
CN06432 Benzenesulfonyl-Chromane, Thiochromane,
Tetrahydronaphthalene and Related Gamma Secretase
Inhibitors BACKGROUND WO 00/50391 , published August
13, 2000, discloses compounds having a sulfonamide
moiety that are useful for the treatment and
prevention of Alzheimer's Disease and other diseases
relating to the deposition of amyloid protein.
McCombie et al., Tetrahedron Letters, Vol. 34, No. 50,
pp. 8033-8036 (1993) describe methods of preparing
chromans and thiochromans. However, the chromans and
thiochromans described therein are quite different
from the compounds of the present invention. In view
of the present interest in the treatment or prevention
of neurodegenerative diseases, such as Alzheimer's
Disease, a welcome contribution to the art would be
compounds for use in such treatment or prevention.
This invention provides such a contribution. SUMMARY
OF THE INVENTION This invention provides compounds
that are inhibitors (e.g., antagonists) of
gamma-secretase (also termed "g-secretase") and have
the Formula (I): 0) or a pharmaceutically acceptable
salt, solvate, or ester thereof, wherein L1, m, n, Ar,
X, R2, R3, and R3 are defined below.This invention
also provides the compounds of formula (I) in pure and
isolated form. This invention also provides the
compounds of formula (I) in pure form. This invention
also provides the compounds of formula (I) in isolated
form. This invention also provides the final compounds
of Examples 1, 1A-1V, 2, 3, 3A-3H, 4, 5, 5A-5C, 6, 6A,
7, 7A-7E, 8, 8A-8Z, 9, 9A-9D, 10, 10A-10E, 11, 11A-1
1E, 12, 13, 13A, 14, 14A, 15, 15A, 16, 17, 18, 19, 20,
20D-20K, 2 1, 22, 23, 24, 24C, 25, 26, 27A, 27B, 28 to
400, and 403 to 447. This invention also provides the
final compounds of Examples 13A, 14A, 15A, 16, 17, 18,
19, 20, 20D-20K, 2 1, 22, 23, 24, 24C, 25, 26, 27A,
27B, and 28. This invention also provides the
compounds in Table 93. This invention also provides
the compounds in Table 94. This invention also
provides a pharmaceutical composition comprising an
effective amount of one or more compounds of Formula
(I) and at least one pharmaceutically acceptable
carrier. This invention also provides a pharmaceutical
composition comprising an effective amount a compound
of Formula (I) and at least one pharmaceutically
acceptable carrier. This invention also provides a
method for inhibiting gamma-secretase comprising
administering an effective (i.e., therapeutically
effective) amount of one or more compounds of formula
(I) to a patient in need of treatment. This invention
also provides a method for inhibiting gamma-secretase
comprising administering an effective (i.e.,
therapeutically effective) amount of a compound of
formula (I) to a patient in need of treatment. This
invention also provides a method of treating one or
more neurodegenerative diseases comprising
administering an effective (i.e., therapeutically
effective) amount of one or more compounds of formula
(I) to a patient in need of treatment. This invention
also provides a method of treating one or more
neurodegenerative diseases comprising administering an
effective (i.e., therapeutically effective) amount of
a compound of formula (I) to a patient in need of
treatment.This invention also provides a method of
inhibiting the deposition of amyloid protein (e.g.,
amyloid beta protein) in, on or around neurological
tissue (e.g., the brain) comprising administering an
effective (i.e., therapeutically effective) amount of
one or more compounds of formula (I) to a patient in
need of treatment. This invention also provides a
method of inhibiting the deposition of amyloid protein
(e.g., amyloid beta protein) in, on or around
neurological tissue (e.g., the brain) comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula (I) to a
patient in need of treatment. This invention also
provides a method of treating Alzheimer's disease
comprising administering an effective (i.e.,
therapeutically effective) amount of one or more
compounds of formula (I) to a patient in need of
treatment. This invention also provides a method of
treating Alzheimer's disease comprising administering
an effective (i.e., therapeutically effective) amount
of a compound of formula (I) to a patient in need of
treatment. This invention also provides a method of
treating Alzheimer's disease comprising administering
an effective (i.e., therapeutically effective) amount
of one or more compounds of formula (I), in
combination with an effective (i.e., therapeutically
effective) amount of one or more cholfnesterase
inhibitors (such as, for example, ()-
2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-piper
idinyl]methyl]-1 -inden-1-one hydrochloride, i.e,
donepezil hydrochloride, available as the Aricept (r)
brand of donepezil hydrochloride), to a patient in
need of treatment. This invention also provides a
method of treating Alzheimer's disease comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula (I), in
combination with an effective (i.e., therapeutically
effective) amount of one or more (e.g., one)
cholinesterase inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-pi
peridinyl]methyl]-1 H -inden-1-one hydrochloride, i.e,
donepezil hydrochloride, available as the Aricept (r)
brand of donepezil hydrochloride), to a patient in
heed of treatment. This invention also provides any
one of the above mentioned methods of treatment
wherein the compound of formula I is selected from the
group consisting of the compounds in Table 93.This
invention also provides any one of the above mentioned
methods of treatment wherein the compound of formula I
is selected from the group consisting of the compounds
in Table 94. This invention also provides any one of
the above mentioned methods of treatment wherein the
compound of formula I is selected from the group
consisting of the final compounds of Examples 1,
1A-1V, 2, 3, 3A-3H, 4, 5, 5A-5C, 6, 6A, 7, 7A-7E, 8,
8A-8Z, 9, 9A-9D, 10, 10A-10E, 11, 11A-1 1E, 12, 13,
13A, 14, 14A, 15, 15A, 16, 17, 18, 19, 20, 20D-20K, 2
1, 22, 23, 24, 24C, 25, 26, 27A, 27B, 28 to 400, and
403 to 447. This invention also provides any one of
the above mentioned methods of treatment wherein the
compound of formula I is selected from the group
consisting of the final compounds of Examples 13A,
14A, 15A, 16, 17, 18, 19, 20, 20D-20K, 2 1, 22, 23,
24, 24C, 25, 26, 27A, 27B, and 28. DETAILED
PESCRtPTtON OF THE INVENTION This invention provides
compounds that are inhibitors (e.g., antagonists) of
gamma-secretase (also termed "g-secreta se") and have
the Formula (I): (I) or a pharmaceutically acceptable
salt, solvate, or ester thereof, wherein: X is
selected from the group consisting of -C(R1)2- , -O-,
-S-, -S(O2)-, -NR1- , and 



-N(C(O)R 1)-; each R1 is independently selected from
the group consisting of H and alkyl; R2, R3, and R4
are each independently selected from the group
consisting of: (I) H, (2) alkyl, (3) -OR5, (4)
alkylene-OR 5, (5) -alkylene-R 6, (6) -C(O)-alkyl, (7)
-alkylene-C(O)-alkyl, (8) -C(O)-R6, (9)
-alkylene-C(O)-R 6 , (10) -C(O)O-alkyl, (I I )
-alkylene-C(O)O-alkyl, (12) -C(O)NH-alkyl, (13)
-alkylene-C(O)NH-alkyl, (14) -C(O)N(alkyl) 2, (15)
-alkylene-C(O)N(alkyl) 2, (16) -R8, (17) -alkylene-R
8, (18) -NHR5 , (19) -N(R5)2, (20) -alkylene-NHR 5 ,
(21 ) -alkylene-N(R 5)2, (22) alkenyl, (23) -NH-R8
(e.g., -NH-(dihydro-furan-2-one), (24)
-NH-CH(C(O)O(Ci-C 6)alkyl)-alkylene-O-alkylene-R 6
(e.g., -NHCH(C(O)OCH 3)CH2CH2OCH2phenyl), (25)
-NHGH^OJO^i-CeJalkyO-alkylene-OH (e.g., -NHCH(C(O)OCH
3)CH 2CH2OH), (26) -NH-C(O)-alke pyl (e.g.,
-NHC(O)CH=CH2), and (27) -N(C1-C6 alkyl)C(O)-alkenyl
(e.g., -N(CH3)C(O)CH=CH2) (wherein examples of said
alkyl groups (including the alkyl portion of said R2,
R3, and R4 substituents) include Ci-C 6 alkyl groups,
and wherein examples of said alkylene portion of said
R2, R3, and R4 substituents include Ci-C alkylene
groups, and wherein examples of said alkenyl groups of
said R , R , and R4 substituents include C -C alkylene
groups); or R2 and R3, or R2 and an R4, or R3 and an
R4, together with the atoms to which they are shown
attached form a fused cycloalkyl or heterocycloalkyl
ring, wherein said fused cycloalkyl or
heterocycloalkyl ring is unsubstituted or substituted
with one or more L3 groups (wherein examples of said
fused ring cycloalky groups include C3 - C10 rings
(including the carbon atoms common to both rings), and
examples of said fused heterocycloalkyl rings included
to 8 membered rings (including the carbon atoms common
to both rings) comprising 1 to 3 heteroatoms
independently selected from the group consisting of:
O, N, S, SO2, SO, Si and P, and in other examples said
heteroatoms of said heterocycloalkyl rings are
independently selected from the group consisting of:
O, N, S, SO2, SO, and P, and in other examples said
heteroatoms of said heterocycloalkyl rings are
independently selected from the group consiting of: O
N and S); and wherein those skilled in the art will
appreciate that the substituted fused rings can be
substituted with the L3 groups on the substitutable
atoms selected from the group consisting of: the ring
carbons (including the carbon atoms common to the two
fused rings) and the heteroatoms (e.g., N or S); and
with the proviso that when X is -O- and m is 1, then
at least one of R2, R3 or R4 is not H; Each R5 is
independently selected from the group consisting of: (
1) H, (2) (C-i- C6)alkyl, (3) hydroxyl substituted
alkyl (such as, for example, alkyl substituted with at
least one -OH group, such as, for example, (C1 to C6)
alkyl substituted with 1 to 3 -OH groups, and in one
example (C1 to C6) alkyl substituted with 1 or 2 -OH
groups, and in another example (C1 to C6) alkyl
substituted with 2 -OH groups, and in another example
-CH2CH(OH)CH 2CH3 and in another example -CH
2CH2CH(OH)CH 2OH), (4) R6 (in one example R6 is
heteroaryl, such as, for example, pyridyl), (5) R7,
(6) -C(O)- (d-C bJalkyl, (7) -C(OMCi-C6)haloalkyl, (8)
-C(O)-R6, (9) -C(O)-R7, (10) -C(O)NH-(C 1-Ce)a\ky\, (
11) -C(O)N((Ci-C 6)alkyl)2 wherein each alkyl group is
independently selected, (12) -S(O) 2-(Ci-C 6)alkyl,
(13) -S(O) 2-(d-C 6)haloaIkyl, (14) -S(O) 2-R6, (15)
-S(O) 2-R7, (16) -S(O) 2-R8, (17) -alkylene-C(O)-(d-C
6)alkyl, (18) -alkylene-C(O)- (d-C Jhaloalkyl, (19)
-alkylene-C(O)-R 6, (20) -alkylene-C(O)-R 7, (21 )
-alkylene-S(O) 2- (Ci-Ce)alkyl, (22) -alkylene-S(O)
2-(Ci-C 6)haloalkyl, (23) -alkylene-S(O) 2-R6, (24)
-alkylene-S(O) 2-R7, (25) -alkylene-S (O)2-R8, (26)
-alkylene-NHC(OHCi-C 6)alkyl, (27)
-alkylene-NHC(O)-(Ci-C 6)haloalkyI, (28)
-alkylene-NHC(O)-R 6, (29) -alkylene- NHC(O)-R 7, (30)
-alkylene-NHS(O) 2-(Ci-C 6)alkyl, (31 )
-alkylene-NHS(O) 2-(d- C6)haloalkyl, (32)
-alkyIene-NHS(O) 2-R6, (33) -alkylene-NHS(O) 2-R7,
(34) -alkylene- N(alkyl)C(O)-(Ci-C 6)alkyl (e.g.,
-alkylene-N((Ci-C 6)alkyl)-C(O)-(C 1- C6)alkyl, such
as, for example, -CH 2N(C2H5)C(O)CH 3), (35)
-alkylene-N(alkyl)C(O)-(C 1-C6)haloalkyl, (36)
-alkylene-N(alkyl)C(O)-R 6, (37)
-alkylene-N(alkyl)C(O)-R 7, (38) -alkylene-
N(alkyl)S(O) 2-(Ci-C 6)alkyl, (39)
-alkylene-N(alkyl)S(O) 2-(Ci-C 6)haloalkyl,
(40)-alkylene- N(alkyl)S(O) 2-R6, (41 )
-alkylene-N(alkyl)S(O) 2-R7, (42)
-alkylene-C(O)-NH-(Ci-C 6)alkyl, (43)
-alkylene-C(O)-NHR 6, (44) -alkylene-C(O)-NHR 7, (45)
-alkylene-S(O) 2NH-(C r C6)alkyl, (46) -alkylene-S(O)
2NH-R6, (47) -alkylene-S(O) 2NH-R7, (48)
-alkylene-C(O)- N((Ci-C 6)alkyl) 2 wherein each alkyl
group is independently selected, (49) -alkylene-
C(O)-N(alkyl)R 6, (50) -alkylene-C(O)-N(alkyl)R 7, (51
) -alkylene-S(O) 2N((CrC 6)alkyl) 2 wherein each alkyl
group is independently selected, (52) -alkylene-S(O)
2N(alkyl)-R 6, (53) -alkylene-S(O) 2N(alkyl)-R r ,
(54) -alkylene-OH (e.g., -(CH 2 2OH and-CH 2OH), (55)
-alkylene-OC(O)-NH-alkyl (e.g., -alkylene-OCfOJ-NH-
d-CeJalkyl), (56) -alkylene-OC(O)NH-R 8, (57)
-alkylene-CN (e.g., -(CH2)2CN), (58) -R8 (e.g.,
cyclopropyl), (59) -alkylene-SH, (60) -alkylene-S(O)
2-NH-R 8 (wherein examples of said R8 group in this
moiety include cyclopropyl, cyclobutyl and
cyclohexyl), (61 ) -alkylene- S(O)2-alkylene-R 6
(e.g., -alkylene-S(O) 2-alkylene-heteroaryI, such as,
for example, -CH2-S(O) 2-CH2-furanyl), (62) halo
substituted alkylene (e.g., -alkylene-halo, such as,
for example, -CH2I), (63) -C(O)OR 8 (e.g.,
-C(O)O-cyclopentyl), (64) -C(O)O(C 1- C6)alkyl (e.g.,
-C(O)OCH 3), (65) -C(O)R 8 (e.g., -C(O)-cyclopropyl),
(66) -C(O)- alkylene-O-fd-CeJalkyl (e.g., -C(O)-CH
2-O-CH 3), (67) -C(O)NH 2, (68) -alkylene-O- (d-C
b)alkyi (e.g. -CH 2OCH3), (69) -alkylene-R 8 (e.g.,
-CH^cyclopropyl), (70) -S(O) 2- halo(C 1- C6)alkyl
(e.g., -S(O) 2CF3), (71) hydroxy substituted halo(d-C
6)alkyl (e.g. -CH 2CH2CH(OH)CF 3), (72) -alkylene-NH 2
(e.g., -CH2NH2), (73) -alkylene-NH-S(O) 2- R8 (e.g.,
-CH2-NH-S(O) 2-CyClOPrOPyI), (74) -alkylene-NH-C(O)-R
8, (75) -alkylene-NHC(O)O-(Cr-C 6)alkyl (e.g.,
-CH2NHC(O)CH 2CH(CH 3)2), (76) -alkylene-O-C(O)-(d-
C6)alkyl (e.g., -CH 2CH2OC(O)CH 3), (77)
-alkylene-O-S(O) 2-(Ci-C 6)alkyl (e.g.,
-CH2CH2OSO2CH3), (78) -alkylene-R 6 (e.g.,
-CH2-isoxazolyl, -CH^benzothiazolyl,
-CH2-benzoimidazolyl, and-CH 2-phenyl), (79)
-alkylene-R 7 (e.g., -CH2-thiazolidinyl), (80)
-alkylene-NH-C(O)-NH-(Ci-C 6)alkyl (e.g., -CH
2NHC(O)NHC 2H5) , (81 ) -alkylene- N(S(O) 2halo(d-C
6)alkyl) 2 wherein each -S(O) 2halo(C 1- C6)alkyl
moiety is independently selected, (82)
-alkylene-N((Ci-C 6)alkyl)S(O) 2R8 (e.g.,
-CH2N(C2H5)S(O)2-cyclopropyl), (83)
-alkylene-OC(O)-N(alkyl) 2 (e.g., -alkylene-
OC(O)-N(Ci-C 6)alkyl) 2) wherein each alkyl is
independently selected, (84) -alkylene- NH-(d-C
6)alkyl (e.g., -CH2NHCH3), (85)
-C(O)-alkylene-C(O)O-(C 1- C6)alkyl (e.g., -C(O)CH
2C(O)OC 2H5), (86) -C(O)-C(O)-O-(d-C 6)alkyl (e.g.,
-C(O)C(O)OCH 3), (8.7) -C(O)-alkylene-R 6 (e.g.,
-C(O)-CH 2-thienyl), (88) -C(O)-NH-R 8 (e.g.,
-C(O)-NHcyclopentyl), (89) -C(O)-NH-R (e.g.,
-C(O)-NH-thienyl), (90) -C(O)-NH-alkylene-R 6 (e.g.,
-C(O)-NH-(CH 2)2-thienyl), (91) -C(O)-alkylene-NH-S(O)
2-halo(Ci-C 6)alkyl (e.g., -C(O)CH 2NHSO2CF3) , (92)
-C(O)-alkylene-NH-C(O)-O-(d-C 6)alkyl (e.g., -C(O)-CH
2- NH-C(O)-O-t-butyl), (93) -C(O)-alkylene-NH 2 (e.g.,
-C(O)CH 2NH2), (94) -C(O)- alkylene-NH-S(O) 2-R8
(e.g., -C(O)-CH 2-NH-S(O) 2-CyClOPrOPyI), (95)
-C(O)-alkylene- NH-S(O) 2-(d-C 6)alkyl (e.g., -C(O)CH
2NHS(O) 2CH3), (96) -C(O)-alkylene-NH-C(O)- (d-C
6)alkyl (e.g., -C(O)CH 2NHC(O)CH 3), (97)
-C(O)-alkylene-N(S(O) 2(d-C 6)alkyl) 2 wherein
each-S(O) 2(C-i-C 6)alkyl moiety is independently
selected (e.g. -C(O)CH 2N(S(O) 2C2Hg)2) , (98)
-C(O)-alkylene-NH-C(O)-NH-(C,-C 6)alkyl (e.g., -C(O)CH
2NHC(O)NH-isopropyl), (99) -alkylene-O-R 6 (e.g., -(CH
2)3OCH2phenyl), (100) -alkylene-R 7 (e.g., -CH2-[1
,3]dioxolanyl), (10I) -C(O)OH, (102) -alkylene- N(S(O)
2(d-C 6)alkyl) 2 (e.g., -(CH2 2N(S(O) 2CHs)2) , (103)
-alkylene-C(O)-O-(d- C6)alkyl (e.g., -CH2C(O)OC 2H5),
(104) haloalkyl (i.e., halo substituted alkyl, such
as, for example, -CF3), (105) halo (e.g., F), (106)
-alkylene -C(O)-NH 2 (e.g., -CH2C(O)NH 2) , (107)
=N-O-(d-C 6)alkyl (e.g., =N-O-CH 3), (108)
=N-O-alkylene-R 6 (e.g., =N-O-CH 2-phenyl), (109)
=N-O-alkenyl (e.g., =N-O-CH 2=CH2), ( 1 10) =N-O-R 6 



(e.g., =N-O-phenyl), (111) =N-NH-S(O) 2-R6 (e.g.,
=N-NH-S(O) 2-p-methylphenyl), ( 1 12) alkenyl (e.g.,
=CH2, i.e., CH2 double bonded to the rest of the
molecule), ( 1 13) =R8 (e.g., =cyclopropyl, i.e.,
cyclopropyl double bonded to the rest of the
molecule), (114) -alkylene-O-alkylene-Si((d-C 6)alkyl)
3 wherein each alkyl is independently selected (e.g.,
-CH2-O-(CH 2)2Si(CH 3)3), ( 1 15) -alkylene-S(O)
2-N(alkylene-R 6)2 wherein each alkylene-R 6 moiety is
independently selected (e.g.,
-(CH2)2-S(O)2-N(CH2-p-methoxyphenyl) 2), (1 16)
-alkylene-S(O) 2-NH2, ( 1 17) -O-C(O)- R9, ( 1 18)
-O-C(O)-(Ci-C 6)alkyl (e.g., -0-C(O)-CH 3), (119)
-S(O)2NH((Ci-C 6)alkyl), (120) -S(O)2N((C1- C6)alky!)2
wherein each alkyl is independently selected, (121 )
-S(O)2NHR8 (e.g., -S(O)2N-cyclopropyl), (122)
-alkylene-C(O)OH (e.g., -CH2C(O)OH), (123)
-alkylene-C(O)NH(halo(Ci-C 6)alkyl) (e.g.,
-CH2-C(O)NHCH2CF3), (124) -alkylene-C(O)-NH-alkylene-R
8 (e.g., -CH2-C(O)-NH-CH^cyclopropyl), (125)
-alkylene-C(O)-NH-alkylene-OH (e.g., -CH2-C(O)-NH-CH
2CH2-OH), (126) -CfOJOfhaloCrCealkyl), (127) -C(O)OR
6, (128) -C(O)OR7, (129) -alkylene- NHSO2N(alkyl) 2
wherein each alkyl is independently selected, (130)
-alkylene- NHSO2NHalkyl, (131) -alkylene-N(alkyl)-SO
2N(alkyl)2 wherein each alkyl is independently
selected, (132) -alkylene-N(alkyl)-SO 2NHalkyl wherein
each alkyl is independently selected, (133)
-alkylene-O-SO 2-alkyl, (134) -alkylene-NH-C(O)-
N(alkyl)2 wherein each alkyl is independently
selected, (135) -alkylene-NH-C(O)- NHalkyl, (136)
-alkylene-N(alkyl)-C(O)-N-(alkyl) 2 wherein each alkyl
is independently selected, (137)
-alkylene-N(alkyl)-C(O)-NHalkyl, (138) -CN, (139)
-alkylene- P(O)(Oalkyl) 2 (e.g., -alkylene-P(O)(O(CrC
6)alkyl)2) wherein each alkyl is independently
selected, (140) -alkylene-CH(OH)-P(O)(Oalkyl) 2 (e.g.,
-alkylene- CH(OH)-P(O)(O(Ci-C 6)alkyl)2 wherein each
alkyl is independently selected, (141 )
-alkylene-OC(O)N(C r C6 alkyl)-R8, (142)
-alkylene-S(O) 2-N(Cr C6 alkyl)-R8, (143)
-alkylene-N(C 1-C6 alkyl)-S(O) 2-R8, (144)
-alkylene-N(C r C6 alkyl)-C(O)-R 8, (145)
alkyl)-C(O)O-(Ci-C 6)alkyl wherein each alkyl is
independently selected, (146) -alkylene-N(C-,-C6
alkyO-CfOJ-NH-^-CeJalkyl wherein each alkyl is
independently selected, (147) -a!kylene-NH-C(O)-N(Ci-C
6 alkyl)2 wherein each alkyl is independently
selected, (148) -alkylene-N(C,-C 6 alkyl)-C(O)-N(d-C 6
a)kyl)2 wherein each alkyl is independently selected,
(149) -C(O)-N(Ci-C 6 alkyl)-R 8, (150) -C(O)-N(C 1- C6
alkyl)-R6, (151 ) -C(O)-N(Ci-C 6 alkyl)-alkylene-R 6,
(152) -C(O)-alkylene-N(C r C6 alkyl)-S(O) 2-halo(Ci-C
6)alkyl wherein each alkyl is independently selected,
(153) - C(O)-alkylene-N(Ci-C 6
alkyl)-C(O)-O-(Ci-Ce)alkyl wherein each alkyl is
independently selected, ( 154) -C(O)-alkylene-N
H(C1-C6 alkyl), (155) -C(O)-alkylene-N(C r C6 alkyl)2
wherein each alkyl is independently selected, (156)
-CfOJ-alkylene-NtCi-Ce alkyl)- S(O)2-R8, (157)
-C(O)-alkylene-N(Ci-C 6 alkyO-S OMd-CeJalkyl, (158)
-C(O)- alkylene-N(Ci-C 6 alkyl)-C(O)-(Ci-C6)alkyl,
(159) -C(O)-alkylene-N(C r C6 alkyl)-C(O)-NH-(Ci-C
6)alkyl wherein each alkyl is independently selected,
(160) -C(O)-alkylene- NH-C(O)-N((Ci-C 6)alkyl)2
wherein each alkyl is independently selected, (16I)
-C(O)- alkylene-N(Ci-C 6 alkyl)-C(O)-N((Ci-C 6)alkyl)2
wherein each alkyl is independently selected, (162)
-alkylepe -C(O)-NH(Ci-C 6 alkyl), (163) -alkylene
-C(O)-N(Ci-C 6 alkyl)2 wherein each alkyl is
independently selected, (164) =N-N(Ci-C 6
alkyl)-S(O)2-R6, (165) -S(O)2N(C1-C6 alkyl)R8, (166)
-alkylene-C(O)N(d-C 6 alkyl)(halo(Cr C6)alkyl) wherein
each alkyl group is independently selected, (167)
-alkylene-C(O)N(halo(Ci-C 6)alkyl)2 wherein each alkyl
group is independently selected, (168)
-alkylene-C(O)-N(Ci-C 6 alkyl)-alkylene-R 8, (169)
-alkylene-C(O)-N(Ci-C 6 alkyl)-alkylene-OH, ( 170)
O-C(O)-R 7 (e.g., -O-C(O)-(3-OH-pyrrolidinyl)); and
wherein examples of the alkylene groups of the R5
substituents include Ci-C 6 alkylene groups, for
example, Ci to C4 alkylene groups, and in another
example, Ci-C 3 alkylene groups, and in another
example Ci to C2 alkylene groups; and wherein examples
of the alkyl groups of the R5 substituents include
Ci-C 6 alkyl groups; R6 is selected from the group
consisting of: unsubstituted (C6-Ci 4)aryl,
(C6-Ci4)aryl substituted with one or more L1 groups,
unsubstituted (C5-Ci 4)heteroaryl, and
(Cs-Ci4)heteroaryl substituted with one or more L1
groups; R7 is selected from the group consisting of
unsubstituted heterocycloalkyl and heterocycloalkyl
substituted with one or more L2 groups (wherein
examples of said heterocycloalkyl rings (unsubstituted
or substituted) include 4 to 8 membered rings
comprising 1 to 3 heteroatoms independently selected
from the group consisting of: O N, S, -S(O)2, -S(O)-,
Si and P, and in other examples said heteroatoms of
said heterocycloalkyl rings are independently selected
from the group consisting of: O, N, S, -S(O)2, -S(O)-,
and P, and in other examples said heteroatoms of said
heterocycloalkyl rings are independently selected from
the group consiting of: O, N and S); R8 is selected
from the group consisting of unsubstituted cycloalkyl
and cycloalkyl substituted with one or more L3 groups
(wherein examples of said cycloalkyl groups
(unsubstituted or substituted) include C3 -C10
cycloalkyl rings); Ar is selected from the group
consisting of: (a) unsubstituted aryl, (b) aryl
substituted with one or more L1 groups, (c)
unsubstituted heteroaryl (e.g., pyridyl), and (d)
substituted heteroaryl (e.g., substituted pyridyl)
substituted with one or more L1 groups;R9 is a bridged
multicyclic heterocycloalkyl ring (e.g., a bridged
bicyclic hetercycloalky! ring) wherein said R9 moiety
is unsubstituted or said R9 moiety is substituted with
one or more L2 groups, and wherein said
heterocycloalkyl rings include 4 to 8 membered rings
comprising 1 to 3 heteroatoms independently selected
from the group consisting of: O, N, S, Si and P (and
in one example said heteroatoms are N), examples of
said R9 moiety include but are not limited to: each L1
is independently selected from the group consisting
of: halogen, alkyl (e.g., CrC 6 alkyl), -CN, -CF 3,
-O-(Ci-C6)alkyl (e.g., -OCH3), -O-(halo(Ci-C 6)alkyl)
(e.g., -OCF3) , -C(O)-O-(Ci-C 6)alkyl (e.g., -C(O)OCH
3), -alkylene-OH (-CH2OH), halo(Ci-C 6)alkyl (e.g.,
-CF3) , hydroxyalkoxy- (e.g., HOCH2CH2O-), and
alkoxyalkoxy- (e.g., CH3OCH2CH2O-); each L is
independently selected from the group consisting of:
(a) -OH, (b) alkyl (e.g., Ci-Ce alkyl), (c) alkyl
(e.g., C -C alkyl), substituted with one or more -OH
groups, (d) halo, (e) haloalkyl (e.g.,
ha!o(C1-C6)alkyl), and (f) heterocycloalkyl (e:g.,
said heterocycloalkyl rings include unsubstituted or
substituted heterocycloalkyl rings comprising 4 to 8
membered rings comprising 1 to 3 heteroatoms
independently selected from the group consisting of:
O, N, S, , and in other examples said heteroatoms of
said heterocycloalkyl rings are independently selected
from the group consisting of: O, N, S and P, and in
other examples said heteroatoms of said
heterocycloalkyl rings are independently selected from
the group consiting of: O, N and S and P); each L3 is
independently selected from the group consisting of:
-CN, =O, R5, -OR 5; =N-R5 and -N(R 5)2 (e.g., -NHR5);
(in one example L3 is selected from the group
consisting of: -CH2OH, -CH2NH2, -CH2NHalkyl (such as,
for example, -CH2NH(Ci- C6)alkyl), and-C(O)OH, and in
another example L3 is selected from the group
consisting of: -alkylene-C O NH C to C6)alkyl,
-alkylene-C(O)N ((C1 to C6)alkyl)2 wherein each alkyl
is independently selected, -alkylene-C(O)NH(Ci to
C6)haloalkyl, and -alkylene-C(O)N((Ci to C6)haloalkyl)
2 wherein each alkyl is independently selected); n is
0, 1, 2 or 3; andW - 11 - m is 0, 1, 2, or 3; and 



provided that for the substituent -OR 5, the R5 moiety
and the oxygen atom to which it is bound to does not
form a -O-O- group (i.e., for the substituent -OR 5,
the R5 moiety is not bound through an oxygen atom of
the R5 moiety to the oxygen atom of the -OR 5
substituent); and provided that for the substituents
-OR 5, =N-R5 and -NHR 5, R5 is not -CH 2OH, -CH2NH2,
-CH2NHalkyl, -CH2NHaryl Or-C(O)OH. In a first
embodiment, the present invention is directed to
compounds of Formula (I), or pharmaceutically
acceptable salts, solvates or esters thereof, as
described herein above. Another embodiment of this
invention is directed to compounds of formula (I).
Another embodiment of this invention is directed to
pharmaceutically acceptable salts of the compounds of
formula (I). Another embodiment of this invention is
directed to solvates of the compounds of formula (I).
Another embodiment of this invention is directed to
pharmaceutically acceptable esters of the compounds of
formula (I). In one embodiment of the compounds of
formula (I), Ar is unsubstituted aryl (e.g.,
unsubstituted phenyl). In another embodiment of the
compounds of formula (I), Ar is substituted aryl
(e.g., substituted phenyl). In another embodiment of
the compounds of formula (I), Ar is unsubstituted
heteroaryl (e.g., unsubstituted pyridyl). In another
embodiment of the compounds of formula (I), Ar is
substituted heteroaryl (e.g., substituted pyridyl). In
one embodiment of the compounds of formula (I), Ar is
unsubstituted aryl (e.g., unsubstituted phenyl) and
said compound of formula (I) is a compound of formula
(IA). In another embodiment of the compounds of
formula (I), Ar is substituted aryl (e.g., substituted
phenyl) and said compound of formula (I) is a compound
of formula (IA).In another embodiment of the compounds
of formula (I), Ar is unsubstituted heteroaryl (e.g.,
unsubstituted pyridyl) and said compound of formula
(I) is a compound of formula (IA). In another
embodiment of the compounds of formula (I), Ar is
substituted heteroaryl (e.g., substituted pyridyl) and
said compound of formula (I) is a compound of formula
(IA). In one embodiment of the compounds of formula
(I), Ar is unsubstituted aryl (e.g., unsubstituted
phenyl) and said compound of formula (I) is a compound
of formula (IB). In another embodiment of the
compounds of formula (I), Ar is substituted aryl
(e.g., substituted phenyl) and said compound of
formula (I) is a compound of formula (IB). In another
embodiment of the compounds of formula (I), Ar is
unsubstituted heteroaryl (e.g., unsubstituted pyridyl)
and said compound of formula (I) is a compound of
formula (IB). In another embodiment of the compounds
of formula (I), Ar is substituted heteroaryl (e.g.,
substituted pyridyl) and said compound of formula (I)
is a compound of formula (IB). In one embodiment of
the compounds of formula (I), Ar is unsubstituted aryl
(e.g., unsubstituted phenyl) and said compound of
formula (I) is a compound of formula (IC). In another
embodiment of the compounds of formula (I), Ar is
substituted aryl (e.g., substituted phenyl) and said
compound of formula (I) is a compound of formula (IC).
In another embodiment of the compounds of formula (I),
Ar is unsubstituted heteroaryl (e.g., unsubstituted
pyridyl) and said compound of formula (I) is a
compound of formula (IC). In another embodiment of the
compounds of formula (I), Ar is substituted heteroaryl
(e.g., substituted pyridyl) and said compound of
formula (I) is a compound of formula (IC). In one
embodiment of the compounds of formula (I), Ar is
unsubstituted aryl (e.g., unsubstituted phenyl) and
said compound of formula (I) is a compound of formula
(ID).In another embodiment of the compounds of formula
(I), Ar is substituted aryl (e.g., substituted phenyl)
and said compound of formula (I) is a compound of
formula (ID). In another embodiment of the compounds
of formula (I), Ar is unsubstituted heteroaryl (e.g.,
unsubstituted pyridyl) and said compound of formula
(I) is a compound of formula (ID). In another
embodiment of the compounds of formula (I), Ar is
substituted heteroaryl (e.g., substituted pyridyl) and
said compound of formula (I) is a compound of formula
(ID). In one embodiment of the compounds of formula
(I), Ar is unsubstituted aryl (e.g., unsubstituted
phenyl) and said compound of formula (I) is a compound
of formula (IE). In another embodiment of the
compounds of formula (I), Ar is substituted aryl
(e.g., substituted phenyl) and said compound of
formula (I) is a compound of formula (IE). In another
embodiment of the compounds of formula (I), Ar is
unsubstituted heteroaryl (e.g., unsubstituted pyridyl)
and said compound of formula (I) is a compound of
formula (IE). In another embodiment of the compounds
of formula (I), Ar is substituted heteroaryl (e.g.,
substituted pyridyl) and said compound of formula (I)
is a compound of formula (IE). In one embodiment of
the compounds of formula (I), Ar is unsubstituted aryl
(e.g., unsubstituted phenyl) and said compound of
formula (I) is a compound of formula (IF). In another
embodiment of the compounds of formula (I), Ar is
substituted aryl (e.g., substituted phenyl) and said
compound of formula (I) is a compound of formula (IF).
In another embodiment of the compounds of formula (I),
Ar is unsubstituted heteroaryl (e.g., unsubstituted
pyridyl) and said compound of formula (I) is a
compound of formula (IF). In another embodiment of the
compounds of formula (I), Ar is substituted heteroaryl
(e.g., substituted pyridyl) and said compound of
formula (I) is a compound of formula (IF).In one
embodiment of the compounds of formula (I), Ar is
unsubstituted aryl (e.g., unsubstituted phenyl) and
said compound of formula (I) is a compound of formula
(IF.1A). In another embodiment of the compounds of
formula (I), Ar is substituted aryl (e.g., substituted
phenyl) and said compound of formula (I) is a compound
of formula (IF.1A). In another embodiment of the
compounds of formula (I), Ar is unsubstituted 



heteroaryl (e.g., unsubstituted pyridyl) and said
compound of formula (I) is a compound of formula
(IF.1A). In another embodiment of the compounds of
formula (I), Ar is substituted heteroaryl (e.g.,
substituted pyridyl) and said compound of formula (I)
is a compound of formula (IF.1A). In one embodiment of
the compounds of formula (I), Ar is unsubstituted aryl
(e.g., unsubstituted phenyl) and said compound of
formula (I) is a compound of formula (IG). In another
embodiment of the compounds of formula (I), Ar is
substituted aryl (e.g., substituted phenyl) and said
compound of formula (I) is a compound of formula (IG).
In another embodiment of the compounds of formula (I),
Ar is unsubstituted heteroaryl (e.g., unsubstituted
pyridyl) and said compound of formula (I) is a
compound of formula (IG). In another embodiment of the
compounds of formula (I), Ar is substituted heteroaryl
(e.g., substituted pyridyl) and said compound of
formula (I) is a compound of formula (IG). In one
embodiment of the compounds of formula (I), Ar is
unsubstituted aryl (e.g., unsubstituted phenyl) and
said compound of formula (I) is a compound of formula
(IH). In another embodiment of the compounds of
formula (I), Ar is substituted aryl (e.g., substituted
phenyl) and said compound of formula (I) is a compound
of formula (IH). In another embodiment of the
compounds of formula (I), Ar is unsubstituted
heteroaryl (e.g., unsubstituted pyridyl) and said
compound of formula (I) is a compound of formula
(IH).In another embodiment of the compounds of formula
(I), Ar is substituted heteroaryl (e.g., substituted
pyridyl) and said compound of formula (I) is a
compound of formula (IH). In one embodiment of the
compounds of formula (I) one or more L3 groups are
-N(R 5)2 substituents wherein one of the R5 groups is
H, i.e., one or more of the L3 groups is -NHR 5. Thus,
in one embodiment of the compounds of formula (I),
each L3 is independently selected from: =O, R5 ,-OR 5
-NHR 5, and -N(R 5)2 In one preferred embodiment of
the compounds of formula (I) each L3 is the same or
different -NHR 5 group, and each R5 is independently
selected from the group consisting of: -S(O)2-(Ci-C
6)alkyl, -S(O)2-(C1-C6)haloalkyl, -S(O)2R6, -S(O)2R7,
and -S(O)2R8. In another preferred embodiment of the
compounds of formula (I) each L3 is the same or
different OR5 group, and each R5 is independentlyl
selected from the group consisting of: H, (Ci-C
6)alkyl, R6, R7 , -C(O)-(Ci-C 6)alkyl, -C(O)-Ci-C
6)haloalkyl , -C(O)-R6, and -C(O)-R7. In another
preferred embodiment of the compounds of formula (I)
each L3 is the same or different R5 group, and each R5
is independently selected from the group consisting
of: H, (Ci-C 6)alkyl, R6, R7 , -S(O)2-(Ci-C b)alkyl,
-S(O)2-(Ci-C 6)haloalkyl, -S(O)2R6, -S(O)2R7,
-S(O)2R8, -C(O)-(Ci-C 6)alkyl, -C(O)-(C1-C6)haloalkyl,
-C(O)-R6, and -C(O)-R7. Thus, another embodiment of
this invention is directed to compounds of Formula
(I), or pharmaceutically acceptable salts, solvates or
esters thereof, wherein each L3 is the same or
different -NHR 5 group, and each R5 is independently
selected from the group consisting of: -S(O)2-(Ci-C
6)alkyl, -S(O)2-(Ci-C 6)haloalkyl, -S(O)2R6, -S(O)2R7,
and -S(O)2R8. Another embodiment of this invention is
directed to compounds of Formula (I) wherein each L3
is the same or different -NHR 5 group, and each R5 is
independently selected from the group consisting of:
-S(O)2-(Ci-C 6)alkyl, -S(O)2-(Ci-C 6)haloalkyl,
-S(O)2R6, -S(O)2R7, and -S(O)2R8. Another embodiment
of this invention is directed to the pharmaceutically
acceptable salts of the compounds of Formula (I)
wherein each L3 is the same or different -NHR 5 group,
and each R5 is independently selected from the
groupconsisting of: -S(O)2-(Ci-C 6)alkyl, -S(O)2-(Ci-C
6)haloalkyl, -S(O)2R6, and -S(O)2R7, and -S(O)2R8.
Another embodiment of this invention is directed to
solvates of the compounds of Formula (I) wherein each
L3 is the same or different -NHR 5 group, and each R5
is independently selected from the group consisting
of: -S(O)2-(Ci-C 6)alkyl, -S(O)2-(Cr C6)haloalkyl,
-S(O)2R6, and -S(O)2R7 , and -S(O)2R8. Another
embodiment of this invention is directed to the
pharmaceutically acceptable esters of the compounds of
Formula (I) wherein each L3 is the same or different
-NHR 5 group, and each R5 is independently selected
from the group consisting of: -S(O)2-(Ci-C 6)alkyl,
-S(O)2-(C1-Ce)HaIOa!!^!, -S(O)2R6, and -S(O)2R7, and
-S(O)2R8. Another embodiment of this invention is
directed to compounds of Formula (I), or
pharmaceutically acceptable salts, solvates or esters
thereof, wherein each L3 is the same or different OR5
group, and each R5 is independently! selected from the
group consisting of: H, (Ci-C 6)alkyl, R6, R7 ,
-C(O)-(Ci-C 6)alkyl, -C(O)-Ci-C 6)haloalkyl, -C(O)-R
6, and -C(O)-R7. Another embodiment of this invention
is directed to compounds of Formula (I) wherein each
L3 is the same or different OR5 group, and each R5 is
independentlyl selected from the group consisting of:
H, (Ci-C 6)alkyl, R6, R7 , -C(O)-(Ci-C 6)alkyl,
-C(O)-Ci-C 6)haloalkyl, -C(O)-R 6, and -C(O)-R 7.
Another embodiment of this invention is directed to
the pharmaceutically acceptable salts of the compounds
of Formula (I) wherein each L3 is the same or
different OR5 group, and each R5 is independentlyl
selected from the group consisting of: H, (Ci-C
6)alkyl, R6, R7 , -C(OMC r Cb)alkyl,
-CfOJ-CrCeJhaloalkyl, -C(O)-R6, and -C(O)-R 7. Another
embodiment of this invention is directed to solvates
of the compounds of Formula (I) wherein each L3 is the
same or different OR5 group, and each R5 is
independentlyl selected from the group consisting of:
H, (Ci-C bJalkyI, R6, R7 , -C(O)-(C 1-C6)alkyl,
-C(O)-Ci-C 6)haloalkyl, -C(O)-R6, and -C(O)-R 7.
Another embodiment of this invention is directed to
the pharmaceutically acceptable esters of the
compounds of Formula (I) wherein each L3 is the same
or different OR5 group, and each R5 is independentlyl
selected from the group consistingof: H, (Ci-C
6)alkyl, R6, R7 , -C(O)-(Ci-C 6)alkyl, -C(O)-Ci-C
6)haloalkyl, -C(O)-R6, and -C(O)-R7. Another
embodiment of this invention is directed to compounds
of Formula (I), or pharmaceutically acceptable salts,
solvates or esters thereof, wherein each L3 is the
same or different R5 group, and each R5 is
independently selected from the group consisting of:
H, (d-CeJalkyl, R6, R7 , -S O d -C Jalkyl,
-S(O)2-(C1-C6)haloalkyl, -S(O)2R6, S(O)2R7, -S(O)2R8,
-C(O)-(Ci-C 6)alkyl, -C(O)-(Ci-C 6)haloalkyl,
-C(O)-R6, and -C(O)-R 7. Another embodiment of this
invention is directed to compounds of Formula (I)
wherein each L3 is the same or different R5 group, and
each R5 is independently selected from the group
consisting of: H, (Ci-C 6)alkyl, R6, R7 , -S(O)2-(Ci-C
6)a]kyl, -S(O)2-(Ci-C 6)haloalkyl, -S(O)2R6, -S(O)2R7,
-S(O)2R8, -C(O)-(Ci -C6)alkyl, 



-C(O)-(d-C 6)haloalkyl, -C(O)-R6, and -C(O)-R7.
Another embodiment of this invention is directed to
the pharmaceutically acceptable salts of the compounds
of Formula (I) wherein each L3 is the same or
different R5 group, and each R5 is independently
selected from the group consisting of: H, (Ci-C
6)alkyl, R6, R7 , -S(O)2-(d-C 6)alkyl, -S(O)2-(Cr
C6)haloalkyl, -S(O)2R6, -S(O)2R7, -S(O)2R8,
-C(O)-(Ci-C 6)alkyl, -C(O)-(Ci-C 6)haloalkyl,
-C(O)-R6, and -C(O)-R7. Another embodiment of this
invention is directed to solvates of the compounds of
Formula (I) wherein each L3 is the same or different
R5 group, and each R5 is independently selected from
the group consisting of: H, (C-i-C6)alkyl, R6, R7 ,
-S(O)2-(d-C 6)alkyl, -S(O)2-(d-C 6)haloalkyl,
-S(O)2R6, S(O)2R7, , -S(O)2R8, -CfOMCi-C bJalkyl,
-C(O)-(Ci-C 6)haloalkyl, -C(O)-R6, and -C(O)-R 7.
Another embodiment of this invention is directed to
the pharmaceutically acceptable esters of the
compounds of Formula (I) wherein each L3 is the same
or different R5 group, and each R5 is independently
selected from the group consisting of: H, (Cr
Cb)alkyl, R6, R7 , -S(O)2-(Ci-C 6)alkyl, -S(O)2-(d-C
6)haloalkyl, -S(O)2R6, -S(O)2R7, -S(O)2R8, -C(O)-(Ci-C
6)alkyl, -C(O)-(Cr C6)haloalkyl, -C(O)-R6, and -C(O)-R
7. In another embodiment of the compounds of Formula
(I), or pharmaceutically acceptable salts, solvates
and/or esters thereof: R1 is selected from the group
consisting of H and (Ci-C 6)alkyl;R2 is selected from
the group consisting of H, -(Ci-C JalkyI,
-(C1-C6)alkylene-C(O)O-(C 1-C6)alkyl,
-(d-CeJalkylene-R 8, -C(O)O-(Ci-C 6)alkyl, and
-(C2-C6)alkenyl; R3 is selected from the group
consisting of H, -(Ci-C 6)alkyl, -(d-CeJalkylene-OR 5,
-(C2-C6)alkenyl, -C(O)O-(C 1-C6)alkyl, and -(Ci-C
6)alkylene-C(O)O-(Ci-C 6)alkyl; or R2 and R3, or R2
and an R4, or R3 and an R4, together with the atoms to
which they are shown attached form a fused (C3-Ci
0)cycloalkyl ring, wherein said fused
(C3-Cio)cycloalkyl ring is unsubstituted or
substituted with one or more L3 groups; each R4 is
independently selected from the group consisting of H,
-(C - C6)alkyl, and -(Ci-C 6)alkylene-R 6; and with
the proviso that when X is -O- and m is 1, at least
one of R2, R3 or R4 is not H; each R5 is independently
selected from the group consisting of H, (Ci-
C6)alkyl, R6, -C(O)-(Ci-C 6)alkyl, -C(O)-R6, and
-C(O)-R 7; R6 is selected from the group consisting of
unsubstituted (C6-Ci 4)aryl and (C6-Ci 4)aryl
substituted with one or more L1 groups; R7 is selected
from the group consisting of unsubstituted (C3-
C-ioJheterocycloalkyl and (C3-Cio)heterocycloalkyl
substituted with one or more L2 groups; R8 is selected
from the group consisting of unsubstituted (C3-Ci
0)cycloalkyl and (C3-Cio)cycloalkyl substituted with
one or more L3 groups; Ar is unsubstituted aryl or
aryl substituted with one or more L1 groups; each L1
is independently selected from the group consisting of
halogen, (Ci-C b)alkyl, -CN, and -CF 3; and each L2 is
independently selected from the group consisting of
-OH, (Ci- C6)alkyl, (d-C Jalkyl substituted with one
or more -OH groups, and (C3- Cio)heterocycloalkyl. In
another embodiment, the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IA):Ar
(IA) In another embodiment, the compounds of Formula
(I), or pharmaceutically acceptable salts, solvates
and/or esters thereof, have the following Formula
(IB): In another embodiment, the compounds of Formula
(I), or pharmaceutically acceptable salts, solvates
and/or esters thereof, have the following Formula
(IC): (IC) In another embodiment, the compounds of
Formula (I), or pharmaceutically acceptable salts,
solvates and/or esters thereof, have the following
Formula (ID):In another embodiment, the compounds of
Formula (I), or pharmaceutically acceptable salts,
solvates and/or esters thereof, have the following
Formula (IE): (IE) In another embodiment, the
compounds of Formula (I), or pharmaceutically
acceptable salts, solvates and/or esters thereof, have
the following Formula (IA): (IA) wherein: R1 is H or
alkyl; R2 is selected from the group consisting of H,
alkyl, alkylene-OR5, -alkylene-R6,
-alkylene-C(O)O-alkyl, -C(O)O-alkyl, and alkenyl; R3
is selected from the group consisting of H, alkyl,
alkylene-OR 5, and -alkylene-C(O)O-alkyl; R4 is
independently H or alkyl; each R5 is independently H
or -C(O)-R7; R6 is selected from the group consisting
of unsubstituted aryl and aryl substituted with one or
more L1 groups; R7 is selected from the group
consisting of unsubstituted heterocycloalkyl and
heterocycloalkyl substituted with one or more L2
groups; Ar is unsubstituted aryl or aryl substituted
with one or more L1 groups; each L1 is independently
halogen or alkyl; each L2 is independently -OH or
heterocycloalkyl; and n is 0, 1, or 2.In another
embodiment, the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IA): (IA)
wherein: R1 is H or -CH3; R2 is selected from the
group consisting of H, -CH(CH3)2, -CH3, -CH2CH3,
-(CH2)3CH3, -CH2-R6, -CH2CH2-OH, -CH2-C(O)O-CH2CH3,
-C(O)O-CH2CH3, -CH2CH2-0-C(0)-pyrrolidinyl substituted
with one or more L2 group, -CH2CH2-O-C(O)-piperidyl
substituted with one or more L2 group, -CH2CH=CH2, R3
is selected from the group consisting of H,
-CH3,-CH2CH3, -CH2-OH, -CH -O-C(O)-piperidyl
substituted with one or more L2 group,
-CH2-O-C(O)-pyrrolidinyl substituted with one or more
L2 group, -CH2-C(O)O-CH3, -CH2-C(O)O-CH2CH3, ; R4 is H
Or-CH 3; R6 is selected from the group consisting of
unsubstituted phenyl and phenyl substituted with one
or more L1 groups; Ar is unsubstituted phenyl or
phenyl substituted with one or more L1 groups; each L1
is independently F, Cl or -CH3; each L2 is
independently -OH or piperidyl; and n is O, 1 or 2. In
another embodiment, the compounds of Formula (I), or
pharmaceutically 



acceptable salts, solvates and/or esters thereof, have
the following Formula (IB):wherein: R2 is selected
from the group consisting of H, alkyl, alkylene-OR 5,
-alkylepe-R6, -alkylene-C(O)O-alkyl, -alkylene-R8, and
alkenyl; R3 is selected from the group consisting of
H, alkyl, and alkylene-OR5; or R2 and R3, or R2 and an
R4, or R3 and an R4, together with the atoms to which
they are shown attached form a fused cycloalkyl or
heterocycloalkyl ring, wherein said fused cycloalkyl
or heterocycloalkyl ring is unsubstituted or
substituted with one or more L3 groups; R is selected
from the group consisting of H, alkyl, and -alkylene-R
6.; each R5 is independently selected from the group
consisting of H, alkyl, and -C(O)-R7; RB is selected
from the group consisting of unsubstituted aryl and
aryl substituted with one or more L1 groups; R7 is
selected from the group consisting of unsubstituted
heterocycloalkyl and heterocycloalkyl substituted with
one or more L2 groups; R8 is selected from the group
consisting of unsubstituted cycloalkyl and cycloalkyl
substituted with one or more L3 groups; Ar is
unsubstituted aryl or aryl substituted with one or
more L1 groups; each L1 is independently halogen or
alkyl; each L2 is independently selected from the
group consisting of -OH, alkyl, alkyl substituted with
one or more -OH groups, and heterocycloalkyl; each L3
is -OR 5; and n is an integer of from 0 to 3. In
another embodiment, the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IB): (IB)
wherein: R2 is selected from the group consisting of
H, -CH2-C(O)O-CH 3, -CH3, -CH2CH3, -CH(CHg)2, -CH -R6,
-CH2-R8, -CH2CH2-OR5, -CH2CH=CH2, and
-CH(CH3)CH2CH2-OH;R3 is selected from the group
consisting of H, -CH3, -CH2-OH, and -CH2-O-CH3; or R2
and R3, or R2 and an R4, or R3 and an R4, together
with the atoms to which they are shown attached form a
fused cycloalkyl or heterocycloalkyl ring, wherein
said fused cycloalkyl or heterocycloalkyl ring is
unsubstituted or substituted with one or more L3
groups; R4 is selected from the group consisting of H,
-CH3, -CH2CH3, and -CH2-R6; each R5 is independently
selected from H or -C(O)-R7; R6 is selected from the
group consisting of unsubstituted phenyl and phenyl
substituted with one or more L1 groups; R7 is selected
from the group consisting of unsubstituted piperidyl,
piperidyl substituted with one or more L2 groups,
unsubstituted piperazipyl, piperazinyl substituted
with one or more L2 groups, unsubstituted
pyrrolidinyl, pyrrolidinyl substituted with one or
more L2 groups; R8 is selected from the group
consisting of unsubstituted cyclopropyl and
cyclopropyl substituted with one or more L3 groups; Ar
is unsubstituted phenyl or phenyl substituted with one
or more L1 groups; each L1 is independently F, Cl, or
-CH 3; each L2 is independently selected from the
group consisting of -OH, -CH2CH2-OH, piperidyl, and
-C(CH3)3; each L3 is independently -OH or -C(O)-R7;
and n is O, 1, 2, or 3. In another embodiment, the
compounds of Formula (I), or pharmaceutically
acceptable salts, solvates and/or esters thereof, have
the following Formula (IC): (IC) wherein: R1 is
selected from the group consisting of H and alkyl; R2
is H; R3 is H;Ar is unsubstituted aryl or aryl
substituted with one or more L1 groups; each L1 is
independently selected from the group consisting of
halogen, alky!, -CN, n is 0, 1, or 2. In another
embodiment, the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IC): (IC)
wherein: R1 is selected from the group consisting of H
and -CH 3; R2 is H; R3 is H; Ar is unsubstituted
phenyl or phenyl substituted with one or more L1
groups; each L1 is independently F or Cl; and n is 0,
1, or 2. In another embodiment, the compounds of
Formula (I), or pharmaceutically acceptable salts,
solvates and/or esters thereof, have the following
Formula (ID): (ID) wherein: R1 is H; R2 is selected
from the group consisting of H, alkyl, and alkenyl; R3
is selected from the group consisting of H, alkyl, and
alkenyl; each R4 is H;Ar is unsubstituted aryl or aryl
substituted with one or more L1 groups; each L1 is
independently selected from the group consisting of
halogen, alkyl, -CN, and -CF 3; and n is 0, 1, 2 or 3.
In another embodiment, the compounds of Formula (I),
or pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (ID): (ID)
wherein: R1 is H; R2 is selected from the group
consisting of H, -CH3, -CH(CH3)2, and -CH 2CH=CH2; R3
is selected from the group consisting of H, -CH3, and
-CH 2CH=CH2; each R4 is H; Ar is unsubstituted phenyl
or phenyl substituted with one or more L1 groups; each
L1 is independently F or Cl; and n is O, 1, or 2. In
another embodiment, the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IE): (IE)
wherein: R2 is H or alkyl; R3 is H or alkyl; each R4
is H;Ar is unsubstituted aryl or aryl substituted with
one or more L1 groups; each L1 is independently
selected from the group consisting of halogen, alkyl,
-CN, and -CF 3; and n is 0, 1, 2 or 3. 



In another embodiment, the compounds of Formula (I),
or pharmaceutically acceptable salts, solvates and/or
esters thereof, have the following Formula (IE):
wherein: R2 is H or-CH 3; R3 is H Or-CH 3; each R4 is
H; Ar is unsubstituted phenyl or phenyl substituted
with one or more L1 groups; each L1 is independently F
or Cl; and n is O, 1, or 2. In another embodiment of
the compounds of Formula (I), or pharmaceutically
acceptable salts, solvates and/or esters thereof, R2
and R3, or R2 and an R4, or R3 and an R4, together
with the atoms to which they are shown attached form a
fused cycloalkyl or heterocycloalkyl ring, wherein
said fused cycloalkyl or heterocycloalkyl ring is
unsubstituted or substituted with one or more L3
groups. For example, compounds of formula (I) include
compounds wherein R2 and R3 together with the carbon
atoms to which they are shown attached form a fused
ring (Q) such compounds have the formula (IF) or
(IF.1A):wherein Q is a fused ring selected from the
group consisting of: unsubstituted cycloalkyl,
cycloalkyl substituted with one or more independently
selected L3 groups, unsubstituted heterocycloalkyl,
and heterocycloalkyl substituted with one or more
independently selected L3 groups, and wherein Y is
bound to the carbon atom common to the two fused rings
and Y is selected from the group consisting of: -NHR5,
-OH, and -OR 5. In one embodiment R5 of the Y
substituent is selected from the group consisting of:
-O-alkylene- S(O)2NHC(O)-(C 1-C6)alkyl
-O-alkylene-S(O) 2NHC(O)-haloa[kylalkyl,
-O-alkylene-S(O) 2NHC(O)-R 6, -O-alkylene-S(O)
2NHC(O)-R 7 -O-alkylene-C(O)NH-S(O) 2-(Ci-C 6)alkyl, -
O-alkylene-C(O)NH-S(O) 2-haloalkyl,
-O-alkylene-C(O)NH-S(O) 2-(C 1- C6)alkyl, - O-a!kyle
pe-C(O)NH-S(O)2-R 6, and -O-alkylene-C(O)NH-S(O)2-R 7.
In one embodiment of the invention the compound of
formula I is a compound of formula (IF). In another
embodiment of the invention the compound of formula I
is a compound of formula (IF.1A). Other embodiments of
this invention are directed to compounds of formula
(IF.1A) wherein Y is as defined above, and the
remaining substituents are as; defined in any one of
the embodiments described below for the compounds of
formula (IF). In one preferred embodiment of the
compounds of formula (IF), each L3 is the same or
different -NHR 5 group, and each R5 is independently
selected from the group consisting of: -S(O)2-(Ci-C
6)alkyl, -S(O)2-(C1-C6)haloalkyl, -S(O)2R6, -S(O)2R7,
and -S(O)2R8. In another preferred embodiment of the
compounds of formula (IF) each L is the same or
different OR5 group, and each R5 is independentlyl
selected from the group consisting of: H, (Ci-C
b)alkyl, R6, R7 , -C(O)-(C 1-C6)alkyl,
-CfOJ-d-CeJhaloalkyl, -C(O)-R6, and -C(O)-R7. In
another preferred embodiment of the compounds of
formula (IF) each L3 is the same or different R5
group, and each R5 is independently selected from the
group consisting of: H, (Cr C6)alkyl, R6, R7 , -S O s
C CbJalkyl, -S(O)2-(Ci-C 6)haloalkyl, -S(O)2R6,
S(O)2R7, -S(0)2R 8.-C(O)-(Ci-C b)alkyl. -C(OHCi-C
b)haloalkyl, -C(O)-R6, and -C(O)-R7. Preferred are
compounds of formula (I) are compounds of formula (IF)
wherein each L3 is the same or different -NHR 5 group,
and each R5 is independently selectedfrom the group
consisting of: -S(O)2-(Ci-C 6)alkyl, -S(O)2-(Ci-C
6)haloalkyl, -S(O)2R6 -S(O)2R7, and -S(O)2R8.
Preferred compounds of formula (I) also include
compounds of formula (IF) wherein each L3 is the same
or different OR5 group, and each R5 is independentlyl
selected from the group consisting of: H, (Cr
C6)alkyl, R6, R7 , -C(O)-(Ci-C 6)alkyl, -C(O)-C
1-C6)haloalkyl , -C(O)-R6, and -C(O)-R7. Preferred
compounds of formula (I) also include compounds of
formula (IF) wherein each L3 is the same or different
R5 group, and each R5 is independently selected from
the group consisting of: H, (Ci-C 6)alkyl, R6, R7 ,
S(O)2-(Ci-C 6)alkyl, -SfOMC^CeJhaloalkyl, -S(O)2R6,
-S(O)2R7, -S(O)2R8, -C(O)-(Ci-C 6)alkyl, -C(O)-(C
1-C6)haloalkyl, -C(O)-R6, and -C(O)-R7. In another
embodiment of the compounds of formula (IF), "Q" is a
fused cycloalkyl ring. In one embodiment of the
compounds of formula (IF) m is 1. In another
embodiment of the compounds of formula (IF) R4 is H.
In another embodiment of the compounds of formula (IF)
X is O. In another embodiment of the compounds of
formula (IF) L1 is halogen. In another embodiment of
the compounds of formula (IF) L1 is halogen wherein
each halogen is individually selected from the group
consisting of: Cl and F. In another embodiment of the
compounds of formula (IF) substituent Ar is an aryl
moiety substituted with one or more L1 groups. In
another embodiment of the compounds of formula (IF)
substituent Ar is phenyl substituted with one or more
L1 groups. In another embodiment of the compounds of
formula (IF) substituent Ar is phenyl substituted with
an L1 group wherein said L1 group is halogen. In
another embodiment of the compounds of formula (IF)
substituent Ar is phenyl substituted with an L1 group
wherein said L1 group is Cl (e.g., Ar is p-CIphenyl).
In another embodiment of the compounds of formula (IF)
n is 1 or 2. In another embodiment of the compounds of
formula (IF) n is 1. In another embodiment of the
compounds of formula (IF) n is 2.In another embodiment
of the compounds of formula (IF) L1 is halogen wherein
each halogen is independently selected from the group
consisting of Cl and Br, and n is 2. In another
embodiment of the compounds of formula (IF) L1 is F
and n is 2. In another embodiment of the compounds of
formula (IF) m is 1, and X is O. In another embodiment
of the compounds of formula (IF) m is 1, X is O and R4
is H. In another embodiment of the compounds of
formula (IF) m is 1, X is O and R4 is H, n is 2, and
L1 is selected from the group consisting of Cl and F.
In another embodiment of the compounds of formula (IF)
m is 1, X is O and R4 is H, n is 2, L1 is selected
from the group consisting of Cl and F, and Ar is
phenyl substituted with Cl. In another embodiment of
the compounds of formula (IF) m is 1, X is O and R4 is
H, n is 2, and L1 is F. In another embodiment of the
compounds of formula (IF) m is 1, X is O and R4 is H,
n is 2, L1 is F, and Ar is phenyl substituted with Cl.
Another embodiment of the compounds of formula (IF) is
directed to compounds of formula (IF.1): (IF.1) Other
embodiments of the compounds of formula (IF) are
directed to any one of the embodiments described above
for formula (IF), just as if each embodiment where
individual described, wherein the compound of formula
(IF) is a compound of formula (IF.1). 



Other embodiments of the compounds of formula (IF), as
described in any one of the above embodiments, are
directed to compounds wherein Q is as described in any
one of the embodiments below.In another embodiment of
the compounds of formula (IF) Q is an unsubstituted
cyclohexyl ring: such as, for example, In another
embodiment of the compounds of formula (IF) Q is a
substituted cyclohexyl ring: such as, for example, In
another embodiment of the compounds of formula (IF) Q
is a substituted cyclohexyl ring: In one embodiment
the cyclohexyl ring Q: is a cyclohexyl ring of the
formula: In another embodiment the cyclohexyl ring Q:
is a cyclohexyi ring of the formula:In another
embodiment of the compounds of formula (IF) Q is a
substituted cyclohexyl ring: wherein L3 is selected
from the group consisting of: =O, -OR5, -NHR5, -SO2R6,
-SO2R7, and -SO2R8, wherein R5 is selected from the
group consisting of: -SO2-(Ci-C 6)haloalkyl (e.g.,
-SO2CF3), -C(OMCi-C 6)alkyl (e.g., -C(O)CH3),
-C(O)NH(CrC 6)alkyl (e.g., C(O)NHC2H5) , -SO2-(CrC
6)alkyl (e.g., -SO2CH3, -SO2C2H5, and -SO2C3H7) , and
-(Ci-Ce)alkyl (e.g., methyl), and wherein R6 is
unsubstituted heteroaryl (e.g., thienyl and pyridyl),
and wherein R7 is an unsubstituted heterocycloalkyl
ring (e.g., azetidinyl),and wherein R8 is an
unsubstituted cycloalkyl ring (e.g., cyclopropyl). In
another embodiment of the compounds of formula (IF) Q
is a substituted cyclohexyl ring: wherein L3 is
selected from the group consisting of: =O, -OH, -NH2,
-NHSO2CF3, -NHC(O)CH3, -NHC(O)NHCH 2CH3, -NHSO2CH3,
-NHSO2CH2CH3, -NHSO2CH2CH2CH3, -OCH3, In another
embodiment of the compounds of formula (IF) Q is a
substituted cyclohexyl ring:wherein L3 is selected
from the group consisting of: -alkylene-C(O)NH(Ci to
C6)alkyl (e.g., -CH2C(O)NHC2H5 and -CH2C(O)NHCH3),
-alkylene-C(O)N ((C1 to C6)alkyl)2 wherein each alkyl
is independently selected, -alkylene-C(O)NH(Ci to
C6)haloalkyl (e.g., -CH2C(O)NHCH2CF3) , and
-alkylene-C(O)N((Ci to C6)haloalkyl)2 wherein each
alkyl is independently selected. In another embodiment
of the compounds of formula (IF) Q is a substituted
cyclohexyl ring: , such as, for example, wherein L3 is
selected from the group consisting of: -CHzC(O)NHC2H5,
-CH2C(O)NHCH3, and -CH2C(O)NHCH2CF3. In another
embodiment of the compounds of formula (IF) Q is a
substituted cyclohexyl ring: wherein L3 is selected
from the group consisting of: -alkylene-NHS(O)
2-(C-rC6)alkyl (e.g., -CH2NHS(O)2CH2CH3), and
-alkylene-NHSPMC^CeJhaloalkyl (e.g., -CH2NHS(O)2CF3) .
In another embodiment of the compounds of formula (IF)
Q is a substituted cyclohexyl ring: wherein L3 is
selected from the group consisting of: hydroxyl
substituted alkyls (such as, for example, alkyl
substituted with at least one -OH group, such as, for
example,(Ci to C6) alkyl substituted with 1 to 3 -OH
groups, and in one example (C1 to Ce) alkyl
substituted with 1 or 2 -OH groups, and in another
example (Ci to C6) alkyl substituted with 2 -OH
groups, and in another example -CH2CH(OH)CH2CH3 and-
in another example -CH 2CH2CH(OH)CH 2OH). In another
embodiment of the compounds of formula (IF) Q is a
substituted cyclohexyl ring: wherein L is selected
from the group consisting of: wherein L3 is selected
from the group consisting of: -alkylene-S(O) 2-(Ci-C
6)alkyl (e.g., is -CH 2CH2SO2CH2CH3 or -CH
2CH2SO2CH3). In another embodiment of the compounds of
formula (IF) Q is a substituted cyclohexyl ring:
wherein L3 is selected from the group consisting of: :
-alkylene-C(O)-(Ci-C6)alkyl (e.g., -CH2CH2-C(O)-CH 3).
In another embodiment of the compounds of formula (IF)
Q is an unsubstituted cycloheptyl ring: In another
embodiment of the compounds of formula (IF) Q is a
substituted cycloheptyl ring: more such as, for
example, In another embodiment of the compounds of
formula (IF) Q is a substituted cycloheptyl ring:In
another embodiment of the compounds of formula (IF) Q
is a substituted cycloheptyl ring: wherein L3 is
selected from the group consisting of: -OR5 (wherein,
for example, R5 is H), and -NHR 5 (wherein, for
example, R5 is -SO2-(Ci-C 6)haloalkyl (such as, for
example, -SO2CF3)). In another embodiment of the
compounds of formula (IF) Q is a substituted
cycloheptyl ring: wherein L3 is selected from the
group consisting of: -OH and -NHSO 2CF3. In another
embodiment of the compounds of formula (IF) Q is an
unsubstituted heterocycloalkyl ring comprising one
heteroatom selected from the group consisting of -O-
and -NH-. In another embodiment of the compounds of
formula (IF) Q is a heterocycloalkyl ring substituted
with one or more L3 groups (e.g., one L3 group), said
heterocycloalkyl ring comprising at least one
heteroatom selected from the group consisting of -O-
-NH- and -N(L 3)- (e.g., wherein L3 on said N is, for
example, the R5 group -C(O)-(Ci-C e)alkyl, such as,
for example, -C(O)CH3). Examples of said L3 group
when, for example, said heterocycloalkyl ring
comprises -O- as the heteroatom include methyl and
butyl. In another embodiment of the compounds of
formula (IF) Q is the unsubstituted heterocycloalkyl
ring:such as, for example, In another em odiment of
the compounds of formu (IF) Q is the substituted
heterocycloalkyl ring: such as, for example, In
another embodiment of the compounds of formula (IF) Q
is the substitued heterocycloalkyl ring: such as, for
example, Examples of L3 include alky), such as, for
example, methyl and butyl. Thus, examples of these Q
groups include: In another embodiment of the compounds
of formula (IF) Q is the substitued heterocycloalkyl
ring: wherein L3 is selected from the group consisting
of: -alkylene-C(O)NH(C 1 to C6)alkyl (e.g.,
-CH2C(O)NHC2H5 and -CH2C(O)NHCH3), -alkylene-C(O)N
((Ci to C6)alkyl)2 wherein each alkyl is independently
selected, -alkylene-C(O)NH(Ci to C6)haloalkyl 



(e.g., -CH2C(O)NHCH2CF3), and -alkylene-C(O)N((Ci to
C6)haloalkyl)2 wherein each alkyl is independently
selected.In another embodiment of the compounds of
formula (IF) Q is the substitued heterocycloalkyl
ring: wherein L3 is selected from the group consisting
of: -alkylene-NHS(O)2-(CrC 6)alkyl (e.g.,
-CH2NHS(O)2CH2CH3) , and
-alkylene-NHSfOMCrCeJhaloalkyl (e.g., -CH2NHS(O)2CF3)
. In another embodiment of the compounds of formula
(IF) Q is the substitued heterocycloalkyl ring:
wherein L3 is selected from the group consisting of:
hydroxyl substituted alkyls (such as, for example,
alkyl substituted with at least one -OH group, such
as, for example, (Ci to Ce) alkyl substituted with 1
to 3 -OH groups, and in one example (Ci to Ce) alkyl
substituted with 1 or 2 -OH groups, and in another
example (Ci to C ) alkyl substituted with 2 -OH
groups, and in another example -CH2CH(OH)CH2CHa and in
another example -CH 2CH2CH(OH)CH 2OH). In another
embodiment of the compounds of formula (IF) Q is the
substitued heterocycloalkyl ring: wherein L3 is
selected from the group consisting of: 3-hydroxybutyl
(-CH2CH(OH)CH2CH3) and 2,3-dihydroxybutyl (-CH
2CH2CH(OH)CH 2OH). In another embodiment of the
compounds of formula (IF) Q is the substitued
heterocycloalkyl ring:wherein L3 is selected from the
group consisting of: -alkylene-S(O)2-(Ci-C 6)alkyl. In
another embodiment of the compounds of formula (IF) Q
is the substitued heterocycloalkyl ring: wherein L3 is
-CH 2CH2SO2CH2CH3 or -CH 2CH2SO2CH3. In another
embodiment of the compounds of formula (IF) Q is the
substitued heterocycloalkyl ring: wherein L3 is
selected from the group consisting of: -alkylene-C
OXCrC^alkyl. In another embodiment of the compounds of
formula (IF) Q is the substitued heterocycloalkyl
ring: wherein L3 is -CH2CH2-C(O)-CH3. In another
embodiment of the compounds of formula (IF) Q is the
unsubstituted heterocycloalkyl ring:In another
embodiment of the compounds of formula (IF) Q is the
substituted heterocycloalkyl ring: such as, for
example, In another embodiment of the compounds of
formula (IF) Q is the substituted heterocycloalkyl
ring: such as, for example, wherein the L3 group bound
to the N is the same or different as an L3 group bound
to a ring carbon. In another embodiment of the
compounds of formula (IF) Q is the substituted
heterocycloalkyl ring: In one example L3 is a
-C(O)-alkyl group, such as, for example, -C(O)CH3.
Also, for example, compounds of formula (I) include
compounds wherein m is 1, and R2 and R4 together with
the carbon atoms to which they are shown attached form
a fused ring (Q), such compounds have the formula
(IG): (IG) wherein Q is a fused ring selected from the
group consisting of: unsubstituted cycloalkyl,
cycloalkyl substituted with one or more independently
selected L3 groups,unsubstituted heterocycloalkyl, and
heterocycloalkyl substituted with one or more
independently selected L3 groups. In one preferred
embodiment of the compounds of formula (IG), each L3
is the same or different -NHR 5 group, and each R5 is
independently selected from the group consisting of:
-S(O)2-(Ci-C 6)haloalkyl, -S(O)2R6, -S(O)2R7 and
-S(O)2R8. In another preferred embodiment of the
compounds of formula (IG) each L3 is the same or
different OR5 group, and each R5 is independentlyl
selected from the group consisting of: H, (Ci-C
6)alkyl, R6, R7 , -C(O)-(Ci-C 6)alkyl, -C(O)-Cr
C6)haloalkyl , -C(O)-R6, and -C(O)-R7. In another
preferred embodiment of the compounds of formula (IG)
each L3 is the same or different R5 group, and each R5
is independently selected from the group consisting
of: H, (Ci-C 6)alkyl, R6, R7 , S(O)2-(d-C 6)alkyl,
-S(O)2-(Ci-C 6)haloalkyl, S(O)2R6, S(O)2R7, -S(O)2R7,
-C(O)-(Cr C6)alkyl, -CtOHC-CeOhaloalkyl, -C(O)-R6, and
-C(O)-R7. In another embodiment of the compounds of
formula (IG) ring "Q" is a fused cycloalkyl ring.
Also, for example, compounds of formula (I) include
compounds wherein m is 1, and R3 and R4 together with
the carbon atoms to which they are shown attached form
a fused ring (Q), such compounds have the formula
(IH): (IH) wherein Q is a fused ring selected from the
group consisting of: unsubstituted cycloalkyl,
cycloalkyl substituted with one or more independently
selected L3 groups, unsubstituted heterocycloalkyl,
and heterocycloalkyl substituted with one or more
independently selected L3 groups. In one preferred
embodiment of the compounds of formula (IH), each L3
is the same or different -NHR 5 group, and each R5 is
independently selected from the group consisting of:
-S(O)2-(Ci-C 6)alkyl, -S(O)2-(Ci-C 6)haloalkyl,
-S(O)2R6, -S(O)2R7 and -S(O)2R8.In another preferred
embodiment of the compounds of formula (IH) each L3 is
the same or different OR5 group, and each R5 is
independentlyl selected from the group consisting of:
H1 (C1-C6JaIkYl, R6, R7 , -C(O)-(Ci-C 6)alkyl,
-C(O)-C-rC 6)haloalkyl, -C(O)-R 6, and -C(O)-R 7. In
another preferred embodiment of the compounds of
formula (IH) each L3 is the same or different R5
group, and each R5 is independently selected from the
group consisting of: H, (Ci-C b)alkyi, R6, R7 ,
S(O)2-(Ci-C 6)alkyl, -S(O) 2-(d-C 6)haloalkyl,
S(O)2R6, S(O)2R7, -S(O) 2R8, -C(O)-(C 1-C6)alkyl,
-C(O)-(C 1-C6)haloalkyl, -C(O)-R 6, and -C(O)-R 7. In
another embodiment of the compounds of formula (IH)
ring "Q" is a fused cycloalkyl ring. In another
embodiment of the compounds of Formula (I), or
pharmaceutically acceptable salts, solvates, and/or
esters thereof, said compounds can have the Formula
(1F): wherein: X is-O-; R3 is selected from the group
consisting of H, alkyl, alkylene-OR 5, alkenyl,
-C(O)O-alkyl, and -alkylene-C(O)O-alkyl; or R2 and R3,
or R2 and an R4, together with the atoms to which they
are shown attached form a fused cycloalkyl ring,
wherein said fused cycloalkyl ring is unsubstituted or
substituted with one or more L3 groups; each R4 is
independently selected from the group consisting of H,
alkyl, and -alkylene-R 6; and each R5 is independently
selected from the group consisting of H, alkyl, R6,
-C(O)-alkyl,-C(O)-R 6, and -C(O)-R 7; R6 is selected
from the group consisting of unsubstituted aryl and
aryl 



substituted with one or more L1 groups;R7 is selected
from the group consisting of unsubstituted
heterocycloalkyl and heterocycloalkyl substituted with
one or more L2 groups; Ar is unsubstituted aryl or
aryl substituted with one or more L1 groups; each L1
is independently selected from the group consisting of
halogen, alkyl, -CN, and -CF 3; each L2 is
independently selected from the group consisting of
-OH, alkyl, alkyl substituted with one or more -OH
groups, and heterocycloalkyl; L3 is -OR 5; n is 0, 1,
2 or 3; and m is 1. In another embodiment of the
compounds of Formula (I), or pharmaceutically
acceptable salts, solvates, and/or esters thereof,
said compounds can have the Formula (1G): wherein X
iS-O-; R3 is selected from the group consisting of H,
alkyl, alkylene-OR 5, alkepyl, -C(O)O-alkyl, and
-alkylene-C(O)O-alkyl; or R2 and R3, or R2 and an R4,
together with the atoms to which they are shown
attached form a fused cycloalkyl ring, wherein said
fused cycloalkyl ring is unsubstituted or substituted
with one or more L3 groups; each R4 is independently
selected from the group consisting of H, alkyl, and
-alkylene-R 6; and each R5 is independently selected
from the group consisting of H, alkyl, R6,
-C(O)-alkyl,-C(O)-R 6, and -C(O)-R7; R6 is selected
from the group consisting of unsubstituted aryl and
aryl substituted with one or more L1 groups; R7 is
selected from the group consisting of unsubstituted
heterocycloalkyl and heterocycloalkyl substituted with
one or more L2 groups; Ar is unsubstituted aryl or
aryl substituted with one or more L1 groups; each L1
is independently selected from the group consisting of
halogen, alkyl, -CN, and -CF 3; each L2 is
independently selected from the group consisting of
-OH, alkyl, alkyl substituted with one or more -OH
groups, and heterocycloalkyl;L3 is -OR 5; n is 0, 1, 2
or 3; and m is 1. In another embodiment of the
compounds of Formula (I), or pharmaceutically
acceptable salts, solvates, and/or esters thereof,
said compounds can have the Formula (1H): wherein X
is-O-; R3 is selected from the group consisting of H,
alkyl, alkylene-OR 5, alkenyl, -C(O)O-alkyl, and
-alkylene-C(O)O-alkyl; or R2 and R3, or R2 and R4,
together with the carbon atoms to which they are shown
attached form a fused cycloalkyl ring, wherein said
fused cycloalkyl ring is unsubstituted or substituted
with one or more L3 groups; each R4 is independently
selected from the group consisting of H, alkyl, and
-alkylene-R 6; and each R5 is independently selected
from the group consisting of H, alkyl, R6, -C(O)-alkyl
-C(O)-R 6, and -C(O)-R7; R6 is selected from the group
consisting of unsubstituted aryl and aryl substituted
with one or more L1 groups; R7 is selected from the
group consisting of unsubstituted heterocycloalkyl and
heterocycloalkyl substituted with one or more L2
groups; Ar is unsubstituted aryl or aryl substituted
with one or more L1 groups; each L1 is independently
selected from the group consisting of halogen, alkyl,
-CN, and -CF 3; each L2 is independently selected from
the group consisting of -OH, alkyl, alkyl substituted
with one or more -OH groups, and heterocycloalkyl; L3
is -OR 5; n is 0, 1, 2 or 3; and m is 1. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IF) wherein said compound is the free acid
or free base.Other embodiments of this invention are
directed to any one of the embodiments described above
for the compounds of formula (IF) wherein said
compound is a pharmaceutically acceptable salt. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IF) wherein said compound is a
pharmaceutically acceptable ester. Other embodiments
of this invention are directed to any one of the
embodiments described above for the compounds of
formula (IF) wherein said compound is a solvate. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IG) wherein said compound is the free acid
or free base. Other embodiments of this invention are
directed to any one of the embodiments described above
for the compounds of formula (IG) wherein said
compound is a pharmaceutically acceptable salt. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IG) wherein said compound is a
pharmaceutically acceptable ester. Other embodiments
of this invention are directed to any one of the
embodiments described above for the compounds of
formula (IG) wherein said compound is a solvate. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IH) wherein said compound is the free acid
or free base. Other embodiments of this invention are
directed to any one of the embodiments described above
for the compounds of formula (IH) wherein said
compound is a pharmaceutically acceptable salt. Other
embodiments of this invention are directed to any one
of the embodiments described above for the compounds
of formula (IH) wherein said compound is a
pharmaceutically acceptable ester. Other embodiments
of this invention are directed to any one of the
embodiments described above for the compounds of
formula (IH) wherein said compound is a solvate.X, for
compounds of formula (I), is selected from the group
consisting of -C(R1)2, -O-, -NR1- , and -N(C(O)R1),
with the proviso that when X is -O- and m is 1, at
least one of R2, R3 or R4 is a group other than H.
Non-limiting examples of -C(R1 2, -NR1-, and -N(C(O)R
1) include those groups wherein R1 is as defined
herein. 



Each R1,for compounds of formula (I), is independently
H and alkyl wherein the term "alkyl" includes, for
example, -CH3, -CH2CH3, -CH2CH2CH3, -CH(CH3)2,
-CH2CH2CH2CH3, -C(CHa)3, -C(CH3)CH2CH3, -CH2CH(CH3)2
etc. R2, in one embodiment of the compounds of formula
(I), is selected from the group consisting of H,
alkyl, alkylene-OR5, -alkylene-R6,
-alkylene-C(O)O-alkyl, -alkylene-R 8, -C(O)O-alkyl,
and alkenyl. When R2 is "alkyl", non-limiting examples
of said "alkyls" include, for example, those defined
above and elsewhere herein. Likewise, when R2 is
-C(O)O-alkyl or -alkylene-C(O)O-alkyl, the alkyl
portion of these groups can include for example the
"alkyl" groups defined above or elsewhere herein. When
R2 is -alkylene-OR 5, non-limiting examples
of-alkylene-OR 5 include those groups wherein the R5
portion is as defined herein, and the "alkylene"
portion of includes, e.g., -CH 2- , -CH2CH2- ,
-CH2CH2CH2- , wherein each of the preceding alkylene
groups may be optionally substituted with a lower
alkyl group, thereby forming a branched alkylene. Such
branched alkylenes include, for example -CH(CH3)-,
-C(CH3)2-, -CH(CH3)CH2-, -CH2CH(CH3)-, etc., Likewise,
when R2 is -alkylepe-R6, -alkylene-C(O)O-alkyl, and
-alkylene-R 8 the "alkylene" portions of these groups
can include the unbranched or branched alkylene groups
defined above or elsewhere herein. When R2 is
"alkenyl", non-limiting examples of "alkenyl" include
those described herein, including -CH=CH 2, -C(CH
3)=CH2,-CH=CH(CH 3), -CH2CH=CH2, -CH2CH2CH=CH2, etc.
R3, in one embodiment of the compounds of formula (I),
is selected from the group consisting of H, alkyl,
alkylene-OR 5, alkenyl, -C(O)O-alkyl, and
-alkylene-C(O)O-alkyl. When R3 is alkyl, non-limiting
examples of alkyl include those described above and
elsewhere herein. When R3 is -C(O)O-alkyl or
-alkylepe-C(O)O-alkyl, non-limiting examples include
groups wherein the alkyl portion thereof can include,
for example, alkyl groups described above or elsewhere
herein. Likewise, when R is alkylene-OR or
-alkylene-C(O)O-alkyl, non-limiting examplesthereof
include groups wherein the aikylene portion includes
those described above or elsewhere herein. R4, in one
embodiment of the compounds of formula (I), is
independently selected from the group consisting of H,
alkyl, and -alkylene-R6. When an R4 is alkyl,
non-limiting examples of such groups include the alkyl
groups described above or elsewhere herein. Likewise,
when an R4 is -alkylene-R6, non-limiting examples of
such groups include those wherein the R6 portion is as
defined herein, and the aikylene portion includes
those alkylenes described above or elsewhere herein.
Groups R2 and R3, or R2 and an R4, or R3 and an R4,
together with the atoms to which they are shown
attached can form a fused cycloalkyl ring, wherein
said fused cycloalkyl ring is unsubstituted or
substituted with one or more L3 groups. One of skill
in the art will understand that when R2 and an R4, or
R3 and an R4 form a fused cycloalkyl ring, only one
fused cycloalkyl ring is formed. Thus, when m is 2 or
more, only one R4 forms part of the fused cycloalkyl
ring, and the other R4 groups are independently one of
the groups defined herein for R4. Each R5, in one
embodiment of the compounds of formula (I), is
independently selected from the group consisting of H,
alkyl, R6, -C(O)-alkyl, -C(O)-R6, and -C(O)-R7.
Non-limiting examples of such groups include those
wherein alkyl, or the R6, R7 and alkyl portion
thereof, are as defined above and herein. When the
compounds of Formula (I) include a group R6, or one of
the substituents of said compound includes an R6
portion, said R6, in one embodiment of the compounds
of formula (I), includes any chemically stable,
optionally substituted aryl group. Non-limiting
examples of such aryl groups include phenyl, naphthyl,
biphenyl, anthacenyl, etc. When the compounds of
Formula (I) include a group R7, or one of the
substituents of said compound includes an R7 portion,
said R7 includes any chemically stable, optionally
substituted heterocycloalkyl group. Non-limiting
examples of such heterocycloalkyl groups include
piperidyl, pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, thiazolidinyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
thiazolinyl, 2,3-dihydrofuranyl,
2,3-dihydrothiophenyl, etc. When the compounds of
Formula (I) include a group R8, or one of the
substituents of said compound includes an R8 portion,
said R8 includes any chemically stable, optionally
substituted cycloalkyl group. Non-limiting
examplesthereof include, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, etc. Ar includes any
chemically stable, optionally substituted aryl group.
Nonlimiting examples of such aryl groups include
phenyl, paphthyl, biphenyl, anthacenyl, etc. Each L1
is independently selected from the group consisting of
halogen, alkyl, -CN, and -CF3. When an L1 is halogen,
each halogen in independently F, Cl, Cr, or I. When an
L1 is alkyl, non-limiting example of said alkyl
include those described above and elsewhere herein.
Each L2, in one embodiment of the compounds of formula
(I), is independently selected from the group
consisting of -OH, alkyl, alkyl substituted with one
or more -OH groups, and heterocycloalkyl. When an L2
is alkyl or heterocycloalkyl, nonlimiting examples of
said alkyl or heterocycloalkyl include those described
above and elsewhere herein. When an L2 is alkyl
substituted with one or more -OH groups, nonlimiting
examples of such groups include -CH2OH, -CH2CH2-OH,
-CH(OH)CH3, -CH2CH2CH2-OH, -CH2CH(OH)CH3, etc. L3, in
one embodiment of the compounds of formula (I), is -OR
5. Non-limiting examples thereof include -OH, -O-alkyl
(wherein said alkyl portion includes the alkyl groups
described above and elsewhere herein), -O-aryl
(wherein said aryl portion includes the aryl groups
described above and elsewhere herein), -O-acyl,
-O-aroyl, -0-C(O)-R 7, wherein the acyl, aroyl, and R7
portions thereof are defined above and elsewhere
herein. As used above, and throughout this disclosure,
the following terms, unless otherwise indicated, shall
be understood to have the following meanings:
"Patient" includes both human and animals. "Mammal"
means humans and other mammalian animals. "One or
more" means at least one, for example, 1, 2 or 3, or 1
or 2, or 1, thus, for example, "one or more L3 groups"
means at least one L3 group, and examples include 1-3
L3 groups, 1 or 2 L3 groups, and one L3 group. "At
least one" means there is at least one, and examples
include 1, 2 or 3, or 1 or 2, or 1. "Alkyl" means an
aliphatic hydrocarbon group, which may be straight or
branched and comprising about 1 to about 20 carbon
atoms in the chain. Preferredalkyl groups contain
about 1 to about 12 carbon atoms in the chain. More
preferred alkyl groups contain about 1 to about 6
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chain. "Lower
alkyl" means a group having about 1 to about 6 carbon
atoms in the chain, which may be straight or branched.
The term "substituted alkyl" means that the alkyl
group may be substituted by one or more substituents
which may be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy,
alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl),
-N(alkyl)2, carboxy and -C(O)O-alkyl (unless expressly
defined otherwise). Non-limiting examples of suitable
alkyl groups include 



methyl, ethyl, n-propyl, isopropyl and t-butyl.
"Alkylene" means a divalent aliphatic hydrocarbon
radical derived from an alkyl group, as defined above.
Both "open" valences may be on the same carbon atom,
or on different carbon atoms. Examples of alkylene
groups include Ci-C 6 alkylene groups, for example, Ci
to C4 alkylene groups, and in another example, CrC 3
alkylene groups, and in another example Ci to C2
alkylene groups. Non-limiting examples of alkylene
groups include -CH2-, -CH2-CH2-, -CH(CHa)-, etc.
"Alkynyl" means an aliphatic hydrocarbon group
containing at least one carbon-carbon triple bond and
which may be straight or branched and comprising about
2 to about 15 carbon atoms in the chain. Preferred
alkynyl groups have about 2 to about 12 carbon atoms
in the chain; and more preferably about 2 to about 4
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkynyl chain. "Lower
alkynyl" means about 2 to about 6 carbon atoms in the
chain, which may be straight or branched. Non-limiting
examples of suitable alkynyl groups include ethynyl,
propynyl, 2-butynyl and 3-methylbutynyl. The term
"substituted alkynyl" means that the alkynyl group may
be substituted by one or more substituents which may
be the same or different, each substituent being
independently selected from the group consisting of
alkyl, aryl and cycloalkyl. "Aryl" means an aromatic
monocyclic or multicyclic ring system comprising about
6 to about 14 carbon atoms, preferably about 6 to
about 10 carbon atoms. The aryl group can be
optionally substituted with one or more "ring system
substituents"which may be the same or different, and
are as defined herein. Non-limiting examples of
suitable aryl groups include phenyl and naphthyl.
"Heteroaryl" means an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element
other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. Preferred heteroaryls
contain about 5 to about 6 ring atoms. The
"heteroaryl" can be optionally substituted by one or
more "ring system substituents" which may be the same
or different, and are as defined herein. The prefix
aza, oxa or thia before the heteroaryl root name means
that at least a nitrogen, oxygen or sulfur atom
respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl can be optionally oxidized to the
corresponding N-oxide. Non-limiting examples of
suitable heteroaryls include pyridyl, pyrazinyl,
furanyl, thienyl, pyrimidinyl, pyridone (including
N-substituted pyridones), isoxazolyl, isothiazolyl,
oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl,
pyrazolyl, triazolyl, 1,2,4- thiadiazolyl, pyrazinyl,
pyridazinyl, quinoxalinyl, phthalazinyl, oxindolyl,
imidazo[1,2- a]pyridinyl, imidazo[2,1-b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl,
imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2,4-triazinyl, benzothiazolyl and the like. The term
"heteroaryl" also refers to partially saturated
heteroaryl moieties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the
like. "Cycloalkyl" means a non-aromatic mono- or
multicyclic ring system comprising about 3 to about 10
carbon atoms, preferably about 5 to about 10 carbon
atoms. Preferred cycloalkyl rings contain about 5 to
about 7 ring atoms. The cycloalkyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined herein. Non-limiting examples of
suitable saturated monocyclic cycloalkyls include
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like, and non-limiting examples of non-aromatic,
unsaturated monocyclic cycloalkyls include
cyclopentenyl, cyclohexenyl, etc. Non-limiting
examples of suitable multicyclic cycloalkyls include
1-decalinyl, norbornyl, adamantyl and the like, as
well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the
like."Halogen" or "halo" means fluorine, chlorine,
bromine, or iodine. Fluorine, chlorine and bromine are
preferred. "Ring system substituent" means a
substituent attached to an aromatic or nonaromatic
ring system, which, for example, replaces an available
hydrogen on the ring system. Ring system substituents
may be the same or different, each being independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl (substituted or unsubstituted,
heteroaryl (substituted or unsubstituted,
alkylene-aryl, heteroarylalkenyl, heteroarylalkynyl,
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aryl
substituted alkoxy, acyl, aroyl, halo, nitro, cyano,
carboxy, alkoxycarbonyl, aryloxycarbonyl,
arylalkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylthio, arylthio,
heteroarylthio, arylalkylthio, heteroarylalkylthio,
cycloalkyl, heterocycloalkyl, -C(=N-CN)-NH2,
-C(=NH)-NH2, -C(=NH)-NH(alkyl), YiY 2N-, Y1Y2Nalkyh
YiY 2NC(O)-, Y1Y2NSO2- and -SO2NYiY2, wherein Y1 and
Y2 can be the same or different and are independently
selected from the group consisting of hydrogen, alkyl,
aryl, cycloalkyl, and -alkylene-aryl (unless expressly
defined otherwise). The term "ring system substituent"
may also mean a single moiety in which two available
hydrogens on two adjacent carbon atoms are
simultaneously replaced (e.g., one H on each carbon)
on a ring system. Examples of such moiety are
methylenedioxy, ethylenedioxy, -C(CHa)2- and the like
which form moieties such as, for example:
"Heterocycloalkyl" means a non-aromatic monocyclic or
multicyclic ring system comprising about 3 to about 10
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the atoms in the ring system
is an element other than carbon, for example nitrogen,
oxygen or sulfur, alone or in combination. There are
no adjacent oxygen and/or sulfur atoms present in the
ring system. Preferred heterocycloalkyls contain about
5 to about 6 ring atoms. The prefix aza, oxa or thia
before the heterocycloalkyl root name means that at
least a nitrogen, oxygen or sulfur atom respectively
is present as a ring atom. Any -NH in a
heterocycloalkyl ring may exist In protected form, for
example, as an -N(Boc), -N(CBz), -N(Tos) group and the
like; such protected forms are also considered part of
this invention. The heterocycloalkyl can be optionally
substituted by one or more "ring system substituents"
which may be thesame or different, and are as defined
herein. The nitrogen or sulfur atom of the
heterocycloalkyl can be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-dioxide.
Non-limiting examples of suitable monocyclic
heterocycloalkyl rings include piperidyl,
pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, lactam,
lactone, and the like. Non-limiting examples of
non-aromatic, unsaturated monocyclic heterocycloalkyl
rings include thiazolinyl, 2,3-dihydrofuranyl,
2,3-dihydrothiophenyl, etc. It should be noted that in
the hetero-atom containing ring systems of this
invention, there are no hydroxyl groups on carbon
atoms adjacent to a N, O or S, as well as there are no
N or S groups on carbon atoms adjacent to another
heteroatom. Thus, for example, in the ring: there is
no -OH attached directly to carbons marked 2 and 5. It
should also be noted that tautomeric forms such as,
for example, the moieties: are considered equivalent
in this invention. "Hydroxyalkyl" means an alkyl group
substituted with a hydroxyl (-OH) group in which alkyl
is as previously defined. Preferred hydroxyalkyls
contain lower alkyl. Nonlimiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and 2-
hydroxyethyl. 



"Acyl" means an H-C(O)-, alkyl-C(O)- or
cycloalkyl-C(O)-, group in which the various groups
are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls
contain a lower alkyl. Non-limiting examples of
suitable acyl groups include formyl, acetyl and
propanoyl. "Aroyl" means an aryl-C(O)- group in which
the aryl group is as previously described. The bond to
the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include
benzoyl and 1- naphthoyl. "Alkoxy" means an -O-alky;
group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy
groups include methoxy, ethoxy,n-propoxy, isopropoxy
and n-butoxy. The bond to the parent moiety is through
the ether oxygen. "Aryloxy" means an -O-aryl group in
which the aryl group is as previously described.
Non-limiting examples of suitable aryloxy groups
include phenoxy and naphthoxy. The bond to the parent
moiety is through the ether oxygen. "Alkylthio" means
an -S-alkyl group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkylthio groups include methylthio and
ethylthio. The bond to the parent moiety is through
the sulfur. "Arylthio" means an -S-aryl group in which
the aryl group is as previously described.
Non-limiting examples of suitable arylthio groups
include phenylthio and naphthylthio. The bond to the
parent moiety is through the sulfur. "Arylalkylthio"
means an -S-alkylene-aryl group in which the alkylene
and aryl groups are as previously described. A
non-limiting example of a suitable arylalkylthio group
is benzylthio. The bond to the parent moiety is
through the sulfur. "Alkoxycarbonyl" means an
alkyl-O-CO- group. Non-limiting examples of suitable
alkoxycarbonyl groups include methoxycarbonyl and
ethoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Aryloxycarbonyl" means an
aryl-O-C(O)- group. Non-limiting examples of suitable
aryloxycarbonyl groups include phenoxycarbonyl and
naphthoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Arylalkoxycarbonyl" means an
-C(O)-O-alkylene-aryl group. A non-limiting example of
a suitable arylalkoxycarbonyl group is
benzyloxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Alkylsulfonyl" means an
alkyl-S(O2)- group. Preferred groups are those in
which the alkyl group is a lower alkyl. The bond to
the parent moiety is through the sulfonyl.
"Arylsulfonyl" means an aryl-S(O2)~ group. The bond to
the parent moiety is through the sulfonyl. The term
"substituted" means that one or more hydrogens on the
designated atom is replaced with a selection from the
indicated group, provided that the designated atom's
normal valency under the existing circumstances is not
exceeded, and that the substitution results in a
stable compound. Combinations of substituents and/or
variables are permissible only if such combinations
result in stable compounds.By "stable compound' or
"stable structure" is meant a compound that is
sufficiently robust to survive isolation to a useful
degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent.
When a group is substituted with "one or more"
substituents, the indicated group may be substituted
with one substituent, two substituents, etc., provided
that the resulting substituted group forms a stable
structure, as described above. The term "optionally
substituted" means optional substitution with the
specified groups, radicals or moieties. For example,
an aryl optionally substituted with an indicated group
of substituents includes unsubstituted aryl as well as
aryl substituted with any of the indicated
substituents. The term "isolated" or "in isolated
form" for a compound refers to the physical state of
said compound after being isolated from a synthetic
process or natural source or combination thereof. The
term "purified" or "in purified form" for a compound
refers to the physical state of said compound after
being obtained from a purification process or
processes described herein or well known to the
skilled artisan, in sufficient purity to be
characterizable by standard analytical techniques
described herein or well known to the skilled artisan.
It should also be noted that any carbon atom as well
as any heteroatom with unsatisfied valences in the
text, schemes, examples, Tables, etc. herein is
assumed to have the sufficient number of hydrogen
atom(s) to satisfy the valences. When a functional
group in a compound is termed "protected", this means
that the group is present in modified form to preclude
undesired side reactions at the protected site when
the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with
ordinary skill in the art as well as by reference to
standard textbooks such as, for example, T.W. Greene
et al, Protective Groups in Organic Synthesis (1991),
Wiley, New York, herein incorporated by reference in
its entirety. When any variable (e.g., aryl,
heterocycloalkyl, R2, etc.) occurs more than one time
in any constituent or in Formula (I), its definition
on each occurrence is independent of its definition at
every other occurrence (unless otherwise expressly
indicated). As used herein, the term "composition" is
intended to encompass a product comprising the
specified ingredients in the specified amounts, as
well as any productwhich results, directly or
indirectly, from combination of the specified
ingredients in the specified amounts. Prodrugs and
solvates of the compounds of the invention are also
contemplated herein. The term "prodrug", as employed
herein, denotes a compound that is a drug precursor
that, upon administration to a subject, undergoes
chemical conversion by metabolic or chemical processes
to yield a compound of Formula (I) or a salt and/or
solvate thereof. A discussion of prodrugs is provided
in T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems (1987) 14 of the A.C.S. Symposium
Series, and in Bioreversible Carriers in Drug Design,
(1987) Edward B. Roche, ed., American Pharmaceutical
Association and Pergamon Press, both of which are
incorporated herein by reference thereto. "Solvate"
means a physical association of a compound of this
invention with one or more solvent molecules. This
physical association involves varying degrees of ionic
and covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of
isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of
the crystalline solid. "Solvate" encompasses both
solution-phase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates,
methanolates, and the like. A "hydrate" is a solvate
wherein the solvent molecule(s) is/are H2O. "Effective
amount" or "therapeutically effective amount" is meant
to describe an amount of compound or a composition of
the present invention effective in preventing the
formation and/or deposition of amyloid protein, and
thus producing the desired therapeutic, ameliorative,
inhibitory or preventative effect. The compounds of
Formula (I) can form salts, which are also within the
scope of this invention. Reference to a compound of
Formula (I) herein is understood to include reference
to salts thereof, unless otherwise indicated. The term
"salt(s)", as employed herein, denotes acidic salts
formed with inorganic and/or organic acids, as well as
basic salts formed with inorganic and/or organic
bases. In addition, when a 



compound of Formula (I) contains both a basic moiety,
such as, but not limited to a pyridine or imidazole,
and an acidic moiety, such as, but not limited to a
carboxylic acid, zwitterions ("inner salts") may be
formed and are included within the term "salt(s)" as
used herein. Pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts
of thecompounds of the Formula (I) may be formed, for
example, by reacting a compound of Formula (I) with an
amount of acid or base, such as an equivalent amount,
in a medium such as one in which the salt precipitates
or in an aqueous medium followed by lyophilization.
Exemplary acid addition salts include acetates,
ascorbates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides,
hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates,
succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally
considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1 ) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry
(1996), Academic Press, New York; and in The Orange
Book (Food & Drug Administration, Washington, D.C. on
their website). These disclosures are incorporated
herein by reference thereto. Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as dicyclohexylamines, t-butyl amines, and salts with
amino acids such as arginine, lysine and the like.
Basic nitrogen-containing groups may be quarternized
with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl
sulfates), long chain halides (e.g. decyl, lauryl, and
stearyl chlorides, bromides and iodides), aralkyl
halides (e.g. benzyl and phenethyl bromides), and
others. All such acid salts and base salts are
intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention.Compounds of Formula (I), and salts,
solvates and prodrugs thereof, may exist n their
tautomeric form (for example, as an amide or imino
ether). All such tautomeric forms are contemplated
herein as part of the present invention. All
stereoisomers (for example, geometric isomers, optical
isomers and the like) of the present compounds
(including those of the salts, solvates and prodrugs
of the compounds as well as the salts and solvates of
the prodrugs), such as those which may exist due to
asymmetric carbons on various substituents, including
enantiomeric forms (which may exist even in the
absence of asymmetric carbons), rotameric forms,
atropisomers, and diastereomeric forms, are
contemplated within the scope of this invention, as
are positional isomers (such as, for example,
4-pyridyl and 3-pyridyl). Individual stereoisomers of
the compounds of the invention may, for example, be
substantially free of other isomers, or may be
admixed, for example, as racemates or with all other,
or other selected, stereoisomers. The chiral centers
of the present invention can have the S or R
configuration as defined by the IUPAC 1974
Recommendations. The use of the terms "salt",
"solvate" "prodrug" and the like, is intended to
equally apply to the salt, solvate and prodrug of
enantiomers, stereoisomers, rotamers, tautomers,
positional isomers, racemates or prodrugs of the
inventive compounds. Polymorphic forms of the
compounds of Formula (I), and of the salts, solvates
and prodrugs of the compounds of Formula (I), are
intended to be included in the present invention. The
compounds according to the invention have
pharmacological properties; in particular, the
compounds of Formula (I) can inhibit gamma-secretase,
and are therefore useful in the treatment or
prevention of neurodegenerative diseases, e.g.,
Alzheimer's Disease. Representative compounds of the
invention include but are not limited to the compounds
and Examples described herein. Pharmaceutical
compositions can comprise one or more of the compounds
of Formula (I). For preparing pharmaceutical
compositions from the compounds described by this
invention, inert, pharmaceutically acceptable carriers
can be either solid or liquid. Solid form preparations
include powders, tablets, dispersible granules,
capsules, cachets and suppositories. The powders and
tablets may be comprised of from about 5 to about 95
percent active compound. Suitable solid carriers are
knownin the art, e.g. magnesium carbonate, magnesium
stearate, talc, sugar or lactose. Tablets, powders,
cachets and capsules can be used as solid dosage forms
suitable for oral administration. Examples of
pharmaceutically acceptable carriers and methods of
manufacture for various compositions may be found in
A. Gennaro (ed.), Remington's Pharmaceutical Sciences,
18th Edition, (1990), Mack Publishing Co., Easton,
Pennsylvania, herein incorporated by reference in its
entirety. Liquid form preparations include solutions,
suspensions and emulsions. Water or water-propylene
glycol solutions for parenteral injection or addition
of sweeteners and opacifiers for oral solutions,
suspensions and emulsions are examples. Liquid form
preparations may also include solutions for intranasal
administration. Aerosol preparations suitable for
inhalation may include solutions and solids in powder
form, which may be in combination with a
pharmaceutically acceptable carrier, such as an inert
compressed gas, e.g. nitrogen. Also included are solid
form preparations that are intended to be converted,
shortly before use, to liquid form preparations for
either oral or parenteral administration. Such liquid
forms include solutions, suspensions and emulsions.
The compounds of the invention may also be deliverable
transdermally. The transdermal compositions can take
the form of creams, lotions, aerosols and/or emulsions
and can be included in a transdermal patch of the
matrix or reservoir type as are conventional in the
art for this purpose. Preferably, the pharmaceutical
preparation is in a unit dosage form. In such form,
the preparation is subdivided into suitably sized unit
doses containing appropriate quantities of the active
compound, e.g., an effective amount to achieve the
desired purpose. The term "pharmaceutical composition"
is also intended to encompass both the bulk
composition and individual dosage units comprised of
more than one (e.g., two) pharmaceutically active
agents such as, for example, a compound of the present
invention and an additional agent selected from the
lists of the additional agents described herein, along
with any pharmaceutically inactive excipients. The
bulk composition and each individual dosage unit can
contain fixed amounts of the afore said "more than one
pharmaceutically active agents". The bulk composition
is material that has not yet been formed into
individual dosage units. An illustrative dosage unit
is an oral dosage unit such as tablets, pills and the
like. Similarly, the herein-describedmethod of
treating a patient by administering a pharmaceutical
composition of the present invention is also intended
to encompass the administration of the afore-said 



bulk composition and individual dosage units. The
quantity of active compound in a unit dose of
preparation may be varied or adjusted from about 0.01
mg to about 1000 mg, preferably from about 0.01 mg to
about 750 mg, more preferably from about 0.01 mg to
about 500 mg, and most preferably from about 0.01 mg
to about 250 mg, according to the particular
application.The actual dosage employed may be varied
depending upon the requirements of the patient and the
severity of the condition being treated. Determination
of the proper dosage regimen for a particular
situation is within the skill of the art. For
convenience, the total daily dosage may be divided and
administered in portions during the day as required.
The amount and frequency of administration of the
compounds of the invention and/or the pharmaceutically
acceptable salts thereof will be regulated according
to the judgment of the attending clinician considering
such factors as age, condition and size of the patient
as well as severity of the symptoms being treated. A
typical recommended daily dosage regimen for oral
administration can range from about 0.04 mg/day to
about 4000 mg/day, in one to four divided doses.
EXAMPLES The invention disclosed herein is exemplified
by the following preparations and examples, which
should not be construed to limit the scope of the
disclosure. Alternative mechanistic pathways and
analogous structures will be apparent to those skilled
in the art. Where NMR data are presented, H spectra
were obtained on either a Varian VXR-200 (200 MHz,
1H), Varian Gemini-300 (300 MHz) or XL-400 (400 MHz)
and are reported as ppm down field from Me4Si with
number of protons, multiplicities, and coupling
constants in Hertz indicated parenthetically. Where
LC/MS data are presented, analyses was performed using
an Applied Biosystems API-100 mass spectrometer and
Shimadzu SCL-10A LC column: Altech platinum C18, 3
micron, 33mm x 7mm ID; gradient flow: 0 min - 10%
CH3CN, 5 min - 95% CH3CN, 7 min - 95% CH3CN, 7.5 min -
10% CH3CN, 9 min - stop. The retention time and
observed parent ion are given.The following solvents,
reagents, and conditions may be referred to by their
abbreviations in parenthesis: Acetyl (Ac), i.e.,
CH3C(O)- Butyl (Bu) Cyclopropyl (Pr-c) Dichloroethane
(DCE) Dichloromethane (DCM) Diethyl ether (Et2O)
Diisobutylaluminum hydride (DIBAL-H) Dimethyl
formamide (DMF) Ethanol (EtOH) Ethyl (Et) Ethyl
acetate (EtOAc) High resolution mass spectrometry
(HRMS) Lithium diisopropyl amide (LDA) Liquid
chromatography/mass spectrometry (LCMS)
m-Chloroperoxybenzoic acid (mCPBA) Mesyl (Ms), i.e.,
-S(O)2CH3 Methanol (MeOH) Methyl (Me) Nuclear magnetic
resonance spectroscopy (NMR) Preparative thin-layer
chromatography (PTLC) Pyridine (Pyr) Room temperature
(RT) Tert-butyldimethylsilyl (TBS) Tetrabutyl ammonium
fluoride (TBAF) Tetrahydrofuran (THF) Trifluoroacetic
acid (TFA) Trimethylsilyl (TMS) Trimethylsilyl
chloride (TMSCI) Triethylamine (NEt3 or Et3N)Compounds
of Formula (I) can be prepared by various methods well
known to those skilled in the art, and by the methods
described below. The following methods are typical.
Compounds of Formula (I) can be prepared according to
the procedure outlined in General Procedure 1. General
Procedure 1 agent V A cyclic ketone such as (i) is
treated with a thiol in the presence of a suitable
reducing agent such as borane optionally in the
presence of an acid such as trifluoroacetic acid. The
resulting sulfide is oxidized according to known
procedures, for instance using a peracid or oxone, to
give sulfone (ii). Compounds of Formula (I), wherein
R3 is H and R2 is not H, can be prepared by treating
sulfone (ii) with a suitable base such as LDA or
n-butyllithium followed by alkylation with a group
R2Z, wherein Z is a leaving group such as halo or
sulfonate or other functional group that causes R3 to
be electrophilic. Compounds of Formula (I) wherein R3
is not H can be prepared by treating compound (i) with
a suitable base such as LDA followed by alkylation
with a group R3Z, wherein Z is a leaving group such as
halo or sulfonate or other functional group that
causes R3 to be electrophilic. The resulting ketone
(iv) is converted to sulfone (v) as described for the
conversion of (i) to (iii). Compounds of Formula (I),
especially when X is -O-, S, -NR1-, and -N(C(Q)R1),
can be prepared according to General Procedure
2.General Procedure 2 Sulfone (vi), wherein Z1 is
defined as Z above, is treated with a suitable base
such as sodium hydride or LDA. The resulting anion is
treated with an alkylating agent (vii), wherein Z is
as defined above, and P is an optional protecting
group such as trimethylsilyl, t-butyldimethylsilyl,
t-butoxycarbonyl, or benzyloxycarbonyl. After removing
the optional protecting group, cyclization optionally
in the presence of base such as sodium hydride,
potassium carbonate, or LDA, yields compound (iv).
Compound (iv) can be transformed into other compounds
of formula (I) as describe elsewhere. Compounds of
formula (I), especially when R3 is not H, can be also
be prepared by General Procedure 3.General Procedure 3
Vinylsulfone (ix) is treated with a nucleophile R3-M,
wherein M is a metal such as sodium, lithium,
potassium, magnesium, copper, or zinc, optionally
followed by treatment with an electrophile R2Z,
wherein Z is as defined above. Compounds of formula
(IF) can be prepared by general procedures 1,2, or 3
by joining together two R2 and R3 groups.
Alternatively, compounds of formula (IF) where Q is a
substituted or unsubstituted cyclohexyl ring can be
prepared according to General Procedure 4. General
Procedure 4 Vinylsulfone (ix) is treated with a diene
(x) optionally in the presence of an acid 



catalyst such as zinc chloride or boron trifluoride in
a solvent such as toluene or trifluorotoluene to give
compounds of formula (IF). In addition, compounds of
formula (IF) where where Q is a substituted or
unsubstituted heterocyclic ring, and in particular
where said substituted or unsubsituted heterocyclic
ring is a pyran ring as in Xl , can be prepared
according to general procedure 5. General Procedure
5Procedures 1-5 illustrate general procedures for
preparing compounds of this invention. Certain
compounds of this invention can be transformed into
other compounds of this invention by functional group
manipulations as described below. Examples 1 and 2:
1-(4-Chloro-benzenesulfonyl)-5,8-difluoro-1,2,3,4-tetr
ahydro-naphthalene and 1-(4-
Ch[oro~benzene$ulfonyl)-5,8-difluoro-1-methyl-1,2,3,4-
tetrahydro-naphthalene Scheme 1-A Example 1 Step 1 To
a solution of LiCI (3.39 g, 80 mmol) and palladium
(II) acetate (450 mg, 2.0 mmol) in DMF (75 mL) in a
sealed tube was added 2,5-difluorobenzylbromide (9.65
mL, 75 mmol), tert-b tylacrylate (11.9 mL, 82 mmol)
and tributylamihe (19.5 mL, 82 mmol). The reaction was
then stirred 2 h at 45C and overnight at 1200C. The
cooledsolution was taken up in Et2q , washed with
water and brine, dried and concentrated. The residue
was purified by flash-chromatography over silica gel
(eluted with hexanes/DCM 75:25 to DCM) to give 9.26 g
(49%) of alkene. Step 2 A mixture of the alkene
product of Step 1 (6.36 g, 25 mmol) and 10% Pd/C (650
mg) in EtOH (20 ml_) and EtOAc (20 ml_) was
hydrogenated at 25 psi for 90 min then filtered over
CELITE and concentrated to provide 6.34 g (99%) of
tert-butyl ester. Step 3 A solution of the tert-butyl
ester product from Step 2 (5.00 g, 19.5 mmol) in DCM
(10 ml_) and TFA (10 ml_) was stirred at RT for 1 hr
then concentrated. The crude product (3.95 g) was
dissolved in DCM (20 ml_) and treated with oxalyl
chloride (3.35 ml_, 39 mmol) and a drop of DMF. The
reaction was stirred at RT for 30 min then
concentrated. To a solution of this crude in DCM ( 15
ml_) was added AICI3 (5.20 g, 39 mmol) and the
reaction was stirred at RT for 2 days. The final
mixture was poured into ice-cooled 0.1 N HCI,
extracted with DCM, dried and concentrated. The
residue was purified by flash-chromatography over
silica gel (eluted with hexanes/DCM 7:3 to DCM) to
afford 3.17 g (89%) of ketone. Step 4 To a solution of
the ketone product from Step 3 (67 mg, 0.37 mmol) and
4- chlorothiophenol (56 mg, 0.39 mmol) in DCM (0.4
ml_) at 0cC was added TFA (0.5 ml_) followed, 10 min
later, by pyridine borane complex (40 mL). The
solution was then allowed to stir 40 min at 00C then
concentrated. The residue was taken up in Et2O and 1N
NaOH, extracted with Et2O, dried over sodium sulfate
and concentrated. The residue was taken up in DCM ( 1
mL) and treated with mCPBA 57 (172 mg, 1.0 mmol).
After reaction overnight, the crude product was washed
with sodium carbonate solution, dried and concentrated
and the residue was purified by
preparativechromatography over silica gel (eluted with
hexanes/DCM 1: 1) to give 45.5 mg of Example 1: 1H NMR
(CDCI3 400 MHz) d 7.67 (d, J = 8.7 Hz, 2H), 7.47 (d, J
= 8.7 Hz, 2H), 6.97 (m, 1H), 6.72 (m, 1H), 4.61 (d,
1H), 3.92 (m, 1H), 2.65-2.75 (m, 2H), 2.43 (m, 1H),
1.90 (m, 1H), 1.78 (m, 1H); LCMS (MH+) = 343.2;
retention time = 4.71 min.Step 5 To a solution of the
Example 1 product from Step 4 (21 .9 mg, 0.064 mmol)
in THF (0.3 ml.) at -78C was added BuLi 2.5 N in
hexanes (30 mL, 0.07 mmol) followed, 2 min later by
iodomethane (30 mL) and the reaction mixture was
allowed to warm to RT. After 10 min, the reaction
mixture was poured into saturated NH4CI, extracted
with DCM, dried over sodium sulfate and concentrated.
The residue was purified by preparative-chromatography
over silica gel (eluted with hexanes/EtOAc 9:1) to
give 12.6 mg of Example 2: 1H NMR (CDCI3 400 MHz) d
7.62 (d, J = 8.7 Hz, 2H), 7.45 (d, J - 8.7 Hz, 2H),
6.98 (m, 1H), 6.76 (m, 1H), 2.90 (m, 1H), 2.55-2.70
(m, 2H), 2.44 (m, 1H), 1.75-1 .85 (m, 2H), 1.80 (s,
3H); LCMS (2MH+) = 713.4; retention time = 4.90 min.
Following procedures similar to those used in Scheme
1-A to prepare Examples 1 and 2, substituting
appropriate electrophiles and also substituting
readily available ketones for the ketone product of
Step 4, the compounds in Table 1-A were prepared.
TABLE 1-AFLEXIBLE CIRCUITS HAVING INK-RESISTANT
COVERCOATS The present application claims priority to
pending U.S. Patent Applications 11/334892, filed
January 19, 2006, and 11/624638, filed January 18,
2007. FIELD The present disclosure relates to flexible
circuits for use with inkjet printing systems. In
particular, the present disclosure relates to
ink-resistant covercoats for flexible circuits of
inkjet printer pens used with inkjet printing systems.
BACKGROUND InkJet printer pens are cartridges
installed in inkjet printing systems for storing and
dispensing ink onto recording media (e.g., paper). An
inkjet printer pen typically includes a pen body for
retaining the ink, a printer chip disposed on the pen
body for dispensing the ink, and a flexible circuit
attached to the body for electrically interconnecting
the printing system and the printer chip. During a
printing operation, the printing system transmits an
electrical signal through the flexible circuit to the
printer chip. The signal causes the ink to eject from
the pen body onto the recording medium based on the
jetting technique used. For example, thermal bubble
jetting uses a resistive component that heats up when
the electrical signal is received from the printing
system. This causes a portion of the ink to volatilize
to create a bubble that ejects ink from the pen body.
Alternatively, piezoelectric jetting uses a transducer
that mechanically ejects ink from the pen body when
the electrical signal is received. The bond between
the flexible circuit and the pen body of the printer
pen is desirably strong and robust enough to withstand
exposure to inkjet inks over extended periods of use.
If the bond is attacked by the ink, the flexible
circuit may delaminate from the pen body.
Additionally, if the conductive components of the
flexible circuit are not completely encapsulated with
an ink-resistant material, the ink, which typically
contains corrosive solvents, may chemically attack the
conductive components. This may result in electrical
shorts and poor signals, which can render the printer
pen inoperable. SUMMARY At least one aspect of the
present invention relates to a circuit article for use
with an inkjet printer pen, and a method of forming
the circuit article. The circuit articleincludes an
adhesive disposed between a flexible circuit and a
carrier film, where the adhesive is derived from a
cross-linkable precursor that includes an epoxidized
aromaticdiene block copolymer and a thermal-curing
agent. The adhesive and the carrier film protect
conductive traces of the flexible circuit from
exposure to corrosive ink. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a perspective view of an inkjet
printer pen. FIG. 2 is an exploded view showing a rear
portion of a flexible circuit and a covercoat, which
are removed from the inkjet printer pen. FIG. 3A is a
sectional view of section 3-3 taken in FIG. 2, showing
the interlayer orientations between a pen body, the
flexible circuit, and the covercoat. 



FIG. 3B is a first alternative embodiment of a
sectional view of section 3-3 taken in FIG. 2, in
which the covercoat does not include a tie layer. FIG.
3C is a second alternative embodiment of a sectional
view of section 3-3 taken in FIG. 2, in which the
flexible circuit and the covercoat are inverted. FIG.
4 is a flow diagram showing a method for forming the
flexible circuit and the bonding component for use
with the inkjet printer pen. FIG. 5 is a graphical
plot of an electrified ink immersion test for
exemplary samples of the present invention and
comparative examples. While the above-identified
drawing figures set forth several embodiments of the
invention, other embodiments are also contemplated, as
noted in the discussion. In all cases, this disclosure
presents the invention by way of representation and
not limitation. It should be understood that numerous
other modifications and embodiments can be devised by
those skilled in the art, which fall within the scope
and spirit of the principles of the invention. The
figures may not be drawn to scale. Like reference
numbers have been used throughout the figures to
denote like parts. DETAILED DESCRIPTION FIG. 1 is a
perspective view of inkjet printer pen 10, which is a
printer pen suitable for use with inkjet printing
systems to eject ink onto recording media. InkJet
printer pen 10 includes pen body 12, printer chip 14,
arid flexible circuit 16. Pen body 12 is a metal or
plastic cartridge for retaining and ejecting ink.
Printer chip 14 is an electronic chip secured to pen
body 12 for ejecting ink from pen body 12. Printer
chip 14 may beconfigured to eject ink in a variety of
manners, such as thermal bubble jetting and
piezoelectric jetting techniques. While a single
printer chip 14 is shown in FIG. 1, printer pen 10 may
alternatively include multiple printer chips 14 as
necessary for the given configuration. Flexible
circuit 16 is attached to pen body 12, and includes
exterior surface 18 and contact pads 20. As shown,
contact pads 20 are available through exterior surface
18. Contact pads 20 are the portions of printer pen 10
that provide electrical communication with the
printing system (not shown) when printer pen 10 is
installed in the printing system. Contact pads 20 are
also electrically connected to printing chip 14. As
such, during a printing operation the printing system
may transmit printing signals through contact pads 20
to printer chip 14. In an alternative embodiment,
flexible circuit 16 may not include contact pads 20.
In this embodiment, flexible circuit 16 may be
electrically connected (e.g., soldered) to an external
circuit board. As discussed below, flexible circuit 16
is secured to an ink-resistant covercoat (not shown in
FIG. 1), which is disposed between pen body 12 and
flexible circuit 16. The ink-resistant covercoat
reduces the risk of ink exposure to internal
corrosion-vulnerable components of flexible circuit
16. Pen body 12 may include a variety of dimensional
designs to coordinate with different printing systems.
In alternative embodiments to that shown in FIG. I pen
body 12 may include an ink dispensing mechanism that
is removable from the ink reservoir. Alternative
embodiments may not have blind vias and/or contact
pads accessible from the side of the flexible circuit
opposite the conductive traces. Such designs allow the
ink dispensing mechanism to be used with replaceable
ink reservoirs. In these embodiments, flexible circuit
16 is adhered to the ink dispensing mechanism that is
not replaced, and may be subjected to ink exposure
over extended periods of use. The term "pen body" is
intended to include both integral designs, such as pen
body 12 shown in FIG. 1, and designs having multiple
removable components. FIG. 2 is an exploded view
showing a rear portion of flexible circuit 16 and
covercoat 22, which are removed from printer pen 10.
As shown, flexible circuit 16 further includes
interior surface 24, a plurality of conductive traces
26, blind vias 28, and chip opening 30. Conductive
traces 26 are formed on interior surface 24 to connect
to contact pads 20 (not shown in FIG. 2) at blind vias
28, and to connect to printing chip 14(not shown in
FIG. 2) at chip opening 30. Thus, conductive traces 26
electrically interconnect printing chip 14 and contact
pads 20 through blind vias 28. This allows the
printing system to transmit electrical signals to
printing chip 14. Covercoat 22 is an ink-resistant,
multi-layer component that includes adhesive film 32,
carrier film 34, and tie layer 36. Covercoat 22
protects conductive traces 26 of flexible circuit 16
from attack by the corrosive ink while also providing
a strong adhesive bond between flexible circuit 16 and
pen body 12. This preserves the integrity of flexible
circuit 16, which correspondingly increases the
product life of printer pen 10. FIG. 3A is a sectional
view of section 3-3 taken in FIG. 2, showing the
interlayer orientation between pen body 12, flexible
circuit 16, and covercoat 22. Flexible circuit 16
includes dielectric layer 16a (having exterior surface
18 and interior surface 24), upon which conductive
traces 26 are disposed. Dielectric layer 16a protects
conductive traces 26 from abrasive, chemical, and
thermal conditions that are external to flexible
circuit 16 from the direction of exterior surface 18.
Suitable materials for dielectric layer 16a include
flexible polymeric film-forming materials, such as
polyimides, poly(ethylene naphthalate), poly(ethylene
terephthalate), and combinations thereof. Interior
surface 24 of dielectric layer 16a may also be treated
to increase the adhesion between dielectric layer 16a
and adhesive film 32. Suitable treatment techniques
include flash lamp treatments, corona treatments,
plasma treatments, flame treatments, chemical
treatments (e.g., oxidizers and etchants), and
combinations thereof. Adhesive film 32 is bound to
interior surface 24 of flexible circuit 16 such that
conductive traces 26 are encapsulated and insulated
between dielectric layer 16a and adhesive film 32.
This reduces the risk of ink exposure to conductive
traces 26. Additionally, the encapsulation reduces the
amount of gold plating required to manufacture
flexible circuit 16. For example, gold plating may be
limited to contact pads 20, which accordingly reduces
material costs for manufacturing flexible circuit 16.
Adhesive film 32 compositionally includes a
cross-linked adhesive that is flexible and provides
good resistance to corrosive inks due to its
hydrophobic and non-plasticized nature. As discussed
below, the cross-linked adhesive also provides good
adhesion to polyimide-based films (e.g., dielectric
layer 16a and carrier film 34) due to reactions with
moieties of the polyimide surfaces.Carrier film 34 is
a polymeric film having one or more layers, and which
provides additional protection against ink exposure.
Suitable materials for carrier film 34 include
flexible polymeric film-forming materials, such as
polyimides, poly(ethylene naphthalate), poly(ethylene
terephthalate), polyaramids, polyetherimides,
polycarbonates, ethylenechlorotrifluoroethylenes,
polyethersulfones, polyethersulfones, polyvinylidene
fluorides, polyfluorinated ethylene-propylenes,
perfluoroalkoxies, polysulfones, polyethylenes,
polypropylenes, polystyrenes, and combinations
thereof. Examples of particularly suitable materials
for carrier film 34 include polyimides, poly(ethylene
naphthalate), poly(ethylene terephthalate),
polyaramids, and combinations thereof. Each surface of
carrier film 34 may be treated to increase the
adhesion between adhesive film 32 and carrier film 34.
Suitable treatment techniques include flash lamp
treatments, corona treatments, plasma treatments,
flame treatments, chemical treatments (e.g., oxidizers
and etchants), and combinations thereof. Tie layer 36
is a second adhesive film for securing carrier film 34
to pen body 12. Suitable materials for tie layer 36
include one or more adhesives that are melt-flowable,
pressure sensitive, or a combination thereof. Examples
of suitable materials for tie layer 36 include
acrylates, urethanes, silicones, epoxies, rubber based
adhesives (e.g., natural rubbers, polyisoprenes,
polyisobutylenes, butyl rubbers, ethylene vinyl
acetates, and thermoplastic rubbers), and combinations
thereof. Tie layer 36 also desirably provides 



good adhesion to pen body 12 and carrier film 34, and
is ink resistant to reduce the risk of interlayer
delamination. FIG. 3B is an alternative interlayer
orientation, compared to that shown in FIG. 3A, of a
sectional view of section 3-3 taken in FIG. 2. As
shown in FIG. 3B, covercoat 122 is used in place of
covercoat 22, where covercoat i22 is similar to cover
coat 22, but does not include tie layer 36. As such,
covercoat 122 does not directly bond to pen body 12,
and flexible circuit 16/covercoat 122 may be
hot-staked or otherwise mechanically retained against
pen body 12. In this embodiment, covercoat 122 also
protects conductive traces 26 of flexible circuit 16
from attack by the corrosive ink. FIG. 3C is an
additional alternative interlayer orientation,
compared to that shown in FIG. 3A and 3B, of a
sectional view of section 3-3 taken in FIG. 2. As
shown in FIG. 3C, flexible circuit 16 and covercoat
122 are inverted relative to the orientations shown in
FIGS. 3A and 3B. As such, surface 18 of dielectric
layer 16a is bonded to pen body 12 viatie layer 36.
Covercoat 122 also protects conductive traces 26 of
flexible circuit 16 from attack by the corrosive ink.
In addition, carrier film 34 is the external film in
this embodiment, thereby providing protection from
abrasive, chemical, and thermal conditions that are
external to carrier film 34. In this embodiment, blind
vias 28 (not shown) for contact pads 20 (not shown)
extend through adhesive film 32 and carrier film 34
instead of dielectric layer 16a. In an alternative
arrangement to that shown in FIG. 3C, tie layer 36 may
be omitted. In this case, dielectric layer 16a is
directly disposed against pen body 12. Flexible
circuit 16/covercoat 122 may then be hot-staked or
otherwise mechanically retained against pen body 12.
With respect to all of the embodiments shown above in
FIGS. 3A-3C, adhesive film 32 desirably has a layer
thickness that encapsulates conductive traces 26 and
provides good adhesion between flexible circuit 16 and
carrier film 34. The layer thicknesses of adhesive
film 32 are generally dependent on the layer
thicknesses of conductive traces 26, which may range
from about 1 micrometer (e.g., for non-inkjet
applications) to about 100 micrometers. Typical layer
thicknesses for conductive traces of commercial inkjet
printer cartridges range from about 25 micrometers to
about 50 micrometers. Suitable layer thicknesses for
adhesive film 32 are typically at least about 1.5
times the layer thickness of conductive traces 26,
with particularly suitable layer thicknesses being at
least about 2 times the layer thickness of conductive
traces 26. Examples of suitable layer thicknesses for
adhesive film 32 range from about 1 micrometer to
about 300 micrometers, with particularly suitable
layer thicknesses ranging from about 50 micrometers to
about 100 micrometers. Similarly, examples of suitable
layer thicknesses for each of carrier film 34 and tie
layer 36 range from about 10 micrometers to about 100
micrometers. The cross-linked adhesive of adhesive
film 32 is derived from a "cross-linkable precursor"
that includes an epoxidized aromatic-diene (EAD) block
copolymer and a thermal-curing agent. Suitable
concentrations of the EAD block copolymer in the
crosslinkable precursor range from about 75.0% to
about 99.9%, with particularly suitable concentrations
ranging from about 95.0% to about 99.9%, based on the
entire weight of the cross-linkable precursor.
Suitable concentrations of the thermal-curing agent in
the cross-linkable precursor range from about 0.1% to
about 25.0%, with particularly suitable concentrations
ranging from about 0.1% to about 5.0%, based on the
entire weight of thecross-linkable precursor. AU
concentration percentages discussed herein refer to
weight percents. The EAD block copolymer includes (i)
an aromatic polymer block derived from polymerization
of an aromatic vinyl compound, and (ii) a diene
polymer block derived from polymerization of a second
compound having one or more conjugated double bonds,
where the polymer backbone double bonds are at least
partially epoxidized. Suitable copolymerization weight
ratios of the aromatic vinyl compound with respect to
the second compound range from about 20:80 to about
70:30, with particularly suitable copolymerization
weight ratios ranging from about 30:70 to about 50:50,
and with an even more particularly suitable
copolymerization weight ratio of about 40:60. Suitable
number average molecular weights (Mn) of the EAD block
copolymer range from about 5,000 to about 600,000,
with particularly suitable number average molecular
weights ranging from about 10,000 to about 500,000.
Suitable molecular weight distributions (i.e., the
ratio Mw/Mn) of a weight average molecular weight (M )
to a number average molecular weight) include those
less than about 10. The molecular structure of the EAD
block copolymer may be linear, branched, radial types,
and combinations thereof. Examples of suitable
aromatic vinyl compounds for forming the aromatic
polymer block include styrene, alpha-methylstyrene,
vinyl toluene, p-tert-butylstyrene, divinylbenzene,
p-methylstyrene, 4n-propylstyrene,
2,4-dimethylstyrene, 3,5- diethylstyrene, 1,1
-diphenyl-styrene, 2,4,6-trimethyl styrene,
4-cyclohexylstyrene, 3- methyl-5-n-hexyl styrene, and
combinations thereof. An example of a particularly
aromatic vinyl compound for forming the aromatic
polymer block includes styrene. Examples of suitable
compounds for forming the diene polymer block include
compounds having conjugated double bonds, such as
butadiene, isoprene, 1,3-pentadiene,
2,3-dimethyl-l,3-butadiene, piperylene,
3-butyl-l,3-octadiene, l-phenyl-l,3-butadiene,
1,3-octadiene, 4-ethyl-l,3-hexadiene, and combinations
thereof. Examples of particularly suitable compounds
for forming the diene polymer block include butadiene,
isoprene, piperylene, and combinations thereof. As
discussed above, the polymer backbone double bonds of
the diene polymer block are at least partially
epoxidized. An example of a backbone double bond of a
butadiene polymer block being epoxidized is shown in
the following representation:Examples of suitable
epoxy equivalent weights for the EAD block copolymer
range from about 100 to about 2,200, with particularly
suitable epoxy equivalent weights ranging from about
100 to about 1,300. The EAD block copolymer can be
represented by configurations such as (A-B)xA, (B-A)x,
and (A-B) Si, wherein A is the aromatic polymer block,
B is the diene polymer block, and x is the number of
A-B groups in the block copolymer. Unsaturated bonds
remaining in the epoxidized styrene-diene block
copolymer may be partially or fully hydrogenated.
Alternatively, partial hydrogenation may precede
epoxidation of the diene polymer block. Examples of
suitable EAD block copolymers include hydrogenated and
non-hydrogenated epoxidized styrene-butadiene block
copolymers, which are commercially available under the
trade designations "EPOFRIEND AT-501", "EPOFRIEND Al
020", "EPOFRIEND AlOlO", and "EPOFRIEND A1005" from
Daicel Chemical Industries LTD, Osaka, Japan. Suitable
thermal-curing agents for cross-linking the EAD block
copolymer include agents suitable for cross-linking
epoxy-functional compounds, and which are thermally
stable at temperatures at which mixing of the
cross-linkable precursor takes place. Thermal-curing
agents are desirable for initiating the cross-linking
of the EAD block copolymer because carrier film 34 may
inhibit the transmission of ultraviolet radiation,
electron beam radiation, or other types of radiation
required for photoinitiators. As such, carrier film 34
would otherwise reduce or prevent photo-initiated
cross-linking of the EAD block copolymer. The
thermal-curing agent is also desirably selected to
provide a moderate initiation temperature, which is
high enough to prevent premature cross-linking, but
also low enough to prevent exposing flexible circuit
16 and carrier film 34 to excess temperatures. Such
excess temperatures may degrade the materials of
flexible circuit 16 and carrier film 34. Examples of
suitable initiation temperatures for the thermal-cure
agents range from 



about 600C to about 1500C, with particularly suitable
initiation temperatures ranging from about 60C to
about 1300C, and even more particularly suitable
initiation temperatures ranging from about 700C to
about 900C. It is noted, however, that thermal-curing
agentsthat provide for moderate initiation
temperatures may also be initiated at higher
temperatures to increase the cross-linking reaction
rate if desired. Examples of suitable thermal-curing
agents for use in the cross-linkable precursor include
aliphatic and aromatic primary and secondary amines
(e.g., di(4- aminophenyl)sulfone,
di(4-aminophenyl)ether, fluorene diamines such as 9,9-
bis(aminophenyl)fluorine 5 and
2,2-bis-(4-aminophenyl)propane), aliphatic and
aromatic tertiary amines (e.g.,
dimethylaminopropylamine, and imidazoles such as
methylimidiazole and pyridine), quaternary ammonium
salts (e.g., pyridinium salts such as
N-methyl-4-picolinium hexafluorophosphate), sulfoninum
salts, quarternary hexafluoroantimonate (SBF ) salts,
daryliodonium hexafluoroantimonate salts, amine salts
of trifilic acid, boron trifluoride complexes (e.g.,
BF3-Et2O and BF3 H2NC2H5OH), hydrazines (e.g.,
adipohydrazine), guanidines (e.g.,
tetramethylguanidine and dicyandiamide/
cyanoguanimide), compounds containing two or more
carboxylic acid groups, compounds containing one or
more carboxylic acid anhydride groups, and
combinations thereof. The thermal -curing agent may
also include accelerators (e.g., imidazoles) and
catalysts (e.g., pyridinium; quinolinium; indolinium;
alkyl, aryl, and alkylaryl ammonium salts; alkyl, aryl
and alkylaryl phosphonium salts; and combinations
thereof). Examples of suitable commercially available
thermal-curing agents include those under the trade
designations "NACURE XC-7231", "NACURE A233", and
"KPURE TAG-2678", all of which are commercially
available from King Industries, Inc., Norwalk, CT. In
another embodiment of the invention, a dual curative
system, which uses a free radical curative in addition
to the cationic thermal curative, may be used. If the
adhesive used to attach the covercoat is exposed to
high temperatures, e.g., during a lamination process,
the high heat may soften the adhesive to an extent
that moisture liberated from the polyimide circuit and
polyimide covercoat induce bubble formation in the
adhesive. By using a secondary free radical curative
in the adhesive, additional polymer crosslinking is
effected, typically through available vinyl groups in
the butadiene phase of the styrenebutadiene polymer.
These reactive vinyl groups remain in the butadiene
segments after epoxidization and are, therefore,
available for crosslinking by a free radical
mechanism. This additional crosslinking increases the
modulus of the adhesive, inhibiting the formation of
moisture-induced bubbles in the adhesive.Suitable free
radical curatives include, but are not limited to,
peroxide curatives such as Dicumyl Peroxide, such as
those available under the trade designation LUPEROX
DCP from Arkema, Inc., Philadelphia, PA, or DICUP from
GEO Specialty Chemicals, Lafayette, IN;
2,5,-Dimethyl-2,5 BIS (Tert-Butyl Peroxy) Hexyne-3,
such as those available under the trade designation
LUPEROX 130 from Arkema, Inc., or TRIGONOX 145 from
Akzo Nobel Polymer Chemicals, Chicago, IL;
Di-Tert-Butyl Peroxide such as those available under
the trade designation TRIGONOX B from Akzo Nobel
Polymer Chemicals; 2,5,-Dimethyl-2,5 BIS (Tert-Butyl
Peroxy) Hexane, such as those available under the
trade designation LUPEROX 101 from Arkema, Inc., or
TRIGONOX 101 from Akzo Nobel Polymer Chemicals;
Tert-Butyl Cumyl Peroxide such as those available
under the trade designation LUPEROX 801 from Arkema,
Inc., or TRIGONOX T from Akzo Nobel Polymer Chemicals;
BIS(Tert-Butyl Peroxy Isopropyl) Benzene such as those
available under the trade designation LUPEROX F from
Arkema, Inc., or PERKADOX 14 from Akzo Nobel Polymer
Chemicals, or VULCUP from GEO Specialty Chemicals;
4,4- Di-Tert-Butyl Peroxy N-Butyl Valerate such as
those available under the trade designation LUPEROX
230 from Arkema, Inc., or TRIGONOX 17 from Akzo Nobel
Polymer Chemicals; and 1 1-Di-Tert-Butyl
Peroxy-3,3,5-Trimethylcyclohexane such as those
available under the trade designation LUPEROX 231 from
Arkema, Inc., or TRIGONOX 29 from Akzo Nobel Polymer
Chemicals. Suitable amounts of free radical curatives
range from 0.05 wt% to 5 wt%. Typical cure
temperatures for these free radical curatives
typically range from about 1500C to about 195C, but
temperatures can be increased for faster cures. The
cross-linkable precursor may also include additional
materials to modify other physical characteristics.
Examples of suitable additional materials include
stabilizers (e.g., ultraviolet, heat, and oxidation
stabilizers), thixotropic agents, pigments,
plasticizers, fillers (e.g., silica and other micro-
and nanoparticles), reinforcing materials, tackif ers.
polyphenylene ethers, epoxy-containing reactive
prepolymers and diluents, and polyols. Examples of
suitable polyphenylene ethers, epoxy-containing
reactive prepolymers and diluents, and polyols are
disclosed in Clough et al., U.S. Patent No. 6,294,270.
The cross-linkable precursor may be formed by mixing
the components (e.g., the EPD block copolymer, the
thermal-cure agent, and any additional materials).
This may be performed with the use of a solvent (e.g.,
ethyl acetate and/or toluene) to substantiallyform a
"precursor solution". Suitable concentrations of the
cross-linkable precursor in the precursor solution
range from about 5% to about 90%, with particularly
suitable concentrations of the cross-linkable
precursor in the precursor solution ranging from about
5% to about 40%, based on the entire weight of the
precursor solution. The mixing (e.g., roller and
impeller mixing) is desirably performed at low enough
temperatures to prevent premature thermal
cross-linking. Depending on the solubility of the
materials in the solvent, the mixing may require
several days to substantially form a solution. The
resulting precursor solution, which contains the
cross-linkable precursor and the solvent, may then be
filtered with a filter, such as a 20-micrometer
absolute filter cartridge, to remove large particles
and oligomers. FIG. 4 is a flow diagram showing a
method for forming flexible circuit 16 and covercoat
22 for use with printer pen 10 (referred to as "method
38"). As shown, method 38 includes steps 40-52, which
initially involves treating each surface of carrier
film 34 to increase the adhesive properties of carrier
film 34 (step 40). As discussed above, suitable
treatment techniques include flash lamp treatments,
corona treatments, plasma treatments, flame
treatments, chemical treatments, and combinations
thereof. The precursor solution (which will
subsequently be used to form adhesive film 32) is then
coated onto one of the surfaces of carrier film 34
(step 42). This may be performed with a variety of
techniques, such as hand coating, knife coating,
extrusion, and wet casting, and is desirably performed
at low temperatures. Examples of suitable nitrogen
corona treatment techniques are disclosed in PCT
Patent Application No. PCT/US2005/023670. The solvent
of the precursor solution is then removed to provide
the cross-linkable precursor coated on carrier film 34
(step 44). The solvent removal may be performed by
exposing the precursor solution to room temperatures
or mild heating for a sufficient time to substantially
evaporate off the solvent. The temperature for
vaporizing the solvent is desirably selected to be
substantially below the initiation temperature of the
thermalcuring agent. Examples of suitable drying
conditions of a dry 63-micrometer layer thickness
include a two-minute drying cycle at about 52C (about
125F) followed by a four-minute drying cycle at about
600C (about 1400F). A temporary protective film (e.g.,
polyethylene) may then be placed over the
cross-linkable precursor during storage and
transportation.Flexible circuit 16 is then laminated
on the cross-linkable precursor, opposite from carrier
film 34 (step 46). This involves tacking the
cross-linkable precursor/carrier film 34 at several
points to flexible circuit 16 with a hot probe (e.g.,
a soldering iron or heated tacking tool), such that
conductive traces 26 are disposed against the
cross-linkable precursor. The resulting multi-layer
film is then compressed with a hot roll laminator
(commercially available under the trade designation
"XL120" Laminator from Western 



Magnum, El Segundo, CA) at a line speed ranging from
about 15 centimeters/minute (cm/min) (about
6-inches/min) to about 45 cm/min (about
18-inches/min), at a temperature ranging from about H
O0C (about 2300F) to about 121 0C (about 2500F), and
with a piston pressure ranging from about 310
kilopascals (about 45 pounds/inch2 (psi)) to about 415
kilopascals (about 60 psi). Alternatively, the
lamination may be performed with a press laminator,
which involves a pair of heated platens that
compresses cross-linkable precursor/carrier film 34
and flexible circuit 16 together. Suitable heating
temperatures for the platens include those discussed
above for the roll laminator. Lamination forces the
cross-linkable precursor to conform to the dimensions
of interior surface 24 and conductive traces 26,
thereby encapsulating and insulating conductive traces
26. Lamination is also desirably performed under
vacuum conditions (e.g., less than about 0.1 Torr) to
reduce air entrapment between flexible circuit 16 and
the cross-linkable precursor. Depending on the
thermal-curing agent used, the elevated lamination
temperature may be high enough to initiate the thermal
cross-linking of the cross-linkable precursor. As
such, during the lamination process, the
cross-linkable precursor may begin to cross link to
form adhesive film 32. During the lamination process,
excess portions of the cross-linkable precursor are
typically squeezed out of the lateral edges of
flexible circuit 16 and carrier film 34. The excess
portions may be removed with the use of a solvent
before the cross-linkable precursor completely
cross-links to form adhesive film 32 (step 48). This
illustrates another benefit of using the
thermal-curing agent. When flexible circuit 16 is
laminated to the cross-linkable precursor and carrier
film 34, the cross-linkable precursor may be induced
to flow and encapsulate conductive traces 26 without
producing substantial cure. This allows the excess
portions of the cross-linkable precursor to be removed
before thecross-linkable precursor completely cures,
and increases the ease of removal of the excess
portions. The excess portions of the cross-linkable
precursor may be removed with a solvent developer. A
suitable commercially available solvent developer for
performing this process includes the trade designated
"PROBIMER 450M" Developer from Schmiedeskamp, Germany,
which includes a series of solvent spray chambers and
nonheated drying zones. The processing solvent
exposure conditions may vary depending on the solvent
selected, the spray pressure and temperature, the
exposure time, and the layer thickness of adhesive
layer 32. Examples of suitable processing conditions
using the solvent developer include initially spraying
the laminated film (having an initial crosslinkable
precursor thickness of about 62-micrometers) with a
solvent (e.g., ethylhexyl acetate) having a spray
pressure of about one bar and a temperature of about
800C, with an exposure time ranging from about 30
seconds to about two minutes. The laminated film may
then be sprayed with a second solvent (e.g.,
2-butyrolactone) having a spray pressure of one bar,
with an exposure time ranging from about five seconds
to about one minute. The laminated film may then be
rinsed with water and dried. This results in a clean
removal of the excess portions of the cross-linkable
precursor, with substantially no undercutting. The
cross-linkable precursor is then fully cross-linked by
exposing the crosslinkable precursor to the initiation
temperature of the thermal-cure agent for a sufficient
time to substantially complete the cross-linking (step
50). This provides adhesive film 32 adhered to
flexible circuit 16 and carrier film 34. As discussed
above, for films such as polyimide-based films, the
cross-linkable precursor may also react with the
surface moieties of the films, thereby increasing the
adhesive strengths. Carrier film 34 may then be
secured to pen body 12 of printer pen 10 by applying
tie lay 36 either onto the exposed surface of carrier
film 34 or onto the surface of pen body 12, and
carrier film 34 is positioned onto tie layer 36 (step
52). Tie layer 36 may be applied as a hot melt
adhesive or a pressure sensitive adhesive, thereby
adhering carrier film 34 to pen body 12. The resulting
circuit article is flexible and ink-resistant, that is
secured to pen body 12 to provide an ink dispensing
mechanism that may be used for extended periods of
time.EXAMPLES The present invention is more
particularly described in the following examples that
are intended as illustrations only, since numerous
modifications and variations within the scope of the
present invention will be apparent to those skilled in
the art. Unless otherwise noted, all parts,
percentages, and ratios reported in the following
examples are on a weight basis, and all reagents used
in the examples were obtained, or are available, from
the chemical suppliers described below, or may be
synthesized by conventional techniques. Example 1 and
Comparative Examples A-E A circuit article of Example
1, having a flexible circuit and a corresponding
covercoat adhered by an adhesive film, was prepared
pursuant to the following procedure. An adhesive film
precursor solution was prepared by combining 140 grams
of an epoxidized styrene-butadiene block copolymer
(commercially available under the trade designation
"EPOFRIEND AT-501" from Daicel Chemical Industries
LTD, Osaka, Japan), 1.4 grams of a quaternary
hexafluoroantimonate salt (commercially available
under the trade designation "NACURE XC-7231" from King
Industries, Inc., Norwalk, CT), and 329 grams of 99%
ethyl acetate solvent. The components were mixed on a
roller mixer for 24 hours. The resulting solution was
then pressure filtered at 415 kilopascals (60 psi)
using a 20-micrometer absolute filter to produce a
precursor solution that was substantially free of
large contaminant particles, gels, and oligomers. The
adhesive precursor solution was then coated on an
untreated 25 micrometer poly(ethylene naphthalate)
film (commercially available under the trade
designation "TEONEX Q51" PEN film from DuPont Teijin)
using a hand-spread unit with a 381 micrometer (15
mil) coating gap. The coated film was allowed to flash
off the ethyl acetate solvent at room temperature for
one hour, followed by a 20 minute baking at 550C in a
convection oven. This resulted in a PEN carrier film
coated with the cross-linkable adhesive precursor. The
coated film was then laminated on an interdigitated
test circuit such that the cross-linkable precursor
was disposed against the conductive traces of the
circuit. The interdigitated test circuit utilized
conductive traces that had 75-micrometer widths, 75
micrometer spaces between traces, 35-micrometer
thicknesses, and a 150-micrometer pitch. The
lamination involved tacking the coated film at several
points to the circuit witha hot probe, such that
conductive traces of the circuit were disposed against
the crosslinkable adhesive precursor. The resulting
multi-layer film was then compressed with a hot roll
laminator (commercially available under the trade
designation "XL120" Laminator from Western Magnum, El
Segundo, CA) at a line speed of 30- centimeters/minute
( 1 foot/minute), with a lamination temperature of
1100C (2300F)5 and with a piston pressure of 415
kilopascals (60 psi). A final cure of the
cross-linkable adhesive precursor was achieved by
baking the laminated film at 1300C for 30 minutes to
provide the circuit article of Example 1. Comparative
Example A was a circuit article having a hot-melt,
ethyl-vinyl acetate (EVA) film overlaying a flexible
circuit, as disclosed in Rohloff et al., PCT
Publication No. WO98/55316. Comparative Example B was
a circuit article having a photoimageable film
overlaying a flexible circuit, as disclosed in Imken
et al., U.S. Patent No. 6,489,042. Comparative Example
C was a circuit article having a polyimide film with a
thermal-cure acrylic adhesive overlaying a flexible
circuit, and which is commercially available under the
trade designation "PYRALUX" from E. I. du Pont de
Nemours and Company. Comparative Example D was a
circuit article having a photoimageable screen print
epoxyacrylate film overlaying a flexible circuit, and
which is commercially available under the 



trade designation "FLEX NPR-80/ID431" from Nippon
Polytech Corporation, Japan. Comparative Example E was
a circuit article having a screen print, thermal-cure,
epoxy film overlaying a flexible circuit, and which is
commercially available under the trade designation
"CCR-232" from Asahi Shimbun Company, Japan. The ink
resistances of the circuit articles of Example 1 and
Comparative Examples A-E were each measured with an
electrified ink immersion test, which was performed
with the following procedure. The circuit article was
immersed in an ink environment (containing a solvent,
pigment, electrolyte, and water) maintained at 700C. A
30-volt bias was then applied between the neighboring
parallel lines of the conductive traces. When placed
in an ink environment, particularly at elevated
temperature, the electrical bias accelerates the
failure of materials covering the conductive traces.
Performance is quantified by depicting the survival
rate of a group of circuits over time. For the purpose
of evaluating the circuit articles of Example 1 and
Comparative Examples A-E, failure was defined as the
time when current leakage between adjacent traces
exceeded 10 microAmps. The electrified ink immersion
test was performed on 10 circuit articles foreach of
Example 1 and Comparative Examples A-E. Table 1
provides the "mean time to failure" and the "longest
time of survival" based on the 10-sample study. TABLE
1 The data in Table 1 illustrates the good ink
resistance exhibited by the circuit articles of the
present invention. As shown, the mean time to failure
for the circuit article of Example 1 was at least than
four times greater than the mean time to failures for
the circuit articles of Comparative Examples A-E. to
the first failure for the circuit article Example 1
occurred at 1907 hours. FIG. 5 is a graphical plot of
the percent circuit survival versus time (hours) for
the circuit articles of Example 1 and Comparative
Examples A-E. As shown, the circuit article of Example
1 retained about 100% survival beyond 1500 hours,
which was significantly greater than the respective
results of the circuit articles of Comparative
Examples A-E. Accordingly, the circuit articles of the
present invention exhibit good ink resistance for use
with inkjet printer pens over extended periods of
time. Example 2 A circuit article of Example 2 having
a flexible circuit and a corresponding covercoat
adhered by an adhesive film, was prepared pursuant to
the following procedure. A PEN carrier film coated
with a cross-linkable adhesive precursor was prepared
and laminated on an interdigitated test circuit
pursuant to the procedure discussed above in Example
1. However, prior to the final cure, the excess
portions of the cross-linkable precursor were removed
by passing the circuit article of Example 2 through a
solvent developer (trade designated "PROBIMER 450M"
Developer from Schmiedeskamp). The circuit article was
initially sprayed for one minute with ethylhexyl
acetate having a spray pressure of one bar and a
temperature of 80 C. The circuit article was then be
sprayed for 15 seconds with 2-butyroactone having a
spray pressure of one bar. The circuit article was
then rinsed with water and dried.The resulting article
had a clean removal of the excess portions of the
crosslinkable adhesive precursor, and showed
substantially no undercutting of the PEN carrier film.
As discussed above, the cross-linkable precursor may
be thermally cured at a controlled rate. This allows
the excess portions of the cross-linkable precursor to
be removed before the cross-linkable adhesive
precursor completely cures, and increases the ease of
removal of the excess portions. Example 3 A circuit
article of Example 3, having a flexible circuit and a
corresponding covercoat adhered by an adhesive film,
was prepared in the same manner as Example 1 except
that 1% dicumyl peroxide by weight was added to the
cross-linkable adhesive precursor solution, the
precursor solution was coated on a 25 micrometer
polyimide film (commercially available under the trade
designation UPILEX S from Ube Corporation, Japan) and
the final cure of the cross-linkable adhesive
precursor was achieved by baking the laminated film at
175C. The baking was performed in a nitrogen
environment to limit oxidation of the cross-linkable
precursor using a ramp of 30 minutes from room
temperature to 175C and a one hour hold at 175C. All
other steps of solution preparation, coating, drying,
and lamination were the same as in Example 1. The
circuit article of Example 3 was subsequently
subjected to a platen press for about 2 seconds at
2800C and 40 psi. No bubbles were observed in the
adhesive layer. A circuit article was prepared in the
same manner as Example 3 except that the
cross-linkable adhesive precursor solution was made
without dicumyl peroxide curative. The adhesive formed
bubbles from moisture in the polyimide films at
temperatures as low as 2400C. Examples 4 and 5
Adhesive films of Examples 4, suitable for adhering a
flexible circuit to a corresponding covercoat to form
a circuit article, were prepared pursuant to the
following procedure. A cross-linkable adhesive
precursor solution was prepared by combining 140 grams
of an epoxidzed styrene-butadiene block copolymer
(commercially available under the trade designation
"EPOFRIEND AT-501" from Daicel Chemical Industries
LTD, Osaka, Japan), 0.7 grams of a quaternary
hexafluoroantimonate salt (commercially available
under the trade designation "NACURE XC-7231" from King
Industries, Inc.,Norwalk, CT), and 329 grams of 99%
ethyl acetate solvent. The components were mixed on a
roller mixer for 24 hours. The resulting solution was
then pressure filtered at 415 kilopascals (60 psi)
using a 20-rnicrometer absolute filter to produce a
precursor solution that was substantially free of
large contaminant particles, gels, and oligomers. The
adhesive precursor solution was then coated on a
fluorocarbon coated polyimide film (commercially
available under the trade designation KAPTON FN from
DuPont Teijin) using a hand-spread unit with a 381
micrometer (15 mil) coating gap. The cross-linkable
adhesive precursor was allowed to flash off the ethyl
acetate solvent at room temperature for 24 hours. This
resulted in a polyimide release film samples coated
with the cross-linkable precursor. The cross-linkable
precursor was then cured using the conditions
indicated in Table 2. Example 5 was made in the same
manner as Example 4 except that 1% (based on polymer
weight) dicumyl peroxide, available under the trade
designation DICUP R from GEO Specialty Chemical was
added to the cross-linkable adhesive precursor
solution of Example 4. Again, the adhesive precursor
was coated on polyimide release films and dried as in
Example 4. The cross-linkable precursor was cured
using the conditions shown in Table 2. The cured
cross-linkable adhesive films were carefully separated
from the polyimide release film so that free-standing
films of the cured adhesive were obtained. Samples of
films from Examples 4 and 5 were subjected to the
Tensile Test Method IPC-TM-650 Meth. 2.4.19, ASTM
D-882-97 to determine % elongation and modulus. The
width and thickness of each sample were 0.5 inches and
about 0.002 to 0.0025 inches, respectively. The
specimen gauge length was 4 inches, the grip distance
was 4 inches, and the crosshead speed was 2
inches/min. Results are shown in Table 2. TABLE 2 The
tensile results show that the introduction of the free
radical initiator in addition to the cationic
initiator results in a higher modulus when the
cross-linkable adhesiveprecursor is cured at a
temperature, which activates the free radical
initiator (>150C). It also results in lower
elongation. Both phenomena are indicative of greater
free radical crosslinking of the base epoxidized
aromatic-diene block copolymer through residual vinyl
functionality compared to the cross-linkable adhesive
precursor cured only cationically through the epoxy
functionality. Although the present invention has been
described with reference to preferred 



embodiments, workers skilled in the art will recognize
that changes may be made in form and detail without
departing from the spirit and scope of the
invention.CLAIMS: 1. A circuit article for use with an
inkjet printer pen, the circuit article comprising: a
flexible circuit having a plurality of conductive
traces disposed on a dielectric film; an adhesive film
disposed adjacent the dielectric film of the flexible
circuit, the adhesive film being derived from a
cross-linkable precursor comprising an epoxidized
aromatic-diene block copolymer and a thermal-curing
agent; and a carrier film disposed adjacent the
adhesive film, opposite of the flexible circuit. 2.
The circuit article of claim 1, wherein the epoxidized
aromatic-diene block copolymer comprises an epoxidized
styrene-butadiene block copolymer. 3. The circuit
article of claim 2, wherein the epoxidized
styrene-butadiene block copolymer comprises about 30%
by weight to about 80% by weight epoxidized butadiene
block. 4. The circuit article of claim 1, wherein the
epoxidized aromatic-diene block copolymer has an epoxy
equivalent weight ranging from about 100 to about
2,200. 5. The circuit article of claim 1, wherein the
thermal-curing agent comprises a quaternary
hexafluoroantimonate salt. 6. The circuit article of
claim 1, wherein the carrier film comprises a material
selected from the group consisting of poly(ethylene
naphthalate), poly(ethylene terephthalate,
polyaramids, polyimides, and combinations thereof. 7.
The circuit article of claim 1, wherein the carrier
film is treated with a treatment technique selected
from the group consisting of flash lamp treatments,
corona treatments, plasma treatments, flame
treatments, chemical treatments, and combinations
thereof. 8. The circuit article of claim 1, further
comprising an adhesive tie layer disposed adjacent the
carrier film, opposite the adhesive film.9. The
circuit article of claim 1 wherein the thermal curing
agent is a cationic curing agent. 10. The circuit
article of claim 9 wherein the thermal curing agent
further comprises a free radical curing agent. 11. The
circuit article of claim 10, wherein the free radical
curing agent is a peroxide. 12. The circuit article of
claim 10, wherein the free radical curing agent is
dicumyl peroxide. 13. An inkjet printer pen
comprising: a pen body configured to store and
dispense ink; a carrier film adhered to the pen body;
an adhesive film disposed adjacent the carrier film,
opposite the body, wherein the adhesive film is
derived from a cross-linkable precursor comprising an
epoxidized aromatic-diene block copolymer and a
thermal-curing agent; a flexible circuit having a
plurality of conductive traces disposed on a
dielectric film, the dielectric film being disposed
adjacent the adhesive film. 14. The inkjet printer pen
of claim 13, wherein the epoxidized aromatic-diene
block copolymer comprises an epoxidized
styrene-butadiene block copolymer. 15. The inkjet
printer pen of claim 13, wherein the epoxidized
aromatic-diene block copolymer has an epoxy equivalent
weight ranging from about 100 to about 2,200. 16. The
inkjet printer pen of claim 13, wherein the
thermal-curing agent comprises a quaternary
hexafluoroantimonate salt. 17. The inkjet printer pen
of claim 13, wherein the carrier film comprises a
material selected from the group consisting of
poly(ethylene naphthalate), poly(ethylene
terephthalate, polyimides, polyaramid, and
combinations thereof. 18. The inkjet printer pen of
claim 13 wherein the carrier film is treated with a
treatment technique selected from the group consisting
of flash lamp treatments,corona treatments, plasma
treatments, flame treatments, chemical treatments, and
combinations thereof. 19. The inkjet printer pen of
claim 13 wherein the thermal curing agent is a
cationic curing agent. 20. The circuit article of
claim 19 wherein the thermal curing agent further
comprises a free radical curing agent. 21. The inkjet
printer pen of claim 20, wherein the free radical
curing agent is a peroxide. 22. The inkjet printer pen
of claim 20, wherein the free radical curing agent is
dicumyl . peroxide. 23. A method of forming a circuit
article for use with an inkjet printer pen body, the
method comprising: coating a cross-linkable precursor
onto a carrier film, the cross-linkable precursor
comprising an epoxidized styrene-diene block copolymer
and a thermal-curing agent; laminating a flexible
circuit adjacent the cross-linkable precursor, wherein
the flexible circuit has a plurality of conductive
traces that are encapsulated by the cross-linkable
precursor; and thermal curing the cross-linkable
precursor. 24. The method of claim 23, wherein the
thermal curing is performed at a temperature of about
1000C or less. 25. The method of claim 23, further
comprising removing an excess portion of the
cross-linkable precursor. 26. The method of claim 25,
wherein removing the excess portion of the
cross-linkable precursor comprises spraying the
cross-linkable precursor with at least one solvent.
27. The method of claim 23, wherein the epoxidized
aromatic-diene block copolymer comprises an epoxidized
styrene-butadiene block copolymer.28. The method of
claim 23, wherein the carrier film comprises a
material selected from the group consisting of
poly(ethylene naphthalate), poly(ethylene
terephthalate, polyimides, polyaramid, and
combinations thereof. 29. The method of claim 23
wherein the thermal curing agent is a cationic curing
agent. 30. The circuit article of claim 29 wherein the
thermal curing agent further comprises a free radical
curing agent. 


