached,
form a 3 to 8 membered ring; each Rf, which may be the
same or different, is selected from halide, -OH, -CN,
-C(0)R k, - C(0)0R k, -C(O)NR kR<, oxo, -0R k,
-OC(O)Rk, -NO2, -NRkR , -N(Rk)C(O)R' , -SRk, -S(O)Rk,
-S(O)2Rk, C1- C12 alkyl, C1-C12 alkyl substituted by
at least one Rm, C3-C12 cycloalkyl, C3-C12 cycloalkyl
substituted by at least one Rm, C2-C12 alkenyl, C2-C12
alkenyl substituted by at least one Rm, C2-C12
alkynyl, C2-C12 alkynyl 



substituted by at least one Rm, 3-1 0 membered
heterocycle, 3-1 0 membered heterocycle substituted by
1 to 4 Rm, C6-C10 aryl, C6-C10 aryl substituted by 1
to 4 Rm, 5-1 0 membered heteroaryl, 5-1 0 membered
heteroaryl substituted by 1 to 4 Rm, C1-C3 aralkyl,
C1-C3 aralkyl substituted by 1 to 4 Rm, C1-C3
heteroaralkyl, C1-C3 heteroaralkyl substituted by 1 to
4 Rm, and C1-C6 perfluoroalkyl; Rk and R are each
independently selected from -H, -OH, C1-C6 aliphatic,
and C1-C3 perfluoroalkyl; Rm is selected from halide,
-OH, -CN, -C(O)Rk, -C(O)ORk, -CONRkRj , oxo, -0R k,
-OC(O)Rk, -NO2, -NRkRj , -N(Rk)C(O)Rk , -SRk, -S(O)Rk,
-S(O)2Rk, and C1-C3 perfluoroalkyl; and when the atoms
of any two adjacent R5 groups that are attached
directly to R1 are chosen from carbon, nitrogen,
oxygen and sulfur, then said adjacent R5 groups may
form a fused 4-7 membered ring; or a pharmaceutically
acceptable salt, solvate or hydrate thereof. In
another embodiment, the present invention provides a
compound of formula V, V wherein: R1 is chosen from
-S(O)Ra, -S(O)2R , C1-C12 alkyl, C1-C12 alkyl
substituted by at least one Rf , C3- Ci 2 cycloalkyl,
C3-C12 cycloalkyl substituted by at least one Rf ,
C2-C12 alkenyl, C2-C12 alkenyl substituted by at least
one Rf, C2-C12 alkynyl, C2-C12 alkynyl substituted by
at least one Rf , 3-1 0 membered heterocycle, 3-1 0
membered heterocycle substituted by at least one Rf ,
C1-C6 aralkyl, C1-C6 aralkyl substituted by atleast
one Rf , CrC 6 heteroaralkyl, CrC 6 heteroaralkyl
substituted by at least one Rf , C6-C10 aryl, C6-C10
aryl substituted by at least one R5, 5-1 0 membered
heteroaryl, and 5-1 0 membered heteroaryl substituted
by at least one R5, wherein any two adjacent R5
together with the atoms to which they are attached may
form a fused 4-7 membered ring; R2 and R3 are each
independently chosen from -H, halide, -CN, -OH, -NO2,
-NH2, C1-C3 perfluoroalkyl, C1-C3 alkoxy, C1-C6
alkoxyalkyl, unsubstituted C1-C6 aliphatic, C1-C6
alkylamine, C1-C12 alky], C1-C12 alky] substituted by
1 or 2 groups selected from -OH, -NH2 and -CN, C3-C12
cycloalkyl, C3-C12 cycloalkyl substituted by 1 or 2
groups selected from -OH, -NH2 and -CN, C2-C12
alkenyl, C2-C12 alkenyl substituted by 1 or 2 groups
selected from -OH, -NH2 and -CN, C2-C12 alkynyl, and
C2-C12 alkynyl substituted by 1 or 2 groups selected
from -OH, -NH2 and -CN; R5 is selected from Rc, -OH,
halide, -CN, -C(O)R 0, -C(O)OR 0, -C(O)NHR 0, -C(O)NRR
d, -OR0, - OC(O)R 0, -NO2, -NHR0, -NRcRd, -N(R)C(O)R
d, -NHC(O)R 0, -SRC, -S(O)R 0, and -S(O)2R0 Ra, R0,
and Rd are each independently selected from C1-C12
alkyl, C1-C12 alkyl substituted by at least one Rf ,
C3-C12 cycloalkyl, C3-C12 cycloalkyl substituted by at
least one Rf , C2-C12 alkenyl, C2-C12 alkenyl
substituted by at least one Rf, C2-C12 alkynyl, C2-C12
alkynyl substituted by at least one Rf , 3-1 0
membered heterocycle, 3-1 0 membered heterocycle
substituted by at least one Rf , C6-C10 aryl, C6-Ci 0
aryl substituted by at least one Rf, 5-10 membered
heteroaryl, 5-10 membered heteroaryl substituted by at
least one Rf , C1-C6 aralkyl, C1-C6 aralkyl
substituted by at least one Rf , C1-C6 heteroaralkyl,
C1-C6 heteroaralkyl substituted by at least one Rf ,
and C1-C6 perfluoroalkyl; or R and Rd, together with
the atom to which they are attached, form a 3 to 8
membered ring; each Rf , which may be the same or
different, is selected from halide, -OH, -CN, -C(O)R
k, - C(O)ORk, -C(O)NR kRJ' , 0X0, -ORk, -OC(O)R k,
-NO2, -NR1 R , -N(Rk)C(O)RJ' , -SRk, -S(O)Rk, -S(O)
2Rk, C1- C12 alky], C1-C12 alkyl substituted by at
least one Rm, C3-C12 cycloalkyl, C3-C12 cycloalkyl
substituted by at least one Rm, C2-C12 alkenyl, C2-C12
alkenyl substituted by at least one Rm, C2-C12
alkynyl, C2-C12 alkynyl substituted by at least one
Rm, 3-1 0 membered heterocycle, 3-1 0 membered
heterocycle substituted by 1 to 4 Rm, C6-C10 aryl,
C6-Ci 0 aryl substituted by 1 to 4 Rm, 5-1 0 membered
heteroaryl, 5-1 0 membered heteroaryl substituted by 1
to 4 Rm, C1-C3 aralkyl, C1-C3 aralkyl substituted by 1
to 4 Rm, C1-C3 heteroaralkyl, C1-C3 heteroaralkyl
substituted by 1 to 4 Rm, and Ci-C 6 perfluoroalkyl;
Rk and R are each independently selected from -H, -OH,
C1-C6 aliphatic, and C1-C3 perfluoroalkyl; Rm is
selected from haiide, -OH, -CN, -C(O)Rk, -C(O)OR k,
-CONR kR , oxo, -0R k, -OC(O)R k, -NO2, 



-NRkR', -N(Rk)C(0)R k , -SRk, -S(O)R k, -S(O)2Rk, and
C1-C3 perfluoroalkyl; and when the atoms of any two
adjacent R5 groups that are attached directly to R1
are chosen from carbon, nitrogen, oxygen and sulfur,
then said adjacent R5 groups may form a fused 4-7
membered ring; or a pharmaceutically acceptable salt,
solvate or hydrate thereof. In some embodiments, R2
and R3 are -CH 3. In some embodiments, R4 is selected
from -C0R a, - C(O)NHR , and -C(O)NR aRb; and Ra is
selected from C1-C12 alkyl, C1-C12 alkyl substituted
by at least one Rf , C3-C12 cycloalkyl, C3-C12
cycloalkyl substituted by at least one Rf, C2-C12
alkenyl, C2-C12 alkenyl substituted by at least one Rf
, C2-C12 alkynyl, and C2-C12 alkynyl substituted by at
least one Rf. In some embodiments, Ra is selected from
cycloalkyl, and cycloalkyl substituted by at least one
Rf. In some embodiments, Ra is selected from
cyclopropyl, and cyclopropyl substituted by at least
one Rf . In someembodiments, Ra is selected from
cyclopropyl, and trans-2-phenyIcyclopropyl. In some
embodiments, Ra is sseelleecctteedd ffrroomm
eetthhyyll aanndd eetthhyyll ssuubbssttiittuutteedd
bbyy aatt Ileeast one Rf . In some embodiments, Ra is
. In some embodiments, Ra is In some embodiments, Ra
is selected from ethyl and ethyl substituted b y at
least one Rf . In some embodiments, Ra is In some
embodiments, Ra is In some embodiments, R4 is . In
some embodiments, R4 is In some embodiments, R 1 is
selected from 5-1 0 membered heteroaryl, and 5-1 0
membered heteroaryl substituted b y a t least one R5 .
In some embodiments, Ring A is 5-1 0 membered
heteroaryl. In some embodiments, Ring A is 5-1 0
membered heteroaryl substituted b y a t least one R5 .
In some embodiments, the 5-1 0 membered heteroaryl is
selected from pyrrole, furan, thiophene, oxazole,
thiazole, pryazole, pyridine, pyrimidine, quinoline,
isoquinoline, purine, tetrazole, triazine, and
carbazole. In some embodiments, the 5-1 0 membered
heteroaryl substituted b y a t least one R5 is
selectedIn some embodiments, the 5-10 membered
heteroaryl substituted by at least one R is selected
In some embodiments, the 5-10 membered heteroaryl
substituted by at least one R5 : is selected CI N NH2
and c i N OPr .In some embodiments, the 5-10 membered
heteroaryl substituted by at least one R5 is selected
CI N In another embodiment, the current invention
provides a compound of formula VI, VI wherein: B is a
bond, -CHR - , -O- or -NH-, wherein R is H or CrC 3
alkyl; R1 is selected from R1 is optionally further
substituted by 1-5 R5; R2 is unsubstitued C1-C3 alkyl,
R3 is unsubstituted C1-C3 alkyl, or R2 and R3 forms a
ring selected from unsubstituted cyclopropyl and
unsubstituted cyclobutyl;each R5 is independently Rx;
each Rx is independently -(L 1)m-(Cr C6 perfluoalkyl),
C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, - (CrC 3
aIkylene)m-(C3-C4 cycloalkyl), -(Ci-C 3
aIkylene)m-(3-4 member heterocyclyl) optionally
substituted by 1-2 C1-C3 alkyl, -(L 1)m-halide, -(L
1)m-CN, -(L1)m-C(O)R k, -(L 1)m-C(O)OR k, -(L
1)m-C(O)NR kR , -(L-V C(O)SRj , -(L 1)m-ORk, -(L
1)m-OC(O)R k, -(L 1)m-OC(O)NRjRk, -(L 1)m-NO2, -(L
1)m-NRkR , -(L 1)m-N(Rk)C(O)R , - (L1)m-N(Rk)C(O)OR' ,
-(L 1)m-O-L 1-NRkR] , -(L 1)m-O-L 1-ORk, -(L
1)m-NR]-L1-ORk, -(L 1)m-SRk, -(L1)m-S(O)R k, -
(L1)m-S(O)OR k, -(U) 111-S(O)NR 1R1 , -(L 1)m-S(O)2Rk,
-(L 1)m-S(O)2ORk Or -(L 1)m-S(O) 2NR Rk, wherein each
R1' and Rk is independently H, OH, C1-C3 alkyl or
C1-C3 perfluoroalkyl, or R1 and Rk on the same
nitrogen forms a 3-4 member ring selected from
aziridinyl and azetidinyl; L1 is a bivalent radical
selected from -(C 1- C3 alkylene)-, -(C3-C4
cycloalkylene)-, -(3-4 member heterocyclylene)-, -(C
1-C3 alkylene)-(C 3-C4 cycloalkylene)-, -(C3-C4
cycloalkylene)-(C 1-C3 alkylene)-, -(C 1-C3
alkylene)-(3-4 member heterocyclylene)- and -(3-4
member heterocyclylene)-(C 1-C3 alkylene)-; Ra is
selected from -(C 3-C7 cycloalkylene)-phenyl, -(C3-C7
cycloalkylene)-(5-12 member 



heteroaryl), -(C3-C7 cycloalkylene)-(3-12 member
heterocyclyl) and -(C3-C7 cycloalkyene)-(C 3-C12
cycloalkyl), Ra is optionally further substituted by
1-6 groups selected from oxo and Rx; and each m is
independently 0 or 1; or a pharmaceutically acceptable
salt, solvate or hydrate there of. In one particular
aspect of this embodiment, and in combination of any
other particular aspect not inconsistent, B is -O-, R2
is unsubstituted methyl, R3 is unsubstituted methyl.
More particularly, R1 is selected from Also more
particularly, R1 is seleced from JN JIn another
particular aspect of the embodiment, and in
combination of any other particular aspect not
inconsistent, B is -NH-, R2 is unsubstituted methyl,
R3 is unsubstituted methyl. More particularly, R1 is
selected from . Also more particularly, R1 is selected
from In another particular aspect of the embodiment,
and in combination of any other particular aspect not
inconsistent, Ra is selected from
-cyclopropylene-phenyl, -cyclopropylene-(5-12 member
heteroaryl) and -cyclopropylene-(3-12 member
heterocyclyl), Ra is optionally further substituted by
1-6 groups selected from oxo and Rx. More
particularly, Ra is selected from wherein the
stereochemistry indicated herein represents that the
two substituents of the cyclopropylene group are
trans, Ra is optionally further substituted by 1-6
groups selected from oxo and Rx. Even more
particularly, the stereochemistry indicated herein
represents the absolute stereochemistry at the carbon
centers of the cyclopropylene group. In yet another
embodiment, the current invention provides a compound
of formula VII,VII wherein: B is a bond, -CHR ,- , -O-
or -NH-, wherein R is H or C1-C3 alkyl; R1 is selected
from /-I N / f R1 is optionally further substituted by
1-5 R5; R2 is unsubstitued Ci-C 3 alkyl, R3 is
unsubstituted C1-C3 alkyl, or R2 and R3 form a ring
selected from unsubstituted cyclopropyl and
unsubstituted cyclobutyl; Ra is selected from -(L
2)m-phenyl, -(L 2)m-(5-12 member heteroaryl), -(L
2)m-(C3-C12 cycloalkyl), and -(L 2)m-(3-12 member
heterocyclyl), wherein L2 is a bivalent radical
selected from -(C 1-C3 alkylene)-, - (C3-C4
cycloalkylene)-, -(C 1-C3 alkylene)-(C 3-C4
cycloalkylene)-, -(C3-C cycloalkylene)-(CrC 3
alkylene)-, -O-, -(C 1-C3 alkylene)-O- and -0-(C 1-C3
alkylene)-, and Ra is optionally further substituted
by 1-6 groups seleted from oxo and Rx; Rb is -(C1-C6
alkylene)m-NRpRq, wherein each Rp and Rq is
independently H, C1-C3 alkyl, or Rp and Rq forms a 3-7
member heterocyclyl containing 1-2 heteroatoms
selected from O and N, the said 3-7 member
heterocyclyl is optionally further substituted by 1-3
groups selected from halide and C1-C3 alkyl; each R5
is independently Rx; each Rx is independently
-(L1)m-(Cr C6 perfluoalkyl), C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, - (C1-C3 alkylene)m-(C3-C4
cycloalkyl), -(C1-C3 alkylene)m-(3-4 member
heterocyclyl) optionally substituted by 1-2 C1-C3
alkyl, -(L1)m-halide, -(L1)m-CN, -(L1)m-C(O)Rk,
-(L1)m-C(O)ORk, -(L1)m-C(O)NRkR, -(L1)m- C(O)SR ,
-(L1)m-ORk, -(L1)m-OC(O)Rk, -(L1)m-OC(O)NR Rk,
-(L1)m-NO2, -(L1)m-NRkR1, -(L1)m-N(Rk)C(O)R , -
(L1)m-N(Rk)C(O)OR , -(LV q -L1-NRkRi, -(L1)m-O-L1-ORk,
-(L1)m-NR -L1-ORk, -(L1)m-SRk, -(L1)m-S(O)Rk, -
(L1)m-S(O)ORk, -(L1)m-S(O)NRjRk, -(L1)m-S(O)2Rk,
-(L1)m-S(O)2ORk or -(LVS(O) 2NR1R1, wherein each R1
and Rk is independently H, OH, C1-C3 alkyl or C1-C3
perfluoroalkyl, or Rj and Rk on the same nitrogen
forms a 3-4 member ring selected from aziridinyl and
azetidinyl; L1 is a bivalent radical selected from
-(C1- 



C3 alkylene)-, -(C3-C4 cycloalkylene)-, -(3-4 member
heterocyclylene)-, -(C 1-C3
alkylene)-(C3-C4cycloalkylene)-, -(C3-C4
cycloalkylene)-(CrC 3 alkylene)-, -(C1-C3
alkylene)-(3-4 member heterocyclylene)- and -(3-4
member heterocyclylene)-(C 1-C3 alkylene)-; and each m
is independently 0 or 1; or a pharmaceutically
acceptable salt, solvate or hydrate there of. In one
particular aspect of the embodiment, and in
combination of any other particular aspect not
inconsistent, B, Ra, Rb and the carbon that connects
them form a S chiral center at the carbon. More
particularly, the compound is no less than 90%
enantiomerically pure regarding the S chiral center.
In another particular aspect of the embodiment, and in
combination of any other particular aspect not
inconsistent, B is -O-, R2 is unsubstituted methyl, R3
is unsubstituted methyl. More particularly, R1 is
selected from Also more particularly, R1 is selected
from In another particular aspect of the embodiment,
and in combination of any other particular aspect not
inconsistent, B is -NH-, R2 is unsubstituted methyl,
R3 is unsubstituted methyl. More particularly, R1 is
selected from Also more particularly, R1 is seleced
fromIn another particular aspect of the embodiment,
and in combination of any other particular aspect not
inconsistent, Rb is selected from -CH2-N(CH3)CH3,
-CH2NHCH3, -CH2NH2 and pyrollyl. In another particular
aspect of the embodiment, and in combination of any
other particular aspect not inconsistent, Ra is
selected from phenyl, 5-12 member heteroaryl, 3-12
member heterocyclyl and 3-12 member cycloalkyl, Ra is
optionally futher substituted by 1-6 groups selected
from oxo and Rx. In yet another embodiment, the
current invention provides a pharmaceutical
composition comprising a compound of the invention. In
yet another embodiment, the current invention provides
a pharmaceutical composition comprising a compound of
the invention and a pharmaceutically acceptable
carrier. In yet another embodiment, the current
invention provides a method of treating a mammalian
disease condition mediated by protein kinase activity,
comprising administering to a mammal a therapeutically
acceptable amount of a compound, salt, hydrate or
solvate of the invention. In one aspect of this
embodiment, mammalian disease condition is tumor
growth or abnomal cell proliferation. In yet another
embodiment, the current invention provides a method of
modulating the activity of a protein kinase,
comprising contacting the protein kinase with an
effective amount of a compound, or pharmaceutically
acceptable salt, solvate of any of the invention. In
one aspect of this embodiment, the protein kinase is a
PAK4 protein kinase. In some embodiments, the present
teachings provide pharmaceutical compositions
comprising any of the compounds described herein and a
pharmaceutically acceptable carrier. Examples of such
compositions are described below. In some embodiments,
the present teachings provide a method of treating
abnormal cell growth in a mammal, including a human,
the method comprising administering to the mammal any
of compound or pharmaceutical composition of the
present teachings. In some embodiments, the abnormal
cell growth is cancer, including, but not limited to,
lung cancer, bone cancer, pancreatic cancer, skin
cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer,
rectal cancer, cancer of the anal region, stomach
cancer, colon cancer, breast cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's Disease,
cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of
the thyroid gland, cancer of the parathyroid gland,
cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney
or ureter, renal cell carcinoma, carcinoma of the 



renal pelvis, neoplasms of the central nervous system
(CNS), primary CNS lymphoma, spinal axis tumors,brain
stem glioma, pituitary adenoma, or a combination of
one or more of the foregoing cancers. In some
embodiments, said abnormal cell growth is a benign
proliferative disease, including, but not limited to,
psoriasis, benign prostatic hypertrophy or restinosis.
In some embodiments, the method further comprises
administering to the mammal an amount of one or more
substances selected from anti-tumor agents,
anti-angiogenesis agents, signal transduction
inhibitors, and antiproliferative agents, which
amounts are together effective in treating said
abnormal cell growth. Such substances include those
disclosed in PCT Publication Nos. WO 00/3871 5, WO
00/3871 6, WO 00/38717, WO 00/38718, WO 00/38719, WO
00/38730, WO 00/38665, WO 00/37107 and WO 00/38786,
the disclosures of which are incorporated herein by
reference in their entireties. Examples of anti-tumor
agents include mitotic inhibitors, for example vinca
alkaloid derivatives such as vinblastine vinorelbine,
vindescine and vincristine; colchines allochochine,
halichondhne, Nbenzoyltrimethyl- methyl ether
colchicinic acid, dolastatin 10, maystansine,
rhizoxine, taxanes such as taxol (paclitaxel),
docetaxel (Taxotere),
2'-N-[3-(dimethylamino)propyl]glutaramate (taxol
derivative), thiocholchicine, trityl cysteine,
teniposide, methotrexate, azathioprine, fluorouricil,
cytocine arabinoside, 2'2'- difluorodeoxycytidine
(gemcitabine), adriamycin and mitamycin. Alkylating
agents, for example cis-platin, carboplatin oxiplatin,
iproplatin, Ethyl ester of
N-acetyl-DL-sarcosyl-L-leucine (Asaley or Asalex),
1,4- cyclohexadiene-1 ,4-dicarbamic acid, 2,5
-bis(1-azirdinyl)-3,6-dioxo-, diethyl ester
(diaziquone), 1,4- bis(methanesulfonyloxy)butane
(bisulfan or leucosulfan) chlorozotocin, clomesone,
cyanomorpholinodoxorubicin, cyclodisone,
dianhydroglactitol, fluorodopan, hepsulfam, mitomycin
C, hycantheonemitomycin C, mitozolamide,
1-(2-chloroethyl)-4-(3-chloropropyl)-piperazine
dihydrochlohde, piperazinedione, pipobroman, poi
romycin, spirohydantoin mustard, teroxirone,
tetraplatin, thiotepa, triethylenemelamine, uracil
nitrogen mustard, bis(3-mesyloxypropyl)amine
hydrochloride, mitomycin, nitrosoureas agents such as
cyclohexyl-chloroethylnitrosourea,
methylcyclohexyl-chloroethylnitrosourea 1-
(2-chloroethyl)-3-(2,6-dioxo-3-piperidyl)-1-nitroso-ur
ea, bis(2-chloroethyl)nitrosourea, procarbazine,
dacarbazine, nitrogen mustard-related compounds such
as mechloroethamine, cyclophosphamide, ifosamide,
melphalan, chlorambucil, estramustine sodium
phosphate, strptozoin, and temozolamide. DNA
anti-metabolites, for example 5-fluorouracil, cytosine
arabinoside, hydroxyurea, 2-[(3hydroxy-2-
pyrinodinyl)methylene]-hydrazinecarbothioamide,
deoxyfluorouridine, 5-hydroxy-2-formylpyridine
thiosemicarbazone, alpha-2'-deoxy-6-thioguanosine,
aphidicolin glycinate, 5-azadeoxycytidine,
betathioguanine deoxyriboside, cyclocytidine,
guanazole, inosine glycodialdehyde, macbecin II,
pyrazolimidazole, cladribine, pentostatin,
thioguanine, mercaptopurine, bleomycin,
2-chlorodeoxyadenosine, inhibitors of thymidylate
synthase such as raltitrexed and pemetrexed disodium,
clofarabine, floxuridine and fludarabine. DNA/RNA
antimetabolites, for example, L-alanosine,
5-azacytidine, acivicin, aminopterin and derivatives
thereof such as
N-[2-chloro-5-[[(2,4-diamino-5-methyl-6-quinazolinyl)-
methyl]amino]benzoyl]-Laspartic acid,
N-[4-[[(2,4-diamino-5-ethyl-6-quinazolinyl)methyl]amin
o]-benzoyl]-L-aspartic acid, N-[2-chloro-
4-[[(2,4-diaminopteridinyl)methyl]amino]benzoyl]-L-asp
artic acid, soluble Baker's antifol, dichloroallyl
lawsone, brequinar, ftoraf, dihydro-5-azacytidine,
methotrexate, N-(phosphonoacetyI)-L-aspartic acid
tetrasodium salt, pyrazofuran, trimetrexate,
plicamycin, actinomycin D, cryptophycin, and analogs
such as cryptophycin-52 or, for example, one of the
preferred anti-metabolites disclosed in European
Patent Application No. 239362 such as
N-(5-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylmeth
yl)-N-methylamino]-2-thenoyl)-L-glutamic acid; growth
factor inhibitors; cell cycle inhibitors;
intercalating antibiotics, for example adriamycin and
bleomycin; proteins, for example interferon; and
anti-hormones, for example anti-estrogens such as
Nolvadex(tm) (tamoxifen) or, for example
anti-androgens such as Casodex(tm) (4'-cyano-3-(4-
fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-(trifluor
omethyl)propionanilide). Such conjoint treatment may
be achieved by way of the simultaneous, sequential or
separate dosing of the individual components of the
treatment. Anti-angiogenesis agents include MMP-2
(matrix-metalloprotienase 2) inhibitors, MMP-9
(matrixmetalloprotienase 



9) inhibitors, and COX-II (cyclooxygenase II)
inhibitors. Examples of useful COX-II inhibitors
include CELEBREX(tm) (alecoxib), valdecoxib, and
rofecoxib. Examples of useful matrix metalloproteinase
inhibitors are described in WO 96/331 72 (published
October 24, 1996), WO 96/27583 (published March 7,
1996), European Patent Application No. 97304971 .1
(filed July 8, 1997), European Patent Application No.
99308617.2 (filed October 29, 1999), WO 98/07697
(published February 26, 1998), WO 98/03516 (published
January 29, 1998), WO 98/3491 8 (published August 13,
1998), WO 98/3491 5 (published August 13, 1998), WO
98/33768 (published August 6, 1998), WO 98/30566
(published July 16, 1998), European Patent Publication
606,046 (published July 13, 1994), European Patent
Publication 931 ,788 (published July 28, 1999), WO
90/05719 (published May 331 , 1990), WO 99/52910
(published October 2 1, 1999), WO 99/52889 (published
October 2 1, 1999), WO 99/29667 (published June 17,
1999), PCT International Application No. PCT/IB98/01
113 (filed July 2 1, 1998), European Patent
Application No. 99302232.1 (filed March 25, 1999),
Great Britain patent application number 9912961 .1
(filed June 3, 1999), United States Provisional
Application No. 60/148,464 (filed August 12, 1999),
United States Patent 5,863,949 (issued January 26,
1999), United States Patent 5,861 ,510 (issued January
19, 1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are herein
incorporated by reference in their entirety. Preferred
MMP-2 and MMP-9 inhibitors are those that have little
or no activity inhibiting MMP-1 . More preferred, are
those that selectively inhibit MMP-2 and/or MMP-9
relative to the other matrix-metalloproteinases (Ae.
MMP-1 , MMP-3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8,
MMP-1 0, MMP-1 1, MMP-12, and MMP-1 3). Examples of
MMP inhibitors include AG-3340, RO 32-3555, RS
13-0830, and the following compounds:
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclopentyl)-amino]- propionic acid;
3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-
oxa-bicyclo[3.2.1 ]octane-3- carboxylic acid
hydroxyamide; (2R, 3R)
1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3- methyl-piperidine-2-carboxylic acid
hydroxyamide;
4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-
tetrahydro-pyran-4-carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-
hydroxycarbamoyl-cyclobutyl)-amino]-propionic acid;
4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-
tetrahydro-pyran-4-carboxylic acid hydroxyamide;
3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-
tetrahydro-pyran-3-carboxylic acid hydroxyamide; (2R,
3R) 1-[4-(4-fluoro-2-methyl-benzyloxy)-
benzenesulfonyl]-3-hydroxy-3-methyl-piperidine-2-carbo
xylic acid hydroxyamide; 3-[[4-(4-fluoro-phenoxy)-
benzenesulfonyl]-(1-hydroxycarbamoyl-1-methyl-ethyl)-a
mino]-propionic acid; 3-[[4-(4-fluoro-phenoxy)-
benzenesulfonyl]-(4-hydroxy-carbamoyltetrahydro-pyran-
4-yl)-amino]-propionic acid;
3-exo-3-[4-(4-chlorophenoxy)
benzene-sulfonylamino]-8-oxa-bicyclo[3.2.1]octane-3-ca
rboxylic acid hydroxyamide; 3-endo-3-
[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-oxa-bicy
clo[3.2.1]octane-3-carboxylic acid hydroxyamide;
3-[4-(4-fIuoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-furan-3-carboxylic acid hydroxyamide; and
pharmaceutically acceptable salts, solvates and
hydrates thereof. Examples of signal transduction
inhibitors include agents that can inhibit EGFR
(epidermal growth factor receptor) responses, such as
EGFR antibodies, EGF antibodies, and molecules that
are EGFR inhibitors; VEGF (vascular endothelial growth
factor) inhibitors; and erbB2 receptor inhibitors,
such as organic molecules or antibodies that bind to
the erbB2 receptor, for example, HERCEPTIN(tm)
(Genentech, Inc. of South San Francisco, California,
USA). EGFR inhibitors are described in, for example in
WO 95/19970 (published July 27, 1995), WO 98/14451
(published April 9, 1998), WO 98/02434 (published
January 22, 1998), and United States Patent 5,747,498
(issued May 5, 1998). EGFR-inhibiting agents include,
but are not limited to, the monoclonal antibodies C225
and anti-EGFR 22Mab (ImClone Systems Incorporated of
New York, New York, USA), the compounds ZD-1839
(AstraZeneca), BIBX-1382 (Boehringer Ingelheim),
MDX-447 (Medarex Inc. of Annandale, New Jersey, USA),
and OLX-103 (Merck & Co. of Whitehouse Station, New
Jersey, USA), VRCTC-310 (Ventech Research) and EGF
fusion toxin (Seragen Inc. of Hopkinton,
Massachusetts). 



VEGF inhibitors, for example SU-5416 and SU-6668
(Sugen Inc. of South San Francisco, California, USA),
can also be combined or co-administered with the
composition. VEGF inhibitors are described in, for
example in WO 99/24440 (published May 20, 1999), PCT
International Application PCT/IB99/00797 (filed May 3,
1999), in WO 95/21613 (published August 17, 1995), WO
99/61422 (published December 2 , 1999), United States
Patent 5,834,504 (issued November 10, 1998), WO
98/50356 (published November 12, 1998), United States
Patent 5,883,113 (issued March 16, 1999), United
States Patent 5,886,020 (issued March 23, 1999),
United States Patent 5,792,783 (issued August 11,
1998), WO 99/10349 (published March 4 , 1999), WO
97/32856 (published September 12, 1997), WO 97/22596
(published June 26, 1997), WO 98/54093 (published
December 3, 1998), WO 98/02438 (published January 22,
1998), WO 99/16755 (published April 8, 1999), and WO
98/02437 (published January 22, 1998), all of which
are herein incorporated by reference in their
entirety. Other examples of some specific VEGF
inhibitors are IM862 (Cytran Inc. of Kirkland,
Washington, USA); anti-VEGF monoclonal antibody
bevacizumab (Genentech, Inc. of South San Francisco,
California); and angiozyme, a synthetic ribozyme from
Ribozyme (Boulder, Colorado) and Chiron (Emeryville,
California). ErbB2 receptor inhibitors, such as
GW-282974 (Glaxo Wellcome pic), and the monoclonal
antibodies AR-209 (Aronex Pharmaceuticals Inc. of The
Woodlands, Texas, USA) and 2B-1 (Chiron), may be
administered in combination with the composition. Such
erbB2 inhibitors include those described in WO
98/02434 (published January 22, 1998), WO 99/35146
(published July 15, 1999), WO 99/35132 (published July
15, 1999), WO 98/02437 (published January 22, 1998),
WO 97/13760 (published April 17, 1997), WO 95/19970
(published July 27, 1995), United States Patent
5,587,458 (issued December 24, 1996), and United
States Patent 5,877,305 (issued March 2, 1999), each
of which is herein incorporated by reference in its
entirety. ErbB2 receptor inhibitors useful in the
present invention are also described in United States
Provisional Application No. 60/117,341, filed January
27, 1999, and in United States Provisional Application
No. 60/117,346, filed January 27, 1999, both of which
are herein incorporated by reference in their
entirety.Other antiproliferative agents that may be
used include inhibitors of the enzyme farnesyl protein
transferase and inhibitors of the receptor tyrosine
kinase PDGFr, including the compounds disclosed and
claimed in the following United States patent
applications: 09/221946 (filed December 28, 1998);
09/454058 (filed December 2, 1999); 09/501163 (filed
February 9, 2000); 09/539930 (filed March 31, 2000);
09/202796 (filed May 22, 1997); 09/384339 (filed
August 26, 1999); and 09/383755 (filed August 26,
1999); and the compounds disclosed and claimed in the
following United States provisional patent
applications: 60/168207 (filed November 30, 1999);
60/170119 (filed December 10, 1999); 60/177718 (filed
January 21, 2000); 60/168217 (filed November 30,
1999), and 60/200834 (filed May 1, 2000). Each of the
foregoing patent applications and provisional patent
applications is herein incorporated by reference in
their entirety. Compositions of the invention can also
be used with other agents useful in treating abnormal
cell growth or cancer, including, but not limited to,
agents capable of enhancing antitumor immune
responses, such as CTLA4 (cytotoxic lymphocite antigen
4) antibodies, and other agents capable of blocking
CTLA4; and anti-proliferative agents such as other
farnesyl protein transferase inhibitors. Specific
CTLA4 antibodies that can be used in the present
invention include those described in United States
Provisional Application 60/113,647 (filed December 23,
1998) which is herein incorporated by reference in its
entirety. Unless otherwise stated, the following terms
used in the specification and claims have the meanings
discussed below. Variables defined in this section,
such as R, X, n and the like, are for reference within
this section only, and are not meant to have the save
meaning as may be used outside of this definitions
section. Further, many of the groups defined herein
can be optionally substituted. The listing in this
definitions section of typical substituents is
exemplary and is not intended to limit the
substituents defined elsewhere within this
specification and claims. 



As used herein, the symbol [ ] when incorporated into
the chemical structure of a substituent means that the
atom to which [ ] is attached is the point of
attachment of that substitutent to some position on
another molecule. For example, X in the hypothetical
molecule CH3CH2- X might be defined as X is . In which
case, the placement of [ ] attached to the arbitrarily
numbered position C-1, means that C-1 of the phenyl
ring is attached to the methylene carbon. The symbols
" ." " and " "i when used together in a single
molecure without further indication otherwise, merely
indicate relative stereochemistry of trans or cis
where applicable. The symbol ".> " and the symbol" ",
used together or separately, in combination with an
indication of them representing the absolute
stereochemistry, or an indication of "S" or "R' in the
corresponding chemical structure or the accompanying
chemical name, indicate the absolute stereochemistry
of the corresponding chiral center. "Aliphatic" refers
to straight-chain, branched or cyclic C1-C12
hydrocarbons which are completely saturated or which
contains one or more units of unsaturation but which
are not aromatic. Examples of aliphatic groups include
linear, branched or cyclic alkyl, alkenyl, alkynyl
groups and hybrids thereof suchas (cycloalkyl)alkyl,
(cycloalkenyl)alkyl, etc. An aliphatic group may be
optionally substituted by 1-6 substituents. Suitable
substituents on an aliphatic group include: 3-12
member heterocyclyl, C6-C10 aryl, 5-12 member
heteroaryl, halide, -NO2, NH2, NR2, -CN, -COR, -COOR,
-CONR2, -OH, -OR, -OCOR, -SR, - SOR, -SO2R, -SONR2,
-SO2NR2, wherein R is H, C1-Ci 0 a' 3-10 member
heterocyclyl, C6-C10 aryl, 5-12 member heteroaryl.
"C1-C12 alkyl" refers to a straight chain or branched
saturated hydrocarbon radical having from 1 to 12
carbon atoms. A C1-Ci 2 alkyl group may be optionally
substituted by at least one substituent. Suitable
substituents on a C1-C12 alkyl group include, but are
not limited to, 3-12 member heterocyclyl, C6-C10 aryl,
5-12 member heteroaryl, halide, -NO2, -NR2, -CN, -COR,
-COOR, -CONR2, -OH, -OR, -OCOR, -SR, - SOR, -SO2R,
-SONR2, -SO2NR2, wherein each R is independently -H,
C1-C10 alkyl, 3-12 member heterocyclyl, C6-C10 aryl,
5-12 member heteroaryl. Examples of CrCi 2 alkyl
groups include, but are not limited to methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, iso-butyl,
tert-butyl, pentyl, neo-pentyl, secpentyl, hexyl,
heptyl, octyl, and the like, including substitutued
forms thereof. Further, the term "alkyl" refers to a
straight chain or branched saturated hydrocarbon
radical of 1 to 20 carbon atoms, or 1 to 12 carbon
atoms, or 1 to 8 carbon atoms, or 1 to 6 carbon atoms,
or 1 to 4 carbon atoms. "Lower alkyl" refers
specifically to an alkyl group having 1 to 4 carbon
atoms. Alkyl may be substituted or unsubstituted.
Suitable substituents on an alkyl group are the same
as those described for a CrCi 2 alkyl group.
"Cycloalkyl" refers to a cyclic saturated hydrocarbon
radical having from 3 to 20 carbon atoms. A cycloalkyl
group may be monocyclic and where permissible may be
bicyclic or polycyclic. A cycloalkyl group may be
optionally substituted by at least one substituent.
Suitable substituents on a cycloalkyl group are the
same as those described for an alkyl group. Examples
of cycloalkyl groups include, but are not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, nobornyl, adamantyl, and the
like, including substitutued forms thereof.
"Nonaromatic carbocyclyl" refers to a 3 to 12 member
all-carbon monocyclic ring group, all-carbon bicyclic
or multicyclic ring system group wherein one or more
of the rings may contain one or more double bonds but
none of the rings has a completely conjugated
pi-electron system. Examples, without limitation, of
nonaromatic carbocyclyl are cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexadienyl, adamantanyl, cycloheptyl,
cycloheptatrienyl, and the like. A nonaromatic
carbocyclyl may be substituted or unsubstituted.
Typical substituent groups are the same with those of
alkyl group, as defined herein. Illustrative examples
of nonaromatic carbocyclyl are derived from, but not
limited to, the following:"Unsaturated nonaromatic
carbocyclyl" refers to a ponaromatic carbocyclyl, as
defined herein, that contains at least one carbon
carbon double bond, one carbon carbon trible bond or a
benzene ring. "C2-C12 alkenyl" refers to a straight
chain or branched unsaturated hydrocarbon radical
having 



from 2 to 12 carbon atoms. A C2-C12 alkenyl group may
have one or more points of unsaturation (i.e.- one or
more carbon-carbon double bonds). In the case where
C2-Ci 2 alkenyl has more than one carboncarbon double
bond, the carbon-carbon double bonds can be conjugated
or unconjugated. A C2-C12 alkenyl group may be
optionally substituted by at least one substituent.
Suitable substituents on a C2-C12 alkenyl group are
the same as those described for a C1-C12 alkyl group.
Examples of C2-C12 alkenyl include, but are not
limited to, ethenyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, iso-butenyl, and the like,
including substituted forms thereof. Further, the term
"alkenyl" refers to a straight chain or branched
unsaturated hydrocarbon radical having from 2 to 20
carbon atoms, or 2 to 12 carbon atoms, or 2 to 8
carbon atoms, or 2 to 6 carbon atoms, or 2 to 4 carbon
atoms. An alkenyl group may have one or more points of
unsaturation (i.e.- one or more carbon-carbon doulble
bonds). In the case where an alkenyl group has more
than one carbon-carbon double bond, the carbon-carbon
double bonds can be conjugated or unconjugated. An
alkenyl group may be substituted or unsubstituted.
Suitable substituents on an alkenyl group are the same
as those described for a C1-C12 alkyl group. "Alkoxy"
refers to -OR 0 wherein Rc is C1-C12 alkyl, C2-C12
alkenyl, C2-C12 alkynyl, C3-C12 cycloalkyl or (CrC 6
alkyiene)-(C 3-Ci 2 cycloalkyl). A "C1-C12 alkoxy"
refers to an alkoxy group, as defined herein, wherein
Rc has 1 to 12 total carbon atoms. "Alkoxyalkyl"
refers to an alkyl, as defined herein, that is
substituted by at least one alkoxy group as defined
herein. A "C2-C6 alkylalkoxy" refers an alkylalkoxy
wherein the total carbon number of the alkyl and its
alkoxy substituents are from 2 to 6. "Alkylamino"
refers to -NR pRq wherein each Rp and Rq is
independently H, C1-C12 alkyl, C2-C12 alkenyl, C2-C12
alkynyl, C3-C12 cycloalkyl, (C1-C6 alkylene)-(C 3-C12
cycloalkyl) provided Rp and Rq are not both H. A
"monoalkylamino" refers to an alkylamino group, as
defined herein, wherein one of Rp and Rq is H. A
"dialkylamino" refers to an alkylamino group, as
defined herein, wherein none of Rp and Rq is H. A
"C1-12 alkylamino" refers to an alkylamino group that
contains 1 to 10 carbon atoms. "C2-C12 alkynyl" refers
to a straight chain or branched hydrocarbon radical
having from 2-12 carbon atoms and at least one
carbon-carbon triple bond. In the case where C2-C12
alkynyl has more than one carbon-carbon double bond,
the carbon-carbon double bonds can be conjugated or
unconjugated. A C2-Ci 2 alkynyl group may be
optionally substituted by at least one substituent.
Suitable substituents on a C2-C12 alkynyl group are
the same as those described for a C1-C12 alkyl group.
Examples of C2-C12 alkynyl include, but are not
limited to, ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, and the like, including
substituted forms thereof. Further, the term "alkynyl"
refers to a straight chain or branched hydrocarbon
radical of 2 to 20 carbon atoms, or 2 to 12 carbon
atoms, or 2 to 8 carbon atoms, or 2 to 6 carbon
atoms,or 2 to 4 carbon atoms, and having at least one
carbon-carbon triple bond. Alkynyl may be substituted
or unsubstituted. Suitable substituents on an alkynyl
group are the same as those described for a C1-C12
alkyl group. "Amino" refers to -NH 2. "C6-C10 aryl"
refers to an all-carbon monocyclic ring or polycyclic
ring of 6 to 10 carbon atoms having a completely
conjugated pi-electron system. A C6-C10 aryl group may
be optionally substituted by at least one substituent.
Suitable substituents on a C6-C10 aryl group are the
same as those described for a C1-C12 alkyl group.
Examples of C6-C10 aryl include, but are not limited
to, phenyl and naphthyl. Further, the term "aryl"
refers to an all-carbon monocyclic ring or polycyclic
ring of 6 to 20 carbon atoms having a completely
conjugated pi-electron system. The aryl group may be
substituted or unsubstituted. Examples of aryl
include, but are not limited to, anthracenyl,
phenanthreneyl and perylenyl. "Aralkyl" refers to
alkyl, as defined herein, that is substituted with an
C6-10 aryl group as defined above; e.g., -CH2phenyl,
-(CH2)2phenyl, -(CH2)3phenyl, CH3CH(CH3)CH2phenyl,and
the like and derivatives thereof. A C1-C6 aralkyl
refers to a C1-C6 alkyl that is substituted with a C
-C10 aryl group. "Heteroaralkyl" group means alkyl, as
defined herein, that is substituted with a 5-12
membered 



heteroaryl group; e.g., -CH2pyridinyl,
-(CH2)2pyrimidinyl, -(CH2)3imidazolyl, and the like,
and derivatives thereof. A C1-C6 heteroaralkyl refers
to a C1-C6 alkyl that is substituted with an 5-12
membered heteroaryl group. "Heteroaryl" refers to a
monocyclic or fused ring group of 5 to 12 ring atoms
containing one, two, three or four ring heteroatoms
selected from N, O, and S, the remaining ring atoms
being C, and, in addition, having a completely
conjugated pi-electron system. Examples, without
limitation, of unsubstituted heteroaryl groups are
pyrrole, furan, thiophene, imidazole, oxazole,
thiazole, pyrazole, pyridine, pyrimidine, quinoline,
isoquinoline, purine, tetrazole, triazine, and
carbazole. The heteroaryl group may be substituted or
unsubstituted. Typical substituents include C1-12
aliphatic, 3-10 membered heterocycle, 6-10 membered
aryl, halide, -NO2, NH2, NR2, -CN, -COR, -COOR,
-CONR2, -OH, -OR, - OCOR, -SR, -SOR, -SO2R, -SONR2,
-SO2NR2, wherein R is a C1-10 aliphatic, 3-10 membered
heterocycle, C6-I 0 aryl, 5-10 membered heteroaryl. A
"pharmaceutically acceptable heteroaryl" is one that
is sufficiently stable to be attached to a compound of
the invention, formulated into a pharmaceutical
composition and subsequently administered to a patient
in need thereof. Examples of typical monocyclic
heteroaryl groups include, but are not limited to: H H
H N S N N- O O O 1 > pyrrole furan thiophene pyrazole
imidazole (pyrrolyl) (furanyl) (thiophenyl)
(pyrazolyl) (imidazolyl) H . O S S- Ns isoxazole oxaz
> ole isothiazole thiazolyl 1,2 ,3-triazole
(isoxazolyl) (oxazolyl) (isothiazolyl) (thiazolyl) ( 1
,2,3-triazolyl)1,3,4-triazole 1-oxa-2,3-diazole
1-oxa-2,4-diazole 1-oxa-2,5-diazole (1,3,4-triazolyl)
(1-oxa-2,3-diazolyl) (1-oxa-2,4-diazolyl)
(1-oxa-2,5-diazolyl) 1-oxa-3,4-diazole
1-thia-2,3-diazole 1-thia-2,4-diazole
1-thia-2,5-diazole (1-oxa-3,4-diazolyl)
(1-thia-2,3-diazolyl) (1-thia-2,4-diazolyl)
(1-thia-2,5-diazolyl) 1-thia-3,4-diazole tetrazole
pyridine pyridazine pyrimidine (1-thia-3,4-diazolyl)
(tetrazolyl) (pyridinyl) (pyridazinyl) (pyrimidinyl)
pyrazine 1,3,5-triazine (pyrazinyl) triazinyl Examples
of bicyclic heteroaryl groups include, but are not
limited to: benzofuran benzothiophene indole
benzimidazole (benzofuranyl) (benzothiophenyl)
(indolyl) (benzimidazolyl) (indazolyl) benzotriazole
pyrrolo[2,3-b]pyridine pyrrolo[2,3-c]pyridine
pyrrolo[3,2-c]pyridine (ben^otriazolyl)
(pyrrolo[2,3-b]pyridinyl) (pyrrolo[2,3-c]pyridinyl)
(pyrrolo[3,2-c]pyridinyl) pyrrolo[3,2-b]pyridine
imidazo[4,5-b]pyridine imidazo[4,5-c]pyridine
pyrazolo[4,3-d]pyridine (pyrrolo[3,2-b]pyridinyl)
(imidazo[4,5-b]pyridinyl) (imidazo[4,5-c]pyridinyl)
(pyrazolo[4,3-d]pyidinyl) pyrazolo[4,3-c]pyridine
pyrazolo[3,4-c]pyridine pyrazolo[3,4-b]pyridine
isoindole (pyrazolo[4,3-c]pyidinyl)
(pyrazolo[3,4-c]pyidi pyl) (pyrazolo[3,4-b]pyidinyl)
(isoindolyl)indazole purine indolizine imidazo[1
,2-a]pyridine imidazo[1 ,5-a]pyridine (indazolyl)
(purinyl) (indolininyl) (imidazo[1 ,2-a]pyridinyl)
(imidazo[1 ,5-a]pyridinyl) pyrazolo[1 ,5-a]pyridine
pyrrolo[1 ,2-b]pyridazine imidazo[1 ,2-c]pyrimidipe
thienopyrimidine (pyrazolo[1 ,5-a]pyridinyl)
(pyrrolo[1-2,b]pyridazinyl) (imidazo[1
,2-c]pyrimidinyl) (thienopyrimidinyl) thienopyrimidine



(thienopyrimidinyl) quinoline isoquinoline cinnoline
quinazoline (quinolinyl) (isoquinolinyl) (cinnolinyl)
(azaquinazoline) quinoxaline phthalazine
1,6-naphthyridine 1,7-naphthyridine (quinoxalinyl)
(phthalazinyl) (1,6-naphthyridinyl)
(1,7-naphthyridinyl) 1,8-naphthyridine
1,5-naphthyridine 2,6-naphthyridine 2,7-naphthyridine
( 1,8-naphthyridinyl) ( 1 ,5-naphthyridinyl)
(2,6-naphthyridinyl) (2,7-naphthyridinyl)
pyrido[3,2-d]pyrimidine pyrido[4,3-d]pyrimidine
pyrido[3,4-d]pyrimidine (pyrido[3,2-d]pyrimidinyl)
(pyrido[4,3-d]pyrimidinyl) (pyrido[3,4-d]pyrimidinyl)
pyrido[2,3-d]pyrimidine pyri ,3-b]pyrazine pyri
,4-b]pyrazine (pyrido[2,3-d]pyrimidiny[)
(pyrido[2,3-b]pyrazinyl) (pyrido[3,4-b]pyrazinyl)
pyrimido[5,4-d]pyrimidine pyrazino[2,3-b]pyrazine
pyrimido[4,5-d]pyrimidine (pyrimido[5,4-d]pyrimidinyl)
(pyrazino[2,3-b]pyrazinyl)
(pyrimido[4,5-d]pyrimidinyl)"Heteroalicyclic" o r
"heterocyclyl" refers to a monocyclic o r polycyclic
group having having from 3 to 12 ring atoms, wherein
from 1 to 4 ring atoms are heteroatoms selected from N
, O , and S . "Heteroalicyclic" o r "heterocyclyl" may
also have one o r more double bonds. However,
"Heteroalicyclic" o r "heterocyclyl" d o not have a
completely conjugated pi-electron system.
"Heteroalicyclic" o r "heterocyclyl" can b e
substituted o r unsubstituted. Typical substituents
include, but are not limited to, C 1-Ci 2 aliphatic, 6
- 10 membered aryl, 6-1 0 membered aryl, haiide, -NO 2
, N H2 , N R2 , -CN, -COR, -COOR, -CONR 2 , -OH, -OR,
-OCOR, -SR, -SOR, -SO 2R , wherein R is a C 1-C 10
alkyl, 3-10 member heterocyclyl, C 6-C 10 aryl, 5-10
member heteroaryl. Examples o f saturated heterocyclyl
groups include, but are not limited to: oxirane
tthhiiaarraannee aazziirriiddiinnee ooxxeettaannee
tthhiiaattaannee aazzeettiiddiinnee tetrahydrofuran
(oxiranyl) (thiaranyl) (aziridinyl) (oxetanyl)
(thiatanyl) (azetidinyl) (tetrahydrofuranyl) tetr ah
roth iophene pyrrolidine tetrahy dropyran tetra
hydrothiopyran (tetrahyd rothiophenyl) (pyrrolidinyl)
(tetrahydropyranyl) (tetrahyd rothiopyranyl) p
morpholine 1,4-dithiane (piperidinyl) ( 1 ,4-dioxanyl)
(1 ,4-oxathianyl) (morpholinyl) ( 1 ,4-dithianyl)
piperazine 1,4-azathiane oxepane thiepane azepane
(piperazinyl) (1,4-azathianyl) (oxepanyl) (thiepanyl)
(azepanyl) 1,4-dioxepane 1,4-oxathiepane
1,4-oxaazepane 1,4-dithiepane (1,4-dioxepanyl) (1
,4-oxathiepanyl) ( 1,4-oxaazepanyl) ( 1
,4-dithiepanyI) 1,4-thieazepane 1,4-diazepane tropane
(1 ,4-thieazepanyl) (1,4-diazepanyl) (tropanyl)
Examples o f partially unsaturated heterocyclyl groups
include, but are not limited to: 3,4-dihydro-2H-pyran
5,6-dihydro-2H-pyran 2 -pyran (3,4-dihydro-2H-pyranyl)
(5,6-dihydro-2H-pyranyl)
(2H-pyranyl)1,2,3,4-tetrahydropyridine
1,2,5,6-tetrahydropyridine
(1,2,3,4-tetrahydropyridinyl) ( 1
,2,5,6-tetrahydropyridinyl) When "ene" is added after
"yl" at the end a term to form a new term, the new
term refers to a diradical formed by removing one
hydrogen atom from the original term of which the new
term derived from. For example, an alkylene refers to
a diradical group formed by removing one hydrogen atom
from an alkyl group and that a "methylene" refers to a
divalent radical -CH2- derived from removing one
hydrogen atom from methyl. More examples of such
diradicals include, but are not limited to:
alkenylene, alkynylene, cycloalkylene, phenylene,
heterocyclylene, heteroarylene and (nonaromatic
unsaturated carbocyclylene), which are derived from
alkenyl, alkynyl, cycloalkyl, phenyl, heterocyclyl,
heteroaryl and (nonaromatic unsaturated carbocyclyl),
respectively. For example, "cyclopropylene" refers to
both and _ For example, "C1-C3 alkylene" refers to all
of the following: -CH 2- , -CH(CH3)-, -CH2- 



CH2- , -CH2-CH2-CH2-, -CH(CH3)-CH2- and -CH(CH 2CH3)-.
"oxo" refers to an oxygen double bond "=O"
substitution. "Hydroxy" refers to -OH.
"Perfluoroalkyl" refers to an alkyl group in which all
of its hydrogen atoms are replaced by fluorine atoms.
"Optional" or "optionally" means that the subsequently
described event or circumstance may but need not
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. For example, "heterocycle group
optionally substituted with an alkyl group" means that
the alkyl may but need not be present, and the
description includes situations where the heterocycle
group is substituted with an alkyl group and
situations where the heterocycle group is not
substituted with the alkyl group. A "pharmaceutical
composition" refers to a mixture of one or more of the
compounds described herein, or
physiologically/pharmaceutically acceptable salts,
solvates, hydrates or prodrugs thereof, with other
chemical components, such as
physiologically/pharmaceutically acceptable carriers
and excipients. The purpose of a pharmaceutical
composition is to facilitate administration of a
compound to an organism. As used herein, a
"physiologically/pharmaceutically acceptable carrier"
refers to a carrier or diluent that does not cause
significant irritation to an organism and does not
abrogate the biological activity and properties of the
administered compound. A "pharmaceutically acceptable
excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate
administration of a compound. Examples, without
limitation, of excipients include calcium carbonate,
calcium phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols. As used herein, the term
"pharmaceutically acceptable salt" refers to those
salts that retain the biological effectiveness and
properties of the parent compound. Such salts
include:(1) acid addition salts, which can be obtained
by reaction of the free base of the parent compound
with inorganic acids such as hydrochloric acid,
hydrobromic acid, nitric acid, phosphoric acid,
sulfuric acid, and perchloric acid and the like, or
with organic acids such as acetic acid, oxalic acid,
(D) or (L) malic acid, maleic acid, methanesulfonic
acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid, tartaric acid, citric acid, succinic
acid or malonic acid and the like; or (2) salts formed
when an acidic proton present in the parent compound
either is replaced by a metal ion, e.g., an alkali
metal ion, an alkaline earth ion, or an aluminum ion;
or coordinates with an organic base such as
ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. "PK"
refers to receptor protein tyrosine kinase (RTKs),
non-receptor or "cellular" tyrosine kinase (CTKs) and
serine-threonine kinases (STKs). "Modulation" or
"modulating" refers to the alteration of the catalytic
activity of RTKs, CTKs and STKs. In particular,
modulating refers to the activation of the catalytic
activity of RTKs, CTKs and STKs, preferably the
activation or inhibition of the catalytic activity of
RTKs, CTKs and STKs, depending on the concentration of
the compound or salt to which the RTK, CTK or STK is
exposed or, more preferably, the inhibition of the
catalytic activity of RTKs, CTKs and STKs. "Catalytic
activity" refers to the rate of phosphorylation of
tyrosine under the influence, direct or indirect, of
RTKs and/or CTKs or the phosphorylation of serine and
threonine under the influence, direct or indirect, of
STKs. "Contacting" refers to bringing a compound of
the present teachings and a target PK together in such
a manner that the compound can affect the catalytic
activity of the PK, either directly, i.e., by
interacting with the kinase itself, or indirectly,
i.e., by interacting with another molecule on which
the catalytic activity of the kinase is dependent.
Such "contacting" can be accomplished "in vitro,"
i.e., in a test 



tube, a petri dish or the like. In a test tube,
contacting may involve only a compound and a PK of
interest or it may involve whole cells. Cells may also
be maintained or grown in cell culture dishes and
contacted with a compound in that environment. In this
context, the ability of a particular compound to
affect a PK related disorder, i.e., the IC50 of the
compound, can be determined before use of compounds in
vivo with more complex living organisms is attempted.
For cells outside the organism, multiple methods
exist, and are well-known to those skilled in the art,
to get the PKs in contact with the compounds
including, but not limited to, direct cell
microinjection and numerous transmembrane carrier
techniques. "In vitro" refers to procedures performed
in an artificial environment such as, e.g., without
limitation, in a test tube or culture medium. "In
vivo" refers to procedures performed within a living
organism such as, without limitation, a mouse, rat or
rabbit. "PK related disorder," "PK driven disorder,"
and "abnormal PK activity" all refer to a condition
characterized by inappropriate, i.e., under or, more
commonly, over, PK catalytic activity, where the
particular PK can be an RTK, a CTK or an STK.
Inappropriate catalytic activity can arise as the
result of either: (1) PK expression in cells which
normally do not express PKs, (2) increased PK
expression leading to unwanted cell proliferation,
differentiation and/or growth, or, (3) decreased PK
expression leading to unwanted reductions in cell
proliferation, differentiation and/or growth.
Over-activity of a PK refers to eitheramplification of
the gene encoding a particular PK or production of a
level of PK activity which can correlate with a cell
proliferation, differentiation and/or growth disorder
(that is, as the level of the PK increases, the
severity of one or more of the symptoms of the
cellular disorder increases). Under-activity is, of
course, the converse, wherein the severity of one or
more symptoms of a cellular disorder increase as the
level of the PK activity decreases. "Treat",
"treating" and "treatment" refer to a method of
alleviating or abrogating a PK mediated cellular
disorder and/or its attendant symptoms. With regard
particularly to cancer, these terms simply mean that
the life expectancy of an individual affected with a
cancer will be increased or that one or more of the
symptoms of the disease will be reduced. "Organism"
refers to any living entity comprised of at least one
cell. A living organism can be as simple as, for
example, a single eukariotic cell or as complex as a
mammal, including a human being. "Therapeutically
effective amount" refers to that amount of the
compound being administered which will relieve to some
extent one or more of the symptoms of the disorder
being treated. In reference to the treatment of
cancer, a therapeutically effective amount refers to
that amount which has at least one of the following
effects: (1) reducing the size of the tumor; (2)
inhibiting (that is, slowing to some extent,
preferably stopping) tumor metastasis; (3) inhibiting
to some extent (that is, slowing to some extent,
preferably stopping) tumor growth, and (4) relieving
to some extent (or, preferably, eliminating) one or
more symptoms associated with the cancer. "Monitoring"
means observing or detecting the effect of contacting
a compound with a cell expressing a particular PK. The
observed or detected effect can be a change in cell
phenotype, in the catalytic activity of a PK or a
change in the interaction of a PK with a natural
binding partner. Techniques for observing or detecting
such effects are well-known in the art. The effect is
selected from a change or an absence of change in a
cell phenotype, a change or absence of change in the
catalytic activity of said protein kinase or a change
or absence of change in the interaction of said
protein kinase with a natural binding partner in a
final aspect of this invention. "Cell phenotype"
refers to the outward appearance of a cell or tissue
or the biological function of the cell or tissue.
Examples, without limitation, of a cell phenotype are
cell size, cell growth, cell 



proliferation, cell differentiation, cell survival,
apoptosis, and nutrient uptake and use. Such
phenotypic characteristics are measurable by
techniques well-known in the art. "Natural binding
partner" refers to a polypeptide that binds to a
particular PK in a cell. Natural binding partners can
play a role in propagating a signal in a PK-mediated
signal transduction process. A change in the
interaction of the natural binding partner with the PK
can manifest itself as an increased or decreased
concentration of the PK/natural binding partner
complex and, as a result, in an observable change in
the ability of the PK to mediate signal transduction.
Detailed Description Compounds of formulas l-VIl can
be made following the synthetic routes in Scheme 1 and
Scheme 2. In Scheme 1 and Scheme 2 and the
descriptions following, "BOC", "Boc" or "boc" means
Nterf-butoxycarbonyl, DCM means CH2CI2, DIPEA (also
known as Hunig's base) means diisopropyl ethyl amine,
DMA means N.N-dimethylacetamide, "DMF" means dimethyl
formamide, "DMSO" means dimethylsulfoxide, Et means
-CH2CH3, "MTBE" means methyl t-butyl ether, NMP means
1-methyl-2- pyrrolidinone, TEA means triethyl amine,
TFA means trifluoro acetic acid, THF means
tetrahydrofuran. While schemes 1 and 2 and the
description refer to compound I1schemes 1 and 2 and
the description are equally applicable to compounds
II, III, IV , V, Vl and VII. Scheme 1 2H I(D) I(F)
I(G) I(H)Scheme 2 Scheme 1 illustrates the synthesis
of the intermediate I(H) used to make compounds of
formula I. The amino group of the substituted amino
acid I(A) is alkylated to give compound I(B). This can
typically be done by treating compound I(A) with an
alkylating agent in the presence of a base. An
activated electrophilic double bond moiety is a
commonly used alkylating reagent. A typical reaction
condition of alkylating I(A) with an activated
electrophilic double bond moiety is to treat I(A) with
the activated double bond moiety in the presence of a
strong base. Subsequent aqueous work up affords
compound I(B). The amino group of compound I(B) is
then protected with a boc group to give compound I(C).
This can typically be done by treating compound I(B)
with Boc agent in the presence of a base. A typical
condition is to treat compound I(B) with (Boc) 2O in
the presence of Me4NOH in MeCN as a solvent. The
carboxylic acid group of compound I(C) is then
converted into a methyl ester of compound I(D). A
typical condition of converting the carboxylic acid
group into the methyl ester group is to treat I(C)
with methyl iodide in DMF in the presence of a base.
Compound I(D) then undergoes an intramolecular aldol
condensation to give compound I(F). This can typically
be done by treating compound I(D) with a strong base
in an aproticsolvent. A typical condition is to treat
compound l(D) with t-BuOK in toluene. Subsequent
aqueous workup gives compound I(F). Compound I(F) then
undergoes a 2+3 cyclization with a hydrazine moiety to
form compound I(G). A typical condition of the
cyclization is to reflux compound I(F) with hydrazine
and acetic acid in EtOH. The free base pyrazole
nitrogen of compound I(G) is then acylated to give
compound I(H). A typical condition of the acylation is
to treat compound I(G) with chloro ethyl carbonate in
THF. More detailed synthetic conditions of Scheme 1
can be found in U.S. Patent Application Publication
No. 2003/0171357 and PCT Publication WO 02/12242, the
disclosure of which are incorporated herein by
reference. Scheme 2 illustrates two routes through
which compounds of formula I can be made from
intermediate I(H). In the first route of Scheme 2, the
ethyl ester protecting group of the pyrazole nitrogen
of I(H) is cleaved to give compound H(A). This
reaction can typically be carried out by treating the
substrate I(H) with a base. A typical reaction
condition is to reflux the substrate I(H) in dioxane
and DCM in the presence of 2-3 equivalents of LiOH
followed by aqueous workup. Compound M(A) undergoes a
nucleophilic reaction with an electrophilic R1 moiety
to give compound H(B). This nucleophilic reaction can
be alkylation, acylation, sulfonylation, reductive
amination, and many other reactions that can be 



carried out for the pyrazole amino group of compound
H(A). A typical alkylation condition for the
transformation of H(A) to H(B) is to react H(A) with
R1-CI in the presence of excess base, such as DMA and
TEA at an elevated temperature of 80 - 140 C, and
optionally under microwave radiation. Subsequent
aqueous workup gives compound H(B). The Boc group on
the pyrrole nitrogen of compound H(B) is then removed
to give compound N(C). This can typically be done by
treating H(B) with a strong acid. A typical condition
is to treat compound H(B) with 1:1 TFA : DCM at room
temperature for two hours. Subsequent aqueous work up
affords compound H(C). Alternatively, the
transformation of compound N(A) to compound H(C) can
be carried out in a single step. The alkylation of
compound H(A) and the removal of the boc protecting
group of the pyrrole nitrogen can be carried out in an
one pot reaction. A typical reaction condition is to
mix substrate H(A) with the alkylating reagent R1-CI,
excess DMA, one equivalent HCI, in dioxane at an
elevated temperature and under microwave radiation.
Compound H(C) then undergoes a nucleophilic reaction
with an R4 electrophile to give compound I. The
nucleophilic reaction can be alkylation, acylation,
sulfonylation, reductive amination and other reactions
that a secondary alkyl amine can carry out. An
acylation reaction of compound H(C) can be carried out
by reacting compound H(C) with an acylating R4 moiety.
A typical acylation reaction condition is to react
H(C) with an isocyanate R4 moiety in the presence of
TEA at room temperature. Subsequent aqueous workup
gives compound I . In the second route of Scheme 2,
the boc group on the pyrrole nitrogen is removed to
give compound IH(A). The can typically be carried out
by treating compound I(H) with a strong acid. A
typical reaction condition is to treat compound I(H)
with 4N HCI in dioxane and DCM. Subsequent aqueous
workup affords compound IH(A). Compound HI(A) can then
undergoes a nucleophilic reaction with an R4
electrophile give compound IH(B). Because the -NH 2
group attached to the pyrazole in compound IH(A) is
less reactive than the pyrrole nitrogen of IH(A), the
transformation of IH(A) to IH(B) can be carried out
without protecting the pyrazole -NH 2 group of
compound IH(A). The nucleophilic reaction carried out
for this transformation can be an alkylation,
acylation, sulfonylation, reductive amination.
Relative mild reaction conditions are preferred to
achieve the reaction selectivity. An acylation
reaction of IH(A) to giveIH(B) is carried out by
treating compound IH(A) with an acylating reagent in
the presence of base. A typical reaction condition is
to mix compound IH(A) with excess of base, such as
DIPEA in DCM and adding the resulting solution to an
isocyanate at 00C. The reaction mixture is held at 00C
for about two hours for the reaction to go complete.
Subsequent aqueous workup gives compound IH(B).
Selective acylation of the pyrrole nitrogen in the
presence of the unprotected -NH 2 attached to the
pyrazole to obtain compound HI(B) can also be done
from compound I(H), through the intermediate of IH(D).
The pyrrole nitrogen of I(H) is deprotected and
further acylated to give compound HI(D). This can be
done by treating compound I(H) with a strong acid,
reducing the reaction mixture to a residue and then
reacting the residue with an acylating agent. A
typical reaction condition is to treat compound I(H)
with 4N HCI in dioxane at room temperature for two
hours and subsequently remove all solvent. The residue
is dissolved and basified by a base such as DIPEA. The
resulting solution is then added to triphosgene at 0C
. The reaction mixture is allowed to stir at O0C for
an hour. Subsequent aqueous work up affords compound
HI(D). The crude compound IH(D) then reacts with a
nucleophile to give compound IH(B). A typical reaction
condition is to mix compound IH(D) with a R4
nucleophilic amine moiety in the presence of a
non-nucleophilic amine in DCM at room temperature. The
reaction mixture is be held at room temperature for
about two hours. Subsequent aqueous workup afford
compound IH(B). The ethyl ester protecting group on
the pyrazole nitrogen of compound IM(B) is removed to
give the free base compound HI(C). This can typically
be done by treating compound IH(B) with a base. A
typical reaction condition is to reflux compound IH(B)
in dioxane and DCM in the presence of 2-3 equivalents
of LiOH. Subsequent aqueous workup affords compound
IH(C). Compound IH(C) then undergoes a nucleophilic
reaction with an R1 electrophile moiety. This
nucleophilic reaction can be an acylation, alkylation,
sulfonylation, reductive amination or one of many
other reactions that an amine 



functionality carries out. A typical alkylation
reaction condition is to treating compound IH(C) with
an alkylating agent such as R1-CI, in the presence of
a base such as 2 equivalents of DMA, in a solvent such
as NMP, the reaction mixture is then heated under
microwave radiation to 1400C for hour hours.
Subsequent aqueous workup and purification gives
compound of formula I. Unless indicated otherwise, all
references herein to the inventive compounds include
references to salts, solvates, hydrates and complexes
thereof, and to solvates, hydrates and complexes of
salts thereof, including polymorphs, stereoisomers,
and isotopically labeled versions thereof.
Pharmaceutically acceptable salts include acid
addition and base salts (including disalts). Suitable
acid addition salts are formed from acids which form
non-toxic salts. Examples include the acetate,
aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/sulfate, borate, camsylate, citrate,
edisylate, esylate, formate, fumarate, gluceptate,
gluconate, glucuronate, hexafluorophosphate,
hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate,
lactate, malate, maleate, malonate, mesylate,
methylsulfate, naphthylate, 2-napsylate, nicotinate,
nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, tartrate, tosylate
and trifluoroacetate salts. Suitable base salts are
formed from bases which form non-toxic salts. Examples
include the aluminum, arginine, benzathine, calcium,
choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium,
tromethamine and zinc salts.For a review on suitable
salts, see "Handbook of Pharmaceutical Salts:
Properties, Selection, and Use" by Stahl and Wermuth
(Wiley-VCH, Weinheim, Germany, 2002), the disclosure
of which is incorporated herein by reference in its
entirety. A pharmaceutically acceptable salt of the
inventive compounds can be readily prepared by mixing
together solutions of the compound and the desired
acid or base, as appropriate. The salt may precipitate
from solution and be collected by filtration or may be
recovered by evaporation of the solvent. The degree of
ionization in the salt may vary from completely
ionized to almost non-ionized. The compounds of the
invention may exist in both unsolvated and solvated
forms. The term 'solvate' is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when the solvent is water.
Pharmaceutically acceptable solvates in accordance
with the invention include hydrates and solvates
wherein the solvent of crystallization may be
isotopically substituted, e.g. D2O, d6-acetone,
db-DMSO. Also included within the scope of the
invention are complexes such as clathrates, drug-host
inclusion complexes wherein, in contrast to the
aforementioned solvates, the drug and host are present
in stoichiometric or non-stoichiometric amounts. Also
included are complexes of the drug containing two or
more organic and/or inorganic components which may be
in stoichiometric or non-stoichiometric amounts. The
resulting complexes may be ionized, partially ionized,
or non-ionized. For a review of such complexes, see J
Pharm Sci, 64 (8), 1269-1288 by Haleblian (August
1975), the disclosure of which is incorporated herein
by reference in its entirety. Also within the scope of
the invention are polymorphs, prodrugs, and isomers
(including optical, geometric and tautomeric isomers)
of the inventive compounds Derivatives of compounds of
the invention which may have little or no
pharmacological activity themselves but can, when
administered to a patient, be converted into the
inventive compounds, for example, by hydrolytic
cleavage. Such derivatives are referred to as
'prodrugs'. Further information on the use of prodrugs
may be found in 'Pro-drugs as Novel Delivery Systems,
Vol. 14, ACS Symposium Series (T Higuchi and W Stella)
and 'Bioreversible Carriers in Drug Design', Pergamon
Press, 1987 (ed. E B Roche, American Pharmaceutical
Association), the disclosures of which are
incorporated herein by reference in their entireties. 



Prodrugs in accordance with the invention can, for
example, be produced by replacing appropriate
functionalities present in the inventive compounds
with certain moieties known to those skilled in the
art as 'pro-moieties' as described, for example, in
"Design of Prodrugs" by H Bundgaard (Elsevier, 1985),
the disclosure of which is incorporated herein by
reference in its entirety. Some examples of prodrugs
in accordance with the invention include: (i) where
the compound contains a carboxylic acid functionality
(-COOH), an ester thereof, for example, replacement of
the hydrogen with (C C8)alkyl; (ii) where the compound
contains an alcohol functionality (-OH), an ether
thereof, for example, replacement of the hydrogen with
(Ci-C 6)alkanoyloxymethyl; and(Ni) where the compound
contains a primary or secondary amino functionality
(-NH2 or -NHR where R  H), an amide thereof, for
example, replacement of one or both hydrogens with
(C1- Cio)alkanoyl. Further examples of replacement
groups in accordance with the foregoing examples and
examples of other prodrug types may be found in the
aforementioned references. Finally, certain inventive
compounds may themselves act as prodrugs of other of
the inventive compounds. Compounds of the invention
containing one or more asymmetric carbon atoms can
exist as two or more stereoisomers. Where a compound
of the invention contains an alkenyl or alkenylene
group, geometric cis/trans (or ZJE) isomers are
possible. Where the compound contains, for example, a
keto or oxime group or an aromatic moiety, tautomeric
isomerism ('tautomerism') can occur. A single compound
may exhibit more than one type of isomerism. Included
within the scope of the invention are all
stereoisomers, geometric isomers and tautomeric forms
of the inventive compounds, including compounds
exhibiting more than one type of isomerism, and
mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, D-lactate or L-lysine,
or racemic, for example, DL-tartrate or DL-arginine.
Cisltrans isomers may be separated by conventional
techniques well known to those skilled in the art, for
example, chromatography and fractional
crystallization. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound contains an acidic or basic moiety,
an acid or base such as tartaric acid or
1-phenylethylamine. The resulting diastereomeric
mixture may be separated by chromatography and/or
fractional crystallization and one or both of the
diastereoisomers converted to the corresponding pure
enantiomer(s) by means well known to one skilled in
the art. Chiral compounds of the invention (and chiral
precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% isopropanol,
typically from 2 to 20%, and from 0 to 5% of an
alkylamine, typically 0.1% diethylamine. Concentration
of the eiuate affords the enriched mixture.
Stereoisomeric conglomerates may be separated by
conventional techniques known to those skilled in the
art; see, for example, "Stereochemistry of Organic
Compounds" by E L Eliel (Wiley, New York, 1994), the
disclosure of which is incorporated herein by
reference in its entirety. The invention also includes
isotopically-labeled compounds of the invention,
wherein one or more atoms is replaced by an atom
having the same atomic number, but an atomic mass or
mass number 



different from the atomic mass or mass number usually
found in nature. Examples of isotopes suitable for
inclusion in the compounds of the invention include
isotopes of hydrogen, such as 2H and 3H, carbon,such
as 11C, 13C and 14C, chlorine, such as 36CI, fluorine,
such as 18F, iodine, such as 123I and 125I, nitrogen,
such as 13N and 15N, oxygen, such as 15O, 17O and 18O,
phosphorus, such as 32P, and sulfur, such as 35S.
Certain isotopically-labeled compounds of the
invention, for example, those incorporating a
radioactive isotope, are useful in drug and/or
substrate tissue distribution studies. The radioactive
isotopes tritium, 3H, and carbon-14, 14C, are
particularly useful for this purpose in view of their
ease of incorporation and ready means of detection.
Substitution with heavier isotopes such as deuterium,
2H, may 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. Substitution with positron emitting
isotopes, such as 11C, 18F, 15O and 13N, can be useful
in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy.
Isotopically-labeled compounds of the invention can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
to those described herein, using an appropriate
isotopically-labeled reagent in place of the
non-labeled reagent otherwise employed.
Pharmaceutically acceptable solvates in accordance
with the invention include those wherein the solvent
of crystallization may be isotopically substituted,
e.g. D2O, d6-acetone, d6-DMSO. Compounds of the
invention intended for pharmaceutical use may be
administered as crystalline or amorphous products, or
mixtures thereof. They may be obtained, for example,
as solid plugs, powders, or films by methods such as
precipitation, crystallization, freeze drying, spray
drying, or evaporative drying. Microwave or radio
frequency drying may be used for this purpose. The
compounds can be administered alone or in combination
with one or more other compounds of the invention, or
in combination with one or more other drugs (or as any
combination thereof). Generally, they will be
administered as a formulation in association with one
or more pharmaceutically acceptable excipients. The
term "excipient" is used herein to describe any
ingredient other than the compound(s) of the
invention. The choice of excipient will to a large
extent depend on factors such as the particular mode
of administration, the effect of the excipient on
solubility and stability, and the nature of the dosage
form. Pharmaceutical compositions suitable for the
delivery of compounds of the invention and methods for
their preparation will be readily apparent to those
skilled in the art. Such compositions and methods for
their preparation can be found, for example, in
'Remington's Pharmaceutical Sciences', 19th Edition
(Mack Publishing Company, 1995), the disclosure of
which is incorporated herein by reference in its
entirety. Oral Administration The compounds of the
invention may be administered orally. Oral
administration may involve swallowing, so that the
compound enters the gastrointestinal tract, or buccal
or sublingual administration may be employed by which
the compound enters the blood stream directly from the
mouth. Formulations suitable for oral administration
include solid formulations such as tablets, capsules
containing particulates, liquids, or powders, lozenges
(including liquid-filled), chews, multi- and
nanoparticulates, gels, solid solution, liposome,
films (including muco-adhesive), ovules, sprays and
liquid formulations.Liquid formulations include
suspensions, solutions, syrups and elixirs. Such
formulations may be used as fillers in soft or hard
capsules and typically include a carrier, for example,
water, ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid
formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.
The compounds of the invention may also be used in
fast-dissolving, fast-disintegrating dosage forms such
as those described in Expert Opinion in Therapeutic
Patents, H (6), 981-986 by Liang and 



Chen (2001), the disclosure of which is incorporated
herein by reference in its entirety. For tablet dosage
forms, depending on dose, the drug may make up from 1
wt% to 80 wt% of the dosage form, more typically from
5 wt% to 60 wt% of the dosage form. In addition to the
drug, tablets generally contain a disintegrant.
Examples of disintegrants include sodium starch
glycolate, sodium carboxymethyl cellulose, calcium
carboxymethyl cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinized starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 wt% to 25 wt%, preferably from 5 wt%
to 20 wt% of the dosage form. Binders are generally
used to impart cohesive qualities to a tablet
formulation. Suitable binders include microcrystalline
cellulose, gelatin, sugars, polyethylene glycol,
natural and synthetic gums, polyvinylpyrrolidone,
pregelatinized starch, hydroxypropyl cellulose and
hydroxypropyl methylcellulose. Tablets may also
contain diluents, such as lactose (monohydrate,
spray-dried monohydrate, anhydrous and the like),
mannitol, xylitol, dextrose, sucrose, sorbitol,
microcrystalline cellulose, starch and dibasic calcium
phosphate dihydrate. Tablets may also optionally
include surface active agents, such as sodium lauryl
sulfate and polysorbate 80, and glidants such as
silicon dioxide and talc. When present, surface active
agents are typically in amounts of from 0.2 wt% to 5
wt% of the tablet, and glidants typically from 0.2 wt%
to 1 wt% of the tablet. Tablets also generally contain
lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and
mixtures of magnesium stearate with sodium lauryl
sulphate. Lubricants generally are present in amounts
from 0.25 wt% to 10 wt%, preferably from 0.5 wt% to 3
wt% of the tablet. Other conventional ingredients
include anti-oxidants, colorants, flavoring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80 wt% drug, from about 10
wt% to about 90 wt% binder, from about 0 wt% to about
85 wt% diluent, from about 2 wt% to about 10 wt%
disintegrant, and from about 0.25 wt% to about 10 wt%
lubricant. Tablet blends may be compressed directly or
by roller to form tablets. Tablet blends or portions
of blends may alternatively be wet-, dry-, or
melt-granulated, melt congealed, or extruded before
tabletting. The final formulation may include one or
more layers and may be coated or uncoated; or
encapsulated. The formulation of tablets is discussed
in detail in "Pharmaceutical Dosage Forms: Tablets,
Vol. 1", by H. Lieberman and L. Lachman, Marcel
Dekker, N.Y., N.Y., 1980 (ISBN 0-8247-691 8-X), the
disclosure of which is incorporated herein by
reference in its entirety.Solid formulations for oral
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. Suitable modified
release formulations are described in U.S. Patent No.
6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles can be found in Verma
etal, Pharmaceutical Technology On-line, 25(2), 1-14
(2001). The use of chewing gum to achieve controlled
release is described in WO 00/35298. The disclosures
of these references are incorporated herein by
reference in their entireties. Parenteral
Administration The compounds of the invention may also
be administered directly into the blood stream, into
muscle, or into an internal organ. Suitable means for
parenteral administration include intravenous,
intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal,
intracranial, intramuscular and subcutaneous. Suitable
devices for parenteral administration include needle
(including microneedle) injectors, needle-free
injectors and infusion techniques. 



Parenteral formulations are typically aqueous
solutions which may contain excipients such as salts,
carbohydrates and buffering agents (preferably to a pH
of from 3 to 9), but, for some applications, they may
be more suitably formulated as a sterile non-aqueous
solution or as a dried form to be used in conjunction
with a suitable vehicle such as sterile, pyrogen-free
water. The preparation of parenteral formulations
under sterile conditions, for example, by
lyophilization, may readily be accomplished using
standard pharmaceutical techniques well known to those
skilled in the art. The solubility of compounds of the
invention used in the preparation of parenteral
solutions may be increased by the use of appropriate
formulation techniques, such as the incorporation of
solubilityenhancing agents. Formulations for
parenteral administration may be formulated to be
immediate and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. Thus
compounds of the invention may be formulated as a
solid, semi-solid, or thixotropic liquid for
administration as an implanted depot providing
modified release of the active compound. Examples of
such formulations include drug-coated stents and PGLA
microspheres. Topical Administration The compounds of
the invention may also be administered topically to
the skin or mucosa, that is, dermally or
transdermally. Typical formulations for this purpose
include gels, hydrogels, lotions, solutions, creams,
ointments, dusting powders, dressings, foams, films,
skin patches, wafers, implants, sponges, fibers,
bandages and microemulsions. Liposomes may also be
used. Typical carriers include alcohol, water, mineral
oil, liquid petrolatum, white petrolatum, glycerin,
polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated; see, for example, J
Pharm Sci, 88 (10), 955-958 by Finnin and Morgan
(October 1999). Other means of topical administration
include delivery by electroporation, iontophoresis,
phonophoresis, sonophoresis and microneedle or
needle-free (e.g. Powderject(tm), Bioject(tm), etc.)
injection. The disclosures of these references are
incorporated herein by reference in their
entireties.Formulations for topical administration may
be formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. Inhaled/lntranasal Administration
The compounds of the invention can also be
administered intranasally or by inhalation, typically
in the form of a dry powder (either alone, as a
mixture, for example, in a dry blend with lactose, or
as a mixed component particle, for example, mixed with
phospholipids, such as phosphatidylcholine) from a dry
powder inhaler or as an aerosol spray from a
pressurized container, pump, spray, atomizer
(preferably an atomizer using electrohydrodynamics to
produce a fine mist), or nebulizer, with or without
the use of a suitable propellant, such as
1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,
3-heptafluoropropane. For intranasal use, the powder
may include a bioadhesive agent, for example, chitosan
or cyclodextrin. The pressurized container, pump,
spray, atomizer, or nebulizer contains a solution or
suspension of the compound(s) of the invention
comprising, for example, ethanol, aqueous ethanol, or
a suitable alternative agent for dispersing,
solubilizing, or extending release of the active, a
propellant(s) as solvent and an optional surfactant,
such as sorbitan trioleate, oleic acid, or an
oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronized
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or HPMC), blisters and
cartridges for use in an inhaler or insufflator may be
formulated to contain a powder mix of the compound of
the invention, a suitable 



powder base such as lactose or starch and a
performance modifier such as /-leucine, mannitol, or
magnesium stearate. The lactose may be anhydrous or in
the form of the monohydrate, preferably the latter.
Other suitable excipients include dextran, glucose,
maltose, sorbitol, xylitol, fructose, sucrose and
trehalose. A suitable solution formulation for use in
an atomizer using electrohydrodynamics to produce a
fine mist may contain from 1mg to 20mg of the compound
of the invention per actuation and the actuation
volume may vary from 1ml_ to 100mL. A typical
formulation includes a compound of the invention,
propylene glycol, sterile water, ethanol and sodium
chloride. Alternative solvents which may be used
instead of propylene glycol include glycerol and
polyethylene glycol. Suitable flavors, such as menthol
and levomenthol, or sweeteners, such as saccharin or
saccharin sodium, may be added to those formulations
of the invention intended for inhaled/intranasal
administration. Formulations for inhaled/intranasal
administration may be formulated to be immediate
and/or modified release using, for example,
poly(DL-lactic-coglycolic acid (PGLA). Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.
In the case of dry powder inhalers and aerosols, the
dosage unit is determined by means of a valve which
delivers a metered amount. Units in accordance with
the invention are typically arranged to administer a
metered dose or "puff' containing a desired mount of
the compound of the invention. Theoverall daily dose
may be administered in a single dose or, more usually,
as divided doses throughout the day.
Rectal/lntravaginal Administration Compounds of the
invention may be administered rectally or vaginally,
for example, in the form of a suppository, pessary, or
enema. Cocoa butter is a traditional suppository base,
but various alternatives may be used as appropriate.
Formulations for rectal/vaginal administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. Ocular Administration Compounds of
the invention may also be administered directly to the
eye or ear, typically in the form of drops of a
micronized suspension or solution in isotonic,
pH-adjusted, sterile saline. Other formulations
suitable for ocular and aural administration include
ointments, biodegradable (e.g. absorbable gel sponges,
collagen) and non-biodegradable (e.g. silicone)
implants, wafers, lenses and particulate or vesicular
systems, such as niosomes or liposomes. A polymer such
as crossed-linked polyacrylic acid, polyvinylalcohol,
hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted, or programmed release. Other Technologies
Compounds of the invention may be combined with
soluble macromolecular entities, such as cyclodextrin
and suitable derivatives thereof or polyethylene
glycol-containing polymers, in order to improve their
solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the
aforementioned modes of administration.
Drug-cyclodextrin complexes, for example, are found to
be generally useful for most dosage forms and
administration routes. Both inclusion and
non-inclusion complexes may be used. As an 



alternative to direct complexation with the drug, the
cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubilizer. Most
commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
PCT Publication Nos. WO 91/11172, WO 94/02518 and WO
98/55148, the disclosures of which are incorporated
herein by reference in their entireties. Dosage The
amount of the active compound administered will be
dependent on the subject being treated, the severity
of the disorder or condition, the rate of
administration, the disposition of the compound and
the discretion of the prescribing physician. However,
an effective dosage is typically in the range of about
0.001 to about 100 mg per kg body weight per day,
preferably about 0.01 to about 35 mg/kg/day, in single
or divided doses. For a 70 kg human, this would amount
to about 0.07 to about 7000 mg/day, preferably
about0.7 to about 2500 mg/day. In some instances,
dosage levels below the lower limit of the aforesaid
range may be more than adequate, while in other cases
still larger doses may be used without causing any
harmful side effect, with such larger doses typically
divided into several smaller doses for administration
throughout the day. Kit-of-Parts Inasmuch as it may
desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at least one of which
contains a compound in accordance with the invention,
may conveniently be combined in the form of a kit
suitable for coadministration of the compositions.
Thus the kit of the invention includes two or more
separate pharmaceutical compositions, at least one of
which contains a compound of the invention, and means
for separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack
used for the packaging of tablets, capsules and the
like. The kit of the invention is particularly
suitable for administering different dosage forms, for
example, oral and parenteral, for administering the
separate compositions at different dosage intervals,
or for titrating the separate compositions against one
another. To assist compliance, the kit typically
includes directions for administration and may be
provided with a memory aid. Examples In the following
examples and preparations, "BOC", "Boc" or "boc" means
N-terf-butoxycarbonyl, DCM means CH2CI2, DIPEA or DIEA
means diisopropyl ethyl amine, DMA means
N,N-dimethylacetamide, "DMF" means dimethyl formamide,
"DMSO" means dimethylsulfoxide, "DPPP" means 1,3-
bis(diphenylphosphino)propane, "HOAc" means acetic
acid, "IPA" means isopropyl alcohol. "MTBE" means
methyl t-butyl ether, "NMP" means 1-methyl
2-pyrrolidinone, TEA means triethyl amine, TFA means
trifluoro acetic acid. Specific examples : Example 1:
b-dimethyl-W-ttrans^-phenylcyclopropyll-S-tthienoES.Z-
dlpyrimidin^-ylaminoJA -
dihydropyrrolo[3,4-c]pyrazole-5(1W)-carboxamide.
Preparation of Compound 1a:
L/-(6,6-dimethyl-1,4,5,6-tetrahydropyrrolo[3,4-c]pyraz
ol-3- yl)thieno[3,2~d]pyrimidin-4-amine. To a stirring
solution of ferf-butyl
3-amino-6,6-dimethyl-4,6-dihydropyrrolo[3,4-c]pyrazole
-5(1H)- carboxylate (0.62g, 2.46 mmol) in DMA (3mL)
was added 4-chlorothieno[3,2-c/]pyrimidine(0.44g,
1.05eq) and 4N HCI solution in 1,4-dioxane (0.65ml,
1.05eq). The resulting mixture was heated to 1400C for
0.5hours in microwave reactor. It was cooled to room
temperature and the compound 1a was precipitated.
Filtration and washing with CH2CI2 provided compound
1a as a yellow solid (0.48 g, 68% yield). Compound 1a
was directly carried onto the next reaction without
further purification. LCMS (API-ES, M+H+): 287.0. To a
stirring mixture compound 1a(0.12g, 0.42mmol), and TEA
(0.1 17ml, 2eq) in DMSO (1ml) and CH2CI2 



(2ml) was added trans-2-phenylcyclopropyl isocyanate
(0.068ml, 1.1eq). The resulting mixture was stirred at
room temperature for 2h. The reaction mixture was
purified by prep-HPLC to provide the title compound 1
as a white solid (0.01 9g, 10%). 1H NMR (CD3OD) d:
1.06 (m, 1H), 1.11 (m, 1H), 1.68 (d, J=4.04 Hz, 6 H),
1.98 (m, 1 H), 2.69 (m, 1 H), 4.43 (s, 2 H), 7.01 -
7.07 (m, 3 H), 7.11 - 7.17 (m, 2 H), 7.34 (d, J=5.56
Hz, 1 H), 8.04 (d, J=5.31 Hz, 1 H), 8.59 (s, 1 H).
Anal. (C23H23N7OS-CSHOACO-SH 2O) C, H, N. HPLC: >95%
purity. Example 2:
3-[(2-chlorothieno[3,2-d]pyrimidin-4-yl)amino]-6,6-dim
ethyl- L/-[trans-2-
phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-c]pyrazole-5
(1W)-carboxamide. 2a 2 Preparation of Compound 2a:
rert-butyl-3-[(2-chlorothieno[3,2-cdpyrimidin-4-yl)ami
no]-6,6-
dimethyl-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-carbo
xylate. To a stirring solution of ferf-butyl
3-amino-6,6-dimethyl-4,6-dihydropyrrolo[3,4-c]pyrazole
-5(1/7)- carboxylate (2.4g, 9.5 mmol) in DMA (1OmL)
was added 2,4-dichlorothieno[3,2-c/]pyrimidine(2.05g,
1.05eq) and triethylamine (2.64ml, 2eq). The resulting
mixture was heated to 1500C for 5 minutes in microwave
reactor. Saturated NaHCO3 was added and the mixture
was extracted with ethyl acetate. The organic layer
was dried over sodium sulfate, concentrated in vacuo.
The residue was washed with methylene chloride.
Compound 2a (2.71 g, 68%) was obtained as a brown
solid and directly carried onto the next without
further purification. LCMS (API-ES, M+H+) : 421 . To a
stirring mixture of compound 2a(0.102g, 0.24mmol) in
CH2CI2 (2ml), was added TFA (2ml). The resulting
mixture was stirred at room temperature for 2h. After
the reaction mixture was concentrated in vacuo, a
solution of TEA (135ul, 4eq) in MeCN (1ml) CH2CI2
(1ml) was added and followed by trans-2-
phenylcyclopropyl isocyanate. The resulting mixture
was stirred at room temperature for 1h. The reaction
mixture was purified by prep-HPLC to provide compound
2 as a white solid (0.021 g, 18%). 1H NMR (CD3OD) d:
1.04 - 1.12 (m, 2 H), 1.69 (d, J=3.28 Hz, 2 H), 1.95
(m, 1 H), 2.67 - 2.73 (m, 1 H), 4.48 (s, 2 H), 7.01 -
7.06 (m, 3 H), 7.11 - 7.17 (m, 2 H), 7.25 (d, J=5.31
Hz, 1 H), 8.05 (d, J=4.55 Hz, 1 H). Anal.
(C^H^NyOSCI.O HOAc.O^HaO) C, H, N. HPLC: >95% purity.
Example 3: N-(5-{[(2S)-2-benzyl-4-methylpiperazin-1
-yl]carbonyl}-6,6-dimethyl-1 ,4,5,6
tetrahydropyrrolofS^-clpyrazol-S-yO^-chlorotriienotS^-
dJpyrimidin^-amine.3 b 3 Preparation of 3a: ethyl
3-amino-5-(chlorocarbonyl)-6,6-dimethyl-5,6-dihydropyr
rolo[3,4- c]pyrazole-2(4H)-carboxylate. To a stirring
mixture of 5-terf-butyl 2-ethyl
3-amino-6,6-dimethylpyrrolo[3,4-c]pyrazole-2,5(4W,6W)-
dicarboxylate (5.65g, 17.4mmol) in CH2CI2 (20ml) was
added 4.0M HCI in dioxane (30ml). The resulting
mixture was stirred at room temperature for 2h. After
the reaction mixture was concentrated in vacuo, a
portion of residue (1.53g, 5.15mmol) was dissolved
into a solution of DIPEA (3.6ml, 4eq) in CH2CI2
(10ml). The resulting solution was slowly added to a
solution of triphosgene (628mg, 0.41 eq) in CH2CI2
(10ml) at O0C and the resulting mixture was stirred at
O0C for 1h. The reaction mixture was diluted with
ethyl acetate and washed with saturated NaHCO ,dried
over sodium sulfate. The organic layer was filtered
and evaporated in vacuo to give a residue, compound
3a. Compound 3a was directly carried onto the next
reaction without further purification. Preparation of
3b:
5-{[(2S)-2-benzyl-4-methylpiperazin-1-yl]carbonyl}-6,6
-dimethyl-1 ,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-amine. A portion of
above residue (525mg) was added into a solution of
(3S)-3-benzyl-1-methylpiperazine (552mg, 1.5eq) in
CH2CI2 (4ml). The resulting mixture was stirred at
reflux for 4h. The reaction mixture was then cooled to
room temperature, and the solvent was removed in
vaccuo. To the residue was added 2N LiOH (3ml) and
methanol (2ml). The resulting mixture was stirred at
reflux for 4 hours. The reaction mixture was purified
by prep-HPLC to provide compound 3b as a white solid
(150mg). 



To a stirring solution of compound 3b (0.15, 0.41
mmol) in NMP (1mL) was added 2,4-dichlorothieno[3,2-
yrimidine(0.084g, 1eq) and triethylamine (0.11ml,
2eq). The resulting mixture was heated to 1400C for 5
minutes in microwave reactor. The reaction mixture was
purified by prep-HPLC to provide compound 3 as a white
solid (0.014g, 15%). 1H NMR (CD3OD) d: 1.58 (s, 3 H),
1.66 (s, 3 H), 2.22 (s, 3 H), 2.38 (m, 2 H), 2.45 (m,
1 H), 2.60 (m, 1 H), 2.78 (dd, J=13.26, 8.21 Hz, 1 H),
2.99 (dd, J=13.52, 6.44 Hz, 1 H), 3.15 (s, 1 H), 3.35
(m, 1 H), 3.75 (m, 1 H), 4.28 (d, J=11.12, 1 H), 4.65
(m, 1 H), 6.99 (t, J=7.01, 1 H), 7.08 (t, J=7.58 Hz, 2
H) 7.10-7.13 (m, 2 H) 7.27 (d, J=5.31 Hz, 1 H) 8.07
(d, J=5.31 Hz, 1 H). Anal. (C26H29N8OSCLO-SHOACO-SH
2O) C, H, N. HPLC: >95% purity.Example 4:
3-[(2,6-dichloropyrimidin-4-yl)amino]-6,6-dimethyl-L/-
[trans-2-phenyl cyclopropyl]-4,6-
dihydropyrrolo[3,4-c]pyrazole-5(1W)-carboxamide.
Preparation of compound 4a:
ethyl-3-amino-6,6-dimethyl-5-({[trans-2-phenyl cyclo
propyl]
amino}carbonyl)-5,6-dihydropyrrolo[3,4-c]pyrazole-2(4W
)-carboxylate. To a stirring mixture of 5-terf-butyl
2-ethyl 3-amino-6,6-dimethylpyrrolof3,4-c]pyrazo!e-2
15(4H,6H)- dicarboxylate (5.65g, 17.4mmol) in CH2CI2
(20ml) was added 4.0M HCI in dioxane (30ml). After the
reaction mixture was concentrated in vacuo, a portion
of residue (3.45g, 11.6mmol) was dissolved into a
solution of DIPEA (8.1 ml, 4eq) in CH2CI2 (50ml). To
the resulting solution was slowly added to trans-2-
phenylcyclopropyl isocyanate at O0C and the resulting
mixture was stirred at O0C for 30 minutes then warmed
up and stirred at room temperature for 1h. The
reaction mixture was diluted with CH2CI2, and washed
with saturated NaHCO3, dried over sodium sulfate,
concentrated in vacuo, purified by flash
chromatography. Elution with 60-80% EtOAc/hexane
provided the compound 4a as a white solid (4.24 g,
95%). 1H NMR (CD3OD) d: 1.03 - 1.16 (m, 2 H) 1.60 (d,
J=3.79 Hz, 6 H) 1.98 (s, 1 H) 2.71 (s, 1 H) 4.12 (s, 1
H) 7.01 - 7.10 (m, 3 H) 7.13 - 7.21 (m, 2 H)
Preparation of compound 4b:
3-amino-6,6-dimethyl-L/-[trans-2-phenylcyclopropyl]-4,
6- dihydropyrrolo[3,4-c]pyrazole-5(1H)-carboxamide. To
a stirring solution of ethyl
3-amino-6,6-dimethyl-5-({[trans-2-phenylcyclopropyl]
amino} carbonyl)-5,6-
dihydropyrrolo[3,4-c]pyrazole-2(4H)-carboxylate
(613mg, 1.60mmol) in MeOH (3mL) was added 2N LiOH (
1ml, 1.25eq). The resulting mixture was stirred under
reflux for 4 hours, cooled, and concentrated. The
residue was partitioned between ethyl acetate and
saturated NaHCO3, dried, and concentrated to give
compound 4b as a white solid (0.42g, 79%). 1H NMR
(CD3OD) d : 1.03 - 1.16 (m, 2 H) 1.60 (d, J=3.79 Hz, 6
H) 1.98 (s, 1 H) 2.71 (s, 1 H) 4.12 (s, 2 H) 7.01 -
7.1 0 (m, 3 H) 7.1 3 - 7.21 (m, 2 H). To a stirring
solution of compound 4b (0.1 Og, 0.32mmol) in DMA
(0.5mL) was added 2,4,6- trichloropyrimidine(0.041 ml,
1.1eq) and triethylamine (0.089ml, 2eq). The resulting
mixture was heated to a temperature of 800C for 5
minutes in microwave reactor. The reaction mixture was
purified by prepHPLC to provide the compound 4 as a
white solid (0.025g, 171H NMR (CD3OD) d: 1.05 - 1.1 1
(m, 2 H), 1.66 (d, J=3.54 Hz, 6 H), 1.95 (m, 1 H),
2.68 - 2.72 (m, 1 H), 4.42 (b, 2 H), 7.05 (d, J=7.83
Hz, 4 H), 7.15 (t, J=7.58 Hz, 2 H). Anal. (C2
1H2iN7OCl2.0.4HOAc.0.2 H2O) C, H, N. HPLC: >95%
purity. (s, 3 H), 2.95 7.09 - Anal. ethyl] S)-2- (s, 3
H), 1 H), 4.69 4.4 1 H). NMR 2 H) 



- 2.00 (m, 4.39 (d, (m, 2 H). ,3,5 whiled: 1.02 - Hz,
2 H) 1 H) 4.36 Anal. reaction J=3.54 4.44 (s, 2 was
reaction J=3.54 3 H) 4.38 (m, 2 H, N. ,3,5- and for(m,
1 H) - 1.94 (m, H) 6.12 (s, Hz, 2 C, H, N. stirred at
J=3.28 4.56 (s, 2 2 H) (t, used Example 13:
3-({4-[(2S)-2-(aminocarbonyl)pyrrolidin-1-yl]-6-chloro
-1,3,5-triazin-2-yl}amino)-6,6-
dimethyl-L/-[trans-2-phenylcyclopropyl]-4,6-dihydropyr
rolo[3,4-c]pyrazole-5(1H)-carboxamide.To a stirring
mixture of Compound 9 (0.039g, 0.085mmol) and DIEPA
(0.030ml, 2eq) in THF (1ml) was added L-proli pamide
(9.7mg, 1eq). The resulting mixture was stirred at
room temperature for 1hr and purified by prep-HPLC to
provide the compound 13 as a white solid (23mg). 1H
NMR (CD3OD) d: 1.01 - 1.16 (m, 2 H) 1.57 - 1.71 (m, 6
H) 1.88 - 2.09 (m, 4 H) 2.12 - 2.35 (m, 1 H) 2.65 -
2.76 (m, 1 H) 3.50 - 3.78 (m, 2 H) 4.27 - 4.53 (m, 3
H) 6.99 - 7.08 (m, 3 H) 7.10 - 7.19 (m, 2 H). Anal.
(C25H29N1OO2CLO^HOAC LSH 2O) C, H, N. HPLC: >95%
purity. Example 14: 3-[(4,6- dimethoxy
-1,3,5-tria2in-2-yl)amino]-6,6-dimethyl-L/-[trans-2-ph
enyl cyciopropyl]
-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-carboxamide.
4 To a stirring solution of compound 4b (0.15Og,
0.48mmol) in DMA (1mL) was added 2,4,6-
trichlorotriazene (98mg, 1.1eq) and DIPEA (0.168ml,
2eq). The resulting mixture was stirred at room
temperature for 1hr. To the reaction mixture was added
25% NaOMe in methanol (0.549ml, 5eq). The resulting
mixture was stirred at room temperature for 2 hours
and purified by prep-HPLC to provide compound 14 as a
white solid (45mg). 1H NMR (CD3OD) d: 1.02 - 1.14 (m,
2 H) 1.65 (d, J=3.79 Hz, 6 H) 1.91 - 1.99 (m, 1 H)
2.64 - 2.72 (m, 1 H) 3.89 (s, 6 H) 4.32 (s, 2 H) 6.99
- 7.08 (m, 3 H) 7.09 - 7.18 (m, 2 



H). Anal. (C22H26N8O3.0.2HOAc.0.6H 2O) C, H, N. HPLC:
>95% purity. Hz, 6 H) 4.33 (s, Example 16:
3-({4-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]-6-methox
y-1,3,5-triazin-2-yl}amino)-6,6- dimethyl-
L/-[trans-2-phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-
c]pyrazole-5(1W)-carboxamide.16 To a stirring solution
of compound 4b (0. 152g, 0.488mmol) in DMA (2mL) was
added 2,4-dichloro-6- methoxy-1 ,3,5-triazine (92mg,
1.05eq) and DIPEA (0. 170ml, 2eq). The resulting
mixture was stirred at room temperature for 1hr. To
the reaction mixture was added pyrrolidin-2-ylmethanol
(0.072ml, 1.5eq). The resulting mixture was stirred at
room temperature for 1hr and purified by prep-HPLC to
provide compound 16 as a white solid (64.9mg). 1H NMR
(CD3OD) d: 1.02 - 1.14 (m, 2 H) 1.63 (d, J=3.54 Hz, 6
H) 1.84 (b, 1 H) 1.90 - 2.00 (m, 4 H) 2.66 - 2.74 (m,
1 H) 3.48 - 3.71 (m, 4 H) 3.84 (s, 3H) 4.1 0 - 4.22
(m, 1 H) 4.28 (S, 2 H) 7.00 - 7.08 (m, 3 H) 7.1 1 -
7.1 8 (m, 2 H). Anal. (C26H33N9O3 O I HOAcOJH 2O) C,
H, N. HPLC: >95% purity. J=3.79 2.58 - (d, - 4.48 (m,
in J=3.79 3.26 - - 7.09 ofExample 22:
3-{[4-[(2S)-2-(aminocarbonyl)pyrrolidin-1
-yl]-6-(dimethyIamino)-1 ,3,5-triazin-2-
yl]amino}-6,6-dimethyl-L/-[(trans-2-phenylcyclopropyl]
-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-
carboxamide.To a stirring solution of compound 4b (0.
103g, 0.33mmol) in DMA ( 1mL) was added 2,4,6-
trichloropyrimidine(55mg, 0.9eq) and DIPEA (0.1 15ml,
2eq). The resulting mixture was stirred at room
temperature for 1hr. To the reaction mixture was added
L-prolinamide (34mg, 0.9eq). After the resulting
mixture was stirred at room temperature for 2 hours,
2N dimethylamine (0.330ml, 2eq) was added into
reaction mixture. The resulting mixture was stirred at
600C for 1hour and purified by prep-HPLC to provide
compound 22 as a white solid (74.8mg). 1H NMR (CD3OD)
d : 1.04 - 1.17 (m, 2 H) 1.62 (d, J=3.28 Hz, 6 H) 1.92
(m, 4 H) 2.22 (s, 1 H) 2.67 - 2.76 (m, 1 H) 3.03 (d, 6
H) 3.55 - 3.75 (m, 2 H) 4.21 (d, J=UA5 Hz, 2 H) 4.35 -
4.43 (m, 1 H) 7.01 - 7.09 (m, 3 H) 7.1 1 - 7.19 (m, 2
H). Anal. (C27H35N11O2 O SHOAc.1.OH2O) C, H, N. HPLC:
>95% purity. J=3.79 3.04 (s, - 7.09 Example 24:
3-[(4,6-dimethylpyrimidin-2-yl)amino]-6,6-dimethyl-L/-
t(trans-2-phenyl cyclo propyl]
4,6-dihydropyrrolo[3,4-c]pyrazole-5(1W)-carboxamide.W
- 54 - 24 A re-sealable tube was charged with compound
4b (0.115g, 0.30mmol),
2-chloro-4,6-dimethyl-pyrimidine (0.043g, 1eq),
Pd(OAc)2 (1.3mg, 0.02eq), DPPP (5.0mg, 0.04eq), CsCO3
(137mg, 1.4eq) and DME (1ml). The tube was capped and
carefully subjected to three cycles of
evacuation-backfilling with N2. The resulting mixture
was stirred at 1500C for 10 minutes in microwave
reactor, filtered, and purified by prep- HPLC to
provide compound 24 as a white solid (12 mg). 1H NMR
(CD3OD) d: 1.03 - 1.14 (m, 2 H) 1.65 (d, J=3.79 Hz, 6
H) 1.92 - 2.00 (m, 1 H) 2.30 (s, 6 H) 2.68 - 2.75 (m,
1 H) 4.33 (s, 2 H) 6.58 (s, 1 H) 7.00 - 7.09 (m, 3 H)
7.1 1 - 7.19 (m, 2 H). Anal. (C23H27N7CCSHOACO^H 2O)
C, H, N. HPLC: >95% purity. 



J=3.79 4.35 (s, - 7.09 (m, Anal. 2- of 2- J=3.54 2.73
(m, H) 7.10 - H2O) C, 2- in placeJ=3.79 4.40 (s, 7.11
- 2- of 2- J=3.54 4.40 (b, (b, 1 H). J=3.79 4.34 (s,
7.1 1 - 2- Example 30:
6,6-dimethyl-N-[trans-2-phenylcyclopropyl]-3-{[2-(trif
luoromethyl) pyrimidin-4-
yl]amino}-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1
H)-carboxamidePreparation of compound 30a:
4-chloro-2-(trifluoromethyl)pyrimidine. To
2-(trifluoromethyl)pyrimidin-4-ol ( 2g, 12 mmol) was
added POCI3 (15 mL). It was refluxed overnight. The
solvent was removed. 1N NaOH was added to the reaction
mixture slowly until pH=10. The mixture was extracted
with DCM (3X80 mL). Combined DCM layer dried over
Na2SO4 and taken to dryness. The crude product was
vacuum distilled. 4-chloro-2(trifluromethyl)pyrimidine
was obtained as a clear oil. (94%). 1H NMR (400 MHz,
DCM) d: 7.60 (d, J=3Hz , 1H), 8.80 (d, J=3Hz , 1H), To
a mixture of compound 30a (137 mg, 0.75 mmol) and
compound 4b (235 mg, 0.75 mmol) in IPA (1mL), was
added TEA (210 mL, 1.5mmol). The reaction was heated
in microwave oven at 1400C for 20 min. HPLC yielded
the desired product as a white powder (28mg, 6.4%). 1H
NMR (400 MHz, DMSO) d: 1.04 (m, 2 H), 1.62 (m, 6 H),
1.88 (m, 1 H), 2.73 (m,1 H), 4.34 (m, 2 H), 7.09 -
7.37 (m, 6 H), 8.41 (s, 1 H). Anal.
(C22H22N7OF3.O.52TFA.O.54H2O) C, H, N. APCI-MS:[M+H]
458. Example 31:
6,6-dimethyl-3-[(2-methylthieno[2,3-d]pyrimidin-4-yl)a
mino]-N-[trans-2-
phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-c]pyrazole-5
(1H)-carboxamide A mixture of compound 4b (83 mg,
0.267 mmol) and compound 31c
(4-chloro-2-methylthieno[2,3- d]pyrimidine, prepared
following same method compound 32c was prepared, 115
mg, 2 eq,) was added an aqueous solution of acetic
acid (50% v/v, 1 ml). The resulted mixture was heated
and stirred at 1000C for 1 hour. Preparative HPLC
purification give the title compound as a white solid
(34 mg, 27% yield). 1HNMR (CD3OD) d: 1.03-1.13 (m, 2
H), 1.69 (s, 3 H), 1.70 (s, 3 H), 1.90-1.99 (m, 1 H),
2.66 (s, 3 H), 2.67- 2.75 (m, 1 H), 4.46 (s, 2 H),
6.98-7.19 (m, 5 H), 7.55-7.61 (m, 1 H) 7.63-7.69 (m, 1
H), 8.20 (d, J=6.06 Hz, 1 H). LCMS (APCI, M+H+):
460.1. Anal. (C24H25N7OS-LSITFA-O-I H2O): C, H, N.
HPLC-UV Detection: 95% purity. Example 32:
6,6-Dimethyl-3-[(2-methylthieno[3,2-d]pyrimidin-4-yl)a
mino]-yV-[(1/?,2S)-2-
phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-c]pyrazole-5
(1W)-carboxamide 



I VZV) Preparation of compound 32b:
2-Methylthieno[3,2-d|pyrirnidin-4(3W)-one Methyl
3-(acetylamino)thiophene-2-carboxylate (32a, 3.00 g,
15.08 mmol) was suspended in 30% NH OH (43 mL) in a
sealed tube. The reaction was stirred at 12O0C for 5
hours and then overnight at ambient temperature. The
reaction was brought to pH 8-9 with concentrated HCI.
The resulting white precipitate was filtered and
washed with water, then dried to give compound 32b ( 1
.56 g, 62%) as a white solid. Compound 32b was used
without further purification. 1H NMR (400MHz,
DMSO-Cf6) d 2.35 (s, 3H), 7.30 (d, J = 5.3 Hz, 1H),
8.12 (d, J = 5.3 Hz, 1H), 12.38 (s, 1H). LCMS 167
(M+H). Preparation of Compound 32c:
4-Chloro-2-methylthieno[3,2-d]pyrimidine.
2-Methylthieno[3,2- yrimidin-4(3H)-one (compound 32b,
0.18 g, 1.13 mmol) was heated to 11O0C in POCI3
overnight. The solvent was removed under reduced
pressure, and the residue was neutralized with
saturated NaHCO3 solution. The product was extracted
into CH2CI2, and the organic phase separated, washed
with brine, and dried (MgSO4) . After removal of the
solvent compound 32c was obtained as a yellow-orange
solid (0.21 g, 88%). Compound 32c was used without
further purification. Rf= 0.16 (10% EtOAc/hexane). 1H
NMR (400MHz, DMSOd 6) : d 2.71 (s, 3H), 7.66 (d, J =
5.6 Hz, 1H), 8.54 (d, J = 5.6 Hz, 1H). LCMS 185 (M+H).
Anal. (C23H29N8OF.0.35 H2O.0.35 hexane) C, H, N. HPLC
> 98% purity. Preparation of enantiomer 32d
(3-amino-6,6-dimethyl-N-((1R,2S)-2-phenylcycIopropyI)p
yrrolo[3,4- c]pyrazole-5(1H,4H,6H)-carboxamide) and
enantiomer 32e (3-amino-6,6-dimethyl-N- ((1S,2R)-2-
phenyl cyclopropyl) pyrrolo[3,4-c]pyrazole-
5(1H,4H,6H)-carboxamide): An enantioseparation
purification method was developed for compound 4b
using supercritical fluid chromatography (SFC)
technology, with supercritical carbon dioxide
providing the bulk of the mobile phase. The separation
and isolation of enantiomers was carried out on a
Berger SFC MultiGram(tm) Purification System (Mettler
Toledo AutoChem, Inc.). The preparative chromatography
conditions used to separate the enantiomers consisted
of a (S1S) Whelk-0 1 (Regis Technologies, Inc.),
10/100 FEC, 250x21. 1mm column as the chiral
stationary phase. Column temperature was maintained at
350C. The mobile phase used was supercritical CO2 with
35% methanol as the modifier, maintained isocratically
at a flow rate of 55 mL/min and a constant pressure of
140 bar. Sample was solubilized in methanol, and a
column loadability of 50 mg per 1 mL injection was
attained, and the total run time for each injection
was 7.0 minutes. Retention times for the two
enantiomers were 4.3 and 5.8 minutes, respectively.
The specific optical rotation, [a]D, for the pure
enantiomers was determined to be -126.7 for Enantiomer
32d and +124.4 for Enantiomer 32e. Preparation of
title compound 32:
4-Chloro-2-methylthieno[3,2-c/]pyrimidine (0.091g,
0.49 mmol) and chiral aminopyrazole enantiomer 32d
(0.10 g, 0.33 mmol) were mixed in 1:1 HOAc/H2O (1.40
mL) and heated to 1000C for 1 hour. The material was
then purified directly by preparative HPLC to give
title compound 32 as a white solid (0.136 g, 65%). Mp
> 1480C (dec). 1H NMR (400MHz, CH3OD): d 1.15- 1.19
(m, 2H), 1.79 (s, 3H), 1.80 (s, 3H), 2.01-2.05 (m,
1H), 2.76-2.78 (m, 1H), 2.80 (s, 3H), 4.50-4.51 (m,
2H), 7.11-7.15 (m, 3H), 7.22-7.25 (m, 2H), 7.46 (d, J
= 5.5 Hz, 1H), 8.44 (d, J = 5.3 Hz, 1H). LCMS 460
(M+H). Anal. (C24H25N7OS-LSO TFA.0.25 H2O) C1H1N. HPLC
>99% purity. Structure and Example # Chemical name,
Analytical data and comments
3-[(2-cyanopyrimidin-4-yl)amino]-6,6-dimethyl-N-
[trans-2-phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-
c]pyrazole-5(1 H)-carboxamide 1H NMR (CD3OD) d:
1.03-1.15 (m, 2 H), 1.66 (s, 6 H), 1.75-2.01 (m, 1
H)12.51-2.75 (m, 1 H), 4.59 (s, 2 H), 6.81-6.96 (b, 1
H), 7.00-7.07 (m, 3 H), 7.10-7.17 (m, 2 H), 8.20 (d,
J=6.06 Hz1 1 H). 



LCMS (APCl, M+H+) : 415.1. 33 HPLC-UV Detection: >95%
purity Method of Example 31 using
4-chloropyrimidine-2- carbonitrile in place of 31c.2
H), (m, 2 N. APCI- (s, 3 H), 2.67- 7.1 1 - (s, 3 H), 1
H), 7.1 1 -(t, 1.90- Hz, 7.1 9 (m, M+H+) : C, H, 2 H),
(m, 7 1.87 (s, 5.30 (s, (m, 1 H) 1. (s, 6H), (m, 8.41
(d,H, N. 2H), 1.79 (m, (m, H), 8.44 31c. (s, 3 H), 1
H) Hz, 2 Hz, 1 H), C, H, 2H), 1.75 (m, (m, H). TFA.0.1
02H), 1.76 (s, 3H), (m, H). TFA) H), 1.79 - 2.82 



(t, (d, HPLC: place of (s, 3 H), 2.66- H), 7.14 7.51
(d, H, N. 32c.Structure and Example # Chemical name,
Analytical data and comments
6,6-dimethyl-3-[(2-methylthieno[2,3-d]pyrimidin-4-
yI)amino]-N-[(1 S,2R)-2-phenylcyclopropyl]-4,6-
dihydropyrrolo[3,4-c]pyrazole-5(1 H)-carboxamide 1H
NMR (CD3OD) d: 1.02-1 .17 (m, 2 H)1 1.68 (s, 3 H),
1.69 (s, 3 H), 1.92-2.02 (m, 1 H), 2.56 (s, 3 H),
2.67- 2.79 (m, 1 H), 4.43 (s, 2 H), 7.01-7.1 1 (m, 3
H), 7.14 (t, J=8.08 Hz, 2 H), 7.40 (d, J=6.06 Hz, 1
H), 7.51 (d, J=6.06 Hz, 1 H). LCMS (APCI, M+H+) :
460.2. Anal. Calcd for (C24H25N7OS.0.82H 2O.0.22HOAc):
C, H, N.HPLC-UV Detection: 93% purity Method of
Example 32 using 4-chloro-2-
methylthieno[2,3-d]pyrimidine (31c) in place of 32c ,
and 32e in place of 32d.
3-[(5-fluoropyrimidin-4-yl)amino]-6,6-dimethyl- L/-
[fra/7s-2-phenylcyclopropyl]-4,6-dihydropyrrolo[3,4-
c]pyrazole-5(1 W)-carboxamide 1H NMR (400MHz, CD3OD):
d 1.13-1 .25 (m, 2H), 1.75 (s, 3H), 1.76 (s, 3H),
2.04-2.10 (m, 1H), 2.76-2.80 (m, 1H), 4.50-4.53 (m,
2H), 7.11-7.25 (m, 5H), 8.25 (s, 1H), 8.51 (s, 1H).
LCMS 408 (M+H). HPLC >99% purity. 48 Method of Example
31 using 4-Chloro-5- fluoropyrimidine 48b in place of
31c.
6,6-dimethyl-3-[(7-methylthieno[3,2-d]pyrimidin-4-
yl)amino]-N-[trans-2-phenylcyclopropyl]-4,6-
dihydropyrrolo[3,4-c]pyrazole-5(1 H)-carboxamide 1H
NMR (400 MHz, DMSO) d: 1.03-1 .22 (m, 2 H), 1.65 (m, 6
H), 1.86 (m, 1 H), 2.36 (m,3 H), 2.75 (m, 1H), 4.36
(m, 2 H), 6.35 (s, 1H), 7.1 0 - 7.27 (m, 6 H), 7.82
(s, 1 H), 8.65 (s, 1H). Anal. (C24H25N7OS. 0.1 5HOAd
.2H2O) C, H, N. APCI-MS:[M+H] 460. Method of Example
31 using 4-chloro-7- methylthieno[3,2-d] pyrimidine in
place of 31c.PYRROLIDYL DERIVATIVES OF HETEROAROMATTC
COMPOUNDS AS PHOSPHODIESTERASE INHIBITORS Field of the
Invention The invention pertains to new pyrrolidyl
derivatives of benzo-fused aza 



heteroaromatic compounds that serve as effective
phosphodiesterase (PDE) inhibitors. The invention also
relates to compounds that are selective inhibitors of
PDE-10. The invention further relates to intermediates
for preparation of such compounds; pharmaceutical
compositions comprising such compounds; and the use of
such compounds in methods for treating certain central
nervous system (CNS) or other disorders. The invention
relates also to methods for treating neurodegenerative
and psychiatric disorders, for example psychosis and
disorders comprising deficient cognition as a symptom.
Background of Invention Phosphodiesterases (PDEs) are
a class of intracellular enzymes involved in the
hydrolysis of the nucleotides cyclic adenosine
monophosphate (cAMP) and cyclic guanosine
monophosphates (cGMP) into their respective nucleotide
monophosphates. The cyclic nucleotides cAMP and cGMP
are synthesized by adenylyl and guanylyl cyclases,
respectively, and serve as secondary messengers in
several cellular pathways. The cAMP and cGMP function
as intracellular second messengers regulating a vast
array of intracellular processes particularly in
neurons of the central nervous system. In neurons,
this includes the activation of cAMP and
cGMP-dependent kinases and subsequent phosphorylation
of proteins involved in acute regulation of synaptic
transmission as well as in neuronal differentiation
and survival. The complexity of cyclic nucleotide
signaling is indicated by the molecular diversity of
the enzymes involved in the synthesis and degradation
of cAMP and cGMP. There are at least ten families of
adenylyl cyclases, two of guanylyl cyclases, and
eleven of phosphodiesterases. Furthermore, different
types of neurons are known to express multiple
isozymes of each of these classes, and there is good
evidence for compartmentalization and specificity of
function for different isozymes within a given neuron.
A principal mechanism for regulating cyclic nucleotide
signaling is by phosphodiesterase-catalyzed cyclic
nucleotide catabolism. There are 1 1 known families of
PDEs encoded by 2 1 different genes. Each gene
typically yields multiple splice variants that further
contribute to the isozyme diversity. The PDE families
are distinguished functionally based on cyclic
nucleotide substrate specificity, mechanism(s) of
regulation, and sensitivity to inhibitors.
Furthermore, PDEs are differentially expressed
throughout the organism, including in the central
nervous system. As a result of these distinct
enzymatic activities and localization, different PDEs'
isozymes can serve distinct physiological functions.
Furthermore, compounds that can selectively inhibit
distinct PDE families or isozymes may offer particular
therapeutic effects, fewer side effects, or both.PDE10
is identified as a unique family based on primary
amino acid sequence and distinct enzymatic activity.
Homology screening of EST databases revealed mouse
PDE10A as the first member of the PDE10 family of PDEs
(Fujishige et al., J. Biol. Chem. 274:18438- 18445,
1999; Loughney, K. et al., Gene 234:109-117, 1999).
The murine homologue has also been cloned (Soderling,
S. et al., Proc. Natl. Acad. Sci. USA 96:7071-7076,
1999)and Nterminal splice variants of both the rat and
human genes have been identified (Kotera, J . et al.,
Biochem. Biophys. Res. Comm. 261:551-557, 1999;
Fujishige, K. et al., Eur. J . Biochem. 266:1 118-1
127, 1999). There is a high degree of homology across
species. The mouse PDE10A1 is a 779 amino acid protein
that hydrolyzes both cAMP and cGMP to AMP and GMP,
respectively. The affinity of PDE10 for cAMP (Km =
0.05 mM) is higher than for cGMP (Km = 3 mM). However,
the approximately 5-fold greater Vmax for cGMP over
cAMP has lead to the suggestion that PDE10 is a unique
cAMP-inhibited cGMPase (Fujishige et al., J. Biol.
Chem. 274:18438-18445, 1999). PDE10 also is uniquely
localized in mammals relative to other PDE families.
mRNA 



for PDE10 is highly expressed only in testis and brain
(Fujishige, K. et al., Eur J Biochem. 266:1 118-1 127,
1999; Soderling, S. et al., Proc. Natl. Acad. Sci.
96:7071-7076, 1999; Loughney, K. et al., Gene
234:109-1 17, 1999). These initial studies indicated
that within the brain PDE10 expression is highest in
the striatum (caudate and putamen), n. accumbens, and
olfactory tubercle. More recently, a detailed analysis
has been made of the expression pattern in rodent
brain of PDE10 mRNA (Seeger, T.F. et al., Abst. Soc.
Neurosci. 26:345.10, 2000)and PDE10 protein (Menniti,
F.S., Stick, C.A., Seeger, T.F., and Ryan, A.M.,
lmmunohistochemical localization of PDE10 in the rat
brain. William Harvey Research Conference
'Phosphodiesterase in Health and Disease', Porto,
Portugal, Dec. 5-7, 2001). United States Patent
Application Publication No. 2003/0032579 discloses a
method for treating certain neurologic and psychiatric
disorders with the selective PDE10 inhibitor
papaverine. In particular, the method relates to
psychotic disorders such as schizophrenia, delusional
disorders and drug-induced psychosis; to anxiety
disorders such as panic and obsessive-compulsive
disorder; and to movement disorders including
Parkinson's disease and Huntington's disease. In their
role as second messengers in intracellular signaling
events, cAMP and cGMP affect a wide array of processes
including neurotransmission and enzyme activation.
Intracellular levels of these chemicals are largely
maintained by two classes of enzymes in response to
other cellular stimuli. The first of these enzymes,
the adenylyl and guanylyl cyclases, catalyze the
formation of cAMP and cGMP thereby raising their
concentrations and activating certain signaling
events. The second enzyme class, the
phosphodiesterases (PDE's), catalyzes the degradation
of cAMP and cGMP, which results in termination of the
signal.Signal enhancement via elevation of cyclic
nucleotide concentration can be induced through
employment of PDE inhibitors. The present invention
describes the use of such PDE inhibitors as therapies
for the prevention or treatment of diseases linked to
abnormal cell signaling processes, and relates to
compounds described below. Summary of the Invention In
one aspect, the invention relates to compounds having
the following formula, denoted herein as formula I: or
a pharmaceutically acceptable salt, solvate or prodrug
thereof, wherein X, Y and Z are each independently CH
or N with the proviso that at least one or two of X, Y
and Z are N, but not all three, and with the proviso
that Y and Z are not both N; wherein R1, R2 and R5 are
independently H, halogen, CN, -COOH, -COOR 3, -CON
R3R4, COR3, -NR3R4, -NHCOR 3, -OH, (C6-C10)aryl, 5 to
7 membered heteroaryl, (Cr C6)alkyl, (Cr C6)haloalkyl
(C2-C6)alkenyl, (C2-C6)alkynyl, -O-CCrCeJalkyl,
-O-(C2-C6)alkenyl or (C3-C8) cycloalkyl; or, when R1
R2 and R5 are independently -O-(C r C6)alkyl, -O-(C
2-C6)alkenyl, (C1- C6)alkyl, (C2-C6)alkenyl or
(C2-C6)alkynyl, R1 and R2 or R1 and R5 may optionally
be connected to form a 5 to 8 membered ring; wherein
R3 and R4 are independently H, (CrC 6)alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more (Cr C6)alkyl groups; wherein R6 and R7 are
each independently H, halogen, -COOR3, -CONR 3R4,
-COR4, NR3R4, -NHCOR3, -OH, -(C r C6)alkylene-OH,
-HNCOOR 3, -CN, -HNCONHR 4, (Cr C6)alkyl,
(C2-C6)alkoxy, C6-C10 aryl or-ARio v\r wherein n is 0
or 1; W is carbon, oxygen or NR8, wherein R8 is
hydrogen or (C1-C6)BlKyI, and when W is 



carbon, it may be optionally substituted by halogen,
-CN, -COOH, -COOR 3, -CONR 3R4, - COR3, -NR 3R4,
-NHCOR 3, -OH 1 (C6-C10)aryl, 5 to 7 membered
heteroaryl, (C-rC 6)alkyl, (C1- C6)haloalkyl
(C2-C6)alkenyl, (C2-C6)alkynyl, -O-(C.,-C 6)alkyl,
-O-(C 2-C6)alkenyl or (C3-C8) cycloalkyl; wherein R9
and R10 are independently hydrogen or (C1-C8)alkyl; or
R9 and Ri 0 may optionally combine to form a cyclic
ring; wherein Ar is phenyl, naphthyl, or a 5- to
6-membered heteroaryl ring, which heteroaryl is
optionally fused to a benzo group, and which
heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and wherein each of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (C1-
C8)alkyl, chloro-, bromo-, iodo, fluoro-, (Cr
C8)hydroxyaIkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-, (C3-
C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)CyClOaIkOXy-, (Cr C8)alkoxy-(C
3-C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Cr
C8)alkoxy- (3-8 membered)heterocycloalkyl, wherein
said alkyl, alkoxy and cycloalkyl may be optionally
substituted with 1 to 3 halos and wherein each
(C3-C8)cycloalkyl or heterocycloalkyl moiety may be
independently substituted with from one to three (CrC
bJalkyl or benzyl groups; or wherein Ar is a 5- to
6-membered heteroaryl ring, which heteroaryl is fused
to an imidazo, pyrido, pyrimido, pyrazo, pyridazo, or
pyrrolo group, and which heteroaryl contains from one
to four heteroatoms selected from oxygen, nitrogen and
sulfur, with the proviso that said heteroaryl ring
cannot contain two adjacent oxygen atoms or two
adjacent sulfur atoms, and wherein each of the
foregoing fused heteroaryl rings may optionally be
substituted with from one to three substituents
independently selected from (CrCsJalkyl, chloro-,
bromo-, iodo, fluoro-, (Cr C8)hydroxyalkyl-, (Cr
C8)alkoxy-(C r C8)alkyl-, -O-(C r C8)alkyl-halo,
(C3-C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)BIkOXy-(C3-
C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and
(C1-C8)BIkOXy-(S-S membered)heterocycloalkyl, wherein
each (C3-C8)cycloalkyl orheterocycloalkyl moiety may
be independently substituted with from one to three
(Cr C6)alkyl or benzyl groups; or when Ar is phenyl,
naphthyl, or heteroaryl ring, each ring may be
optionally substituted with one to three substituents
independently selected from (a) lactone formed from
-(CH 2)tOH with an ortho -COOH, wherein t is one, two
or three; (b) -CONR 14Ri 5, wherein R14 and R15 are
independently selected from (CrC b)alkyl and benzyl,
or R14 and R15 together with the nitrogen to which
they are attached form a 5- to 7-membered heteroalkyl
ring that may contain from zero to three heteroatoms
selected from nitrogen, sulfur and oxygen in addition
to the nitrogen of the -CONR 14R15 group, wherein when
any of said heteroatoms is nitrogen it may be
optionally substituted with or benzyl, with the
proviso that said ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms; or (c) -(CH
2)VNCOR 14R15 wherein v is zero, one, two or three and
-COR 14R15 taken together with the nitrogen to which
they are attached form a 4- to 6-membered lactam ring.
Compounds of the Formula I may have optical centers
and therefore may occur in different enantiomeric and
diastereomeric configurations. The present invention
includes all enantiomers, diastereomers, and other
stereoisomers of such compounds of the Formula I, as
well as racemic compounds and racemic mixtures and
other mixtures of stereoisomers thereof.
Pharmaceutically acceptable salts of the compounds of
Formula I include the acid 



addition and base salts thereof. Suitable acid
addition salts are formed from acids that form
non-toxic salts. Examples include, but are not limited
to, the acetate, adipate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate,
borate, camsylate, citrate, cyclamate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mandelates mesylate,
methylsulphate, naphthylate, 2- napsylate, nicotinate,
nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, salicylate, saccharate, stearate,
succinate, sulfonate, stannate, tartrate, tosylate,
trifluoroacetate and xinofoate salts. Suitable base
salts are formed from bases that form non-toxic salts.
Examples include, but are not limited to, the
aluminium, arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium,
meglumine, olamine, potassium, sodium, tromethamine
and zinc salts. Hemisalts of acids and bases may also
be formed, for example, hemisulphate and hemicalcium
salts. For a review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties, Selection, and Use
by Stahl and Wermuth (Wiley-VCH,
2002).Pharmaceutically acceptable salts of compounds
of Formula I may be prepared by one or more of three
methods: (i) by reacting the compound of Formula I
with the desired acid or base; (ii) by removing an
acid- or base-labile protecting group from a suitable
precursor of the compound of Formula I or by
ring-opening a suitable cyclic precursor, for example,
a lactone or lactam, using the desired acid or base;
or (iii) by converting one salt of the compound of
Formula I to another by reaction with an appropriate
acid or base or by means of a suitable ion exchange
column. All three reactions are typically carried out
in solution. The resulting salt may precipitate out
and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionization
in the resulting salt may vary from completely ionised
to almost non-ionised. The compounds of the invention
may exist in a continuum of solid states ranging from
fully amorphous to fully crystalline. The term
'amorphous' refers to a state in which the material
lacks long range order at the molecular level and,
depending upon temperature, may exhibit the physical
properties of a solid or a liquid. Typically such
materials do not give distinctive X-ray diffraction
patterns and, while exhibiting the properties of a
solid, are more formally described as a liquid. Upon
heating, a change from solid to liquid properties
occurs which is characterised by a change of state,
typically second order ('glass transition'). The term
'crystalline' refers to a solid phase in which the
material has a regular ordered internal structure at
the molecular level and gives a distinctive X-ray
diffraction pattern with defined peaks. Such materials
when heated sufficiently will also exhibit the
properties of a liquid, but the change from solid to
liquid is characterised by a phase change, typically
first order ('melting point'). The compounds of the
invention may also exist in unsolvated and solvated
forms. The term 'solvate' is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when said solvent is water. A
currently accepted classification system for organic
hydrates is one that defines 



isolated site, channel, or metal-ion coordinated
hydrates - see Polymorphism in Pharmaceutical Solids
by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker,
1995). Isolated site hydrates are ones in which the
water molecules are isolated from direct contact with
each other by intervening organic molecules. In
channel hydrates, the water molecules lie in lattice
channels where they are next to other water molecules.
In metal-ion coordinated hydrates, the water molecules
are bonded to the metal ion. When the solvent or water
is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however,
the solvent or water is weakly bound,as in channel
solvates and hygroscopic compounds, the water/solvent
content will be dependent on humidity and drying
conditions. In such cases, non-stoichiometry will be
the norm. The compounds of the invention may also
exist in a mesomorphic state (mesophase or liquid
crystal) when subjected to suitable conditions. The
mesomorphic state is intermediate between the true
crystalline state and the true liquid state (either
melt or solution). Mesomorphism arising as the result
of a change in temperature is described as
'thermotropic' and that resulting from the addition of
a second component, such as water or another solvent,
is described as 'lyotropic'. Compounds that have the
potential to form lyotropic mesophases are described
as 'amphiphilic' and consist of molecules which
possess an ionic (such as -COCTNa+, -COO"K+, or -SO3
Na+) or non-ionic (such as -N N+(CH3)3) polar head
group. For more information, see Crystals and the
Polarizing Microscope by N. H. Hartshorne and A.
Stuart, 4th Edition (Edward Arnold, 1970). Hereinafter
all references to compounds of Formula I include
references to salts, solvates, multi-component
complexes and liquid crystals thereof and to solvates,
multicomponent complexes and liquid crystals of salts
thereof. The compounds of the invention include
compounds of Formula I as hereinbefore defined,
including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical,
geometric and tautomeric isomers) as hereinafter
defined and isotopicallylabeled compounds of Formula
I. Detailed Description of the Invention In one
embodiment of the present invention R1 and R2 are each
independently (C1- C4)alkoxy, either X and Y or X and
Z are N and R5 is H ; preferably R1 and R2 are
methoxy. In one embodiment of the present invention Ar
is phenyl optionally substituted by -O- (Cr C5)alkyl,
-(C r C5)alkyl, CN, hydroxyl, phenyl or -O-(C r
C5)alkyl substituted with 1 to 3 halogens. Preferably
Ar is phenyl substituted by trifluoromethoxy. In
another embodiment of the present invention Ar is
naphthyl or naphthyl substituted by-O-(C 1-C5)alkyl.
In another embodiment Ar is 5 or 6 membered
heteroaryl, preferably substituted or unsubstituted
quinoxalinyl, isoquinolinyl or quinolinyl, and most
preferably unsubstituted quinoxalinyl. In one
embodiment of the present invention R6 or R7 is
-O-(Ci-C 6)alkyl preferably methoxy. In another
embodiment of the present invention R6 or R7 is
-NR3R4, preferably R3 and R4 are each independently
(Ci_C3)alkyl. Specific compounds of the present
invention are as follows:
4-[3-Allyl-4-(quinoxalin-2-yloxy)-pyrrolidin-1-yl]-6,7
-dimethoxy-quinazoline;
6,7-Dimethoxy-4-[3-propyl-4-(quinoxalin-2-yloxy)-pyrro
lidin-1-yl]-quinazoline;
1-(6,7-Dimethoxy-quinazolin-4-yl)-3-methyl-4-(quinoxal
in-2-yloxy)-pyrrolidine-3- carboxylic acid ethyl
ester; 



6,7-Dimethoxy-4-[3-methyl-3-(quinoxalin-2-yloxy)-pyrro
lidin-1-yl]-quinazoline;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-isopropylmethyl- amine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-diethylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-ethyl-methylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-dimethylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinolin-2-yloxy
)-pyrrolidin-3-yl]-dimethyl-amine;
[i-CdJ-Dimethoxy-quinazolin^-yl^-Cquinolin-S-yloxyJ-py
rrolidin-S-yO-dimethyl-amine;
6,7-Dimethoxy-4-[4'-(quinoxalin-2-yloxy)-[1
,3']bipyrrolidinyl-1 '-yl]-quinazoline;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrroiidin-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(4-methyl-piperazin-1-yl)-4-(quinox
alin-2-yloxy)-pyrrolidin-1-yl]- quinazoline; [
(qy-Dimethoxy-quinazolin^-yO^-Cquinoxalin^-yloxyVpyrro
lidin-S-yO-methylamine;
N-[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-y
loxy)-pyrrolidin-3-yl]-N-methylacetamide;
6,7-Dimethoxy-4-[3-(quinoxalin-2-yloxy)-pyrrolidin-1-y
l]-quinazoIine;
4-[3-(4-Ethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimethoxy
-quinazoline;
6,7-Dimethoxy-4-[3-(naphthalen-2-yloxy)-pyrrolidin-1-y
l]-quinazoline;
4-[3-(4-tert-Butyl-phenoxy)-pyrrolidin-1-yl]-6,7-dimet
hoxy-quinazoiine;
4-[1-(6,7-Dimethoxy-quinazolin-4-yl)-pyrroiidin-3-ylox
y]-benzonitrile;
6,7-Dimethoxy-4-[3-(4-trifluoromethoxy-phenoxy)-pyrrol
idin-1-yl]-quinazoline;
4-[3-(3-Ethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimethoxy
-quinazoline;
4-[3-(3,4-Dimethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dime
thoxy-quinazoline;
4-[3-(3-lsopropoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimet
hoxy-quinazoline;
4-[3-(lndan-5-yloxy)-pyrroIidin-1-yl]-6,7-dimethoxy-qu
inazoline;
6,7-Dimethoxy-4-[3-(quinolin-6-yloxy)-pyrrolidin-1-yl]
-quinazoline;
N4-[3-(Biphenyl-3-yloxy)-pyrrolidin-1-yl]-6,7-dimethox
y-quinazoline;
6,7-Dimethoxy-4-[3-(2-methyl-quinolin-6-yloxy)-pyrroli
din-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(7-methoxy-naphthalen-2-yloxy)-pyrr
olidin-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(6-methoxy-naphthalen-2-yloxy)-pyrr
oiidin-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(quinolin-7-yloxy)-pyrrolidin-1-yl]
-quinazoline;
6,7-Dimethoxy-4-[3-(naphthalen-1-yloxy)-pyrrolidin-1-y
]]-quinazoline;
4-[3-(lsoquinolin-3-yloxy)-pyrrolidin-1-yl]-6,7-dimeth
oxy-quinazoline;
4-[3-(lsoquinolin-7-yloxy)-pyrrolidin-1-yI]-6,7-dimeth
oxy-quinazoline;
6,7-Dimethoxy-4-[3-(pyridin-2-yloxy)-pyrrolidin-1-yl]-
quinazoline;
6,7-Dimethoxy-4-[3-(pyridin-3-yloxy)-pyrrolidin-1-yl]-
quinazoline;
6,7-Dimethoxy-4-[3-(pyridin-4-yloxy)-pyrrolidin-1-yl]-
quinazoline;
4-[3-(5-ChIoro-pyrimidin-2-yloxy)-pyrrolidin-1-yl]-6,7
-dimethoxy-quinazoline;
3-[1-(6,7-Dimethoxy-quinazolin-4-yl)-pyrrolidin-3-ylox
y]-quinoxaline-6-carbonitrile acid tert-butyl ester;
6,7-Dimethoxy-4-[3-methoxy-4-(quinoxalin-2-yloxy)-pyrr
olidin-1-yl]- quinazoline.tetrahydrofuran
(pyrrolidin-3-yloxy]-quinoxaline.;
1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidin-3-ol;
[4-Benzyl-1-(6,7-dimethoxy-quinazolin-4-yl)-pyrrolidin
-3-yl]-dimethyl-amine;
6,7-Dimethoxy-4-[3-(quinoxalin-2-yloxy)-pyrrolidin-1
-yl]-cinnoline; i 6
-Dimethoxy-4-[4'-(quinoxalin-2-yloxy)-[1,3']bipyrrolid
inyl-1'-yl]-cinnoline;
[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-ethyl-methylamine; 



[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-diethyl-amine;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrroIidin-1-yl]-cinnoline;
[1-(6,7-Dimethoxy-cinnolin-4-yI)-4-(quinoxalin-2-yloxy
)-pyrrolidin-3-yI]-diethyl-amine; [1-(6
-Dimethoxy-cinnolin-4-yl)-4-(quinoxalin-2-yloxy)-pyrro
lidin-3-yl]-ethyl-methylamine;
[1-(6,7-Dimethoxy-cinnolin-4-yI)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-dimethyl-amine;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinolin-2-yloxy)
-pyrrolidin-1-yl]-cinnoline;
6,7-Dimethoxy-4-[44quinolin-2-yloxy)-[1,3']bipyrro!idi
nyl-1'-yl]-cinnoline;
4-[3-(4a>5,6,7,8,8a-Hexahydro-quinoxalin-2-yloxy)-pyrr
olidin-1-yl]-6,7-dimethoxyquinazoline;
1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidine-2-carboxylic acid dimethylamide;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-2-yl]-methanol hydrochloride; and
2-[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-y
loxy)-pyrrolidin-2-yl]-propan-2-ol hydrochloride. The
above listed compounds and their pharmaceutically
acceptable salts, solvates, and prodrugs thereof are
preferred embodiments of the subject invention.- 1ID
AS indicated, so-called 'prodrugs' of the compounds of
Formula I are also within the scope of the invention.
Thus certain derivatives of compounds of Formula I
which may have little or no pharmacological activity
themselves can, when administered into or onto the
body, be converted into compounds of Formula I having
the desired activity, for example, by hydrolytic
cleavage. Such derivatives are referred to as
'prodrugs'. Further information on the use of prodrugs
may be found in Pro-drugs as Novel Delivery Systems,
Vol. 14, ACS Symposium Series (T. Higuchi and W.
Stella) and Bioreversible Carriers in Drug Design,
Pergamon Press, 1987 (Ed. E. B. Roche, American
Pharmaceutical Association). Prodrugs in accordance
with the invention can, for example, be produced by
replacing appropriate functionalities present in the
compounds of Formula I with certain moieties known to
those skilled in the art as 'pro-moieties' as
described, for example, in Design of Prodrugs by H.
Bundgaard (Elsevier, 1985). Some examples of prodrugs
in accordance with the invention include, but are not
limited to, (i) where the compound of Formula I
contains a carboxylic acid functionality (-COOH), an
ester thereof, for example, a compound wherein the
hydrogen of the carboxylic acid functionality of the
compound of Formula (I) is replaced by (C1-C8)alkyl;
(ii) where the compound of Formula I contains an
alcohol functionality (-OH), an ether thereof, for
example, a compound wherein the hydrogen of the
alcohol functionality of the compound of Formula I is
replaced by (C1-C6)alkanoyloxymethyl; and (iii) where
the compound of Formula I contains a primary or
secondary amino functionality (-NH2 or -NHR where R
H), an amide thereof, for example, a compound wherein,
as the case may be, one or both hydrogens of the amino
functionality of the compound of Formula I is/are
replaced by (CrC-icOalkanoyl. Further examples of
replacement groups in accordance with the foregoing
examples and examples of other prodrug types may be
found in the aforementioned references. Moreover,
certain compounds of Formula I may themselves act as
prodrugs of other compounds of Formula I. Also
included within the scope of the invention are
metabolites of compounds of Formula I, that is,
compounds formed in vivo upon administration of the
drug. Some examples 



of metabolites in accordance with the invention
include, but are not limited to, (i) where the
compound of Formula I contains a methyl group, an
hydroxymethyl derivative thereof (-CH3 -> -CH2OH):
(ii) where the compound of Formula I contains an
alkoxy group, an hydroxy derivative thereof (-OR ->
-OH); (iii) where the compound of Formula I contains a
tertiary amino group, a secondary amino derivative
thereof (-NR1R2 -> -NHR1 or -NHR2);(iv) where the
compound of Formula I contains a secondary amino
group, a primary derivative thereof (-NHR1-> -NH2);
(v) where the compound of Formula I contains a phenyl
moiety, a phenol derivative thereof (-Ph -> -PhOH);
and (vi) where the compound of Formula I contains an
amide group, a carboxylic acid derivative thereof
(-CONH2 -> COOH). Compounds of Formula I containing
one or more asymmetric carbon atoms can exist as two
or more stereoisomers. Where a compound of Formula I
contains an alkenyl or alkenylene group, geometric
cisltrans (or Z/E) isomers are possible. Where
structural isomers are interconvertible via a low
energy barrier, tautomeric isomerism ('tautomerism')
can occur. This can take the form of proton
tautomerism in compounds of Formula I containing, for
example, an imino, keto, or oxime group, or so-called
valence tautomerism in compounds that contain an
aromatic moiety. It follows that a single compound may
exhibit more than one type of isomerism. Included
within the scope of the present invention are all
stereoisomers, geometric isomers and tautomeric forms
of the compounds of Formula I, including compounds
exhibiting more than one type of isomerism, and
mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, d-lactate or /-lysine,
or racemic, for example, dMartrate or d/-arginine.
Cis/trans isomers may be separated by conventional
techniques well known to those skilled in the art, for
example, chromatography and fractional
crystallisation. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound of Formula I contains an acidic or
basic moiety, a base or acid such as
1-phenylethylamine or tartaric acid. The resulting
diastereomeric mixture may be separated by
chromatography and/or fractional crystallization and
one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known
to a skilled person. Chiral compounds of the invention
(and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of
isopropanol, typically from 2% to 20%, and from 0 to
5% by volume of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the
enriched mixture.When any racemate crystallises,
crystals of two different types are possible. The
first type is the racemic compound (true racemate)
referred to above wherein one homogeneous form of
crystal is produced containing both enantiomers in
equimolar amounts. The second type is the racemic
mixture or conglomerate wherein two forms of crystal
are produced in 



equimolar amounts each comprising a single enantiomer.
While both of the crystal forms present in a racemic
mixture have identical physical properties, they may
have different physical properties compared to the
true racemate. Racemic mixtures may be separated by
conventional techniques known to those skilled in the
art - see, for example, Stereochemistry of Organic
Compounds by E. L. Eliel and S. H. Wilen (Wiley,
1994). The present invention includes all
pharmaceutically acceptable isotopically-labelled
compounds of Formula I wherein one or more atoms are
replaced by atoms having the same atomic number, but
an atomic mass or mass number different from the
atomic mass or mass number which predominates in
nature. Examples of isotopes suitable for inclusion in
the compounds of the invention include, but are not
limited to, isotopes of hydrogen, such as 2H and 3H,
carbon, such as 11C, 13C and 14C, chlorine, such as
36CI, fluorine, such as 18F, iodine, such as 123 I and
125 I, nitrogen, such as 13N and 15N, oxygen, such as
15O, 17O and 18O, phosphorus, such as 32P, and
sulphur, such as 35S. Certain isotopically-labelled
compounds of Formula I, for example, those
incorporating a radioactive isotope, are useful in
drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium, i.e. 3H, and carbon-14,
i.e. 14C, are particularly useful for this purpose in
view of their ease of incorporation and ready means of
detection. Substitution with heavier isotopes such as
deuterium, i.e. 2H, may 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. Substitution with positron
emitting isotopes, such as 11C, 18F, 15O and 13N, can
be useful in Positron Emission Topography (PET)
studies for examining substrate receptor occupancy.
Isotopically-labeled compounds of Formula I can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
to those described in the accompanying Examples and
Preparations using an appropriate isotopicallylabeled
reagent in place of the non-labeled reagent previously
employed. Pharmaceutically acceptable solvates in
accordance with the invention include those wherein
the solvent of crystallization may be isotopically
substituted, e.g. D2O, d6-acetone, d6- DMSO.This
invention also pertains to a pharmaceutical
composition for treatment of certain psychotic
disorders and conditions such as schizophrenia,
delusional disorders and drug induced psychosis; to
anxiety disorders such as panic and
obsessive-compulsive disorder; and to movement
disorders including Parkinson's disease and
Huntington's disease, comprising an amount of a
compound of formula I effective in inhibiting PDE 10.
In another embodiment, this invention relates to a
pharmaceutical composition for treating psychotic
disorders and condition such as schizophrenia,
delusional disorders and drug induced psychosis;
anxiety disorders such as panic and
obsessive-compulsive disorder; and movement disorders
including Parkinson's disease and Huntington's
disease, comprising an amount of a compound of formula
I effective in treating said disorder or condition.
Examples of psychotic disorders that can be treated
according to the present invention include, but are
not limited to, schizophrenia, for example of the
paranoid, disorganized, catatonic, undifferentiated,
or residual type; schizophreniform disorder;
schizoaffective disorder, for example of the
delusional type or the depressive type; delusional 



disorder; substance-induced psychotic disorder, for
example psychosis induced by alcohol, amphetamine,
cannabis, cocaine, hallucinogens, inhalants, opioids,
or phencyclidine; personality disorder of the paranoid
type; and personality disorder of the schizoid type.
Examples of movement disorders that can be treated
according to the present invention include but are not
limited to Huntington's disease and dyskinesia
associated with dopamine agonist therapy, Parkinson's
disease, restless leg syndrome, and essential tremor.
Other disorders that can be treated according to the
present invention are obsessive/compulsive disorders,
Tourette's syndrome and other tic disorders. In
another embodiment, this invention relates to a method
for treating an anxiety disorder or condition in a
mammal which method comprises administering to said
mammal an amount of a compound of formula I effective
in inhibiting PDE 10. This invention also provides a
method for treating an anxiety disorder or condition
in a mammal which method comprises administering to
said mammal an amount of a compound of formula I
effective in treating said disorder or condition.
Examples of anxiety disorders that can be treated
according to the present invention include, but are
not limited to, panic disorder; agoraphobia; a
specific phobia; social phobia; obsessive-compulsive
disorder; post-traumatic stress disorder; acute stress
disorder; and generalized anxiety disorder. This
invention further provides a method of treating a drug
addiction, for example an alcohol, amphetamine,
cocaine, or opiate addiction, in a mammal, including a
human, which method comprises administering to said
mammal an amount of a compound of formula I effective
in treating drug addiction.This invention also
provides a method of treating a drug addiction, for
example an alcohol, amphetamine, cocaine, or opiate
addiction, in a mammal, including a human, which
method comprises administering to said mammal an
amount of a compound of formula I effective in
inhibiting PDE10. A "drug addiction", as used herein,
means an abnormal desire for a drug and is generally
characterized by motivational disturbances such a
compulsion to take the desired drug and episodes of
intense drug craving. This invention further provides
a method of treating a disorder comprising as a
symptom a deficiency in attention and/or cognition in
a mammal, including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating said disorder. This
invention also provides a method of treating a
disorder or condition comprising as a symptom a
deficiency in attention and/or cognition in a mammal,
including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in inhibiting PDE10. This
invention also provides a method of treating a
disorder or condition comprising as a symptom a
deficiency in attention and/or cognition in a mammal,
including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating said disorder or
condition. The phrase "deficiency in attention and/or
cognition" as used herein in "disorder comprising as a
symptom a deficiency in attention and/or cognition"
refers to a subnormal functioning in one "or more
cognitive aspects such as memory, intellect, or
learning and logic ability, in a particular individual
relative to other individuals within the same general
age population. "Deficiency in attention and/or
cognition" also refers to a reduction in any
particular individual's functioning in one or more
cognitive aspects, for example as occurs in 



age-related cognitive decline. Examples of disorders
that comprise as a symptom a deficiency in attention
and/or cognition that can be treated according to the
present invention are dementia, for example
Alzheimer's disease, multi-infarct dementia, alcoholic
dementia or other drug-related dementia, dementia
associated with intracranial tumors or cerebral
trauma, dementia associated with Huntington's disease
or Parkinson's disease, or AIDS-related dementia;
delirium; amnestic disorder; post-traumatic stress
disorder; mental retardation; a learning disorder, for
example reading disorder, mathematics disorder, or a
disorder of written expression;
attention-deficit/hyperactivity disorder; and
age-related cognitive decline. This invention also
provides a method of treating a mood disorder or mood
episode in a mammal, including a human, comprising
administering to said mammal an amount of a compound
of formula I effective in treating said disorder or
episode.This invention also provides a method of
treating a mood disorder or mood episode in a mammal,
including a human, comprising administering to said
mammal an amount of a compound of formula I effective
in inhibiting PDE10. Examples of mood disorders and
mood episodes that can be treated according to the
present invention include, but are not limited to,
major depressive episode of the mild, moderate or
severe type, a manic or mixed mood episode, a
hypomanic mood episode; a depressive episode with
atypical features; a depressive episode with
melancholic features; a depressive episode with
catatonic features; a mood episode with postpartum
onset; poststroke depression; major depressive
disorder; dysthymic disorder; minor depressive
disorder; premenstrual dysphoric disorder;
post-psychotic depressive disorder of schizophrenia; a
major depressive disorder superimposed on a psychotic
disorder such as delusional disorder or schizophrenia;
a bipolar disorder, for example bipolar I disorder,
bipolar Il disorder, and cyclothymic disorder. This
invention further provides a method of treating a
neurodegenerative disorder or condition in a mammal,
including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating said disorder or
condition. This invention further provides a method of
treating a neurodegenerative disorder or condition in
a mammal, including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in inhibiting PDE10. As used
herein, and unless otherwise indicated, a
"neurodegenerative disorder or condition" refers to a
disorder or condition that is caused by the
dysfunction and/or death of neurons in the central
nervous system. The treatment of these disorders and
conditions can be facilitated by administration of an
agent which prevents the dysfunction or death of
neurons at risk in these disorders or conditions
and/or enhances the function of damaged or healthy
neurons in such a way as to compensate for the loss of
function caused by the dysfunction or death of at-risk
neurons. The term "neurotrophic agent" as used herein
refers to a substance or agent that has some or all of
these properties. Examples of neurodegenerative
disorders and conditions that can be treated according
to the present invention include, but are not limited
to, Parkinson's disease; Huntington's disease;
dementia, for example Alzheimer's disease,
multi-infarct dementia, AIDS-related dementia, and
Fronto temperal Dementia; neurodegeneration associated
with cerebral trauma; neurodegeneration associated
with stroke, neurodegeneration associated with
cerebral infarct; hypoglycemia-induced
neurodegeneration; neurodegeneration associated with
epileptic seizure; neurodegeneration associated with
neurotoxin poisoning; and multi-system atrophy.In one
embodiment of the present invention, the
neurodegenerative disorder or 



condition comprises neurodegeneration of striatal
medium spiny neurons in a mammal, including a human.
In a further embodiment of the present invention, the
neurodegenerative disorder or condition is
Huntington's disease. In another embodiment, this
invention provides a pharmaceutical composition for
treating psychotic disorders, delusional disorders and
drug induced psychosis; anxiety disorders, movement
disorders, mood disorders, neurodegenerative disorders
and drug addiction, comprising an amount of a compound
of formula I effective in treating said disorder or
condition. In another embodiment, this invention
provides a method of treating a disorder selected from
psychotic disorders, delusional disorders and drug
induced psychosis; anxiety disorders, movement
disorders, mood disorders, and neurodegenerative
disorders, which method comprises administering an
amount of a compound of claim 1 effective in treating
said disorder. In another embodiment, this invention
provides a method of treating the disorders above,
where the disorders are selected from the group
consisting of: dementia, Alzheimer's disease,
multi-infarct dementia, alcoholic dementia or other
drug-related dementia, dementia associated with
intracranial tumors or cerebral trauma, dementia
associated with Huntington's disease or Parkinson's
disease, or AIDS-related dementia; delirium; amnestic
disorder; post traumatic stress disorder; mental
retardation; a learning disorder, for example reading
disorder, mathematics disorder, or a disorder of
written expression; attentiondeficit/ hyperactivity
disorder; age-related cognitive decline, major
depressive episode of the mild, moderate or severe
type; a manic or mixed mood episode; a hypomanic mood
episode; a depressive episode with atypical features;
a depressive episode with melancholic features; a
depressive episode with catatonic features; a mood
episode with postpartum onset; poststroke depression;
major depressive disorder; dysthymic disorder; minor
depressive disorder; premenstrual dysphoric disorder;
post-psychotic depressive disorder of schizophrenia; a
major depressive disorder superimposed on a psychotic
disorder comprising a delusional disorder or
schizophrenia; a bipolar disorder comprising bipolar I
disorder, bipolar Il disorder, cyclothymic disorder,
Parkinson's disease; Huntington's disease; dementia,
Alzheimer's disease, multi-infarct dementia,
AIDS-related dementia, Fronto temperal Dementia;
neurodegeneration associated with cerebral trauma;
neurodegeneration associated with stroke;
neurodegeneration associated with cerebral infarct;
hypoglycemia-induced neurodegeneration;
neurodegeneration associated with epileptic seizure;
neurodegeneration associated with neurotoxin
poisoning; multi-system atrophy, paranoid,
disorganized, catatonic, undifferentiated or residual
type; schizophreniform disorder;
schizoaffectivedisorder of the delusional type or the
depressive type; delusional disorder;
substance-induced psychotic disorder, psychosis
induced by alcohol, amphetamine, cannabis, cocaine,
hallucinogens, inhalants, opioids, or phencyciidine;
personality disorder of the paranoid type; and
personality disorder of the schizoid type. The term
"aryl", as used herein, unless otherwise indicated,
includes an organic radical derived from a univalent
aromatic hydrocarbon and includes but is not limited
to, phenyl, naphthyl and indenyl. The term "alkyl", as
used herein, unless otherwise indicated, includes
saturated monovalent hydrocarbon radicals having
straight or branched moieties. Examples of alkyl
groups include, but are not limited to, methyl, ethyl,
propyl, isopropyl, and f-butyl. The term "alkenyl", as
used herein, unless otherwise indicated, includes
alkyl 



moieties having at least one carbon-carbon double bond
wherein alkyl is as defined above. Examples of alkenyl
include, but are not limited to, ethenyl and propenyl.
The term "alkynyl", as used herein, unless otherwise
indicated, includes alkyl moieties having at least one
carbon-carbon triple bond wherein alkyl is as defined
above. Examples of alkynyl groups include, but are not
limited to, ethynyl and 2-propynyl. The term
"cycloalkyl", as used herein, unless otherwise
indicated, includes alkyl groups comprising
non-aromatic saturated cyclic alkyl moieties wherein
alkyl is as defined above. Examples of cycloalkyl
include, but are not limited to, cyclopropyl,
cyclopropylethyl, cyclopropylmethyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloheptyl. Unless
otherwise indicated, as used herein, the terms
"heterocyclic" and "heterocycloalkyl" refer to
non-aromatic cyclic groups containing one or more
heteroatoms, preferably from one to four heteroatoms,
each selected from O, S and N. "Heterobicycloalkyl"
groups are non-aromatic two-ringed cyclic groups,
wherein said rings share one or two atoms, and wherein
at least one of the rings contains a heteroatom (O, S,
or N). Heterobicycloalkyl groups for purposes of the
present invention, and unless otherwise indicated,
include spiro groups and fused ring groups.
"Heterotricycloalkyl" groups are non-aromatic
three-ringed cyclic groups, wherein said rings are
fused to one another or form a spiro group (in other
words, at least two of said rings share one or two
atoms and the third ring shares one or two atoms with
at least one of said two rings). The
heterotricycloalkyl groups of the compounds of the
present invention can include one or more O, S and/or
N heteroatoms. In one embodiment, each ring in the
heterobicycloalkyl or heterotricycloalkyl contains up
to four heteroatoms (i.e. from zero to four
heteroatoms, provided that at least one ring contains
at least one heteroatom). The heterocycloalkyl,
heterobicycloalky and heterotricycloalkyl groups of
the present invention can also include ring systems
substituted with one or more oxo moieties. The
heterocyclic groups, including the heterobicyclic and
heterotricyclic groups, may comprise double or triple
bonds, e.g. heterocycloalkenyl, heterobicycloalkenyl,
and heterotricycloalkenyl. Examples of nonaromatic
heterocyclic groups are aziridinyl, azetidinyl,
pyrrolidinyl, piperidinyl, azepinyl, piperazinyl,
1,2,3,6-tetrahydropyridinyl, oxiranyl, oxetanyl,
tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrahydrothiopyranyl, morpholino,
thiomorpholino, thioxanyl, pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyI, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, dihydropyranyl, dihydrothienyl,
dihydrofuranyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, 3- azabicyclo[3.1 .0]hexanyl,
3-azabicycIo[4.1.0]heptanyl, quinolizinyl,
quinuclidinyl, 1,4- dioxaspiro[4.5]decyl,
1,4-dioxaspiro[4.4]nonyl, 1,4-dioxaspiro[4.3]octyl,
and 1,4- dioxaspiro[4.2]heptyl. "Heteroaryl", as used
herein, refers to aromatic groups containing one or
more heteroatoms (O, S, or N), preferably from one to
four heteroatoms. A multicyclic group containing one
or more heteroatoms wherein at least one ring of the
group is aromatic is a "heteroaryl" group. The
heteroaryl groups of this invention can also include
ring systems substituted with one or more oxo
moieties. Examples of heteroaryl groups are pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, quinolyl, isoquinolyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, triazinyl, isoindolyl,
purinyl, oxadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, dihydroquinolyl,
tetrahydroquinolyl, dihydroisoquinolyl,
tetrahydroisoquinolyl, benzofuryl, furopyridinyl,
pyrolopyrimidinyl, and azaindolyl. "Halogen" and
"halo", as used herein, includes chloro, bromo, fluoro
and iodo. 



"Haloalkyl" as used herein, includes alkyl groups
where one or more of the hydrogen atoms are
substituted by halogens. Examples of haloalkyl
include, but are not limited to - CH2F, -CHCI2, -CF3
and -CH 2CF3. "Neurotoxin poisoning" refers to
poisoning caused by a neurotoxin. A neurotoxin is any
chemical or substance that can cause neural death and
thus neurological damage. An example of a neurotoxin
is alcohol, which, when abused by a pregnant female,
can result in alcohol poisoning and neurological
damage known as Fetal Alcohol Syndrome in a newborn.
Other examples of neurotoxins include, but are not
limited to, kainic acid, domoic acid, and acromeiic
acid; certain pesticides, such as DDT; certain
insecticides, such as organophosphates; volatile
organic solvents such as hexacarbons (e.g. toluene);
heavy metals (e.g. lead, mercury, arsenic, and
phosphorous); aluminum; certain chemicals used as
weapons, such as Agent Orange and Nerve Gas; and
neurotoxic antineoplastic agents. As used herein, the
term "selective PDE10 inhibitor" refers to a
substance, for example an organic molecule that
effectively inhibits an enzyme from the PDE10 family
to a greater extent than enzymes from the PDE 1-9
families or PDE1 1 family. In one embodiment, a
selective PDE10 inhibitor is a substance, for example
an organic molecule, having an IC50for inhibition of
PDE10 that is less than or about one-haif the IC50
that the substance has for inhibition of any other PDE
enzyme. In other words, the substance inhibits PDE10
activity to the same degree at a concentration of
about one-tenth or less than the concentration
required for any other PDE enzyme. In general, a
substance is considered to effectively inhibit PDE10
activity if it has an IC50 of less than or about 10mM,
preferably less than or about 0.1 mM. A "selective
PDE10 inhibitor" can be identified, for example, by
comparing the ability of a substance to inhibit PDE10
activity to its ability to inhibit PDE enzymes from
the other PDE families. For example, a substance may
be assayed for its ability to inhibit PDE10 activity,
as well as PDE1, PDE2, PDE3, PDE4, PDE5, PDE6, PDE7,
PDE8, PDE9, PDE11, including subtypes. The term
"treating", as in "a method of treating a disorder",
refers to reversing, alleviating, or inhibiting the
progress of the disorder to which such term applies,
or one or more symptoms of the disorder. As used
herein, the term also encompasses, depending on the
condition of the patient, preventing the disorder,
including preventing onset of the disorder or of any
symptoms associated therewith, as well as reducing the
severity of the disorder or any of its symptoms prior
to onset. "Treating" as used herein refers also to
preventing a recurrence of a disorder. For example,
"treating schizophrenia, or schizophreniform or
schizoaffective disorder" as used herein also
encompasses treating one or more symptoms (positive,
negative, and other associated features) of said
disorders, for example treating, delusions and/or
hallucination associated therewith. Other examples of
symptoms of schizophrenia and schizophreniform and
schizoaffective disorders include disorganized speech,
affective flattening, alogia, anhedonia, inappropriate
affect, dysphoric mood (in the form of, for example,
depression, anxiety or anger), and some indications of
cognitive dysfunction. In another embodiment the
present invention relates to a process for preparing a
compound of formula Ior a pharmaceutically acceptable
salt, solvate or prodrug thereof, wherein X , Y and Z
are each independently CH or N with the proviso that
at least one or two of X , Y and Z are N, but not all
three, and with the proviso that Y and Z are not both
N; wherein R1, R2 and R5 are independently H, halogen,
C=N, -COOH, -COOR 3, -CON R3R4, COR 3, -NR 3R4, -NHCOR
3, -OH, (C6-C10 )aryl, 5 to 7 membered heteroaryl,
(C1-C6)alkyl, 



(C2-C6)alkenyl, (C2-C6)alkynyl, -O-(C r C6)alkyl,
-O-(C 2-C6)alkenyl or (C3-C8) cycloalkyl; or, when R1
R2 and R5 are independently -0-(C 1-C6) l yI, -O-(C
2-C6)alkenyl, (Ci-C e)alkyl, (C2- C6)alkenyl or
(C2-C6)alkynyl, Ri and R2 or R1 and R5 may optionally
be connected to form a 5 to 8 membered ring; wherein
R3 and R4 are independently H, (C1-C6)alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more groups; wherein R6 and R7 are each
independently H, halogen, -COOR 3, -CONR 3R4, -COR 4,
NR3R4, -NHCOR 3, -OH, -(C,-C 6)alkylene-OH, -HNCOOR 3,
-CN, -HNCONHR 4, (Cr C6)alkyl, (C2-C6)alkoxy, C6-C10
aryl or wherein n is Oor 1;W is carbon, oxygen or NR8,
wherein R8 is hydrogen or (C-|-C6)alkyl, and when W is
carbon, it may be optionally substituted by halogen,
-CN, -COOH, -COOR 3, -CONR 3R4, - COR 3, -NR3R4,
-NHCOR 3, -OH, (C6-C10)aryl, 5 to 7 membered
heteroaryl, (C1-C6JaIkVl, (C1- C6)haloalkyl
(C2-C6)alkenyl, (C2-C6)alkynyl, -0-(C r C6)alkyl,
-O-(C 2-C6)alkenyl or (C3-C8) cycloalkyl; wherein R9
and R10 are independently hydrogen or (Ci-C 8)alkyl;
or Rg and Ri 0 may optionally combine to form a cyclic
ring; wherein Ar is phenyl, naphthyl, or a 5- to
6-membered heteroaryl ring, which heteroaryl is
optionally fused to a benzo group, and which
heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and wherein each of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (Ci-C
8)alkyl, chloro-, bromo-, iodo, fluoro-, (Cr
C8)hydroxyalkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-,
(C3-C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)CyClOaIkOXy-, (Cr C8)alkoxy-(C 3-
C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Ci-C
8)alkoxy-(3-8 membered)heterocycloalkyl, wherein said
alkyl, alkoxy and cycloalkyl may be optionally
substituted with 1 to 3 halos and wherein each
(C3-C8)cycloalkyl or heterocycloalkyl moiety may be
independently substituted with from one to three (Cr
C6)alkyl or benzyl groups; or wherein Ar is a 5- to
6-membered heteroaryl ring, which heteroaryl is fused
to an imidazo, pyrido, pyrimido, pyrazo, pyridazo, or
pyrrolo group, and which heteroaryl contains from one
to four heteroatoms selected from oxygen, nitrogen and
sulfur, with the proviso that said heteroaryl ring
cannot contain two adjacent oxygen atoms or two
adjacent sulfur atoms, and wherein each of the
foregoing fused heteroaryl rings may optionally be
substituted with from one to three substituents
independently selected from (C1-C8)alkyl, chloro-,
bromo-, iodo, fluoro-, halo(C r C8)alkyl, (Cr
C8)hydroxyalkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-, (C3-
C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (Cr C8)alkoxy-(C
3-C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Cr
C8)alkoxy- (3-8 membered)heterocycloalkyl, wherein
each (C3-C8)cycloalkyl or heterocycloalkyl moiety may
be independently substituted with from one to three
(C.,-C6)alkyl or benzyl groups; or when Ar is phenyl,
naphthyl, or heteroaryl ring, each ring may be
optionally substituted with one to three substituents
independently selected from (a) lactone formed from
-(CH 2)t0 H with an ortho -COOH, wherein t is one, two
or three; (b) -CONR 14R15 , wherein R14 and R15 are
independently selected from (Ci-C 8)alkyl and benzyl,
or R14 and R15 together with the nitrogen to which
they are attached form a 5- to 7-membered heteroalkyl
ring that may contain from zero to three heteroatoms
selected from nitrogen, sulfur andoxygen in addition
to the nitrogen of the -CONR14Ri 5 group, wherein when
any of said 



heteroatoms is nitrogen it may be optionally
substituted with (Ci-C 8)alkyl or benzyl, with the
proviso that said ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms; or (c) -(CH
2)vNCORi4Ri5 wherein v is zero, one, two or three and
-CO Ri4R15 taken together with the nitrogen to which
they are attached form a 4- to 6-membered lactam ring;
comprising reacting a compound of formula III wherein
X, Y and Z are as defined above; wherein R1, R2 and R5
are independently H, halogen, CN, -COOH, -COOR3, -CON
R3R4, COR3, -NR3R4, -NHCOR3, -OH, (C6-C10)aryl, 5 to 7
membered heteroaryl, (Cr C6)alkyl, (C2-C6)alkenyl,
(C2-C6)alkynyl, -O-(C r C6)alkyl, -O-(C2-C6)alkenyl
or' (C3-C8) cycloalkyl; and, when R1 R2 and R5 are
independently -O-(Cr C6)aikyl, -O-(C2-C6)alkenyl,
(Ci-C 6)alkyl, (C2- C6)alkenyl or (C2-C6)alkynyl, R1
and R2 or R1 and R5 may optionally be connected to
form a 5 to 8 membered ring; wherein R3 and R4 are
independently H, (Cr C6)alkyl or (C6-Ci 0)aryl said
aryl optionally substituted with one or more
(CrC^alkyl groups; and L is a suitable leaving group;
with a compound of formula Il wherein Ar, R6 and R7
are defined above.Examples of leaving groups include,
but are not limited to chlorine, bromine, iodine,
p-toluenesulfonate, Cr C6alkylsulfate and Cr
C6alkanesulfonate, particularly
trifluoromethanesulfonate In a preferred embodiment,
the leaving group L is chlorine. In another aspect,
the invention relates to intermediate compounds having
the formula wherein R6 and R7 are each independently
is H, halogen, -COOR 3, -CONR3R4, -COR 4, NR3R4,
-NHCOR 3, -OH, -HNCOOR3, -CN, -HNCONHR 4, (Cr
C6)alkyl, -O(C 2-C6)alkyl, C6 -C10 aryl or wherein n
is Oor 1; W is carbon, oxygen or NR8, wherein R8 is
hydrogen or (C1-C6)alkyl, and when W is carbon, it may
be optionally substituted by halogen, -CN, -COOH,
-COOR 3, -CONR3R4, - COR3, -NR3R4, -NHCOR 3, -OH,
(C6-C10)aryl, 5 to 7 membered heteroaryl, (Cr
C6)alkyl, (C1- C6)haloalkyl (C2-C6)alkenyl,
(C2-C6)alkynyl, -O-td-CeJalkyl, -O-(C 2-C6)alkenyl or
(C3-C8) cycloalkyl; wherein R9 and R10 are
independently hydrogen or (Cr C8)alkyl; or R9 and R10
may optionally combine to form a cyclic ring; wherein
R3 and R4 are independently H, (Ci-C 6)alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more (Cr C6)alkyl groups; wherein Ar is phenyl,
naphthyl, or a 5- to 6-membered heteroaryl ring, which
heteroaryl is optionally fused to a benzo group, and
which heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and whereineach of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (C1-
C8)alkyl, chloro-, bromo-, iodo, fluoro-,
(C1-C8)hydroxyalkyl-, (CVC^alkoxy^CrC Jalkyl-, (C3-
C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)alkoxy-(C3-C8)cycloalkyl-,
(3-8 membered)heterocycloalkyl, hydroxyl(3-8
membered)heterocycloalkyl, and (CrC^alkoxy- (3-8
membered)heterocycloalkyl, wherein said alkyl, alkoxy
and cycloalkyl may be optionally substituted with 1 to
3 halos and wherein each (C3-C8)cycloalkyl or
heterocycloalkyl moiety may be independently
substituted with from one to three or benzyl groups;
or wherein Ar is a phenyl, naphthyl, heteroaryl or
benzo-fused heteroaryl ring, each said 



ring may be optionally substituted with one to three
substituents independently selected from phenyl,
naphthyl and a 5- to 6-membered heteroaryl ring
containing from one to four heteroatoms selected from
oxygen, nitrogen and sulfur, with the proviso that
said heteroaryl ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms, and wherein
each independently selected phenyl, naphthyl or
heteroaryl substituent may itself be substituted with
from one to three (CrC 8)alkyl or C3-C8 cycloalkyl
substituents, wherein examples of heteroaryl groups
include, but are not limited to, pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, quinolyl, isoquinolyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, purinyl,
oxadiazolyl, thiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, dihydroquinolyl,
tetrahydroquinolyl, dihydroisoquinolyl,
tetrahydroisoquinolyl, benzofuryl, furopyridinyl,
pyrolopyrimidinyl, and azaindolyl; when Ar is a
phenyl, naphthyl or heteroaryl ring, each said ring
may be optionally substituted with one to three
substituents independently selected from (a) lactone
formed from -(CH 2)tOH with an ortho -COOH, wherein t
is one, two or three; (b) -CONR 14R15, wherein R14 and
R15 are independently selected from (Ci-C 8)alkyl and
benzyl, or R14 and R15 together with the nitrogen to
which they are attached form a 5- to 7-membered
heteroalkyl ring that may contain from zero to three
heteroatoms selected from nitrogen, sulfur and oxygen
in addition to the nitrogen of the -CONR14R15 group,
wherein when any of said heteroatoms is nitrogen it
may be optionally substituted with (Cr C8)alkyl or
benzyl, with the proviso that said ring cannot contain
two adjacent oxygen atoms or two adjacent sulfur
atoms; or (c) -(CH 2)VNCOR 14R15 wherein v is zero,
one, two or three and -COR 14R15 taken together with
the nitrogen to which they are attached form a 4- to
6-membered lactam ring.Scheme 1 depicts a coupling
reaction between 4-chloro-6,7-dimethoxyquinazoline and
a pyrrolidine component. This reaction is typically
carried out in an inert solvent such as toluene,
optionally in the presence of a base, at a temperature
range from about 0 0C to about 200 C. Other suitable
solvents include benzene, chloroform, dioxane, ethyl
acetate, 2- propanol and xylene, and tetrahydrofuran.
Alternatively, solvent mixtures such as
toluene/isopropanol can be used. Preferably the
reactants are heated under reflux in a solvent mixture
of toluene and isopropanol for a period of from about
2 hours to about 24 hours. Another preferred set of
conditions requires treating a tetrahydrofuran
solution of the reactants with aqueous sodium
bicarbonate at reflux. The method is not limited to
4-chloro- 6,7-dimethoxyquinazoline since other
substituted or unsubstituted quinazolines, cinnolines,
and isoquinolines can be used provided a leaving group
exists in the 4-position. A wide variety of
substituted pyrrolidines may participate in. this
reaction. Derivatives of 4-chloro-quinazoline are
prepared by treating the corresponding 4-one compound
with POCI 3 as described in General Procedure 6 below
(WO 03/008388). Methods for the synthesis of some of
these pyrrolidines are described below. Scheme 2 MeO
NO2 1 Na0H MeO NO MeO NH; J l ] 2. (EtO)2SO2 J j T
Zp/HCl or H2ZPd-C Jj Me0 " ' ' O2H " EUX O2Et * " EKT
Et 4 ,5-Dimethoxy-2-nitro-benzoic acid Scheme 2 shows
a sequence for the synthesis of quinazoline templates
in which the alkoxy groups in the 6- and 7-positions
are different. According to one method, 4,5- 



dimethoxy-2-nitro-benzoic acid methyl ester is
saponified with sodium hydroxide to give a phenolic
acid. Alkylation with dialkyl sulfate or an alkyl
halide provides the new substituted benzene in which
the alkoxy groups are now different. Zinc reduction of
the nitro group to an aniline is followed by
sequential reaction with formamide and phosphorous
oxychloride to provide a 4-chloroquinazoline compound
possessing a methoxy group in the 7-position and
adifferent alkoxy group in the 6-position. This
quinazoline can be coupled with amines via the method
described by Scheme 1. Scheme 3 1. HNO3 ethyl
vanillate 2. (EtO)2SO2 Scheme 3 shows a related method
that allows for the alternative substitution pattern.
In this sequence, commercially available ethyl
vanillate is nitrated with nitric acid, and then
alkylated with the desired electrophile. For example,
diethylsulfate or iodoethane can be used to install an
ethyl group as shown. Propyl sulfate would be used to
install a propyl group, and so on. Zinc reduction and
conversion into the 4-chloroquinazoline occurs as in
Scheme 2, but the product in this case possesses a
methyl group in the quinazoline 6-position, and a
different alky group resides in the 7-position. Scheme
4 Scheme 4 describes a method for preparing
N-protected pyrrolidine compounds possessing a
3-hydroxyl group and a 4-alkyl or 4-aryl group. The
method begins with the epoxide shown. The epoxide can
be opened with organometallic reagents such as
Grignard reagents or cuprates to give the Boc
protected pyrrolidine. (Hansen, S.U. and M. BoIs, 1-
Azaribofuranoside Analogues as designed inhibitors of
purine nucleoside phosphorylase. synthesis and
biological evaluation. Acta Chimica Scandinavica,
1998. 52: p. 1214-1222). Cleavage of the Boc group
with trifluoroacetic acid provides the free
pyrrolidine, which can be coupled with a quinazoline
ring as described in Scheme 1. Scheme 5 Scheme 5
depicts a method for the preparation of pyrrolidine
derivatives possessing a 3-hydroxyl group and a
4-amino group. This method begins with the epoxide
shown. The epoxide is opened by treatment with ammonia
or a primary or secondary amine to give the
Boc-protected pyrrolidine. Cleavage of the Boc group
with trifluoroacetic acid provides the free
pyrrolidine, which can be coupled with a quinazoline
ring as described in Scheme 1.Scheme 6 (arylation
reaction) Scheme 6 shows two methods used to
incorporate aryl ether groups. In one case, the
well-known Mitsunobu reaction is used. (Hughes, D.L.,
The Mitsunobu Reaction. Organic Reactions. Vol. 42.
1992, New York, 335-656). An alternative method for
incorporating the aryl ether group involves conversion
of the hydroxyl group into an alkoxide by treatment
with a strong base such as sodium hydride. The
alkoxide is then treated with various activated aryl
halides. Examples of activated aryl halides include
aryl halides with heteroatoms in the 2- position of
the aryl ring relative to the halide. As illustrated
in the bottom of Scheme 6, when the pyrrolidine
possesses an amine group, the amine may be acylated
subsequent to the arylation reaction. The acylation
may be performed via methods described below. In each
of the methods shown in Scheme 6, Boc group
deprotection with a strong acid such as
trifluoroacetic acid gives the pyrrolidine derivative,
which may be coupled with the desired quinazoline
according to the method of Scheme 1. Scheme 7 Scheme 7
depicts a method used for generating pyrrolidyl
quinazoline compounds 



possessing a 3-aryloxy group and a 4-hydroxym ethyl
group on the pyrrolidine ring. This method begins with
4-oxo-pyrroIidine-1,3-dicarboxylic acid 1-tert-butyl
ester 3-ethyl ester as shown. The Boc group is cleaved
by treatment with TFA and the resultant pyrrolidine is
coupled with the desired 4-chIoroquinazoline
derivative according to the Scheme 1 method.Reduction
of the ketone and ester functions with sodium
borohydride gives a dihydroxyl compound, which is then
selectively protected on the primary hydroxyl group as
a silyi ether using tert-butyldimethyl silyl chloride.
Other silyl ethers could be employed as well. This is
followed by conversion of the remaining free hydroxyl
group into an aryl ether as described in Scheme 6.
Once the aryl ether is installed, the silyl group may
be cleaved under acidic conditions to provide the
pyrrolidinylquinazoline possessing a 3-aryloxy group
and a 4- hydroxymethyl group. Scheme 8 The alcohol of
Scheme 7 is a versatile structure that can be used
without modification or as an intermediate for the
preparation of a variety of new structures. For
example, as shown in Scheme 8, the hydroxyl group
could be reduced to give a methyl group. One method
for this reduction would require conversion of the
alcohol into the methane sulfonate, and subsequent
reduction with zinc in the presence of sodium iodide
as described in the literature. (Fugimoto, Y. and T.
Tatsuno, A novel method for reductive removal of
tosyloxy and mesyloxy groups. Tetrahedron Lett., 1976.
37: p. 3325-3326). The hydroxyl group could also be
alkylated or arylated to give alky]- or aryl-ethers,
respectively. In the former case this is known to
those skilled in the art as the Williamson ether
synthesis. (Laue, T. and A. Plagens, Named Organic
Reactions. 2000, West Sussex: John Wiley & Sons).
Formation of aryl ethers was described in Scheme 6.
Alternatively, the alcohol could be oxidized by a
variety of methods to give an aldehyde. (Tidwell,
T.T., Oxidation of alcohols to carbonyl compounds via
alkoxysulfonium ylides: the Moffat, Swern and related
oxidations. Organic Reactions. Vol. 39. 1990, New
York. 297-572). The aldehyde can then be converted
into various amines via the well-known reductive
amination reaction. In this reaction, the aldehyde is
treated with an amine and a reducing agent in a
suitable solvent. There are many effective reducing
agents known to those skilled in the art. Two of the
most common reducing agents are sodium
cyanoborohydride and sodium triacetoxyborohydride.
However, catalytichydrogenation can also be used.
Suitable solvents include various alcohols, as well as
inert solvents such as methylene chloride, THF, ether,
toluene, benzene, glyme, or chloroform. Preferably,
alcoholic solvents are used with sodium
cyanoborohydride and catalytic hydrogenation, while
the inert solvents are often used with sodium
triacetoxyborohydride. Primary and secondary amine
products can be further converted via acylation into
amides, urethanes and ureas utilizing standard
acylation methods. (Bodanszky, M., Principles of
Peptide Synthesis. 2nd ed. 1993, Berlin Heidelberg:
Springer-Verlag), (Humphrey, J.M. and A.R. Chamberlin,
Chemical Synthesis of Natural Product Peptides:
Coupling Methods for the Incorporation of Noncoded
Amino Acids into Peptides. Chem. Rev., 1997. 97(6): p.
2243- 2266). Each of the transformations described in
Scheme 8 are well known to those skilled in the art,
and could be accomplished via any of a wide variety of
conditions and reagents found in the literature.
Scheme 9 Scheme 9 shows a method useful for the
preparation of pyrrolidinylquinazolines possessing
aryl ether functionality in the pyrrolidine 3-position
and carboxamide functionality in the pyrrolidine
4-position. The method begins with
4-oxo-pyrrolidine-1,3-dicarboxylic acid 1- tert-butyl
ester 3-ethyl ester which is prepared according to the
literature procedure. (Lee, J.H., et al., Synthesis
and biological activity of Novel 1b-methylcarbapenems
with 



oxyiminopyrrolidinylamide moiety. Bioorg. Med. Chem.
Lett., 2003. 13: p. 4399-4403). Boc cleavage via
treatment with trifluoroacetic acid precedes coupling
with the desired quinazoline according to the Scheme 1
procedure. The ester functionality can then be
converted into the carboxamide group via the Weinreb
amination protocol. (Basha, A., M. Lipton, and S.M.
Weinreb, A Mild, General Method for Conversion of
Esters to Amides. Tetrahedron, 1977. 48: p.
4171-4174). An alternative method requires heating the
ester and amine components in the presence of a
catalytic amount of sodium cyanide. (Hdgberg, T. et
al., Cyanide as an Efficient Catalyst in the
Amminolysis of Esters. J . Org. Chem, 1987. 52: p.
2033-2036).Alternatively, the ester group could be
cleaved by hydrolysis and the resultant carboxylic
acid could then be coupled with amine components
utilizing any of a vast array of known coupling
methods. For example, this can be done via conversion
of the carboxylic acid into the acid chloride under
commonly known conditions. The acid chloride is then
treated with the amine component in the presence of
base in an inert solvent such as methylene chloride to
provide the amide product. This coupling can also be
mediated by specialized coupling reagents known to
those skilled in the art, such as DCC, HATU, BOP-CI,
PyBrop and many others. (Humphrey, J.M. and A.R.
Chamberlin, Chem. Rev., 1997. 97(6): p. 2243-2266 and
Bodanszky, M., Principles of Peptide Synthesis. 2nd
ed. 1993, Berlin Heidelberg: Springer- Verlag.)
Suitable solvents for couplings via the acid chloride
or coupling agent-mediated reactions include methylene
chloride, chloroform, TCE, benzene, toluene, THF, DMF,
dioxane and glyme among others. With the amide group
in place, the ketone functionality would be reduced by
treatment with a reducing agent such as sodium
borohydride to generate an alcohol. Conversion of the
alcohol into the requisite aryl ether functionality
would be accomplished according to the methods of
Scheme 6. Scheme 10 Scheme 10 shows a sequence used to
prepare pyrrolidine derivatives with aryl ether
substitution in the 3-position and alkyl ether
substitution in the 4-position. The method shown in
the scheme begins with Boc-protected
6-Oxa-3-aza-bicyclo[3.1.0]hexane, but other protecting
groups may be used in place of Boc. The substrate is
treated with a strong acid in an alcoholic solvent,
which serves to open the epoxide to the
3-hydroxy-4-alkoxypyrrolidine. Suitable alcohols
include primary alcohols such as methanol and ethanol.
Suitable secondary alcohols include isopropanol.
Suitable strong acids include, but are not limited to,
sulfuric acid and camphorsulfonic acid. The aryl group
is easily installed via the Mitsunobu reaction or via
arylation of the alkoxide formed by treatment of the
alcohol with sodium hydride as described herein. After
deprotedtion of the protecting group the product amine
can be coupled with the chloroquinazoline component as
described in Scheme 1. Alternatively, the deprotection
step and coupling to the quinazoline can be
accomplished prior to incorporation of the aryl ether
substituent. According to this alternative, Boc
cleavage with trifluoroaectic acid is used to form the
free pyrrolidine and the quinazoline is then
introduced, as is Scheme 1. Treatment with sodium
hydride or another strong base is used to generate an
alkoxide, which is then arylated as described in
Scheme 6.Scheme 11 Scheme 11 describes a method
effective for the preparation of
pyrrolidyl-quinazoline compounds in which the
pyrrolidine component possesses a 3-aryloxy
substituent and a 4- hydroxyl group. The method begins
with 3,4-dihydroxy-pyrrolidine-1-carboxylic acid
tert-butyl ester, which is prepared according to a
published procedure. (Donohoe, T.J., et al.,
Flexibility in the Partial Reduction of
2,5-Disubstituted Pyrroles: Application to the
Synthesis of DMDP. Org. Let., 2003. 5(7): p.
999-1002). The diol can be mono-protected on one of
the alcohol functions by treatment with a protecting
group such as tert-butyl-dimethylsilyl chloride. The 



nature of the protecting group is not critical, as
other protecting groups are likely to work as well.
After protection, the remaining hydroxyl group can be
arylated via the Mitsunobu reaction or by arylation of
the corresponding alkoxide in an aromatic nucleophilic
substitution reaction. These methods are described
herein. With the aryl group installed, the next step
is to cleave the N-protecting group without cleaving
the silyl group. In the illustrated case, this is
accomplished via treatment with TFA. The resultant
amine is then coupled with the desired 4-
chloroquinazoline derivative as described in Scheme 1,
and the silyl group is finally cleaved with an acid
such as aqueous HCI The compound of the invention may
be administered either alone or in combination with
pharmaceutically acceptable carriers, in either single
or multiple doses. Suitable pharmaceutical carriers
include inert solid diluents or fillers, sterile
aqueous solutions and various organic solvents. The
pharmaceutical compositions formed thereby can then be
readily administered in a variety of dosage forms such
as tablets, powders, lozenges, liquid preparations,
syrups, injectable solutions and the like. These
pharmaceutical compositions can optionally contain
additional ingredients such as flavorings, binders,
excipients and the like. Thus, the compound of the
invention may be formulated for oral, buccal,
intranasal, parenteral (e.g. intravenous,
intramuscular or subcutaneous), transdermal (e.g.
patch) or rectal administration, or in a form suitable
for administration by inhalation or insufflation.For
oral administration, the pharmaceutical compositions
may take the form of, for example, tablets or capsules
prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g.
pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose); fillers (e.g. lactose,
microcrystalline cellulose or calcium phosphate);
lubricants (e.g. magnesium stearate, talc or silica);
disintegrants (e.g. potato starch or sodium starch
glycolate); or wetting agents (e.g. sodium lauryl
sulphate). The tablets may be coated by methods well
known in the art. Liquid preparations for oral
administration may take the form of, for example,
solutions, syrups or suspensions, or they may be
presented as a dry product for constitution with water
or other suitable vehicle before use. Such liquid
preparations may be prepared by conventional means
with pharmaceutically acceptable additives such as
suspending agents (e.g. sorbitol syrup, methyl
cellulose or hydrogenated edible fats); emulsifying
agents (e.g. lecithin or acacia); non-aqueous vehicles
(e.g. almond oil, oily esters or ethyl alcohol); and
preservatives (e.g. methyl or propyl
p-hydroxybenzoates orsorbic acid). For buccal
administration, the composition may take the form of
tablets or lozenges formulated in conventional manner.
The compounds of the invention may be formulated for
parenteral administration by injection, including
using conventional catheterization techniques or
infusion. Formulations for injection may be presented
in unit dosage form, e.g. in ampules or in multi-dose
containers, with an added preservative. They may take
such forms as suspensions, solutions or emulsions in
oily or aqueous vehicles, and may contain formulating
agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active
ingredient may be in powder form for reconstitution
with a suitable vehicle, e.g. sterile pyrogen-free
water, before use. When a product solution is
required, it can be made by dissolving the isolated
inclusion complex in water (or other aqueous medium)
in an amount sufficient to generate a solution of the
required strength for oral or parenteral
administration to patients. The compounds may be
formulated for fast dispersing dosage forms (fddf),
which are designed to release the active ingredient in
the oral cavity. These have often been formulated
using 



rapidly soluble gelatin-based matrices. These dosage
forms are well known and can be used to deliver a wide
range of drugs. Most fast dispersing dosage forms
utilize gelatin as a carrier or structure-forming
agent. Typically, gelatin is used to give sufficient
strength to the dosage form to prevent breakage during
removal from packaging, but once placed in the mouth,
the gelatin allows immediate dissolution of the dosage
form. Alternatively, various starches are used to the
same effect.The compounds of the invention may also be
formulated in rectal compositions such as
suppositories or retention enemas, e.g. containing
conventional suppository bases such as cocoa butter or
other glycerides. For intranasal administration or
administration by inhalation, the compound of the
invention is conveniently delivered in the form of a
solution or suspension from a pump spray container
that is squeezed or pumped by the patient or as an
aerosol spray presentation from a pressurized
container or a nebulizer, with the use of a suitable
propellant, e.g. dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In the case of a
pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount. The
pressurized container or nebulizer may contain a
solution or suspension of the active compound.
Capsules and cartridges (made e.g. from gelatin) for
use in an inhaler or insufflator may be formulated
containing a powder mix of a compound of the invention
and a suitable powder base such as lactose or starch.
Aerosol formulations for treatment of the conditions
referred to above (e.g. migraine) in the average adult
human are preferably arranged so that each metered
dose or "puff' of aerosol contains about 20 mg to
about 1000 mg of the compound of the invention. The
overall daily dose with an aerosol will be within the
range of about 100 mg to about 10 mg. Administration
may be several times daily, e.g. 2, 3, 4 or 8 times,
giving for example, 1, 2 or 3 doses each time. A
proposed daily dose of the compound of the invention
for oral, parenteral, rectal or buccal administration
to the average adult human for the treatment of the
conditions referred to above is from about 0.01 mg to
about 2000 mg, preferably from about 0.1 mg to about
200 mg of the active ingredient of formula I per unit
dose which could be administered, for example, 1 to 4
times per day. Assay methods are available to screen a
substance for inhibition of cyclic nucleotide
hydrolysis by the PDE 10 and the PDEs from other gene
families. The cyclic nucleotide substrate
concentration used in the assay is 1/3 of the Km
concentration, allowing for comparisons of IC50 values
across the different enzymes. PDE activity is measured
using a Scintillation Proximity Assay (SPA)-based
method as previously described (Fawcett et al., 2000).
The effect of PDE inhibitors is determined by assaying
a fixed amount of enzyme (PDEs 1-11) in the presence
of varying substance concentrations and low substrate,
such that the IC50 approximates the K (cGMP or cAMP in
a 3:1 ratio unlabelled to [3H]-labeled at a
concentration of 1/3 Km). ) . The final assay volume
is made up to 100ml with assay buffer [20 mM Tris-HCI
pH 7.4, 5 mM MgCI2, 1 mg/ml bovine serum albumin].
Reactions are initiated with enzyme, incubated for
30-60 min at 30C to give <30% substrate turnover and
terminated with 50 ml yttrium silicate SPA beads
(Amersham) (containing 3 mM of therespective
unlabelled cyclic nucleotide for PDEs 9 and 11).
Plates are re-sealed and shaken for 20 min, after
which the beads were allowed to settle for 30 minutes
in the dark and then counted on a TopCount plate
reader (Packard, Meriden, CT). Radioactivity units can
be converted to percent activity of an uninhibited
control (100%), plotted against inhibitor
concentration and inhibitor IC 50 values can be
obtained using the "Fit Curve' Microsoft Excel 



extension. Using such assay, compounds of the present
invention were determined to have an IC50 activity for
inhibiting PDE10 activity of less than about 10
micromolar. The following Examples illustrate the
present invention. It is to be understood, however,
that the invention, as fully described herein and as
recited in the claims, is not intended to be limited
by the details of the following Examples. Examples
Experimental Procedures Preparation 1.
5-Hvdroxy-4-methoxy-2-nitro-benzoic acid. To
4,5-dimethoxy-2-nitrobenzoic acid was added 6 M HCI
(60 mL). The resultant yellow mixture was heated to
100 0C for 3 h, and then cooled to rt. The resultant
solid was dissolved in 100 mL of water and poured into
a slurry of 9 M HCI and crushed ice. The mixture was
extracted twice with ethyl acetate and the combined
extracts were washed with brine, dried over magnesium
sulfate, and concentrated to give 14.7 g of a pale
yellow solid. Recrystallization from ethyl
acetate/hexanes provided 10.8 g (79%) of the title
compound. General Procedure 1.
4-Methoxy-2-nitro-5-alkoxy-benzoic acid alkyl ester.
In General Procedures 1-6, R is C1 to C6 alkyl.
5-Hydroxy-4-methoxy-2-nitro-benzoic acid (250 mg, 1.18
mmol) in DMF (2.0 mL) was added potassium carbonate
(250 mg, 2.36 mmol)and 2.1 molar equivalents of the
desired dialkylsulfate. The mixture is stirred at 85 C
for 8 h, cooled to rt, diluted with water, and
extracted twice with ethyl acetate. The extracts are
washed sequentially with 1 N NaOH and brine, dried
with magnesium sulfate, and concentrated to give the
title compound.General Procedure 2.
4-Alkoxy-3-methoxy-benzoic acid ethyl ester. To ethyl
vanillate and an excess of potassium carbonate in DMF
is added the disired 1.2 molar equivalents of the
desired dialkylsulfate. The mixture is stirred for 24
h at room temperature, and then diluted with water and
extracted with ether. The combined extracts are washed
with brine, dried, and concentrated to give the title
compound. General Procedure 3.
4-Alkoxy-5-methoxy-2-nitro-benzoic acid ethyl ester.
To the desired 4-alkoxy~3-methoxy-benzoic acid ethyl
ester (ca. 10.0 g) in 12 ml_ of sulfuric acid at 0 0C
is added dropwise 8 mL of a 1:1 mixture of sulfuric
and nitric acids at such a rate to maintain the
reaction temperature below 15 0C. The mixture is then
stirred at rt for 1 h and poured into 100 g of cruched
ice. The resultant aqueous mixture is extracted 3X
with ethyl acetate and the combined extracts is washed
with brine, dried with magnesium sulfate and
concentrated. Silica gel chromatography eluting with
hexane/ethyl acetate provides the title compound as a
yellow solid. General Procedure 4.
2-Amino-4-alkoxy-5-methoxy-benzoic acid ethyl ester.
To a slurry of the desired
4-alkoxy-5-methoxy-2-nitro-benzoic acid ethyl ester in
6M HCI in an ice bath is added in portions an excess
of zinc powder while maintaning the reaction
temperature below 25 0C. When TLC analysis indicates
full consumption of starting material the mixture is
diluted with cold water and extracted 3X with
chloroform. The combined extracts are washed with
brine and concentrated to provide the title compound
as a white solid. General Procedure 5.
7-Alkoxy-6-methoxy-3H-quinazolin-4-one. To the desired
2- amino-4-alkoxy-5-methoxy-benzoic acid ethyl ester
in formamide is added an excess of equivalents of
ammonium carbonate. The mixture is heated to 170 0C
for 24 h, and then cooled to rt and poured into 25 ml.
of water. The resultant precipitate is filtered to
give ayellow solid. Silica gel chromatography eluting
with hexane/ethyl acetate provides the title compound.
General Procedure 6.
4-Chloro-7-alkoxy-6-methoxy-quinazoline. A sample of
7- 



ethoxy-6-methoxy-3H-quinazolin-4-one in POCI3 is
refluxed for 2 h. and then poured into a mixture of
saturated NaHCO3 and ethyl acetate. The mixture is
stirred 15 min and the layers are separated. The
organic portion is washed with brine, dried with
magnesium sulfate and concentrated. Silica gel
chromatography eluting with 5:1 hexanes/ethyl acetate
provides the title compound. Preparation 2.
6-Oxa-3-aza-bicvclor3.1.01hexane-3-carboxylic acid
tert-butyl ester . A mixture of
N-Boc-2,5-dihydro-pyrrole (21.2 g, 125.4 mmol)and 70%
MCPBA (54.1 g, 314 mmol) in toluene (500 ml.) was
stirred at rt for 24 h, after which the suspension was
filtered and concentrated. The residue was dissolved
in ether, and washed sequentially with 10% sodium
hydrogen sulfite, 1 M NaOH, and brine. The solution
was then dried with magnesium sulfate, filtered and
concentrated. The residue was purified by silica gel
chromatography eluting with 85:15 hexanes/ethy
lacetate, to provide 8.85 g (38%) of the title
compound as a colorless oil. Preparation 3.
S-AllvM-hvdroxy-pyrrolidine-i-carboxylic acid
tert-butyl ester. 6-Oxa-3-
aza-bicyc!o[3.1.0]hexane-3-carboxylic acid tert-butyl
ester (277 mg, 15 mmol) in ether at 0 0C was added 3
molar equivalents of allyl magnesium bromide,
dropwise. The mixture was warmed to rt until complete
by TLC analysis, and was then quenched with saturated
ammmonium chloride and extracted with ethyl acetate.
Silica gei chromatography eluting with 5:1
hexane/ethyl acetate to give 141 mg (41%) of the title
compound as a colorless oil. Boc Boc Q cPreparation 4
.
3-Allyl-4-(quinoxalin-2-yloxy)-pyrrolidine-1-carboxyli
c acid tert-butyl ester. To
S-allyM-hydroxy-pyrrolidine-i-carboxylic acid
tert-butyl ester ( 1 14 mg, 0.5 mmol) in THF was added
1.15 molar equivalents of triphenylphosphine, 1.2
molar equivalents of DEAD, and 1.4 molar equivalents
of 2-quinoxalol. The solution was stirred at rt for 4
h, and was then concentrated to a slurry. The slurry
was dissolved in chloroform and washed sequentially
with 1 N sodium hydroxide, 10% citric acid, and brine.
The organic solution was concentrated and the residue
chromatographed on silica gel eluting with 5:1
hexane/ethyl acetate to give 96 mg (54%) of the title
compound as a colorless oil. Preparation 5.
2-(4-Allyl-pyrrolidin-3-yloxy)-quinoxaline. To
3-allyl-4-(quinoxalin-2-
yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester
in methylene chloride was added an equal volume of
trifluoroacetic acetic acid. The solution was stirred
until complete by TLC and was then concentrated to
give the title compound as a colorless oil. Example 1
4-[3-Allyl-4-(quinoxalin-2-yloxy)-pyrrolidin-1-yll-6,7
-dimethoxy-quinazoline. To 2-(4-
allyl-pyrrolidin-3-yloxy)-quinoxaline 53 mg (0.2 mmol)
in 2 ml_ of THF and 0.5 ml_ of water was added 3 molar
equivalents of potassium bicarbonate and 1.1 molar
equivalents of 6,7- dimethoxy-4-chloroquinoxaline. The
mixture was heated at reflux for 24 h and then was
concentrated under vacuum. The residue was
chromatographed eluting with 2:98 ethanol/ethyl
acetate to yield 29 mg (29%) of the title compound as
a colorless oil. Mass spectrum (M+H) m/z = 444.3.
Example 2
6.7-Dimethoxy-4-r3-propyl-4-(quinoxalin-2-yloxy)-pyrro
lidin-1-vn-quinazoline. To 23 mg (0.05 mmol) of
4-[3-allyl-4-(quinoxalin-2-yloxy)-pyrrolidin-1-yl]-6,7
-dimethoxy-quinazoline was added 50 mg of ammonium
formate followed by a slurry of 5 mg of 10% palladium
on carbon in a small amount of ethanol. The mixture
was heated to 75 0C for 1 h, and cooled tort. The
mixture was filtered through celite and concentrated.
The resultant oil was dissolved in chloroform, washed
sequentially with water and brine, and chromatographed
through silica 



gel eluting with 5:95 ethanol/ethyl acetate to yield a
colorless oil. The oil was treated with ethereal HCI
and concentrated to provide 19 mg (79%) of the title
compound as a white solid. Mass spectrum (M+H) m/z =
446.3. Preparation 6.
3-Methyl-4-oxo-pyrrolidine-1,3-dicarboxylic acid
1-tert-butyl ester 3- ethyl ester. To
4-oxo-pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl
ester 3-ethyl ester (1.02 g, 4.0 mmol) in THF at rt
was added DBU (4.1 mmol). After 15 min, iodomethane
(4.0 mmol) was added and the resultant mixture was
stirred for 1 h. The mixture was concentrated and the
resultant slurry was partitioned between chloroform
and water. The aqueous portion was extracted twice and
the combined organic solutions were dried over
magnesium sulfate, filtered and concentrated. Silica
gel chromatography (4:1 hexanes/ethyl acetate)
provided 677 mg (63%) of the title compound as a
colorless oil. Preparation 7.
4-Hvdroxy-3-methyl-pyrrolidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-ethyl ester. To
3-methyl-4-oxo-pyrrolidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-ethyl ester (371 mg, 1.0 mmol) in
ethanol was added sodium borohydride (19 mg, 5.0
mmol), and the resultant mixture was stirred at rt for
1 h. The mixture was diluted with water and extracted
with chloroform. The extracts were dried via
filtration through cotton and concentrated to give 223
mg (82%) of the title compound as a colorless oil.
Preparation 8.
4-Hydroxy-3-methyl-pyrrolidine-3-carboxylic acid ethyl
ester. Prepared similarly to preparation 5.
Preparation 9.
1-(6.7-Dimethoxy-quinazolin-4-vD-4-hvdroxy-3-methyl-py
rrolidine-3- carboxylic acid ethyl ester. Prepared
similarly to Example 1.Example 3
1-(6,7-Dimethoxy-quinazolin-4-yl)-3-methyl-4-(quinoxal
i p-2-yloxy)-pyrrolidine-3- carboxylic acid ethyl
ester . To
1-(6,7-dimethoxy-quinazolin-4-yI)-4-hydroxy-3-methylpy
rrolidine- 3-carboxylic acid ethyl ester (37 mg, 0.10
mmol) in THF was added 5 mg (0.12 mmol) of sodium
hydride. The mixture was stirred for 30 min, and then
2-chloroquinoxaline was added. The mixture was stirred
at rt for 24 h, and then was quenched with water and
extracted with chloroform. Silica gel chromatography
eluting with 2% ethanol in ethyl acetate provided a
colorless oil. Treatment of the oil with HCI in ether
and drying under vacuum provided the title compound as
it's hydrochloride salt in the amount of 4 1 mg (83%).
Mass spectrum (M+H) m/z = 490.4. Preparation 10.
3.3-Dimethoxy-pyrrolidine. To 3-oxo-pyrrolidine-1
-carboxylic acid tertbutyl ester (4.05 g) in 20 ml. of
trimethylorthoformate was added 40 ml_ of a 4 N
solution of HCI in methanol. The solution was stirred
for 4.5 h, and the volume was reduced to ca 15 ml_
under vacuum. The solution was diluted with 60 ml_ of
ethyl acetate and the mixture was stirred for 4 h. The
resultant solids were collected via filtration to
provide 2.97 g of the title compound as an off-white
solid. Preparation 11.
1-(6.7-Dimethoxy-quinazolin-4-yl)-pyrrolidin-3-one. A
mixture of 3,3- dimethoxy-pyrrolidine (2.97 g, 17.8
mmol)and 4-chloro-6,7-dimethoxyquinazoline (4.38 g,
19.5 mmol) in THF (30 ml_)and satd. NaHCO3 (50 ml_)
was heated to reflux for 5 h. The mixture was cooled
and partitioned between water and ethyl acetate. The
extract was washed with brine, and then extracted
twice with 1 N HCI. After 20 min the combined acidic
extracts were poured carefully into an excess of
potassium carbonate in water. The mixture was then
extracted three times with methylene chloride and the
combined extracts were concentrated to a slurry. The
slurry was diluted with an equal volume of hexanes and
stirred over night. Theresultant solids were collected
via filtration and rinsed with ether to provide 3.71 g
(76%) of the title compound as a tan powder. MS =
274.2. Preparation 12.
1-(6,7-Dimethoxy-quinazolin-4-yl)-3-methyl-pyrrolidin-
3-ol . To 1-(6,7- 



dimethoxy-quinazolin-4-yl)-pyrrolidin-3-one (78 mg,
0.286 mmol) in THF (8 mL)at 0 0C was added a solution
of methyl magnesium bromide (3 M in THF; 143 uL, 0.43
mmol). The solution was stirred for 10 min, and then
quenched with ammonium chloride. The mixture was then
partitioned between water and methylene chloride. The
organic portion was dried and concentrated.
Purification via silica gel chromatography
(MeOH/CH2CI2) provided 38 mg (46%) of the title
compound as a tan solid. Example 4
6,7-Dimethoxy-4-r3-methyl-3-(quinoxalin-2-yloxy)-pyrro
lidin-1-vn-quinazoline . Prepared similarly to Example
1. Preparation 13.
S-Benzyl-S-hydroxy-pyrrolidine-i-carboxylic acid
tert-butyl ester . To 3-oxo-pyrrolidine-i-carboxylic
acid tert-butyl ester (1.50 g, 8.1 1 mmol) in
tetrahydrofuran (24 ml_) in an ice bath was added a
solution of 2.0 M benzyl magnesium chloride in
tetrahydrofuran (12.2 mmol, 6.1 ml_). The mixture was
stirred for 1 h, and then was warmed to rt and stirred
for 16 h. The mixture was then concentrated and
partitioned between ether and water. The pH was
adjusted to ca. 2 with 1 M HCI. The organic portion
was dried, filtered and concentrated. Silica gel
chromatography eluting with 4:1 hexanes/ethyl acetate
provided 700 mg (19%) of the title compound as a pale
yellow oil. 1H NMR (400 MHz, CDCI3) d 1.40 (s, 9H),
1.68-1.78 (m, 1H), 1.79-1.88 (m, 1H), 2.39-2.45 (d, J
= 23.2 Hz, 1H), 2.86 (s, 2H), 3.21- 3.36 (m, 2H),
3.38-3.45 (m, 2H).Preparation 14.
3-Benzyl-pyrrolidin-3-ol. Prepared similarly to
Preparation 5 . 1H NMR (400 MHz, CD3OD, HCI salt)
1.90-1.92 (m, 1H), 1.99-2.07 (m, 1H), 2.99 (s, 2H),
3.04- 3.13 (m, 2H), 3.36-3.43 (m, 2H). Example 5
3-Benzyl-1-(6,7-dimethoxy-quinazolin-4-yl)-pyrrolidin-
3-ol . Prepared similarly to Example 1. MS: (M+H m/z =
366.1 ) Preparation 15. 1-(6
J-Dimethoxy-quinazolin-4-yl)-4-hvdroxy-py
pOlidine-3-carboxylic acid ethyl ester. To
4-hydroxy-pyrrolidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-ethyl ester (2.25 g, 259 mmol) in
methylene chloride (20 ml_) was added TFA (6 ml_). The
solution was stirred for 1 h, and was then diluted
with chloroform (25 ml_). The mixture was
concentrated, and to the residue was added saturated
NaHCO3 (40 mL), tetrahydrofuran (15 ml_), and one
molar equivalent of 4-chloro-6,7-dimethoxyquinazoline.
The mixture was heated to 60 C and stirred overnight.
The mixture was cooled, diluted with water, and
extracted 3 X with 2- butanol. The mixture was
purified by stirring as a slurry in ethyl acetate for
2 h. The solid was collected via filtration to yield
869 mg (29%) of the title compound as a white powder.
Preparation 16.
3-Hvdroxy-4-(isopropyl-methyl-amino)-pyrrolidine-1-car
boxylic acid tert-butyl ester. This compound was
prepared similarly to the published protocol
[EP0485952A2]. [M+H] m/z = 259.3.Preparation 17.
3-(lsopropyl-methyl-amino)-4-(quinoxalin-2-yloxy)-pyrr
olidine-1 - carboxylic acid tert-butyl ester .
Prepared similarly to Preparation 4. Preparation 18.
lsopropyl-methyl-r4-(quinoxalin-2-yloxy)-pyrrolidin-3-
yll-amine. Prepared similarly to Preparation 5. 13C
NMR (CDCI3) 17.6, 18.0, 32.7, 51.3, 51.5, 53.7, 69.1,
80.9, 126.9, 127.6, 129.1, 130.4, 139.5, 140.0, 140.5.
Example 6
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-v p-isopropylmethyl- amine . Prepared
similarly to Example 1. MS (M+H) m/z = 475.4. The
following Examples 7-15 are prepared similarly to
Example 1. Example 7 ri-(6.7-Dimethoxy-quinazolin-4-v
p-4-(quinoxalin-2-yloxyVpyrrolidin-3-vn-diethylamine. 



Prepared similarly. MS (M+H) m/z = 447.2.Example 8
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yll-ethyl-methyl - amine. Prepared
similarly. MS (M+H) m/z = 461 .4. Example 9
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-v]o
xy)-pyrrolidin-3-vn-dimethylamine. Prepared similarly.
MS (M+H) m/z = 419.2 Example 10
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinolin-2-yloxy
)-pyrrolidin-3-yl]-dimethyl-amine. Prepared similarly.
MS: (M+H) m/z = 446.4. Example 11
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinolin-3-yloxy
)-pyrrolidin-3-yll-dimethyl-amine. Prepared similarly.
MS: (M+H) m/z = 446.4. Example 12
6,7-Dimethoxy-4-r4'-(quinoxalin-2-yloxy)-ri,3'1bipyrro
lidinyl-1'-yll- auinazoline. Prepared similarly. MS
(M+H) m/z 473.4.Example 13
6,7-Dimethoxy-4-r3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrrolidin-1-yll-quinazoline. Prepared similarly.
MS (M+H) m/z 489.4. Example 14
6,7-Dimethoxy-4-r3-(4-methyl-piperazin-1-yl)-4-(quinox
alin-2-yloxy)-pyrrolidin-1-yllquinazoline. Prepared
similarly. Mass spectrum (M+H) m/z = 502.4. Example 15
Prepared similarly.
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)- pyrrolidin-3-yll-methyl-amine . MS (M+H) m/z =
345.3. Preparation 19.
3-Methylamino-4-(quinoxalin-2-yloxy)-pyrrolidine-1-car
boxylic acid tert-butyl ester. Prepared similarly to
Preparation 4.Preparation 20.
3-(Acetyl-methyl-amino)-4-(quinoxalin-2-yloxy)-pyrroli
dine-1 - carboxylic acid tert-butyl ester. To
3-methylamino-4-(quinoxalin-2-yloxy)-pyrrolidine-1-
carboxylic acid tert-butyl ester (240 mg, 0.70
mmol)and triethylamine (78 mg, 767 mmol) in 7 mL of
methylene chloride in an ice bath was added acetic
anhydride (75 mg, 0.73 mmol)as a solution in 3 mL of
methylene chloride. The solution was stirred at ice
bath temperature for 1.5 h, and at rt for 24 h. The
mixture was washed with 0.1 M KHSO4, dried and
concentrated to give 291 mg of the title compound as a
pale yellow foam. Preparation 2 1.
N-Methyl-N-r4-(quinoxalin-2-yloxy)-pyrrolidin-3-v
p-acetamide. Prepared similarly to Preparation 5. MS
(M+H) m/z = 287.3. Example 16
N-F1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-y
loxy)-pyrrolidin-3-yll-N-methylacetamide . Prepared
similarly to Example 1. MS (M+H) m/z = 475.4.
Preparation 22. 3-Hvdroxy-pyrrolidine-1 -carboxylic
acid tert-butyl ester. To 3- hydroxypyrrolidine (10.0
g, 114.8 mmol)and triethylamine (12.8 g, 17.6 mL) in
methylene chloride (225 mL)at 0 0C was added dropwise
over 30 min di-tert-butyldicarbonate (25.3 g, 115.9
mmol). The mixture was warmed to rt and stirred for 16
h. The organic material was then washed with saturated
ammonium chloride, dried via passage through a cotton
plug, and concentrated. The residue was
chromatographed through silic gel eluting with ca. 1:1
hexanes/ethyl acetate to provide the title compound in
the amount of 20.4 g (95%). 1H NMR (500 MHz, CDCI3)
1.42 (s, 9H), 1.80-1.98 (m, 2H), 2.20-2.27 (d, J = 2.3
Hz, 1H), 3.27-3.30 (m, 1H); 3.32-3.50 (m, 3H),
4.39-4.43 (m, 1H).Preparation 23.
3-(Quinoxalin-2-yloxy)-pyrrolidine-1-carboxylic acid
tert-butyl ester A mixture of
3-hydroxy-pyrrolidine-i-carboxylic acid tert-butyl
ester (10.1 g, 54 mmol), 2- 



quinoxalinol (11.8 g, 8 1 mmol), triphenylphosphine
(17.0 g, 64.8 mmol), and diethylazodicarboxylate
(DEAD; 11.3 g, 64.8 mmol) was stirred in
tetrahydrofuran (250 mL) for 2 h. The mixture was then
concentrated and the residue dissolved in methylene
chloride. The organic solution was washed sequentially
with 1 N NaOH and 5% citric acid, and then was dried
through cotton anc concentrated. Silica gel
chromatography eluting with hexanes/ethylacetate (3:1)
provided 15.4 g (91%) of the title compound as a
colorless semi solid. MS (M+H) m/z = 316.2.
Prepararation 24. 2-(Pyrrolidin-3-yloxy)-quinoxaline.
Prepared similarly to Preparation 5. Example 17
6.7-Dimethoxy-4-f3-(quinoxalin-2-yloxy)-pyrrolidin-1-y
ll-quinazoline. Prepared similarly to Example 1. A
mixture of 2-(pyrrrolidin-3-yloxy)-quinoxaline (10.5
g, 48.9 mmol), 6,7-dimethoxy-4-chloroquinazoline (11.0
g, 48.9 mmol), and potassium carbonate (33.8 g, 244
mmol) in THF (500 mL)and water (100 mL) was heated to
75 0C for 16 h. The mixture was concentrated under
vacuum and the residue was dissolved in methylene
chloride. The solution was washed with 1N NaOH and
dried through a cotton plug. The solution was then
concentrated and the resultant brown foam was
chromatographed on silica gel eluting with 9:1 ethyl
acetate/methanol to provide 17.3 g of an off-white
powder. Trituration with ethyl acetate/methanol gave
15.0 g of an off-white powder. The solid was suspended
in isopropanol and treated with 1.0 molar equivalents
of sulfuric acid. After stirring overnight, the solids
were collected via filtration to give 18.0 g of the
title compound as a white powder. Mass spectrum (M+H)
m/z = 404.2. The following Examples 18-40 are prepared
similarly to Example 17.Example 18
4-r3-(4-Ethoxy-phenoxy)-pyrrolidin-1-yll-6,7-dimethoxy
-quinazo]ine . MS (M+H) m/z 396.2. Example 19
6,7-Dimethoxv-4-r3-(naphthalen-2-vloxv)-pvrrolidin-1-v
ll-auinazoline. Mass spectrum (M+H) m/z = 402.2.
Example 20
4-r3-(4-tert-Butvl-phenoxv)-Pvrrolidin-1-vll-6,7-dimet
hoxv-Quinazoline Mass spectrum (M+H) m/z =
408.3.Example 2 1 ri -
J-Dimethoxy-quinazolin^-vD-pyrrolidin-S-yloxyl-benzoni
trile. Mass spectrum (M+H) m/z = 377.1. Example 22
6,7-Dimetrioxy-4-[3-(4-trifluoromethoxy-phenoxy)-pyrro
lidin-1-v p-quipazoline. . Mass spectrum (M+H) m/z =
436.2. Example 23
4-[3-(3-Ethoxy-phenoxy)-pyrrolidin-1-yll-6.7-climethox
y-quinazoline. Mass spectrum (M+H) m/z = 396.2.
Example 24
4-r3-(3,4-Dimethoxy-phenoxy)-pyrrolidin-1-yll-6,7-dime
thoxy-quinazoline. Mass spectrum (M+H) = 412.2.Example
25
4-r3-(3-lsopropoxy-phenoxy)-Dyrrolidin-1-yll-6,7-dimet
hoxy-quinazoline. Mass spectrum (M+H) m/z = 394.2.
Example 6
4-r3-(lndan-5-yloxy)-pyrro]idin-1-yll-6,7-dimetrioxy-q
uinazoline. Mass spectrum 



(M+H) m/z = 392.2. Example 27 6,7-Dimethoxy-4-r3-(
auinolin-6-yloxy)-pyrrolidin-1-vn-quinazoline. Mass
spectrum (M+H) m/z = 403.2.Example 28 4-r3-(Biphe
pyl-3-yloxy)-pyrrolidin-1-vn-6,7-dimethoxy-quinazoline
. Mass spectrum (M+H) m/z = 428.2. Example 29
6,7-Dimethoxy-4-r3-(2-metriyl-quinolin-6-yloxy)-pyrrol
idin-1-yll-quinazoline. Mass spectrum (M+H) m/z =
417.2. Example 30
6,7-Dimetrioxy-4-r3-(7-metrioxy-naphthale
p-2-yloxy)-pyrrolidin-1-yll-quinazoline. Mass spectrum
(M+H) m/z = 432.2. Example 3 1 6
7-Dimethoxy-4-r3-(6-methoxy-naphthalen-2-yloxy)-pyrrol
idin-1-vn-quinazoline . Mass spectrum (M+H) m/z =
432.2.Example 32
6,7-Dinnethoxy-4-r3-(qLiinolin-7-yloxy)-pyrro[idip-1-y
ll-qui pazolipQ. Mass spectrum (M+H) m/z = 403.2.
Example 33
6,7-Dimethoxy-4-r3-(naphthalen-1-yloxy)-pyrrolidin-1-y
ll-quinazoline Mass spectrum (M+H) m/z = 402.2.
Example 34
4-r3-(lsoquinolin-3-yloxy)-pyrrolidin-1-yl1-6,7-dimeth
oxy-quinazoline . Mass spectrum (M+H) m/z =
403.2.Example 35 4-r3-(lsoquinolin-7-yloxy)-pyrrolidi
p-1-vn-6,7-dimethoxy-qui pazoline. Mass spectrum (M+H)
m/z = 403.2. Example 36
6,7-Dimethoxy-4-[3-(pyridin-2-yloxy)-pyrrolidin-1-vn-q
uinazoline . Mass spectrum (M+H) m/z = 353.1. Example
37
6,7-Dimethoxy-4-r3-(pyridin-3-yloxy)-pyrrolidin-1-yll-
quinazoline. Mass spectrum (M+H) m/z = 353.1. Example
38
6,7-Dimethoxy-4-r3-(pyridin-4-yloxy)-pyrrolidin-1-yll-
quinazoline . Mass spectrum (M+H) m/z = 353.2.Example
39
4-r3-(5-Chloro-pyrimidin-2-yloxy)-pyrrolidin-1-vn-6,7-
dinnethoxy-quinazoline. Mass spectrum (M+H) m/z =
388.1 . Example 40 S-H-f
J-Dimethoxy-quinazolin^-vD-pyrrolidin-S-yloxyi-quinoxa
line- q-carbonitrile . Mass spectrum (M+H) m/z =
429.2. Preparation 25.
S-Hydroxy^-methoxy-pyrrolidine-i-carboxylic acid
tert-butyl ester. To
6-oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid
tert-butyl ester (505 mg, 2.73 mmol) in methanol (25
mL) was added camphorsulfonic acid (317 mg, 1.36
mmol). After stirring over night the mixture was
partitioned between methylene chloride and water. The
organic portion was dried, concentrated and
chromatographed eluting with 4:6 ethyl acetate/hexanes
to provide the title compound. Preparation 26.
3-Methoxy-4-(quinoxalin-2-yloxy>pyrrolidine-1-carboxyl
ic acid tertbutyl 



ester. To 3-hydroxy-4-methoxy-pyrrolidine-1-carboxylic
acid tert-butyl ester (235 mg, 1.08 mmol)and
2-chloroquinoxaline (213 mg, 1.29 mmol) in
tetrahydrofuran (5 mL) was added a 60% dispersion of
sodium hydride in mineral oil (51 mg, 1.29 mmol). The
mixture was stirred for 3 h, and then was partitioned
between methylene chloride and water. The organic
portion was dried, concentrated and chromatographed.
The product fractions were pooled and
concentrated.Example 4 1
6,7-Dimethoxy-4-f3-methoxy-4-(
auinoxalin-2-yloxy)-pyrrolidin-1-yll-quinazoline . To
3-
methoxy-4-(quinoxalin-2-yloxy)-pyrrolidine-1-carboxyli
c acid tert-butyl ester (373 mg, 1.0 mmol) was added
methylene chloride (5 mL)and trifluoroacetic acid (5
mL). After 10 min, the solution was concentrated under
vacuum, and re-concentrated again from 5 mL of
chloroform. The residue was dissolved in water and
washed with ether. The aqueous solution was then
basified with 1 N NaOH and extracted twice with
methylene chloride. The extracts were dried and
concentrated. The residue was dissolved in
tetrahydrofuran (5 mL)and saturated sodium bicarbonate
was added (5 mL) followd by 4-chloro-6,7-
dimethoxyquinazoline (1.08 mmol, 242 mg). The
resultant mixture was heated to 60 C for 5 h. The
mixture was cooled to rt and partitioned between
methylene chloride and water. The organic portion was
dried via passaage through a cotton plug and
concentrated. The residue was treated with 4 M
methanolic HCI (0.75 mL, 3 mmol). The volume was then
reduced by 50% under vacuum and the mixture was
stirred for 1 h. The white solids were collected via
filtration to provide 312 mg (75%) of the title
compound as it's hydrochloride salt. Mass Spectrum
(M+H) m/z = 434.4. Preparation 27.
3-(tert-Butyl-dimethyl-silanyloxy)-4-hvdroxy-pyrrolidi
ne-1 -carboxylic acid tert-butyl ester. To
3,4-dihydroxy-pyrrolidine-i-carboxylic acid tert-butyl
ester (0.50 g, 2.46 mmol) in tetrahydrofuran at rt was
added a 60% dispersion of sodium hydride in mineral
oil (108 mg, 2.71 mmol). The mixture was stirred for
20 min. Tert-butyldimethylsilyl chloride was then
added and the resultant mixture was stirred at rt for
16 h. The mixture was then concentrated under vacuum
and the residue was dissolved in methylene chloride.
The organic solution was washed with 10% citric acid,
dried through cotton, and concentrated to provide 670
mg of the title compound as a colorless
oil.Preparation 28.
3-(tert-Butyl-dimethyl-silanyloxy)-4-(quinoxalin-2-ylo
xy)-pyrrolidine-1 - carboxylic acid tert-butyl ester.
A mixture of
3-(tert-butyl-dimethyl-silanyloxy)-4-hydroxypyrrolidin
e- 1-carboxylic acid tert-butyl ester (0.67 g, 2.1 1
mmol), 2-quinoxalinol (0.46 g, 3.17 mmol),
triphenylphosphine (0.66 g, 2.54 mmol), and
diethylazodicarboxylate was stirred in tetrahydrofuran
(20 mL)at 70 C for 1 h. The mixture was then
concentrated and the residue dissolved in methylene
chloride. The solution was then washed twice with 1 M
NaOH, once with 5% citric acid, dried through cotton,
and concentrated. Silica gel chromatography eluting
with hexanes/ethyl acetate (9:1) then provided 745 mg
(79%) of the title compound as a colorless semi-solid.
Preparation 29.
2-r4-(tert-Butyl-dimethyl-silanyloxy)-pyrrolidin-3-ylo
xy1-quinoxaline. This compound was prepared similarly
to Preparation 5. Preparation 30.
4-f3-(tert-Butyl-dimethyl-silanyloxy)-4-(quinoxalin-2-
yloxy)-pyrrolidin- 1-yll-6,7-dimethoxy-quinazoline.
This compound was prepared similarly to Example
1.Example 42
1-(6.7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidi p-3-ol . A solution of
4-[3-(tert-butyl-dimethyl-silanyloxy)-4-(quinoxalin-2-
yloxy)-pyrrolidin-1-yl]-6,7-dimethoxyquinazoline in 25
mL of methanol and 10 mL of 1 M HCI was stirred at 60
0C for 1.5 h. The solution was then concentrated and
the solids were stirred as a slurry in water and
isopropanol for 16 h. The solids were then collected
by filtration and dried under vacuum to 



provide 480 mg of the hydrochloride salt of title
compound as a white powder. Mass spectrum (M+H) m/z =
420.2. Preparation 3 1
S-BenzyM-hydroxy-pyrrolidine-i-carboxylic acid
tert-butyl ester . To 6-
oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid
tert-butyl ester (1.32 g , 7,16 mmol) was added a 19%
solution of benzyl magnesium bromide in
tetrahydrofuran (22.1 g, 2 1.5 mmol). The mixture was
stirred for 20 h, and was then poured into 0.5 M
KHSO4. The mixture was extracted three times with
methylene chloride and the combined extracts were
dried through cotton and concentrated. Silica gel
chromatography eluting with hexanes/ethyl acetate
(1:1) provided 459 mg (24%) of the title compound as a
tan oil. Preparation 32.
S-BenzvM-oxo-pyrrolidine-i-carboxylic acid tert-butyl
ester . To 3-
benzyl-4-hydroxy-pyrrolidine-1-carboxylic acid
tert-butyl ester (297 mg, 1.07 mmol)and 4 angstrom
molecular sieves in methylene chloride (20 mL) was
added pyridinium chlorochromate. The mixture was
stirred at rt for 16 h, and was then filtered through
Celite and concentrated. Silica gel chromatography
eluting with 1:1 hexanes/ethyl acetate gave 160 mg
(54%) of the title compound as a pale yellow oil.
Preparation 33.
S-Benzyl^-dimethylamino-pyrrolidine-i-carboxylic acid
tert-butyl ester . A solution comprised of 2.0 M
dimethylamine in tetrahydrofuran (1.48 mL, 2.96 mmol),
acetic acid (231 mg, 3.85 mmol), sodium triacetoxy
borohydride ( 377 mg, 1.78 mmol), and 3-
benzyl-4-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (163 mg, 0.59 mmol) was stirred at rt for 24 h.
The mixture was diluted with 1 M NaOH and stirred for
1.5 h. The mixture was then extracted three times with
methylene chloride and the combined extracts were then
dried andconcentrated. Silica gel chromatography
eluting with 3:1 ethyl acetate/hexanes provided 92 mg
of the title compound as a colorless oil. Preparation
34. (4-Benzyl-pyrrolidin-3-yl)-dimethyl-amine.
Prepared similarly to Preparation 5. Example 43
r4-Benzyl-1-(6.7-dimethoxy-quinazolin-4-yl)-pyrrolidin
-3-v p-dimethyl-amine . Prepared similarly to Example
1. Mass spectrum (M+H) m/z = 393.4. Example 44
6,7-Dimethoxy-4-[3-(quinoxalin-2-yloxy)-pyrrolidin-1-v
H-cinnoline . Prepared similarly to Example 1,
substituting 4-chloro-6,7-dimethoxy-cinnoIine for
4-chloro-6,7-dimethoxyquinazoline. MS: (M+H) m/z =
404.3. Example 45
6,7-Dimethoxy-4-[4'-(quinoxalin-2-yloxy)-ri.3'1bipyrro
lidinyl-1'-vn-cinnoline. Prepared similarly to Example
1, substituting 4-chloro-6,7-dimethoxy-cinnoline for
4-chloro-6,7- dimethoxy-quinazoline. MS (M+H) m/z =
473.1 .Example 46 fi - J-Dimethoxy-cinnolin^-vD-
fquinolin^-yloxyVpyrrolidin-S-yll-ethyl-methylamine.
Prepared similarly to Example 1, substituting
4-chloro-6,7-dimethoxy-cinnoline for 4-
chloro-6,7-dimethoxy-quinazoline. MS: (M+H) m/z =
460.4. Example 47
ri-(6.7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-vn-diethyl-amine. Prepared similarly to
Example 1, substituting
4-chloro-6,7-dimethoxy-cinnoline for 4-chloro-
6,7-dimethoxy-quinazoline. MS (M+H) m/z = 474.4.
Example 48
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrrolidin-1-yll-cinnoline . Prepared similarly to
Example 1, substituting
4-chloro-6,7-dimethoxy-cinnoline for 4-chloro-
6,7-dimethoxy-quinazoline. MS (M+H) m/z =
489.4.Example 49 



FI - J-Dimethoxy-cinnolin^-v
p^-fquinoxalin^-yloxyVpyrrolidin-S-yli-diethyl-ami pe.
Prepared similarly to Example 1, substituting
4-chloro-6,7-dimethoxy-cinnoline for 4-chloro-
6,7-dimethoxy-quinazoline. MS (M+H) m/z = 475.4.
Example 50 (QJ-Dimethoxy-cinnolin^-v
p^-fquinoxalin^-yloxyVpyrrolidi
p-S-yli-ethyl-methylamine. Prepared similarly to
Example 1, substituting
4-chloro-6,7-dimethoxy-cinnoline for 4-
chloro-6,7-dimethoxy-quinazoline. MS (M+H) m/z = 461
.4. Example 5 1 ri-(6,7-Dimethoxy-cinnolin-4-v
p-4-(quinolin-2-yloxyVpyrrolidin-3-vn-dimetriyl-amine
. Prepared similarly to Example 1, substituting
4-ch!oro-6,7-dimethoxy-cinnoline for 4-chloro-
6,7-dimethoxy-quinazoline. MS (M+H) m/z =
446.4.Example 52 6,7-Dimethoxy-4-[3-morpholi
p-4-yl-4-(qui polin-2-yloxy)-pyrrolidin-1-v
p-cinnoline. Prepared similarly to Example 1,
substituting 4-chloro-6,7-dimethoxy-cinnoline for
4-chloro- 6,7-dimethoxy-quinazoline. MS (M+H) m/z =
488.4. Example 53.
6,7-Dimethoxy-4-r4'-(quinolin-2-yloxy)-n,3'1bipyrrolid
inyl-1'-vn-cinnoline . Prepared similarly to Example
1, substituting 4-chloro-6,7-dimethoxy-cinnoline for
4-chloro-6,7- dimethoxy-quinazoline. MS (M+H) m/z =
472.4. Example 54
4-r3-(4a.5.6,7,8,8a-Hexahvdro-quinoxalin-2-yloxy)-pyrr
olidin-1-vn-6.7-dimethoxyquinazoline. Prepared
similarly to Example 1. MS (M+H) m/z =
408.2.Preparation 35.
4-(Quinoxalin-2-yloxy)-pyrrolidine-1 2-dicarboxylic
acid 1-tert-butyl ester 2-methyl ester. A mixture of
4-hydroxy-pyrrolidine-1 ,2-dicarboxylic acid
1-tert-butyl ester 2-methyl ester (5.0 g, 20.4 mmol),
2-quinoxalinol (4.47 g, 30.6 mmol), triphenylphosphine
(6.42 g, 24.5 mmol), and diethylazodicarboxylate (4.26
g, 24.5 mmol) in THF (100 mL) was stirred at 70 0C for
4 h. The mixture was cooled, dissolved in methylene
chloride, washed twice with 1 N NaOH and once with 5%
citric acid, dried and concentrated. Silica gel
chromatography eluting with hexanes/ethylacetate (3:1)
provided 7.09 g (93%) of the title compound as an
amorphous solid. MS (M+H) = 374.1. Preparation 36.
4-(Quinoxalin-2-yloxy)-pyrrolidine-1,2-dicarboxylic
acid 1-tert-butyl ester . To
4-(quinoxalin-2-yloxy)-pyrrolidine-1 ,2-dicarboxylic
acid 1-tert-butyl ester 2-methyl ester (495 mg, 1.33
mmol) in methanol (10 mL)at ice bath temperature was
added 1 N NaOH (20 mL). The solution was stirred for 3
days, and was then acidified with 10% citric acid. The
solution was extracted three times with methylene
chloride and the combined extracts were dried via
passage through a cotton plug and concentrated. The
residue was crystallized from 10:1 hexanes/ethyl
actate to provide 318 mg of the title compound as a
white powder. Preparation 37.
2-Dimethylcarbamoyl-4-(quinoxalin-2-yloxy)-pyrrolidine
-1 -carboxylic acid tert-butyl ester. To
4-(quinoxaIin-2-yloxy)-pyrrolidine-1 ,2-dicarboxylic
acid 1-tert-butyl ester (145 mg, 0.404 mmol),
triethylamine (43 mg, 0.424 mmol), and dimethylamine
(0.505 mmol; 252 uL of a 2 M solution in THF) in
methylene chloride (8 mL) was added 50% w/w 1-
propanephosphonic acid cyclic anhydride (283 mg, 0.444
mmol). The mixture was stirred at rt for 4 days, and
was then quenched with 1 N NaOH and stirred vigorously
for 1 h. The organic material was removed, dried
through cotton, and concentrated. Silica gel
chromatography eluting with methylene
chloride/methanol (98:2) gave 115 mg (74%) of the
title compound as a colorless oil.Preparation 38
4-(Quinoxalin-2-yloxy)-pyrrolidine-2-carboxylic acid
dimethylamide. Prepared similarly to Preparation 5.
Example 55 



1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidine-2-carboxylic acid dimethylamide .
Prepared similarly to Example 1. MS (M+H) m/z = 475.3.
Preparation 39. 2-Hvdroxymethyl-4-( auinoxalin-2-v
loxy)-pyrrolidine-1-carboxylic acid tert-butyl ester .
To 4-(quinoxalin-2-yloxy)-pyrrolidine-1,2-dicarboxylic
acid 1-tert-butyl ester 2- methyl ester (956 mg, 2.56
mmol) in 50 ml. of tetrahydrofuran at -78 0C was added
dropwise a 1 M solution of lithium aluminum hydride in
ether (5.12 mL, 5.12 mmol). The mixture was stirred
while slowly warming to 0 0C over 4 h. The
well-stirred reaction was by the sequential addition
of 195 uL water, 195 uL 1 N NaOH, and 585 uL of water.
The resultant suspension was stirred at rt over night,
and the solids were removed via filtration through
celite. Concentration of the filtrate provided 980 mg
of the title compound as a pale yellow
foam.Preparation 40.
[4-(Quinoxalin-2-yloxy)-pyrrolidin-2-yl '|-nriethanol
trifluoroacetate . A sample of 2-hydroxymethyl-4-(qu
inoxalin-2-yloxy)-pyrrolidine-1-carboxylic acid
tert-butyl ester (500 mg, 1.45 mmol) was stirred in
methylene chloride (40 ml_)and trifluoroacetic acid (4
ml_)at rt for 2 h. The mixture was then concentrated
under vacuum to yield the title compound as a purple
oil. Example 56
ri-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-2-vn-methanol hydrochloride . A mixture
of [4-(quinoxalin-2-yloxy)-pyrrolidin-2-yl]-methanol
trifluoroacetate (355 mg, 1.45 mmol),
4-chloro-6,7-dimethoxyquinazoline (326 g, 1.45 mmol),
and potassium carbonate (600 mg, 4.35 mmol) in
tetrahydrofuran (50 ml_)and water (25 mL) was heated
at reflux for 16 h, and then was concentrated, diluted
with saturated sodiumbicarbonate, and extracted three
times with methylene chloride. The combined extracts
were dried over magnesium sulfate, filtered and
concentrated. Silica gel chromatography eluting with
methylene chloride/methanol (9:1) provided 314 mg of a
yellow oil. The oil was dissolved in 2- propanol, and
1.0 equivalents of concentrated HCI was added. The
mixture was concentrated and the residue crystallized
from ethyl acetate/isopropanol to provide 197 mg of
the title compound as an off-white powder. MS (M+H)
m/z = 434.2. Preparation 4 1.
2-(1-Hvdroxy-1-methyl-ethyl)-4-(quinoxalin-2-yloxy)-py
rrolidine-1- carboxylic acid tert-butyl ester. To a
stirred mixture of
4-(quinoxalin-2-yloxy)-pyrrolidine-1 ,2- dicarboxylic
acid 1-tert-butyl ester 2-methyl ester (1.01 g, 2.61
mmol) in THF (25 ml_)at -78 C was added a solution of
3.0 M methyl magnesium bromide in diethyl ether (1.00
mL), dropwise. The mixture was stirred for 1 h, and
then warmed to rt for 6 h. The mixture was then
partitioned between ether and water, and the organic
portion was dried over magnesium sulfate, filtered,
and concentrated. Silica gel chromatography eluting
with hexanes/ethyl acetate (3:2) provided 520 mg (51
%) of the title compound as a pale yellow
foam.Preparation 42.
2-r4-(Quinoxalin-2-yloxy)-pyrrolidi
p-2-yll-propan-2-ol. Prepared similarly to Preparation
5. Example 57 2-ri-(6,7-Dimetr
ioxy-quinazolin-4-yl)-4-(quinoxalin-2-yloxy)-pyrrolidi
n-2-yll-propan-2-ol hydrochlorid e. A mixture of
2-[4-(quinoxalin-2-yloxy)-pyrrolidin-2-yl]-propan-2-ol
, 4-chloro-6,7- dimethoxyquinazoline, and potassium
carbonate was stirred in tetrahydrofuran (10 mL)and
water (5 ml_)at 70 0C for 16 h. Toluene was added and
the mixture was warmed to 100 C for 6 days. The
mixture was concentrated under vacuum and the residue
was diluted with satd. NaHCO3 and extracted three
times with methylene chloride. The combined extracts
were dried via passage through a cotton plug and
concentrated. Silica gel chromatography eluting with
methylene chloride/methanol (9:1) provided 250 mg of a
light brown solid. This was suspended in ethyl acetate
and the solids were filtered away. The filtrate was
concentrated and again chromatographed, eluting with
ethyl acetate/methanol (95:5) to provide 97 mg of a 



pale yellow oil. The oil was dissolved in 2-propanol,
and 1.0 equivalents of HCI was added. Concentration
yielded the title compound as a yellow powder. MS
(M+H) m/z = 462.3. The invention described and claimed
herein is not to be limited in scope by the specific
embodiments herein disclosed, since these embodiments
are intended as illustrations of several aspects of
the invention. Any equivalent embodiments are intended
to be within the scope of this invention. Indeed,
various modifications of the invention in addition to
those shown and described herein will become apparent
to those skilled in the art from the foregoing
description. Such modifications are also intended to
fall within the scope of the appended claims.What is
Claimed 1. A compound of the formula I : or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, wherein X, Y and Z are each independently CH
or N with the proviso that at least one or two of X, Y
and Z are N, but not all three, and with the proviso
that Y and Z are not both N; wherein R1, R2 and R5 are
independently H, halogen, CN, -COOH, -COOR 3, -CON
R3R4, COR3, -NR3R4, -NHCOR 3, -OH, (C6-C10)aryl, 5 to
7 membered heteroaryl, (Cr C6)alkyl, (Cr C6)haloalkyl,
(C2-C6)alkenyl, (C2-C6)alkynyl, -O-(Cr C6)alkyl,
-O-(C2-C6)alkehyl or (C3-C8) cycloalkyl; or, when R1,
R2 and R5 are independently -O-(C 1-C6)alkyl,
-O-(C2-C6)alkenyl, (C1- C6)alkyl, (C2-C6)alkenyl or
(C2-C6)alkynyl, R1 and R2 or R1 and R5 may optionally
be connected to form a 5 to 8 membered ring; wherein
R3 and R4 are independently H, (C1-C6)alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more (Ci-C 6)alkyl groups; wherein R6 and R7 are
each independently H, halogen, -COOR3, -CONR3R4,
-COR4, NR3R4, -NHCOR3, -OH, -(C r C6)alkylene-OH,
-HNCOOR3, -CN, -HNCONHR4, (Cr C6)alkyl, (C2-C6)alkoxy,
C6-C10 aryl orwherein n is 0 or 1; W is carbon, oxygen
or NR8, wherein R8 is hydrogen or (Ci-C 6)alkyl, and
when W is carbon, it may be optionally substituted by
halogen, -CN, -COOH, -COOR 3, -CONR3R4, - COR3, -NR
3R4, -NHCOR 3, -OH, (C6-C10)aryI, 5 to 7 membered
heteroaryl, (C1-C6)alkyl, (C1- C6)haloalkyl
(C2-C6)alkenyl, (C2-C6)alkynyl, -O-(C r C6)alkyl,
-O-(C 2-C6)alkenyl or (C3-C8) cycloalkyl; wherein R9
and R10 are independently hydrogen or (CrC^alkyl; or
R9 and R10 may optionally combine to form a cyclic
ring; wherein Ar is phenyl, naphthyl, or a 5- to
6-membered heteroaryl ring, which heteroaryl is
optionally fused to a benzo group, and which
heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and wherein each of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (C1-
C8)alkyl, chloro-, bromo-, iodo, fluoro-,
(C1-C8)hydroxyalkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-,
(C3- C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)alkoxy-(C
3-C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Cr
C8)alkoxy- (3-8 membered)heterocycloalkyl, wherein
said alkyl, alkoxy and cycloalkyl may be optionally
substituted with 1 to 3 halos and wherein each
(C3-C8)cycloalkyl or heterocycloalkyl moiety may be
independently substituted with from one to three (Ci-C
6)alkyl or benzyl groups; or wherein Ar is a 5- to
6-membered heteroaryl ring, which heteroaryl is fused
to an imidazo, pyrido, pyrimido, pyrazo, pyridazo, or
pyrrolo group, and which heteroaryl contains from one
to four heteroatoms selected from oxygen, nitrogen and
sulfur, with the proviso that 



said heteroaryl ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms, and wherein
each of the foregoing fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (Cr C8)alkyl,
chloro-, bromo-, iodo, fluoro-, halo(C r C8)alkyl, (Cr
C8)hydroxyalkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-, (C3-
C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)alkoxy-(C
3-C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Cr
C8)alkoxy(3-8 membered)heterocycloalkyl, wherein each
(C3-C8)cycloalkyl or heterocycloalkyl moiety may be
independently substituted with from one to three
(C-i-C6)alkyl or benzyl groups; or when Ar is phenyl,
naphthyl, or heteroaryl ring, each ring may be
optionally substituted with one to three substituents
independently selected from (a) lactone formed from
-(CH 2)tOH with an ortho -COOH, wherein t is one, two
or three; (b) -CONRi 4R15, wherein R14 and R15 are
independently selected from (Ct Ca)alkyl and benzyl,
or R14 and R15 together with the nitrogen to which
they are attached form a 5- to 7-membered heteroalkyl
ring that may contain from zero to three heteroatoms
selected from nitrogen, sulfur and oxygen in addition
to the nitrogen of the -CONR14R15 group, wherein when
any of said heteroatoms is nitrogen it may be
optionally substituted with (C C8)alkyl or benzyl,
with the proviso that said ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms; or
(c) -(CH 2)VNCOR14R15 wherein v is zero, one, two or
three and -COR 14R15 taken together with the nitrogen
to which they are attached form a 4- to 6-membered
lactam ring. 2. The compound of claim 1 wherein X and
Z are each N, R1 and R2 are each - 0-(C 1 - C4)alkyl
and R5 is H. 3. The compound of claim 1 wherein Ar is
phenyl substituted with one to three substituents
independently selected from the group consisting of
-O-(C r C5)alkyl, -(C 1- C5)alkyl, CN, hydroxyl,
phenyl and -(c)-(CrC^alkyl substituted with 1 to 3
halogens. 4. The compound of claim 3 wherein Ar is
phenyl substituted by trifluoromethoxy. 5. The
compound of claim 1 wherein Ar is naphthyl or naphthyl
substituted by - 6. The compound of claim 1 wherein Ar
is quinoxalinyl, quinolinyl or isoquinolinyl. 7. The
compound of claim 1 wherein one or both of R6 and R7
is methoxy or wherein one or both of R6 and R7 is -NR
3R4. 8. The compound of claim 1 wherein said
heteroaryl group is a heteroaryl or benzo-fused
heteroaryl group selected from pyridinyl, pyridazinyl,
imidazolyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, quinolyl, isoquinolyl, tetrazolyl, furyl,
thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
indolyl, benzimidazolyl, benzofuranyl, cinnolinyl,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
triazinyl, isoindolyl, purinyl, oxadiazolyl,
thiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzotriazolyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, dihydroquinolyl, tetrahydroquinolyl,
dihydroisoquinolyl, tetrahydroisoquinolyl, benzofuryl,
furopyridinyl, pyrolopyrimidinyl, and azaindolyl. 9.
The compound of claim 2 wherein R1 and R2 are each
methoxy. 10. A compound according to claim 1 selected
from the group consisting
of:4-[3-Ailyl-4-(quinoxalin-2-yloxy)-pyrrolidin-1-yl]-
6,7-dimethoxy-quinazoline;
6,7-Dimethoxy-4-[3-propyl-4-(quinoxalin-2-yloxy)-pyrro
lidin-1-yl]-quinazoline;
1-(6,7-Dimethoxy-quinazolin-4-yl)-3-methyl-4-(quinoxal
in-2-yloxy)-pyrrolidine-3- carboxylic acid ethyl
ester;
6,7-Dimethoxy-4-[3-methyl-3-(quinoxalin-2-yloxy)-pyrro
lidin-1-yl]-quinazoiine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-y]o
xy)-pyrrolidin-3-yl]-isopropylmethyl- 



amine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-diethylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-ethyl-methylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-dimethylamine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinolin-2-yloxy
)-pyrrolidin-3-yl]-dimethyl-amine;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinolin-3-yloxy
)-pyrrolidin-3-yl]-dimethyl-amine;
6,7-Dimethoxy-4-[4'-(quinoxalin-2-yloxy)-[1,3']bipyrro
lidinyl-1'-yl]-quinazoline;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrrolidin-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(4-methyl-piperazin-1-yl)-4-(quinox
alin-2-yloxy)-pyrrolidin-1-yl]- quinazoline;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-3-yl]-methylamine; N- I -
J-Dimethoxy-quinazolin^-yl^-Cquinoxalin^-yloxy^pyrroli
din-S-y -N-methylacetamide;
6,7-Dimethoxy-4-[3-(quinoxalin-2-yloxy)-pyrrolidin-1-y
l]-quinazoline;
4-[3-(4-Ethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimethoxy
-quinazoline; 6,7-Dimethoxy-4-[3-(napr
ithalen-2-yloxy)-pyrrolidin-1-yl]-quinazoline;
4-[3-(4-tert-Butyl-phenoxy)-pyrrolidin-1-yl]-6,7-dimet
hoxy-quinazoline;
4-[1-(6,7-Dimethoxy-quinazolin-4-yl)-pyrrolidin-3-ylox
y]-benzonitrile;
6,7-Dimethoxy-4-[3-(4-trifluoromethoxy-phenoxy)-pyrrol
idin-1-yl]-quinazoline;
4-[3-(3-Ethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimethoxy
-quinazoline;
4-[3-(3,4-Dimethoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dime
thoxy-quinazoline;
4-[3-(3-lsopropoxy-phenoxy)-pyrrolidin-1-yl]-6,7-dimet
hoxy-quinazoline;
4-[3-(lndan-5-yloxy)-pyrrolidin-1-yl]-6,7-dimethoxy-qu
inazoline;
6,7-Dimethoxy-4-[3-(quinolin-6-yloxy)-pyrrolidin-1-yl]
-quinazoIine;
N4-[3-(Biphenyl-3-yloxy)-pyrrolidin-1-yl]-6,7-dimethox
y-quinazoline;
6,7-Dimethoxy-4-[3-(2-methyl-quinolin-6-yloxy)-pyrroli
din-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(7-methoxy-naphthalen-2-yloxy)-pyrr
olidin-1-yl]-quinazoline;
6,7-Dimethoxy-4-[3-(6-methoxy-naphthalen-2-yloxy)-pyrr
olidin-1-y|]-quinazoline;
6,7-Dimethoxy-4-[3-(quinolin-7-yloxy)-pyrrolidin-1-yl]
-quinazoli pe;
6,7-Dimethoxy-4-[3-(naphthalen-1-yloxy)-pyrrolidin-1-y
l]-quinazoline;
4-[3-(lsoquinolin-3-yloxy)-pyrrolidin-1-yl]-6,7-dimeth
oxy-quinazoline;
4-[3-(lsoquinolin-7-yloxy)-pyrrolidin-1-yl]-6,7-dimeth
oxy-quina oline;
6,7-Dimethoxy-4-[3-(pyridin-2-yloxy)-pyrrolidin-1-yl]-
quinazoline;
6,7-Dimethoxy-4-[3-(pyridin-3-yloxy)-pyrroIidin-1-yl]-
quinazoline;
6,7-Dimethoxy-4-[3-(pyridin-4-yloxy)-pyrrolidin-1-yl]-
quinazoline;
4-[3-(5-Chloro-pyrimidin-2-yloxy)-pyrrolidin-1-yl]-6,7
-dimethoxy-quinazoline;
3-[1-(6,7-Dimethoxy-quinazolin-4-yl)-pyrrolidin-3-ylox
y]-quinoxaline-6-carbonitrile acid tert-butyl ester;
6,7-Dimethoxy-4-[3-methoxy-4-(quinoxalin-2-yloxy)-pyrr
olidin-1-yl]- quinazoline.tetrahydrofuran
(pyrrolidin-3-yloxy]-quinoxaline.;
1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidin-3-ol; [4-Benzyl-1
-(6,7-dimethoxy-quinazolin-4-yl)-pyrrolidin-3-yl]-dime
thyl-amine;
6,7-Dimethoxy-4-[3-(quinoxalin-2-yloxy)-pyrrolidin-1-y
l]-cinnoline;
6,7-Dimethoxy-4-[44quinoxalin-2-yloxy)-[1,3']bipyrroli
dinyI-1'-yl]-cinnoline;
[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-ethyl-methylamine;
[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-diethyl-amine;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinoxalin-2-ylox
y)-pyrrolidin-1-yl]-cinnoline;
[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinoxalin-2-yloxy
)-pyrrolidin-3-yl]-diethyl-amine; 



[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinoxalin-2-yloxy
)-pyrrolidin-3-yl]-ethyl-methylamine;
[1-(6,7-Dimethoxy-cinnolin-4-yl)-4-(quinolin-2-yloxy)-
pyrrolidin-3-yl]-dimethyl-amine;
6,7-Dimethoxy-4-[3-morpholin-4-yl-4-(quinolin-2-yloxy)
-pyrrolidin-1-yl]-cinnoline;
6,7-Dimethoxy-4-[4'-(quinolin-2-yloxy)-[1,3']bipyrroli
dinyl-1'-yl]-cinnoline;
4-[3-(4a,5,6,7,8,8a-Hexahydro-quinoxalin-2-yloxy)-pyrr
olidin-1-yl]-6,7-dimethoxyquinazoline;
1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylox
y)-pyrrolidine-2-carboxylic acid dimethylamide;
[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-ylo
xy)-pyrrolidin-2-yl]-methanol hydrochloride; and
2-[1-(6,7-Dimethoxy-quinazolin-4-yl)-4-(quinoxalin-2-y
Ioxy)-pyrrolidin-2-yl]-propan-2-oI hydrochloride. 11.
A pharmaceutical composition for treating psychotic
disorders, delusional disorders and drug induced
psychosis; anxiety disorders, movement disorders,
mooddisorders, neurodegenerative disorders and drug
addiction, comprising an amount of a compound of
formula I according to claim 1 effective in treating
said disorder or condition. 12. A method of treating a
disorder selected from psychotic disorders, delusional
disorders and drug induced psychosis; anxiety
disorders, movement disorders, mood disorders, and
neurodegenerative disorders, which method comprises
administering an amount of a compound of claim 1
effective in treating said disorder. 13. The method of
claim 12, wherein said disorder are selected from the
group consisting of: dementia, Alzheimer's disease,
multi-infarct dementia, alcoholic dementia or other
drug-related dementia, dementia associated with
intracranial tumors or cerebral trauma, dementia
associated with Huntington's disease or Parkinson's
disease, or AIDS-related dementia; delirium; amnestic
disorder; post-traumatic stress disorder; mental
retardation; a learning disorder, for example reading
disorder, mathematics disorder, or a disorder of
written expression; attention-deficit/hyperactivity
disorder; age-related cognitive decline, major
depressive episode of the mild, moderate or severe
type; a manic or mixed mood episode; a hypomanic mood
episode; a depressive episode with atypical features;
a depressive episode with melancholic features; a
depressive episode with catatonic features; a mood
episode with postpartum onset; post-stroke depression;
major depressive disorder; dysthymic disorder; minor
depressive disorder; premenstrual dysphoric disorder;
post-psychotic depressive disorder of schizophrenia; a
major depressive disorder superimposed on a psychotic
disorder comprising a delusional disorder or
schizophrenia; a bipolar disorder comprising bipolar I
disorder, bipolar Il disorder, cyclothymic disorder,
Parkinson's disease; Huntington's disease; dementia,
Alzheimer's disease, multi-infarct dementia,
AIDS-related dementia, Fronto temperal Dementia;
neurodegeneration associated with cerebral trauma;
neurodegeneration associated with stroke;
neurodegeneration associated with cerebral infarct;
hypoglycemiainduced neurodegeneration;
neurodegeneration associated with epileptic seizure;
neurodegeneration associated with neurotoxin
poisoning; multi-system atrophy, paranoid,
disorganized, catatonic, undifferentiated or residual
type; schizophreniform disorder; schizoaffective
disorder of the delusional type or the depressive
type; delusional disorder; substance-induced psychotic
disorder, psychosis induced by alcohol, amphetamine,
cannabis, cocaine, hallucinogens, inhalants, opioids,
or phencyclidine; personality disorder of the paranoid
type; and personality disorder of the schizoid type.
14. A compound having the formulawherein R6 and R7 are
each independently is H, halogen, -COOR3, -CONR 3R4,
-COR4, NR3R4, -NHCOR3, -OH, -HNCOOR 3, -CN, -HNCONH
R4, (Cr C6)alkyl, -O(C 2-C6)alkyl, C6 -C10 aryl or 



wherein n is Oor 1; W is carbon, oxygen or NR8,
wherein R8 is hydrogen or (Ci-C 6)alkyl, and when W is
carbon, it may be optionally substituted by halogen,
-CN, -COOH, -COOR 3, -CONR 3R4, - COR3, -NR3R4, -NHCOR
3, -OH, (C6-C10)aryl, 5 to 7 membered heteroaryl, (Ct
C6)alkyl, (C1- C6)haloalkyl (C2-C6)alkenyl,
(C2-C6)alkynyl, -O-(C r C6)alkyl, -O-(C2-C6)alkenyl or
(C3-C8) cycloalkyl; wherein R9 and R10 are
independently hydrogen or (Cr C8)alkyl; or Rg and R10
may optionally combine to form a cyclic ring; wherein
R3 and R4 are independently H, (C C alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more (CrC 6)alkyl groups; wherein Ar is phenyl,
naphthyl, or a 5- to 6-membered heteroaryl ring, which
heteroaryl is optionally fused to a benzo group, and
which heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and wherein each of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (C1-
C8)alkyl, chloro-, bromo-, iodo, fluoro-, (Cr
C8)hydroxyalkyl-, (C1-C8)alkoxy-(C 1-C8)alkyl-, (C3-
C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)alkoxy-(C
3-C8)cycloalkyl-, (3-8 membered)heterocycloalkyl,
hydroxyl(3-8 membered)heterocycloalkyl, and (Cr
C8)alkoxy- (3-8 membered)heterocycloalkyl, wherein
said alkyl, alkoxy and cycloalkyl may be
optionallysubstituted with 1 to 3 halos and wherein
each (C3-C8)cycloalkyl or heterocycloalkyl moiety may
be independently substituted with from one to three
(CVCbJalkyI or benzyl groups; or wherein Ar is a
phenyl, naphthyl, heteroaryl or benzo-fused heteroaryl
ring, each said ring may be optionally substituted
with one to three substituents independently selected
from phenyl, naphthyl and a 5- to 6-membered
heteroaryl ring containing from one to four
heteroatoms selected from oxygen, nitrogen and sulfur,
with the proviso that said heteroaryl ring cannot
contain two adjacent oxygen atoms or two adjacent
sulfur atoms, and wherein each independently selected
phenyl, naphthyl or heteroaryl substituent may itself
be substituted with from one to three (Cr C8)alkyl or
C3-C8 cycloalkyl substituents, wherein examples of
heteroaryl groups include, but are not limited to,
pyridinyl, pyridazinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, quinolyl,
isoquinolyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
purinyl, oxadiazolyl, thiazolyl, thiadiazolyl,
furazanyl, benzofurazanyl, benzothiophenyl,
benzotriazolyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl,
dihydroquinolyl, tetrahydroquinolyl,
dihydroisoquinolyl, tetrahydroisoquinolyl, benzofuryl,
furopyridinyl, pyrolopyrimidinyl, and azaindolyl; when
Ar is a phenyl, naphthyl or heteroaryl ring, each said
ring may be optionally substituted with one to three
substituents independently selected from (a) lactone
formed from -(CH 2)tOH with an ortho -COOH, wherein t
is one, two or three; (b) -CONR 14R15 , wherein R14
and R15 are independently selected from (C1-C8 IkVl
and benzyl, or R14 and R15 together with the nitrogen
to which they are attached form a 5- to 7-membered
heteroalkyl ring that may contain from zero to three
heteroatoms selected from nitrogen, sulfur and oxygen
in addition to the nitrogen of the -CONR14R15 group,
wherein when any of said heteroatoms is nitrogen it
may be optionally substituted with (d-C 8)alkyl or
benzyl, with the proviso that said ring cannot contain
two adjacent oxygen atoms or two adjacent sulfur
atoms; or (c) -(CH 2)VNCOR14R15 wherein v is zero,
one, two or three and -CORi 4R15 taken together 



with the nitrogen to which they are attached form a 4-
to 6-membered lactam ring. 15. A process for preparing
a compound of the formulaor a pharmaceutically
acceptable salt, solvate or prodrug thereof, wherein
X, Y and Z are each independently CH or N with the
proviso that at least one or two of X, Y and Z are N,
but not all three, and with the proviso that Y and Z
are not both N; wherein R1, R2 and R5 are
independently H, halogen, CN, -COOH, -COOR3, -CON
R3R4, COR3, -NR3R4, -NHCOR3, -OH, (C6-C10)aryl, 5 to 7
membered heteroaryl, (Cr C6)alkyl, (C2-C6)alkenyl,
(C2-C6)alkynyl, -O-(Cr C6)alkyl, -O-(C2-C6)alkenyl or
(C3-C8) cycloalkyl; or, when R1, R2 and R5 are
independently -O-(Cr C6)alkyl, -O-(C2-C6)alkenyl,
(C1-C6)alkyl, (C2- C6)alkenyl or (C2-C6)alkynyl, R1and
R2 or R1 and R5 may optionally be connected to form a
5 to 8 membered ring; wherein R3 and R4 are
independently H, (C1-C6)alkyl or (C6-C10)aryl said
aryl optionally substituted with one or more (Cr
Ce)alkyl groups; wherein R6 and R7 are each
independently H, halogen, -COOR 3, -CONR3R4, -COR4,
NR3R4, -NHCOR 3, -OH, -(Cr C6)alkylene-OH, -HNCOOR3,
-CN, -HNCONHR 4, (Cr Cb)alkyl, (C2-C6)alkoxy, C6-C10
aryl or wherein n is Oor 1; W is carbon, oxygen or
NR8, wherein R8 is hydrogen or (d-C^alkyl, and when W
is carbon, it may be optionally substituted by
halogen, -CN, -COOH, -COOR3, -CONR3R4, -COR3, -NR3R4,
-NHCOR 3, -OH, (C6-C10)aryl, 5 to 7 membered
heteroaryl, (Cr C6)alkyl, (C1- C6)haloalkyl
(C2-C6)alkenyl, (C2-C6)alkynyl, -O-(C 1-C6)alkyl,
-O-(C 2-C3)alkenyi or (C3-C8) cycloalkyl; wherein R9
and R10 are independently hydrogen or (Ci-C 8)alkyl;
or R9 and Ri 0 may optionally combine to form a cyclic
ring; wherein Ar is phenyl, naphthyl, or a 5- to
6-membered heteroaryl ring, which heteroaryl is
optionally fused to a benzo group, and which
heteroaryl contains from one to four heteroatoms
selected from oxygen, nitrogen and sulfur, with the
proviso that said heteroaryl ring cannot contain two
adjacent oxygen atoms or two adjacent sulfur atoms,
and wherein each of the foregoing phenyl, naphthyl,
heteroaryl, or benzo-fused heteroaryl rings may
optionally be substituted with from one to three
substituents independently selected from (C1-
C8)alkyl, chloro-, bromo-, iodo, fluoro-,
(C1-C8)hydroxyalkyl-, (C1-C8)alkoxy-(C1-C8)alkyl-,
(C3- C8)hydroxycycloalkyl-, (C3-C8)cycloalkyl,
(C3-C8)cycloalkoxy-, (C1-C8)alkoxy-(C3-C8)cycloalkyl-,
(3-8 membered)heterocycloaikyl, hydroxyl(3-8
membered)heterocycloalkyi, and (Cr C8)aIkoxy- (3-8
membered)heterocycloalkyl, wherein said alkyl, alkoxy
and cycloalkyl may be optionally substituted with 1 to
3 halos and wherein each (C3-C8)cycloalkyl or
heterocycloalkyl moiety may be independently
substituted with from one to three (CrC Jalkyl or
benzyl groups; or wherein Ar is a phenyl, naphthyl,
heteroaryi or benzo fused heteroaryl ring, each said
ring may be optionally substituted with one to three
substituents independently selected from phenyl,
naphthyl and a 5- to 6-membered heteroaryl ring
containing from one to four heteroatoms selected from
oxygen, nitrogen and sulfur, with the proviso that
said heteroaryl ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms, and wherein
each independently selected phenyl, naphthyl or
heteroaryl substituent may itself be substituted with
from one to three (Ci-Cb)alkyl or C3-C8 cycloalkyl
substituents, wherein examples of heteroaryl groups
include, but are not limited to, pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, quinolyl, isoquinolyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, purinyl,
oxadiazolyl, thiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, 



benzothiophenyl, benzotriazolyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, dihydroquinolyl, tetrahydroquinolyl,
dihydroisoquinolyl, tetrahydroisoquinolyl, benzofuryl,
furopyridinyl, pyrolopyrimidinyl, and azaindolyl; or,
when Ar is a phenyl, naphthyl or heteroaryl ring, each
said ring may be optionally substituted with one to
three substituents independently selected from (a)
lactone formed from -(CH 2)tOH with an ortho -COOH,
wherein t is one, two or three; (b) -CON R14R15 ,
wherein Ri 4 and R15 are independently selected from
(CrCsJalkyl and benzyl, or R14 and R15 together with
the nitrogen to which they are attached form a 5- to
7-membered heteroalkylring that may contain from zero
to three heteroatoms selected from nitrogen, sulfur
and oxygen in addition to the nitrogen of the -CON
R14Ri5 group, wherein when any of said heteroatoms is
nitrogen it may be optionally substituted with
(CrCgJalkyl or benzyl, with the proviso that said ring
cannot contain two adjacent oxygen atoms or two
adjacent sulfur atoms; or (c) -(CH 2)VNCOR14R15
wherein v is zero, one, two or three and -COR14R15
taken together with the nitrogen to which they are
attached form a 4- to 6-membered lactam ring.
comprising reacting a compound of formula ill wherein
X, Y and Z are each independently CH or N with the
proviso that one or two of X, Y and Z are N , but not
all three, and with the proviso that Y and Z are not
both N; wherein Ri, R2and R5 are as defined above;
wherein L is a suitable leaving group; with a compound
of formula Il wherein R6 and R7 are each independently
H, halogen, -COOR3, -CONR3R4, -COR4, NR3R4, -NHCOR3,
-OH, -(d-Ce^Ikylene-OH, HNCOOR3, -CN, -HNCONH R4, (Cr
C6)alkyl, -O(C2- C6)alkyl, phenyl orwherein n is Oor
1; W is carbon, oxygen or NR8, wherein R8 is hydrogen
or (Ci-C 6)alkyl, and when W is carbon, it may be
optionally substituted by halogen, -CN, -COOH, -COOR
3, -CONR3R4, - COR3, -NR3R4, -NHCOR 3, -OH,
(C6-C10)aryl, 5 to 7 membered heteroaryl, (Cr
C6)alkyl, (C1- C6)haloalkyl (C2-C6)alkenyl,
(C2-C6)alkynyl, -(c)-(C-rCeJalkyl, -O-(C 2-C6)alkenyl
or (C3-C8) cycloalkyl; wherein R9 and R10 are
independently hydrogen or (CrCsJalkyl; or R9 and R10
may optionally combine to form a cyclic ring; wherein
R3 and R4 are independently H, (Ci-C6)alkyl or
(C6-C10)aryl said aryl optionally substituted with one
or more (C1-C6)alkyl groups; wherein Ar is hydrogen,
phenyl, naphthyl or a 5- to 6-membered heteroaryl
ring, optionally fused to a benzo group, containing
from one to four heteroatoms in the ring selected from
oxygen, nitrogen and sulfur, with the proviso that
said ring cannot contain two adjacent oxygen atoms or
two adjacent sulfur atoms and wherein each of the
foregoing phenyl, naphthyl and heteroaryl rings may
optionally be substituted with one to three
substituents independently selected from (Ci-C
8)hydroxyalkyl-, (C1-C8)alkoxy-(Ci-C 8)alkyl-, -
O-(Ci-C 8)alkyl-halo, (C3-C8)hydroxycycloalkyl-,
(C3-C8)cycloalkyl, (C3-C8)cycloalkoxy-, (C1-
C8)alkoxy-(C 3-C8)cycloalkyl-, heterocycloalkyl,
hydroxyheterocycloalkyl, and (Ci-C
8)alkoxyheterocycloalkyl, wherein each
(C3-C8)cycloalkyl or heterocycloalkyl moiety may be
independently substituted with from one to three (Ct
C6)alkyl or benzyl groups; wherein Ar is a phenyl,
naphthyl, heteroaryl or benzo- fused heteroaryl ring,
each said ring may be optionally substituted with one
to three substituents independently selected from
phenyl, naphthyl and a 5- to 6-membered heteroaryl
ring containing from one to four heteroatoms selected
from oxygen, nitrogen and sulfur, with the proviso
that said heteroaryl ring cannot contain two adjacent
oxygen atoms or two adjacent sulfur atoms, and wherein
each independently selected phenyl, naphthyl or
heteroaryl substituent may itself be substituted with 



from one to three (Cr Ca)alkyl or C3-C8 cycloalkyl
substituents, wherein examples of heteroaryl groups
include, but are not limited to, pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, quinolyl, isoquinolyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl,indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, purinyl,
oxadiazolyl, thiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, dihydroquinolyl,
tetrahydroquinolyl, dihydroisoquinolyl,
tetrahydroisoquinolyl, benzofuryl, furopyridinyl,
pyrolopyrimidinyl, and azaindolyl; wherein Ar is a
phenyl, naphthyl or heteroaryl ring, each said ring
may be optionally substituted with one to three
substituents independently selected from (a) lactone
formed from -(CH 2XOH with an ortho -COOH, wherein t
is one, two or three; (b) -CONR 14R15 , wherein R14
and R15 are independently selected from (C1-C8) l yI
and benzyl, or R14 and R15 together with the nitrogen
to which they are attached form a 5- to 7-membered
heteroalkyl ring that may contain from zero to three
heteroatoms selected from nitrogen, sulfur and oxygen
in addition to the nitrogen of the -CON Ri 4R1S group,
wherein when any of said heteroatoms is nitrogen it
may be optionally substituted with (Ci-C 8)alkyl or
benzyl, with the proviso that said ring cannot contain
two adjacent oxygen atoms or two adjacent sulfur
atoms; or (c) -(CH 2)VNCOR14R15 wherein v is zero,
one, two or three and -CO R14Ri 5 taken together with
the nitrogen to which they are attached form a 4- to
6-membered lactam ring. 


