
NOVEL PHENYLPYRAZINONES AS KINASE INHIBITORS The
present invention relates to the use of novel
derivatives which inhibit Btk and are useful for the
treatment of auto-immune and inflammatory diseases
caused by aberrant B-cell act i vation. The novel
5-phenyl-lH-pyrazin-2-one derivatives described herein
are useful for the treatment of arthritis. Btk is a
member of the Tec family of tyrosine kinases, and has
been shown to be a critical regulator of early B-cell
development and mature B-cell activation and survival
(Khan etal. Immunity 1995 3:283; Ellmeier et al. J.
Exp. Med. 2000 192:161 1). Mutation of Btk in humans
leads to the condition X-linked agammaglobulinemia
(XLA) (reviewed in Rosen et al. NewEng. J. Med. 1995
333:431 and Lindvall etal. Immunol. Rev. 2005
203:200). These patients are immunocompromised and
show impaired maturation of B-cells, decreased
immunoglobulin and peripheral B-cell levels,
diminished T-cell independent immune responses as well
as attenuated calcium mobilization following BCR
stimulation. Evidence for a role for Btk in autoimmune
and inflammatory diseases has also been provided by
Btk-deficient mouse models. In preclinical murine
models of systemic lupus erythematosus (SLE),
Btk-deficient mice show marked amelioration of disease
progression. In addition, Btk-deficient mice are
resistant to collagen-induced arthritis (Jansson and
Holmdahl Clin. Exp. Immunol. 1993 94:459). A selective
Btk inhibitor has been demonstrated dose-depen dent
efficacy in a mouse arthritis model (Pan etal., Chem.
Med Chem. 2007 2:58-61). Btk is also expressed by
cells other than B-cells that may be involved in
disease processes. For example, Btk is expressed by
mast cells and Btk-deficient bone marrow derived mast
cells demonstrate impaired antigen induced
degranulation (Iwaki et al. J. Biol. Chem. 2005
280:40261). This shows Btk could be useful to treat
pathological mast cells responses such as allergy and
asthma. Also monocytes from XLA patients, in which Btk
activity is absent, show decreased TNF alpha
production following stimulation (Horwood et al. J Exp
Med 197:1603, 2003). Therefore TNF alpha mediated
inflammation could be modulated by small molecular Btk
inhibitors. Also, Btk has been reported to play a role
in apoptosis (Islam and HEI / 20.05 .2009Smith
Immunol. Rev. 2000 178:49,) and thus Btk inhibitors
would be useful for the treatment of certain B-cell
lymphomas and leukemias (Feldhahn etal. J. Exp. Med.
2005 201:1837). In a first aspect, the present
invention provides 5-phenyl-lH-pyrazin-2-one
derivatives of Formulae I-V IV wherein R is H, - R1, -
R - R2- R3, - R - R3, or-R 2- R3; R1 is aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with one or more R1 ; wherein
each R1 is independently lower alkyl, hydroxy, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cycloalkyl, cycloalkyl lower alkyl, heterocycloalkyl,
cyano, nitro, or lower haloalkyl; R2 is -C(=O),
-C(=O)O, -(CH 2)qC(=O)O, -C(=O)N(R 2')2, -(CH 2),,
-O(CH 2)q, - CH2C(=O), -CH2C(=O)N(R2')2, or-S(=O) 2;
wherein each R2' is independently H, lower alkyl,
lower alkoxy, lower haloalkyl, or lower hydroxyalkyl;
and q is 1, 2, or 3; R3 is H or R4; wherein R4 is
lower alkyl, lower heteroalkyl, lower alkoxy, amino,
aryl arylalkyl, alkylaryl, heteroaryl, alkyl
heteroaryl, heteroaryl alkyl, cycloalkyl,
alkylcycloalkyl, cycloalkyl alkyl, heterocycloalkyl,
alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and
is optionally substituted with one or more lower
alkyl, hydroxy, oxo, lower hydro xyalkyl, lower
alkoxy, halogen, nitro, amino, cyano, lower
alkylsulfonyl, or lower haloalkyl; Q is CH , CH(Y ) or
NH; wherein Y is halogen, hydroxy, or lower alkyl,
wherein the lower alkyl is optionally substituted with
one or more substituents selected from the group
consisting of hydroxy, lower alkoxy, amino, and
halogen; Y1 is H or lower alkyl; Y2 is Y2a or Y2b;
wherein Y2a is H or halogen; Y2b is lower alkyl,
optionally substituted with one or more Y2b ; wherein
Y2b is hydroxy, lower alkoxy, or halogen; each Y2 is
independently Y2 a or Y2 b; wherein Y2 a is halogen;
Y2 b is lower alkyl, optionally substituted with one
or more Y2 b ; wherein Y2 b is hydroxy, lower alkoxy,
or halogen; n is 0, 1, 2, or 3; Y3 is halogen or lower
alkyl, wherein the lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of hydroxy, lower alkoxy,
amino, and halogen; m is 0 or 1; Y4 is Y4 , Y413, Y4c,
or Y4 ; wherein Y4a is H or halogen; Y4b is lower
alkyl, optionally substituted with one or more
substituents selected from the group consisting of
lower haloalkyl, halogen, hydroxy, amino, and lower
alk oxy; Y4c is lower cycloalkyl, optionally
substituted with one or more substituents selected
from the group consisting of lower alkyl, lower
haloalkyl, halogen, hydroxy, amino, and lower alkoxy;
and Y4d is amino, optionally substituted with one or
more lower alkyl; or a pharmaceutically acceptable
salt thereof. In one embodiment, the invention
provides a compound of Formula I , wherein: R is H, -
R1, - R - R2- R3, - R - R3, or-R 2- R3; R1 is aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with one or more R1 ; wherein
each R1 is independently lower alkyl, hydroxy,
lowerhydroxyalkyl, lower alkoxy, halogen, nitro,
amino, cycloalkyl, heterocycloalkyl, cyano, nitro, or
lower haloalkyl; R2 is -C(=O), -C(=O)O, -C(=O)N(R 2'),
-(CH 2)q, -O(CH 2)q, -(CH 2)qC(=O)O, -O(CH 2)q
C(=O)N(R 2'), -CH 2C(=O)N(R 2'),or -S(=O) 2; wherein
R2' is H or lower alkyl; and q is 1, 2, or 3; R3 is H
or R4; wherein R4 is lower alkyl, lower alkoxy, amino,
aryl, arylalkyl, alkylaryl, heteroaryl, alkyl
heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl
cycloalkyl, cycloalkyl alkyl, heterocycloalkyl, alkyl
heterocycloalkyl, or heterocycloalkyl alkyl, and is
option ally substituted with one or more lower alkyl,
hydroxy, oxo, lower hydroxyalkyl, lower 



alkoxy, halogen, nitro, amino, cyano, lower
alkylsulfonyl, or lower haloalkyl; Q is CH or N; Y1 is
H or lower alkyl; Y2 is Y2a or Y2b; wherein Y2a is H
or halogen; Y2b is lower alkyl, optionally substituted
with one or more Y2b ; wherein Y2b is hydroxy, lower
alkoxy, or halogen; each Y2 is independently Y2 a or
Y2 b; wherein Y2 a is halogen; Y2 b is lower alkyl,
optionally substituted with one or more Y2 b ; wherein
Y2 b is hydroxy, lower alkoxy, or halogen; n is 0, 1,
2, or 3; Y3 is halogen or lower alkyl, wherein the
lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; m is 0 or
1; Y4 is Y4 , Y413, Y4c, or Y4 ; wherein Y4a is H or
halogen; Y4b is lower alkyl, optionally substituted
with one or more substituents selected from the group
consisting of lower haloalkyl, halogen, hydroxy,
amino, and lower alk oxy; Y4c is lower cycloalkyl,
optionally substituted with one or more substituents
selected from the group consisting of lower alkyl,
lower haloalkyl, halogen, hydroxy, amino, and lower
alkoxy; and Y4d is amino, optionally substituted with
one or more lower alkyl; or a pharmaceutically
acceptable salt thereof. In one variation of Formula
I, Y1 is methyl.In one variation of Formula I, n is 0,
and m is 0. In one variation of Formula I, Y1 is
methyl, n is 0, and m is 0. In one variation of
Formula I, Y2 is hydroxymethyl. In one variation of
Formula I, Y1 is methyl and Y2 is hydroxymethyl. In
one variation of Formula I, Y2 is hydroxymethyl, n is
0, and m is 0. In one variation of Formula I, Y1 is
methyl, Y2 is hydroxymethyl, n is 0, and m is 0. In
one variation of Formula I, Q is N. In one variation
of Formula I, Q is N, Y1 is methyl, Y2 is
hydroxymethyl, n is 0, and m is 0. In one variation of
Formula I, Q is CH. In one variation of Formula I, Q
is CH, Y1 is methyl, Y2 is hydroxymethyl, n is 0, and
m is 0. In one variation of Formula I, Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one variation of Formula I, Y4 is group
(a) wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl; Q is CH, Y1 is methyl, Y2 is hydroxymethyl,
n is 0, and m is 0. In one variation of Formula I, R
is - R - R2- R3; wherein R1 is phenyl or pyridyl; R2
is -C(=O); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more
lower alkyl. In one variation of Formula I, R is - R -
R2- R3; wherein R1 is phenyl or pyridyl; R2 is -C(=O);
R3 is R4; R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl; Y4 is a
group (a) wherein Y5 is H, halogen, lower alkyl, or
lower haloalkyl; Q is CH, Y1 is methyl, Y2 is
hydroxymethyl, n is 0, and m is 0. In one variation of
Formula I, R is - R - R2- R3; and R1 is heteroaryl.In
one variation o f Formula I , R is - R - R 2; and R 1
is heteroaryl. In one variation o f Formula I , R is -
R 1; and R 1 is heteroaryl. In one variation o f
Formula I , R is - R - R 2- R 3; R 1 is heteroaryl; Y
4 is group (a) wherein Y 5 is H , halogen, lower
alkyl, or lower haloalkyl; Q is CH, Y 1 is methyl, Y 2
is hydroxymethyl, n is 0 , and m is 0 . In one
variation o f Formula I , R is - R - R 2; R 1 is
heteroaryl; Y 4 is group (a) wherein Y 5 is H ,
halogen, lower alkyl, or lower haloalkyl; Q is CH, Y 1
is methyl, Y 2 is hydroxymethyl, n is 0 , and m is 0 .
In one variation o f Formula I , R is - R 1; R 1 is
heteroaryl; Y 4 is group (a) wherein Y 5 is H ,
halogen, lower alkyl, or lower haloalkyl; Q is CH, Y 1
is methyl, Y 2 is hydroxymethyl, n is 0 , and m is 0 .
/ In one variation o f Formula I , Y/ 4 i"s Yg w uh e
re ;in LYT-55 an dA LYT 6b are independently H or
lower alkyl. In one variation o f Formula I , Y 4 is
group (b) wherein Y 5 and Y 6 are independently H or
lower alkyl; Q is CH, Y 1 is methyl, Y 2 is
hydroxymethyl, n is 0 , and m is 0 . In one variation
o f Formula I , R is - R - R 2- R 3; R 1 is phenyl or
pyridyl; R 2 is -C(=O); R 3 is R4 ; R4 is morpholine
or piperazine, optionally substituted with one or more
lower alkyl; Y 4 is group (b) wherein Y 5 and Y 6 are
independently H or lower alkyl; Q is CH, Y 1 is
methyl, Y 2 is hydroxymethyl, n is 0 , and m is 0 . In
another embodiment, the invention provides a compound
o f Formula I , wherein: R is H , - R 1, - R - R 2- R
3, - R - R 3, or - R 2- R 3; R 1 is aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl, and is optionally
substituted with R 1 ; wherein R 1 is lower alkyl,
hydroxy, lower hydroxyalkyl, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or
lower haloalkyl; R 2 iiss --CC((==OO)),,
--CC((==OO))OO,, -CC(=O)N(R 2' ) , -(CH 2),, or -S(=O)
2 ; wherein R 2' is H or lower alkyl; and q is 1, 2 ,
or 3 ;R3 is H or R4; wherein R4 is lower alkyl, lower
alkoxy, lower heteroalkyl, aryl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl,
cycloalkyl, alkyl cycloalkyl, cycloalkyl alkyl,
heterocycloalkyl, alkyl heterocycloalkyl, or
heterocycloalkyl alkyl, and is optionally substituted
with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cyano, lower alkylsulfonyl, or lower haloalkyl; Q is
CH or N; Y1 is H or lower alkyl; Y2 is Y2a or Y2b;
wherein Y2a is H or halogen; Y2b is lower alkyl,
optionally substituted with one or more Y2b ; wherein
Y2b is hydroxy, lower alkoxy, or halogen; each Y2 is
independently Y2 a or Y2 b; wherein Y2 a is halogen;
Y2 b is lower alkyl, optionally substituted with one
or more Y2 b ; wherein Y2 b is hydroxy, lower alkoxy,
or halogen; 



n is 0, 1, 2, or 3. Y3 is halogen or lower alkyl,
wherein the lower alkyl is optionally substituted with
one or more substituents selected from the group
consisting of hydroxy, lower alkoxy, amino, and
halogen; m is 0 or 1; Y4 is Y4 , Y413, Y4c, or Y4 ;
wherein Y4a is H or halogen; Y4b is lower alkyl,
optionally substituted with one or more substituents
selected from the group consisting of lower haloalkyl,
halogen, hydroxy, amino, and lower alkoxy; Y4c is
lower cycloalkyl, optionally substituted with one or
more substituents selected from the group consisting
of lower alkyl, lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; and Y4d is amino, optionally
substituted with one or more lower alkyl; or a
pharmaceutically acceptable salt thereof (compounds of
Formula I'). In one embodiment of Formula I', Y1 is
methyl. In one embodiment of Formula I', n is 0, and m
is 0. In one embodiment of Formula I', Q is N.In one
embodiment of Formula I', Y1 is methyl and Q is N. In
one embodiment of Formula I', Y1 is methyl, Q is N, n
is 0, and m is 0. In one embodiment of Formula I', Y2
is hydroxymethyl. In one embodiment of Formula I', Y1
is methyl and Y2 is hydroxymethyl. In one embodiment
of Formula I', Q is N, Y1 is methyl, and Y2 is
hydroxymethyl. In one embodiment of Formula I', Q is
N, Y1 is methyl, Y2 is hydroxymethyl, n is 0 and m is
0. In one embodiment of Formula I', Q is CH. In one
embodiment of Formula I', Y1 is methyl and Q is CH. In
one embodiment of Formula I', Y1 is methyl, Q is CH, n
is 0, and m is 0. In one embodiment of Formula I', Q
is CH, Y1 is methyl, Y2 is hydroxymethyl. In one
embodiment of Formula I', Q is CH, Y1 is methyl, Y2 is
hydroxymethyl, n is 0 and m is O. In one embodiment of
Formula I', Y2 is methyl. In one embodiment of Formula
I', Y2 is hydroxyethyl. In one embodiment of Formula
I', Y2 is halogen. In one embodiment of Formula I', Q
is N. In one embodiment of Formula I', Y1 is methyl
and Q is N. In one embodiment of Formula I', Y1 is
methyl, Q is N, n is 0, and m is 0. In one embodiment
of Formula I', Y2 is hydroxymethyl. In one embodiment
of Formula I', Y1 is methyl, Y2 is hydroxymethyl. In
one embodiment of Formula I', Q is N, Y1 is methyl, Y2
is hydroxymethyl.In one embodiment of Formula I', Q is
N, Y1 is methyl, Y2 is hydroxymethyl, n is 0 and m is
0. In one embodiment of Formula I', Q is CH. In one
embodiment of Formula I', Y1 is methyl and Q is CH. In
one embodiment of Formula I', Y1 is methyl, Q is CH, n
is 0, and m is 0. In one embodiment of Formula I', Q
is CH, Y1 is methyl, and Y2 is hydroxymethyl. In one
embodiment of Formula I', Q is CH, Y1 is methyl, Y2 is
hydroxymethyl, n is 0 and m is O. In one embodiment of
Formula I', Q is CH, Y1 is methyl, Y2 is hydroxyethyl,
n is 0 and m is 0. In one embodiment of Formula I', Q
is CH, Y1 is methyl, Y2 is halogen, n is 0, and m is
0. In one embodiment of Formula I', Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one embodiment of Formula I', Q is CH,
Y1 is methyl, Y2 is hydroxymethyl, n is 0, m is 0, and
Y4 is group (a) wherein Y5 is H, halogen, lower alkyl,
or lower haloalkyl. In one variation of the above
embodiment of Formula I', R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In one embodiment of Formula
I', Y4 is lower alkyl. In one embodiment of Formula
I', Q is CH, Y1 is methyl, Y2 is hydroxymethyl, n is
0, m is 0, and Y4 is lower alkyl. In one variation of
the above embodiment of Formula I', R is - R - R2- R3;
R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and
R4 is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In one embodiment of
Formula I', Y4 is lower alkyl.In one embodiment of
Formula I', Q is N, Y1 is methyl, Y2 is hydroxymethyl,
n is 0, m is 0, and Y4 is lower alkyl. In one
variation of the above embodiment of Formula I', R is
- R - R2- R3; R1 is phenyl or pyridyl; R2 is -C(=O);
R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula I', R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl. In one embodiment of
Formula I', Y4 is group (c) wherein Y5 and Y6 are
independently H, lower alkyl, or lower haloalkyl. In
one embodiment of Formula I', Q is CH, Y1 is methyl,
Y2 is hydroxymethyl, n is 0, m is 0, and Y4 is group
(c) wherein Y5 and Y6 are independently H, lower
alkyl, or lower haloalkyl. In one variation of the
above embodiment of Formula I', R is - R - R2- R3; R1
is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4
is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In one embodiment of
Formula I', Q is N, Y1 is methyl, Y2 is hydroxymethyl,
n is 0, m is 0, and Y4 is group (c) wherein Y5 and Y6
are independently H, lower alkyl, or lower haloalkyl.
In one variation of the above embodiment of Formula
I', R is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl. 



In one embodiment of Formula I', Y4 is group (b)
wherein Y5 and Y6 are independently H or lower alkyl.
In one embodiment of Formula I', Q is CH, Y1 is
methyl, Y2 is hydroxymethyl, n is 0, m is 0, and Y4 is
group (b) wherein Y5 and Y6 are independently H or
lower alkyl. In one variation of the above embodiment
of Formula I', R is - R2- R3; R2 is -C(=O)NH; R3 is H
or R4; and R4 is lower alkyl.In another variation of
the above embodiment of Formula I', R is - R - R2- R3;
R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and
R4 is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In one embodiment of
Formula I', Q is N, Y1 is methyl, Y2 is hydroxymethyl,
n is 0, m is 0, and Y4 is group (b) wherein Y5 and Y6
are independently H or lower alkyl. In one variation
of the above embodiment of Formula I', R is - R - R2-
R3; R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4;
and R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl. In one
embodiment of Formula I', Y4 is group (d)
independently H, lower alkyl, or lower haloalkyl. In
one embodiment of Formula I', Q is CH, Y1 is methyl,
Y2 is hydroxymethyl, n is 0, m is 0, and Y4 is group
(d) wherein Y5 and Y6 are independently H, lower
alkyl, or lower haloalkyl. In one variation of the
above embodiment of Formula I', R is - R - R2- R3; R1
is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4
is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In one embodiment of
Formula I', Q is N, Y1 is methyl, Y2 is hydroxymethyl,
n is 0, m is 0, and Y4 is grou (d) wherein Y5 and Y6
are independently H, lower alkyl, or lower haloalkyl.
In one variation of the above embodiment of Formula
I', R is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another embodiment, the invention provides a
compound of Formula II, wherein: R is H, - R1, - R -
R2- R3, - R - R3, or-R 2- R3; R1 is aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl, and is optionally
substituted with one or more R1 ; each R1 is
independently lower alkyl, hydroxy, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cycloalkyl, cycloalkyl lower alkyl, heterocyclo alkyl,
cyano, nitro, or lower haloalkyl;R2 is -C(=O),
-C(=O)O, -C(=O)N(R 2')2, -(CH 2),, -O(CH 2)q, -
CH2C(=O), -CH2C(=O)N(R2')2, or-S(=O) 2; wherein each
R2' is independently H, lower alkyl, lower alkoxy,
lower haloalkyl, or lower hydroxyalkyl; and q is 1, 2,
or 3; R3 is H or R4; wherein R4 is lower alkyl, lower
alkoxy, amino, aryl, arylalkyl, alkylaryl, heteroaryl,
alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl
cycloalkyl, cycloalkyl alkyl, heterocycloalkyl, alkyl
heterocycloalkyl, or heterocycloalkyl alkyl, and is
optionally substituted with one or more lower alkyl,
hydroxy, oxo, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl; Q is CH2, CH(Y ) orNH; Y is halogen,
hydroxy, or lower alkyl, wherein the lower alkyl is
optionally substituted with one or more substituents
selected from the group consisting of hydroxy, lower
alkoxy, amino, and halogen; Y1 is H or lower alkyl; Y2
is Y2a or Y2b; wherein Y2a is H or halogen; Y2b is
lower alkyl, optionally substituted with one or more
Y2b ; wherein Y2b is hydroxy, lower alkoxy, or
halogen; each Y2 is independently Y2 a or Y2 b;
wherein Y2 a is halogen; Y2 b is lower alkyl,
optionally substituted with one or more Y2 b ; wherein
Y2 b is hydroxy, lower alkoxy, or halogen; n is 0, 1,
2, or 3; Y3 is halogen or lower alkyl, wherein the
lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; m is 0 or
1; g 4 i s g 4a g 4 b g 4c r g 4d. wherdn Y4a is H or
halogen; Y413 is lower alkyl, optionally substituted
with one or more substituents selected from the group
consisting of lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; Y40 is lower cycloalkyl,
optionally substituted with one or more substituents
selected from the group consisting of lower alkyl,
lower haloalkyl, halogen, hydroxy, amino, and lower
alkoxy; and Y4d is amino, optionally substituted with
one or more lower alkyl; or a pharmaceutically
acceptable salt thereof.In one variation of Formula
II, Y1 is methyl. In one variation of Formula II, n is
0, and m is 0. In one variation of Formula II, Y1 is
methyl, n is 0, and m is 0. In one variation of
Formula II, Y2 is hydroxymethyl. In one variation of
Formula II, Y2 is hydroxymethyl and Y1 is methyl. In
one variation of Formula II, Y2 is hydroxymethyl, n is
0, and m is 0. In one variation of Formula II, Y2 is
hydroxymethyl, Y1 is methyl, n is 0, and m is 0. In
one variation of Formula II, Q is NH. In one variation
of Formula II, Q is CH . In one variation of Formula
II, Q is NH, Y2 is hydroxymethyl, Y1 is methyl, n is
0, and m is 0. In one variation of Formula II, Q is CH
,Y2 is hydroxymethyl, Y1 is methyl, n is 0, and m is
0. In one variation of Formula II, Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one variation of Formula II, Y4 is group
(a) wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl; Q is CH ,Y2 is hydroxymethyl, Y1 is methyl,
n is 0, and m is 0. In one variation of Formula II, R
is - R - R2- R3; wherein R1 is phenyl or pyridyl; R2
is - C(=O); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more
lower alkyl. In one variation of Formula II, R is - R
- R2- R3; wherein R1 is phenyl or pyridyl; R2 is - 



C(=O); R3 is R4; R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl;
Y4 is group (a) wherein Y5 is H, halogen, lower alkyl,
or lower haloalkyl; Q is CH ,Y2 is hydroxymethyl, Y1
is methyl, n is 0, and m is 0.In one variation of
Formula II, R is R1; wherein R1 is pyrazolyl,
optionally substituted with R1' . In one variation of
Formula II, R is R1; R1 is pyrazolyl, optionally
substituted with R1 ;Y4 is group (a) wherein Y5 is H,
halogen, lower alkyl, or lower haloalkyl; Q is CH ,Y2
is hydroxymethyl, Y1 is methyl, n is 0, and m is 0. In
one variation of Formula II, Y4 is group (b) wherein
Y5 and Y6 are independently H or lower alkyl. In one
variation of Formula II, Y4 is group (b) wherein Y5
and Y6 are independently H or lower alkyl; Q is CH ,Y2
is hydroxymethyl, Y1 is methyl, n is 0, and m is 0. In
one variation of Formula II, R is - R - R2- R3;
wherein R1 is phenyl or pyridyl; R2 is - C(=O); R3 is
R4; and R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl. In one
variation of Formula II, R is - R - R2- R3; wherein R1
is phenyl or pyridyl; R2 is - C(=O); R3 is R4; R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl; Y4 is group (b) wherein Y5
and Y6 are independently H or lower alkyl; Q is CH ,
Y2 is hydroxymethyl, Y1 is methyl, n is 0, and m is 0.
In one variation of Formula II, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
variation of Formula II, R is R1; R1 is pyrazolyl,
optionally substituted with R1 ;Y4 is group (b)
wherein Y5 and Y6 are independently H or lower alkyl;
Q is CH , Y2 is hydroxymethyl, Y1 is methyl, n is 0,
and m is 0. In another embodiment, the invention
provides a compound of Formula II, wherein: R is H, -
R1, - R - R2- R3, - R - R3, or-R 2- R3; R1 is aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with R1 ; wherein R1 is lower
alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cycloalkyl, heterocycloalkyl,
cyano, or lower haloalkyl; R2 is -C(=O), -C(=O)O,
-C(=O)N(R 2'), -(CH 2)q, or -S(=O) 2; wherein R2' is H
or lower alkyl; q is 1, 2, or 3;R3 is H or R4; wherein
R4 is lower alkyl, lower alkoxy, lower heteroalkyl,
aryl, arylalkyl, alkylaryl, heteroaryl, alkyl
heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl
cycloalkyl, cycloalkyl alkyl, heterocycloalkyl, alkyl
heterocycloalkyl, or heterocycloalkyl alkyl, and is
optionally substituted with one or more lower alkyl,
hydroxy, oxo, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl; Q is CH , CH(Y ) or NH; wherein Y is
halogen, hydroxy, or lower alkyl, wherein the lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; Y1 is H or
lower alkyl; Y2 is Y2a or Y2b; wherein Y2a is H or
halogen; Y2b is lower alkyl, optionally substituted
with one or more Y2b ; wherein Y2b is hydroxy, lower
alkoxy, or halogen; each Y2 is independently Y2 a or
Y2 b; wherein Y2 a is halogen; Y2 b is lower alkyl,
optionally substituted with one or more Y2 b ; wherein
Y2 b is hydroxy, lower alkoxy, or halogen; n is 0, 1,
2, or 3. Y3 is halogen or lower alkyl, wherein the
lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; m is 0 or
1; Y4 is Y4a, Y4b, Y4c, orY 4d; Y4 1 is H or halogen;
Y413 is lower alkyl, optionally substituted with one
or more substituents selected from the group
consisting of lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; Y40 is lower cycloalkyl,
optionally substituted with one or more substituents
selected from the group consisting of lower alkyl,
lower haloalkyl, halogen, hydroxy, amino, and lower
alkoxy; and Y411 is amino, optionally substituted with
one or more lower alkyl; or a pharmaceutically
acceptable salt thereof (compounds of Formula IF). In
one embodiment of Formula II', Y1 is methyl. In one
embodiment of Formula II', Y2 is hydroxymethyl.In one
embodiment of Formula II', n is 0, and m is 0. In one
embodiment of Formula II', Y2 is hydroxymethyl, n is
0, and m is 0. In one embodiment of Formula II', Y1 is
methyl, n is 0, and m is 0. In one embodiment of
Formula II', Y2 is hydroxymethyl, Y1 is methyl, n is
0, and m is 0. In one embodiment of Formula II', Q is
NH. In one embodiment of Formula II', Q is NH, Y1 is
methyl, n is 0, and m is 0. In one embodiment of
Formula II', Y2 is hydroxymethyl, Q is NH, Y1 is
methyl, n is 0, and m is 0. In one embodiment of
Formula II', Q is CH . In one embodiment of Formula
II', Q is CH ,Y1 is methyl, n is 0, and m is 0. In one
embodiment of Formula II', Y2 is hydroxymethyl, Q is
CH , Y1 is methyl, n is 0, and m is 0. In one
embodiment of Formula II', Y2 is methyl. In one
embodiment of Formula II', Y2 is hydroxyethyl. In one
embodiment of Formula II', Y2 is halogen. In one
embodiment of Formula II', Y4 is group (a) wherein Y5
is H, halogen, lower alkyl, or lower haloalkyl. In one
embodiment of Formula II', Y2 is hydroxymethyl, Q is
CH , Y1 is methyl, n is 0, and m is 0, and Y4 is group
(a) wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one variation of the above embodiment of
Formula II' R is - R - R2- R3; R1 is phenyl or
pyridyl; R2 is -C(=O); R3 is R4; and R4 is morpholine
or piperazine, optionally substituted with one or more
lower alkyl.In another variation of the above
embodiment of Formula II', R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. 



In yet another variation of the above embodiment of
Formula II', R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
II', Y2 is hydroxymethyl, Q is NH, Y1 is methyl, n is
0, and m is 0, and Y4 is group (a) wherein Y5 is H,
halogen, lower alkyl, or lower haloalkyl. In one
embodiment of Formula II', Y4 is lower alkyl. In one
embodiment of Formula II', Y2 is hydroxymethyl, Q is
CH , Y1 is methyl, n is 0, and m is 0, and Y4 is lower
alkyl. In one variation of the above embodiment of
Formula II' R is - R - R2- R3; R1 is phenyl or
pyridyl; R2 is -C(=O); R3 is R4; and R4 is morpholine
or piperazine, optionally substituted with one or more
lower alkyl. In another variation of the above
embodiment of Formula II', R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In one
embodiment of Formula II', Y2 is hydroxymethyl, Q is
NH, Y1 is methyl, n is 0, and m is 0, and Y4 is lower
alkyl. In one variation of the above embodiment of
Formula II' R is - R - R2- R3; R1 is phenyl or
pyridyl; R2 is -C(=O); R3 is R4; and R4 is morpholine
or piperazine, optionally substituted with one or more
lower alkyl. In another variation of the above
embodiment of Formula II', R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
II', R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
II', Y4 is group (c) wherein Y5 and Y6 are
independently H, lower alkyl, or lower haloalkyl.In
one embodiment of Formula II', Y2 is hydroxymethyl, Q
is CH , Y1 is methyl, n is 0, and m is 0, and Y4 is
group (c) wherein Y5 and Y6 are independently H, lower
alkyl, or lower haloalkyl. In one variation of the
above embodiment of Formula II', R is - R - R2- R3; R1
is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4
is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In another variation of
the above embodiment of Formula II', R is - R2- R3; R2
is -C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In
yet another variation of the above embodiment of
Formula II', R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
II', Y2 is hydroxymethyl, Q is NH, Y1 is methyl, n is
0, and m is 0, and Y4 is group (c) wherein Y5 and Y6
are independently H, lower alkyl, or lower haloalkyl.
In one variation of the above embodiment of Formula
II', R is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula II', R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl. In yet another variation of
the above embodiment of Formula II', R is R1; and R1
is pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula II', Y4 is group (b) wherein Y5
and Y6 are independently H or lower alkyl. In one
embodiment of Formula II', Y2 is hydroxymethyl, Q is
CH , Y1 is methyl, n is 0, and m is 0, and Y4 is group
(b) wherein Y5 and Y6 are independently H or lower
alkyl. In one variation of the above embodiment of
Formula II', R is - R - R2- R3; R1 is phenyl or
pyridyl; R2 is -C(=O); R3 is R4; and R4 is morpholine
or piperazine, optionally substituted with one or more
lower alkyl.In another variation of the above
embodiment of Formula II', R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
II', R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
II', Y2 is hydroxymethyl, Q is NH, Y1 is methyl, n is
0, and m is 0, and Y4 is group (b) wherein Y5 and Y6
are independently H or lower alkyl. In one variation
of the above embodiment of Formula II', R is - R - R2-
R3; R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4;
and R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl. In another
variation of the above embodiment of Formula II', R is
- R2- R3; R2 is -C(=O)NH; R3 is H or R4; and R4 is
lower alkyl. In yet another variation of the above
embodiment of Formula II', R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula II', Y4 is group (d) wherein Y5
and Y6 are independently H, lower alkyl, or lower
haloalkyl. In one embodiment of Formula II', Q is CH
,Y1 is methyl, n is 0, and m is 0, and Y4 is group (d)
wherein Y5 and Y6 are independently H, lower alkyl, or
lower haloalkyl. In one variation of the above
embodiment of Formula II', R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In another variation of the
above embodiment of Formula II', R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
II', R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
II', Q is NH, Y1 is methyl, n is 0, and m is 0, and Y4
is group (d) wherein Y5 and Y6 are independently H,
lower alkyl, or lower haloalkyl.In one variation of
the above embodiment of Formula II', R is - R - R2-
R3; R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4;
and R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl. In another
variation of the above embodiment of Formula II', R is
- R2- R3; R2 is -C(=O)NH; R3 is H or R4; and R4 is
lower alkyl. In yet another variation of the above
embodiment of Formula II', R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In another
embodiment, the invention provides a compound of
Formula III, wherein: 



R is H, - R1, - R - R2- R3, - R - R3, or-R 2- R3;
wherein R1 is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, and is optionally substituted with
R1 ; wherein R1 is lower alkyl, hydroxy, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cycloalkyl, heterocycloalkyl, cyano, or lower
haloalkyl; R2 is -C(=O), -C(=O)O, -C(=O)N(R 2'), -(CH
2)q, or -S(=O) 2; wherein R2' is H or lower alkyl; q
is 1, 2, or 3; R3 is H or R4; wherein R4 is lower
alkyl, lower alkoxy, lower heteroalkyl, aryl,
arylalkyl, alkylaryl, heteroaryl, alkyl heteroaryl,
heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl
heterocycloalkyl, or heterocycloalkyl alkyl, and is
optionally substituted with one or more lower alkyl,
hydroxy, oxo, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl; Y1 is H or lower alkyl; Y2 is Y2a or
Y2b; wherein Y2a is H or halogen; Y2b is lower alkyl,
optionally substituted with one or more Y2b ; wherein
Y2b is hydroxy, lower alkoxy, or halogen; each Y2 is
independently Y2 a or Y2 b; wherein Y2 a is halogen;
Y2 b is lower alkyl, optionally substituted with one
or more Y2 b ; wherein Y2 b is hydroxy, lower alkoxy,
or halogen; n is 0, 1, 2, or 3; Y3 is halogen or lower
alkyl, wherein the lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of hydroxy, lower alkoxy,
amino, and halogen; m is Oor l ; Y4 is Y4 , Y413, Y4c,
or Y4 ; whereinY4 is H or halogen; Y4h is lower alkyl,
optionally substituted with one or more substituents
selected from the group consisting of haloalkyl,
halogen, hydroxy, amino, and lower alkoxy; Y4c is
lower cycloalkyl, optionally substituted with one or
more substituents selected from the group consisting
of lower alkyl, lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; and Y4d is amino, optionally
substituted with one or more lower alkyl; or a
pharmaceutically acceptable salt thereof. In one
embodiment of Formula III, Y1 is methyl. In one
embodiment of Formula III, n is 0 and m is 0. In one
embodiment of Formula III, Y2 is hydroxymethyl In one
embodiment of Formula III, Y1 is methyl, n is 0 and m
is 0. In one embodiment of Formula III, Y2 is
hydroxymethyl, Y1 is methyl, n is 0 and m is 0. In one
embodiment of Formula III, Y2 is methyl. In one
embodiment of Formula III, Y2 is hydroxyethyl. In one
embodiment of Formula III, Y2 is halogen. In one
embodiment of Formula III, Y4 is group (a) wherein Y5
is H, halogen, lower alkyl, or lower haloalkyl. In one
embodiment of Formula III, Y2 is hydroxymethyl, Y1 is
methyl, n is 0,m is 0, and Y4 is group (a) wherein Y5
is H, halogen, lower alkyl, or lower haloalkyl. In one
variation of the above embodiment of Formula III, R is
- R - R2- R3; R1 is phenyl or pyridyl; R2 is -C(=O);
R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula III, R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl.In yet another variation of
the above embodiment of Formula III, R is R1; and R1
is pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula III, Y4 is group (c) wherein Y5
and Y6 are independently H, lower alkyl, or lower
haloalkyl. In one embodiment of Formula III, Y2 is
hydroxymethyl, Y1 is methyl, n is 0,m is 0, and Y4 is
group (c) wherein Y5 and Y6 are independently H, lower
alkyl, or lower haloalkyl. In one variation of the
above embodiment of Formula III, R is - R - R2- R3; R1
is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4
is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In another variation of
the above embodiment of Formula III, R is - R2- R3; R2
is -C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In
yet another variation of the above embodiment of
Formula III, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
III, Y4 is group (b) wherein Y5 and Y6 are
independently H or lower alkyl. In one embodiment of
Formula III, Y2 is hydroxymethyl, Y1 is methyl, n is
0,m is 0, and Y4 is group (b) wherein Y5 and Y6 are
independently H or lower alkyl. In one variation of
the above embodiment of Formula III, R is - R - R2-
R3; R1 is phenyl or pyridyl; R2 is -C(=O); R3 is R4;
and R4 is morpholine or piperazine, optionally
substituted with one or more lower alkyl. In another
variation of the above embodiment of Formula III, R is
- R2- R3; R2 is -C(=O)NH; R3 is H or R4; and R4 is
lower alkyl. In yet another variation of the above
embodiment of Formula III, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula III, Y4 is group (d) wherein Y5
and Y6 are independently H, lower alkyl, or lower
haloalkyl.In one embodiment of Formula III, Y2 is
hydroxymethyl, Y1 is methyl, n is 0,m is 0, and Y4 is
group (d) wherein Y5 and Y6 are independently H, lower
alkyl, or lower haloalkyl. In one variation of the
above embodiment of Formula III, R is - R - R2- R3; R1
is phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4
is morpholine or piperazine, optionally substituted
with one or more lower alkyl. In another variation of
the above embodiment of Formula III, R is - R2- R3; R2
is -C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In
yet another variation of the above embodiment of
Formula III, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In another embodiment, the
invention provides a compound of Formula IV, wherein: 



R is H, - R1, - R - R2- R3, - R - R3, or - R2- R3;
wherein R1 is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, and is optionally substituted with
R1 ; wherein R1 is lower alkyl, hydroxy, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cycloalkyl, heterocycloalkyl, cyano, or lower
haloalkyl; R2 is -C(=O), -C(=O)O, -C(=O)N(R 2'), -(CH
2)q, or -S(=O) 2; wherein R2' is H or lower alkyl; q
is 1, 2, or 3; R3 is H or R4; R4 is lower alkyl, lower
alkoxy, lower heteroalkyl, aryl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl,
cycloalkyl, alkyl cycloalkyl, cycloalkyl alkyl,
heterocycloalkyl, alkyl heterocycloalkyl, or
heterocycloalkyl alkyl, and is optionally substituted
with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cyano, lower alkylsulfonyl, or lower haloalkyl; Y1 is
H or lower alkyl; Y2 is Y2a or Y2b; wherein Y2a is H
or halogen; Y2b is lower alkyl, optionally substituted
with one or more Y2b ; wherein Y2b is hydroxy, lower
alkoxy, or halogen; each Y2 is independently Y2 a or
Y2 b; wherein Y2 a is halogen; Y2 b is lower alkyl,
optionally substituted with one or more Y2 b ; wherein
Y2 b is hydroxy, lower alkoxy, or halogen; n is 0, 1,
2, or 3.Y is halogen or lower alkyl, wherein the lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; m is 0 or
1; Y4 is Y4 , Y4b, Y4c, or Y4 ; wherein Y4a is H or
halogen; Y4b is lower alkyl, optionally substituted
with one or more substituents selected from the group
consisting of haloalkyl, halogen, hydroxy, amino, and
lower alkoxy; Y4c is lower cycloalkyl, optionally
substituted with one or more substituents selected
from the group consisting of lower alkyl, lower
haloalkyl, halogen, hydroxy, amino, and lower alkoxy;
and Y4d is amino, optionally substituted with one or
more lower alkyl; or a pharmaceutically acceptable
salt thereof. In one embodiment of Formula IV, Y1 is
methyl. In one embodiment of Formula IV, n is 0 and m
is 0. In one embodiment of Formula IV, Y2 is
hydroxymethyl. In one embodiment of Formula IV, Y1 is
methyl, n is 0 and m is 0. In one embodiment of
Formula IV, Y2 is hydroxymethyl, Y1 is methyl, n is 0
and m is 0. In one embodiment of Formula IV, Y2 is
methyl. In one embodiment of Formula IV, Y2 is
hydroxyethyl. In one embodiment of Formula IV, Y2 is
halogen. In one embodiment of Formula IV, Y4 is group
(a) wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one embodiment of Formula IV, Y2 is
hydroxymethyl, Y1 is methyl, n is 0,m is 0, and Y4 is
group (a) wherein Y5 is H, halogen, lower alkyl, or
lower haloalkyl.In one variation of the above
embodiment of Formula IV, R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In another variation of the
above embodiment of Formula IV, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
IV, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula IV,
Y4 is lower alkyl. In one embodiment of Formula IV, Y2
is hydroxymethyl, Y1 is methyl, n is 0, and m is 0,
and Y4 is lower alkyl. In one variation of the above
embodiment of Formula IV R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In another variation of the
above embodiment of Formula IV, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
IV, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula IV,
Y4 is group (c) wherein Y5 and Y6 are independently H,
lower alkyl, or lower haloalkyl. In one embodiment of
Formula IV, Y2 is hydroxymethyl, Y1 is methyl, n is
0,m is 0, and Y4 is group (c) wherein Y5 and Y6 are
independently H, lower alkyl, or lower haloalkyl. In
one variation of the above embodiment of Formula IV, R
is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula IV, R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl.In yet another variation of
the above embodiment of Formula IV, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula IV, Y4 is group (b) wherein Y5
and Y6 are independently H or lower alkyl. In one
embodiment of Formula IV, Y2 is hydroxymethyl, Y1 is
methyl, n is 0,m is 0, and Y4 is group (b) wherein Y5
and Y6 are independently H or lower alkyl. In one
variation of the above embodiment of Formula IV, R is
- R - R2- R3; R1 is phenyl or pyridyl; R2 is -C(=O);
R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula IV, R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl. In yet another variation of
the above embodiment of Formula IV, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula IV, Y4 is group (d) wherein Y5
and Y6 are independently H, lower alkyl, or lower
haloalkyl. 



In one embodiment of Formula IV, Y2 is hydroxymethyl,
Y1 is methyl, n is 0,m is 0, and Y4 is group (d)
wherein Y5 and Y6 are independently H, lower alkyl, or
lower haloalkyl. In one variation of the above
embodiment of Formula IV, R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In another variation of the
above embodiment of Formula IV, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
IV, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In another embodiment the
invention provides a compound of Formula V, wherein: R
is H, - R1, - R - R2- R3, - R - R3, or-R 2- R3;R1 is
aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and
is optionally substituted with R1 ; wherein R1 is
lower alkyl, hydroxy, lower hydroxyalkyl, lower
alkoxy, halogen, nitro, amino, cycloalkyl,
heterocycloalkyl, cyano, or lower haloalkyl; R2 is
-C(=O), -C(=O)O, -C(=O)N(R 2'), -(CH 2),, or -S(=O) 2;
wherein R2' is H or lower alkyl; q is 1, 2, or 3; R3
is H or R4; wherein R4 is lower alkyl, lower alkoxy,
lower heteroalkyl, aryl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl,
cycloalkyl, alkyl cycloalkyl, cycloalkyl alkyl,
heterocycloalkyl, alkyl heterocycloalkyl, or
heterocycloalkyl alkyl, and is optionally substituted
with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cyano, lower alkylsulfonyl, or lower haloalkyl; Q is
CH , CH(Y ) or NH; wherein Y is halogen, hydroxy, or
lower alkyl, wherein the lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of hydroxy, lower alkoxy,
amino, and halogen; Y1 is H or lower alkyl; Y2 is Y2a
or Y2b; wherein Y2a is H or halogen; Y2b is lower
alkyl, optionally substituted with one or more Y2b ;
wherein Y2b is hydroxy, lower alkoxy, or halogen; each
Y2 is independently Y2 a or Y2 b;Y2 a is halogen; Y2 b
is lower alkyl, optionally substituted with one or
more Y2 b ;Y2 b is hydroxy, lower alkoxy, or halogen;
n is 0, 1, 2, or 3. Y3 is halogen or lower alkyl,
wherein the lower alkyl is optionally substituted with
one or more substituents selected from the group
consisting of hydroxy, lower alkoxy, amino, and
halogen; m is 0 or 1; Y4 is Y4 , Y4b, Y4 r Y4 ; Y4a is
H or halogen; Y4b is lower alkyl, optionally
substituted with one or more substituents selected
from the group consisting of lower haloalkyl, halogen,
hydroxy, amino, and lower alkoxy; Y4c is lower
cycloalkyl, optionally substituted with one or more
substituents selected from the group consisting of
lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and Y4d is amino, optionally
substituted with one or more lower alkyl;or a
pharmaceutically acceptable salt thereof. In one
embodiment of Formula V,Y1 is methyl. In one
embodiment of Formula V, Q is CH . In one embodiment
of Formula V,Y2 is hydroxymethyl. In one embodiment of
Formula V, n is 0, and m is 0. In one embodiment of
Formula V,Y2 is hydroxymethyl, n is 0, and m is 0. In
one embodiment of Formula V,Y1 is methyl, n is 0, and
m is 0. In one embodiment of Formula V,Y1 is methyl, Q
is CH , n is 0, and m is 0. In one embodiment of
Formula V,Y2 is hydroxymethyl, Y1 is methyl, n is 0,
and m is 0. In one embodiment of Formula V,Y2 is
hydroxymethyl, Y1 is methyl, Q is CH , n is 0, and m
is O. In one embodiment of Formula V,Y2 is methyl. In
one embodiment of Formula V,Y2 is hydroxyethyl. In one
embodiment of Formula V,Y2 is halogen. In one
embodiment of Formula V,Y4 is group (a) wherein Y5 is
H, halogen, lower alkyl, or lower haloalkyl. In one
embodiment of Formula V,Y2 is hydroxymethyl, Y1 is
methyl, Q is CH , n is 0, and m is 0, and Y4 is group
(a) wherein Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In one variation of the above embodiment of
Formula V R is - R - R2- R3; R1 is phenyl or pyridyl;
R2 is -C(=O); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more
lower alkyl. In another variation of the above
embodiment of Formula V, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl.In yet
another variation of the above embodiment of Formula
V, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
V,Y4 is lower alkyl. In one embodiment of Formula V,Y2
is hydroxymethyl, Y1 is methyl, Q is CH , n is 0, and
m is 0, and Y4 is lower alkyl. In one variation of the
above embodiment of Formula V R is - R - R2- R3; R1 is
phenyl or pyridyl; R2 is -C(=O); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with
one or more lower alkyl. In another variation of the
above embodiment of Formula V, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
V, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
V,Y4 is group (c) wherein Y5 and Y6 are independently
H, lower alkyl, or lower haloalkyl. In one embodiment
of Formula V,Y2 is hydroxymethyl, Y1 is methyl, Q is
CH , n is 0, and m is 0, and Y4 is group (c) wherein
Y5 and Y6 are independently H, lower alkyl, or lower
haloalkyl. 



In one variation of the above embodiment of Formula V,
R is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula V, R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl. In yet another variation of
the above embodiment of Formula V, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . In one
embodiment of Formula V,Y4 is group (b) wherein Y5 and
Y6 are independently H or lower alkyl.In one
embodiment of Formula V,Y2 is hydroxymethyl, Y1 is
methyl, Q is CH , n is 0, and m is 0, and Y4 is group
(b) wherein Y5 and Y6 are independently H or lower
alkyl. In one variation of the above embodiment of
Formula V, R is - R - R2- R3; R1 is phenyl or pyridyl;
R2 is -C(=O); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more
lower alkyl. In another variation of the above
embodiment of Formula V, R is - R2- R3; R2 is
-C(=O)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another variation of the above embodiment of Formula
V, R is R1; and R1 is pyrazolyl, optionally
substituted with R1 . In one embodiment of Formula
V,Y4 is group (d) wherein Y5 and Y6 are independently
H, lower alkyl, or lower haloalkyl. In one embodiment
of Formula V,Y1 is methyl, Q is CH , n is 0, and m is
0, and Y4 is group (d) wherein Y5 and Y6 are
independently H, lower alkyl, or lower haloalkyl. In
one variation of the above embodiment of Formula V, R
is - R - R2- R3; R1 is phenyl or pyridyl; R2 is
-C(=O); R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl.
In another variation of the above embodiment of
Formula V, R is - R2- R3; R2 is -C(=O)NH; R3 is H or
R4; and R4 is lower alkyl. In yet another variation of
the above embodiment of Formula V, R is R1; and R1 is
pyrazolyl, optionally substituted with R1 . The
invention provides a method for treating an
inflammatory and/or autoimmune condition comprising
administering to a patient in need thereof a
therapeutically effective amount of the Btk inhibitor
compound of any one of the above Formulae I-V or
variations thereof. The invention provides a method
for treating rheumatoid arthritis comprising
administering to a patient in need thereof a
therapeutically effective amount of any one of the
above Formulae I-V or variations thereof.The invention
provides a method of inhibiting B-cell proliferation
comprising administering to a patient in need thereof
a therapeutically effective amount of any one of the
above Formulae I-V or variations thereof. The
invention provides a method for treating an
inflammatory condition comprising coadministering to a
patient in need thereof a therapeutically effective
amount of an ant i inflammatory compound in
combination with any one of the above Formulae I-V or
variations thereof. The invention provides a method
for treating arthritis comprising co-administering to
a patient in need thereof a therapeutically effective
amount of an anti-inflammatory compound in combination
with any one of the above Formulae I-V or variations
thereof. The invention provides a method for treating
a lymphoma or a BCR-ABLl + leukemia cells by
administering to a patient in need thereof a
therapeutically effective amount of any one of the
above Formulae I-V or variations thereof. The
invention provides a pharmaceutical composition
comprising the Btk inhibitor compound of any one of
the above Formulae I-V or variations thereof, admixed
with at least one pharmaceutically acceptable carrier,
excipient or diluent. The invention provides a method
for treating asthma comprising administering to a
patient in need thereof a therapeutically effective
amount of the Btk inhibitor compound any one of the
above Formulae I-V or variations thereof. The
invention provides a method for inhibiting Btk
activity comprising administering the Btk inhibitor
compound of any one of the above Formulae I-V or
variations thereof, wherein the Btk inhibitor compound
exhibits an IC50 of 50 micromolar or less in an in
vitro biochemical assay of Btk activity. In one
variation of the above method, the Btk inhibitor
compound exhibits an IC50 of 100 nanomolar or less in
an in vitro biochemical assay of Btk activity. In one
variation of the above method, the compound exhibits
an IC50 of 10 nanomolar or less in an in vitro
biochemical assay of Btk activity.The invention
provides a method for treating arthritis comprising
co-administering to a patient in need thereof a
therapeutically effective amount of an
anti-inflammatory compound in combination with the Btk
inhibitor compound of any one of the above Formulae
I-V or variations thereof. The present invention
provides compounds of generic Formulae I-V, which
comprise the Btk inhibitor compounds of Formulae I-V,
wherein variables Q, R,Y1,Y2,Y3, Y4, n, and m are as
defined herein above. In one embodiment of the present
invention, there is provided a compound according to
generic Formula I which comprises the exemplified Btk
inhibitor compound of Formula 1-1. In another
embodiment of the present invention, there is provided
a compound according to generic Formula II which
comprises the exemplified Btk inhibitor compounds of
Formulae II-l to 11-36. In yet another embodiment of
the present invention, there is provided a compound
according to generic Formula III which comprises Btk
inhibitor compounds of Formula III. In yet another
embodiment of the present invention, there is provided
a compound according to generic Formula IV which
comprises Btk inhibitor compounds of Formula IV. In
yet another embodiment of the present invention, there
is provided a compound according to generic Formula V
which comprises Btk inhibitor compounds of Formula V.
The phrase "as defined herein above" refers to the
broadest definition for each group as provided herein
or the broadest claim. In all other aspects,
variations and embodiments provided, substituents
which can be present in each embodiment and which are
not explicitly defined retain the broadest definition
provided herein. 



The compounds of generic Formulae I-V inhibit Bruton's
tyrosine kinase (Btk). Activation of Btk by upstream
kinases results in activation of phospholipase-C g
which, in turn, stimulates release of pro-inflammatory
mediators. The compounds of generic Formulae I-V,
incorporating substituted side chains of
3,4-Dihydro-2H-isoquinolin-l-one,
2,3-Dihydro-lHquinazolin- 4-one, 2H-Isoquinolin-l-one,
3H-Quinazolin-4-one, lH-Quinolin-4-one, 2HPhthalazin-
1-one, or 3,4-Dihydro-2H-benzo[e][l,2]thiazine
1,1-dioxide on the 5-phenyl-lHpyrazin- 2-one ring
systems, exhibit unexpectedly enhanced inhibitory
activity compared to analogues without said bicyclic
side chains. Furthermore, inhibitory activity is
enhancedwhen Y2 is lower alkyl optionally substituted
with hydroxy. Inhibitory activity is enhanced when Y2
is hydroxymethyl. Compounds of Formulae I-V are useful
in the treatment of arthritis and other
anti-inflammatory and auto-immune diseases. Compounds
according to Formulae I-V are, accordingly, useful for
the treatment of arthritis. Compounds of Formulae I-V
are useful for inhibiting Btk in cells and for
modulating B-cell development. The present invention
further comprises pharmaceutical compositions
containing compounds of Formulae I-V admixed with
pharmaceutically acceptable carrier, excipients or
diluents. The phrase "a" or "an" entity as used herein
refers to one or more of that entity; e.g., a compound
refers to one or more compounds or at least one
compound. As such, the terms "a" (or "an"), "one or
more", and "at least one" can be used interchangeably
herein. The phrase "as defined herein above" refers to
the broadest definition for each group as provided
herein or the broadest claim. In all other embodiments
provided below, substituents which can be present in
each embodiment and which are not explicitly defined
retain the broadest definition provided herein. As
used in this specification, whether in a transitional
phrase or in the body of the claim, the terms
"comprise(s)" and "comprising" are to be interpreted
as having an open-ended meaning. That is, the terms
are to be interpreted synonymously with the phrases
"having at least" or "including at least". When used
in the context of a process, the term "comprising"
means that the process includes at least the recited
steps, but may include additional steps. When used in
the context of a compound or composition, the term
"comprising" means that the compound or composition
includes at least the recited features or components,
but may also include additional features or
components. As used herein, unless specifically
indicated otherwise, the word "or" is used in the
"inclusive" sense of "and/or" and not the "exclusive"
sense of "either/or". The term "independently" is used
herein to indicate that a variable is applied in any
one in stance without regard to the presence or
absence of a variable having that same or a different
definition within the same compound. Thus, in a
compound in which R" appears twice and is defined as
"independently carbon or nitrogen", both R"s can be
carbon, both R"s can be nitrogen, or one R" can be
carbon and the other nitrogen.When any variable occurs
more than one time in any moiety or formula depicting
and describing compounds employed or claimed in the
present invention, its definition on each occurrence
is independent of its definition at every other
occurrence. Also, combinations of substituents and/or
variables are permissible only if such compounds
result in stable compounds. The symbols "*" at the end
of a bond or " " drawn through a bond each refer to
the point of attachment of a functional group or other
chemical moiety to the rest of the molecule of which
it is a part. Thus, e.g.: MeC(=O)OR4 wherein R4 = *-<
or -j-<] MeC(=O)O-< ] A bond drawn into ring system
(as opposed to connected at a distinct vertex)
indicates that the bond may be attached to any of the
suitable ring atoms. The term "optional" or
"optionally" as used herein means that a subsequently
described event or circumstance may, but need not,
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. For example, "optionally
substituted" means that the optionally substituted
moiety may incorporate a hydrogen or a substituent.
The phrase "optional bond" means that the bond may or
may not be present, and that the description includes
single, double, or triple bonds. If a substituent is
designated to be a "bond" or "absent", the atoms
linked to the substituents are then directly
connected. The term "about" is used herein to mean
approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a
numerical range, it modifies that range by extending
the boundaries above and below the numerical values
set forth. In general, the term "about" is used herein
to modify a numerical value above and below the stated
value by a variance of 20%. Certain compounds of
formulae I-V may exhibit tautomerism. Tautomeric
compounds can exist as two or more interconvertable
species. Prototropic tautomers result from the
migration of a covalently bonded hydrogen atom between
two atoms. Tautomers generallyexist in equilibrium and
attempts to isolate an individual tautomers usually
produce a mixture whose chemical and physical
properties are consistent with a mixture of compounds.
The position of the equilibrium is dependent on
chemical features within the molecule. For example, in
many aliphatic aldehydes and ketones, such as
acetaldehyde, the keto form predominates while; in
phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=O)-CH- D
-COOH)=CH-), amide/imidic acid (-C(=O)-NH- D -C(-
OH)=N-) and amidine (-C(=NR)-NH- D -C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings and the present
invention encompasses all tautomeric forms of the
compounds. Technical and scientific terms used herein
have the meaning commonly understood by one of skill
in the art to which the present invention pertains,
unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of
skill in the art. Standard reference works setting
forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described. Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. The
definitions described herein may be appended to form
chemically-relevant combinations, 



such as "heteroalkylaryl," "haloalkylheteroaryl,"
"arylalkylheterocyclyl," "alkylcarbonyl,"
"alkoxyalkyl," and the like. When the term "alkyl" is
used as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specificallynamed group. Thus, e.g.,
"phenylalkyl" refers to an alkyl group having one to
two phenyl substituents, and thus includes benzyl,
phenylethyl, and biphenyl. An "alkylaminoalkyl" is an
alkyl group having one to two alkylamino substituents.
"Hydroxyalkyl" includes 2- hydroxyethyl,
2-hydroxypropyl, l-(hydroxymethyl)-2-methylpropyl,
2-hydroxybutyl, 2,3- dihydroxybutyl,
2-(hydroxymethyl), 3-hydroxypropyl, and so forth.
Accordingly, as used herein, the term "hydroxyalkyl"
is used to define a subset of heteroalkyl groups
definedbelow. The term -(ar)alkyl refers to either an
unsubstituted alkyl or an aralkyl group. The term
(hetero)aryl or (het)aryl refers to either an aryl or
a heteroaryl group. The term "acyl" as used herein
denotes a group of formula -C(=O)R wherein R is
hydrogen or lower alkyl as defined herein. The term or
"alkylcarbonyl" as used herein denotes a group of
formula C(=O)R wherein R is alkyl as defined herein.
The term C1- acyl refers to a group -C(=O)R contain 6
carbon atoms. The term "arylcarbonyl" as used herein
means a group of formula C(=O)R wherein R is an aryl
group; the term "benzoyl" as used herein an
"arylcarbonyl" group wherein R is phenyl. The term
"alkyl" as used herein denotes an unbranched or
branched chain, saturated, monovalent hydrocarbon
residue containing 1 to 10 carbon atoms. The term
"lower alkyl" denotes a straight or branched chain
hydrocarbon residue containing 1 to 6 carbon atoms.
"Ci-io alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, /-propyl, "-butyl,
/-butyl, ^-butyl or pentyl, isopentyl, neopentyl,
hexyl, heptyl, and octyl. When the term "alkyl" is
used as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specifically-named group. Thus, e.g.,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl" or "aralkyl" are
interpreted similarly except R' is an aryl radical.
The terms "(het)arylalkyl" or "(het)aralkyl" are
interpreted similarly except R' is optionally an aryl
or a heteroaryl radical. The term "alkylene" or
"alkylenyl" as used herein denotes a divalent
saturated linear hydrocarbon radical of 1 to 10 carbon
atoms (e.g., (CH2)n)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms (e.g.,
-CHMe- or -CH CH(Z-Pr)CH -), unless otherwise
indicated. Except in the case of methylene, the open
valences of an alkylene group are not attached to the
same atom. Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene,
2-methyl-propylene, 1,1-dimethyl-ethylene, butylene,
2- ethylbutylene.The term "alkoxy" as used herein
means an -O-alkyl group, wherein alkyl is as defined
above such as methoxy, ethoxy, "-propyloxy,
z-propyloxy, "-butyloxy, z-butyloxy, ^-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower
alkoxy" as used herein denotes an alkoxy group with a
"lower alkyl" group as previously defined. "C1- K
alkoxy" as used herein refers to an-O-alkyl wherein
alkyl is C1-10 . The term "alkoxyalkyl" as used herein
refers to the radical R'R"-, wherein R' is an alkoxy
radical as defined herein, and R" is an alkylene
radical as defined herein with the understanding that
the attachment point of the alkoxyalkyl moiety will be
on the alkylene radical. C1- alkoxyalkyl denotes a
group wherein the alkyl portion is comprised of 1-6
carbon atoms exclusive of carbon atoms in the alkoxy
portion of the group. C1-3 alkoxy-Ci_6 alkyl denotes a
group wherein the alkyl portion is comprised of 1-6
carbon atoms and the alkoxy group is 1-3 carbons.
Examples are methoxymethyl, methoxyethyl,
methoxypropyl, ethoxymethyl, ethoxyethyl,
ethoxypropyl, propyloxypropyl, methoxybutyl,
ethoxybutyl, propyloxybutyl, butyloxybutyl,
t-butyloxybutyl, methoxypentyl, ethoxypentyl,
propyloxypentyl including their isomers . The term
"heteroalkoxy" as used herein means an
-O-(heteroalkyl) group wherein heteroalkyl is defined
herein. C1- K heteroalkoxy" as used herein refers to
an-O-(heteroalkyl) wherein alkyl is C1-10.
Representative examples include, but are not limited
to, 2- dimethylaminoethoxy and
3-sulfonamido-l-propoxy. The term "hydroxyalkyl" as
used herein denotes an alkyl radical as herein defined
wherein one to three hydrogen atoms on different
carbon atoms is/are replaced by hydroxyl groups.
"Aryl" means a monovalent cyclic aromatic hydrocarbon
moiety consisting of a mono-, bi- or tricyclic
aromatic ring. The aryl group can be optionally
substituted as defined herein. Examples of aryl
moieties include, but are not limited to, optionally
substituted phenyl, naphthyl, phenanthryl, fluorenyl,
indenyl, azulenyl, oxydiphenyl, biphenyl,
methylenediphenyl, aminodiphenyl, diphenylsulfidyl,
diphenylsulfonyl, diphenylisopropylidenyl,
benzodioxanyl, benzodioxylyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl, benzopiperazinyl,
benzopyrrolidinyl, benzomorpholinyl,
methylenedioxyphenyl, ethylenedioxyphenyl, and the
like. The aryl group may optionally be fused to a
cycloalkyl or hetero eyeIo alkyl ring, as herein
defined. Examples of an aryl group fused to a
heteroeyeIo alkyl group include
3,4-dihydrolH-quinolin-2-one,
3,4-dihydro-2H-benzo[l,4]oxazine, and
1,2,3,4-tetrahydro-isoquinoline. Preferred aryl
include optionally substituted phenyl and optionally
substituted naphthyl. The term "cycloalkyl" as used
herein refers to a saturated carbocyclic ring
containing 3 to 8 carbon atoms, i.e. cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl. "C3-7 cycloalkyl" as used herein refers to
an cycloalkyl composed of 3 to 7 carbons in the
carbocyclic ring. The term "heteroaryl" or "hetero
aromatic" as used herein means a monocyclic or
bicyclic radical of 5 to 12 ring atoms having at least
one aromatic ring containing four to eight atoms per
ring, incorporating one or more N, O, or S
heteroatoms, the remaining ring atoms being carbon,
with the understanding that the attachment point of
the heteroaryl radical will be on an aromatic ring. As
well known to those skilled in the art, heteroaryl
rings have less aroma tic character than their
all-carbon counterparts. Thus, for the purposes of the
invention, a heteroaryl group need only have some
degree of aromatic character. Examples of heteroaryl
moieties include monocyclic aromatic heterocycles
having 5 to 6 ring atoms and 1 to 3 



heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, isothiazole,
triazoline, thiadiazole and oxadiaxoline which can
optionally b e substituted with one or more,
preferably one or two substituents selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower halo
alkoxy, alkylthio, halogen, lower haloalkyl,
alkylsulfmyl, alkylsulfonyl, halogen, amino,
alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl,
and dialkylaminoalkyl, nitro, alkoxycarbonyl and
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbonylamino and
arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally
substituted on either ring; however the point of
attachment is on a ring containing a heteroatom. The
term "heterocycloalkyl", "heterocyclyl", or
"heterocycle" as used herein denotes a monovalent
saturated cyclic radical, consisting of one or more
fused or spirocyclic rings, preferably one to two
rings, of three to eight atoms per ring, incorporating
one or more ring heteroatoms (chosen from N,0 or
S(0)o-2), and which can optionally be independently
substituted with one or more, preferably one or two
substituents selected from hydroxy, oxo, cyano, lower
alkyl, lower alkoxy, lower haloalkoxy, alkylthio,
halogen, lower haloalkyl,hydroxyalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, alkylsulfonyl,
arylsulfonyl, alkylaminosulfonyl, arylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals
include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, 1,4-
dimethyl-piperazin-2-one, oxazolidinyl, thiazolidinyl,
isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl,
tetrahydropyranyl, thiomorpholinyl, quinuclidinyl and
imidazolinyl. Commonly used abbreviations include:
acetyl (Ac), azo-Ms-isobutyrylnitrile (AIBN),
atmospheres (Arm), 9-borabicyclo[3.3.1]nonane (9-BBN
or BBN), tert-butoxycarbonyl (Boc), di-tert-buty\
pyrocarbonate or boc anhydride (BOC O), benzyl (Bn),
butyl (Bu), Chemical Abstracts Registration Number
(CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl
diimidazole (CDI), l,4-diazabicyclo[2.2.2]octane
(DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di- o-butylaluminumhydride (DIBAL or DIBAL-H),
diiso- propylethylamine (DIPEA), N,N-dimethyl
acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), 1,1'-Ms- (diphenylphosphino)ethane (dppe),
l,l'-Ms-(diphenylphosphino)ferrocene (dppf),
l-(3-dimethylaminopropyl)- 3-ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH),
2-ethoxy-2H-quinoline-l-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et O),
O-(7-azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), o-propanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO - (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl ^-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), Nchlorosuccinimide (NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), o-propyl (/-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature
(rt or RT), tert-butyldimethylsilyl or ^-BuMe2Si
(TBDMS), triethylamine (TEA or Et3N), 2,2,6,6-
tetramethylpiperidine 1-oxyl (TEMPO), triflate or CF
SO2- (Tf), trifluoroacetic acid (TFA),l,r-
w-2,2,6,6-tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol-l-yl-N,N,N',N'- tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me Si
(TMS), />toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me-C6H4SO2- ortosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal ("), iso
(i-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning when used with an alkyl
moiety. (Rigaudy and Klesney, Nomenclature in Organic
Chemistry, IUPAC 1979 Pergamon Press, Oxford.). The
term "arthritis" as used herein means acute rheumatic
arthritis, chronic rheumatoid arthritis, chlamydial
arthritis, chronic absorptive arthritis, chylous
arthritis, arthritis based on bowel disease, filarial
arthritis, gonorrheal arthritis, gouty arthritis,
hemophilic arthritis, hypertrophic arthritis, juvenile
chronic arthritis, Lyme arthritis, neonatal foal
arthritis, nodular arthritis, ochronotic arthritis,
psoriatic arthritis or suppurative arthritis, or the
related diseases which require the administration to a
mammal in a therapeutic effective dose of a compound
of Formulae I-V in a sufficient dose to inhibit BTK.
The compounds of this invention can be used to treat
subjects with autoimmune conditions or disorders. As
used herein, the term "autoimmune condition" and like
terms means a disease, disorder or condition caused by
the immune system of an animal. Autoimmune disorders
are those wherein the animal's own immune system
mistakenly attacks itself, thereby targeting the
cells, tissues, and/or organs of the animal's own
body. For example, the autoimmune reaction is directed
against the nervous system in multiple sclerosis and
the gut in Crohn's disease. In other autoimmune
disorders such as systemic lupus erythematosus
(lupus), affected tissues and organs may vary among
individuals with the same disease. One person with
lupus may have affected skin and joints whereas
another may have affected skin, kidney, and lungs.
Ultimately, damage to certain tissues by the immune
system may be permanent, as with destruction of
insulin-producing cells of the pancreas in Type 1
diabetes mellitus. Specific autoimmune disorders that
may be ameliorated using the compounds and methods of
this invention include without limitation, autoimmune
disorders of the nervous system (e.g., multiple
sclerosis, myasthenia gravis, autoimmune neuropathies
such as Guillain-Barre, and autoimmune uveitis),
autoimmune disorders of the blood (e.g., autoimmune
hemolytic anemia, pernicious anemia, and autoimmune
thrombocytopenia), autoimmune disorders of the blood
vessels (e.g., temporal arteritis, anti-phospholipid
syndrome, vasculitides such asWegener's
granulomatosis, and Behcet's disease), autoimmune
disorders of the skin (e.g., psoriasis, dermatitis
herpetiformis, pemphigus vulgaris, and vitiligo),
autoimmune disorders of the gastrointestinal system
(e.g., Crohn's disease, ulcerative colitis, primary
biliary 



cirrhosis, and autoimmune hepatitis), autoimmune
disorders of the endocrine glands (e.g., Type 1 or
immune-mediated diabetes mellitus, Grave's disease.
Hashimoto's thyroiditis, autoimmune oophoritis and
orchitis, and autoimmune disorder of the adrenal
gland); and autoimmune disorders of multiple organs
(including connective tissue and musculoskeletal
system diseases) (e.g., rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, polymyositis,
dermatomyositis, spondyloarthropathies such as
ankylosing spondylitis, and Sjogren's syndrome) or the
related diseases which require the administration to a
mammal in a therapeutic effective dose of a compound
of Formulae I-V in a sufficient dose to inhibit BTK.
In addition, other immune system mediated diseases,
such as graft-versus-host disease and allergic
disorders, are also included in the definition of
immune disorders herein. Because a number of immune
disorders are caused by inflammation, there is some
overlap between disorders that are considered immune
disorders and inflammatory disorders. For the purpose
of this invention, in the case of such an overlapping
disorder, it may be considered either an immune
disorder or an inflammatory disorder. "Treatment of an
immune disorder" herein refers to administering a
compound or a composition of the invention to a
subject, who has an immune disorder, a symptom of such
a disease or a predisposition towards such a disease,
with the purpose to cure, relieve, alter, affect, or
prevent the autoimmune disorder, the symptom of it, or
the predisposition towards it. As used herein, the
term "asthma" means a pulmonary disease, disorder or
condition characterized by reversible airway
obstruction, airway inflammation, and increased airway
responsiveness to a variety of stimuli. The terms
"treat," "treatment," or "treating" refer to both
therapeutic treatment and pro phylactic or
preventative measures, wherein the object is to
prevent or slow down (lessen) an undesired
physiological change or disorder, such as the
development or spread of cancer. Beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those inneed of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. For example, treating an
inflammatory condition means reducing the extent or
severity of the inflammation. The reduction can mean
but is not limited to the complete ablation of
inflammation. For example, the reduction can comprise
a 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
100% reduction, or any point in between, compared to
an untreated or control subject as determined by any
suitable measurement technique or assay disclosed
herein or known in the art. Examples of representative
compounds encompassed by the present invention and
within the scope of the invention are provided in the
following Table. These examples and preparations which
follow are provided to enable those skilled in the art
to more clearly understand and to practice the present
invention. They should not be considered as limiting
the scope of the invention, but merely as being
illustrative and representative thereof. In general,
the nomenclature used herein is based on AUTONOM(tm)
v.4.0, a Beilstein Institute computerized system for
the generation of IUPAC systematic nomenclature. If
there is a discrepancy between a depicted structure
and a name given that structure, the depicted
structure is to be accorded more weight. In addition,
if the stereochemistry of a structure or a portion of
a structure is not indicated with, e.g., bold or
dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all
stereoisomers of it. TABLE I depicts examples of
pyrazinone compounds according to generic Formulae
I-II: Nomenclature
6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-6-[4-(morpholine-4-carbonyl)-
phenylamino]-5-oxo-4,5-dihydro-pyrazin-
2-yl}-phenyl)-2H-isoquinolin-l-oneII- 1 p-2 p-3 p-4
p-5 [4-p-6 p-7 p-8 p-9 p-ioII- 11
6-(l-Fluoro-cyclopropyl)-2-(2- hydroxymethyl-3-
{4-methyl-6-[4-
(morpholine-4-carbonyl)-phenylamino]-5-
oxo-4,5-dihydro-pyrazin-2-yl}-phenyl)-
3,4-dihydro-2H-isoquinolin- 1-one MP: 172.0-174.0; MS
(M + H) : 624 II- 12
6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[4-(4-hydroxy-piperidine- 1-carbonyl)-
phenylamino]-4-methyl-5-oxo-4,5- dihydro-pyrazin-2
-yl} -phenyl)-3 ,4- dihydro-2H-isoquinolin- 1-one MP:
171.0-173.0; MS (M + H) : 620 II- 13
6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[4-(4-methoxy-piperidine- 1-carbonyl)-
phenylamino]-4-methyl-5-oxo-4,5- dihydro-pyrazin-2
-yl} -phenyl)-3 ,4- dihydro-2H-isoquinolin- 1-one MP:
146.0-148.0; MS (M + H) : 634 II- 14
6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-6-[4-(4-methyl-piperazine- 1-
carbonyl)-phenylamino]-5-oxo-4,5- 



dihydro-pyrazin-2-yl}-phenyl)-3,4-dihydro-
2H-isoquinolin- 1-one MP: 172.0-175.0; MS (M + H) :
6194-{6-[3-(6-Cyclopropyl-l -oxo-3,4- dihydro-l
H-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N-(2-
hydroxy-ethyl)-7V-methyl-benzamide MP: 115.0-1 17.0;
MS (M + H) : 594
6-Cyclopropyl-2-[3-(6-{4-[4-(2-hydroxyethyl)-
piperazine- 1-carbonyl]-phenylamino}-
4-methyl-5-oxo-4,5-dihydro-pyrazin-
2-yl)-2-hydroxymethyl-phenyl]-3,4-
dihydro-2H-isoquinolin- 1-one MP: 175.0-180.1; MS (M +
H) : 649 6-Cyclopropyl-2-(3-{6-[4-(2,6-dimethylmo f
holine-4-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one MP: 173.0-175.0; MS (M + H) : 634
6-Cyclopropyl-2-(3-{6-[4-(l,l-dioxo-l l6-
thiomorpholine-4-carbonyl)-
phenylamino]-4-methyl-5-oxo-4,5-dihydro-
pyrazin-2-yl}-2-hydroxymethylphenyl)- 3
,4-dihydro-2H-isoquinolin- 1-one MS (M + H) : 653II-
19 p-20 p-2i p-22p-23
2-(3-{6-[4-(4-Acetyl-piperazine-lcarbonyl)-
phenylamino]-4-methyl-5-oxo-
4,5-dihydro-pyrazin-2-yl}-2-hydroxymethyl-
phenyl)-6-cyclopropyl-3,4- dihydro-2H-isoquinolin-
1-one p-24 6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-5-oxo-6-[4-(3-oxo-piperazine-lcarbonyl)-
phenylamino]-4,5-dihydropyrazin- 2-yl} -phenyl)-3
,4-dihydro-2Hisoquinolin- 1-one p-25
6-Cyclopropyl-2-(3-{6-[4-(4,4-difluoropiperidine-
1-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one p-26
2-(3-{6-[4-(4-Amino-piperidine-lcarbonyl)-
phenylamino]-4-methyl-5-oxo-
4,5-dihydro-pyrazin-2-yl}-2-hydroxymethyl-
phenyl)-6-cyclopropyl-3,4- dihydro-2H-isoquinolin-
1-one11-27 6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[4-(4-hydroxy-4-methyl-piperidine-lcarbonyl)-
phenylamino]-4-methyl-5-oxo-
4,5-dihydro-pyrazin-2-yl}-phenyl)-3,4-
dihydro-2H-isoquinolin- 1-one p-28
4-{6-[3-(6-Cyclopropyl-l-oxo-3,4-
dihydro-lH-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N-(2-
methoxy-ethyl)-N-methyl-benzamide p-29
4-{6-[3-(6-Cyclopropyl-l-oxo-3,4-
dihydro-lH-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N-ethyl-
N-methyl-benzamide p-30
6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-6-[4-(4-methyl-piperazin-l-yl)-
phenylamino]-5-oxo-4,5-dihydro-pyrazin- 2-yl}
-phenyl)-3,4-dihydro-2Hisoquinolin- 1-onep-3i - - -
p-32 6-Dimethylamino-2-(3 -{6- [4-(4-ethylpiperazine-
1-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one p-33
4-{6-[3-(6-Cyclopropyl-l-oxo-3,4-
dihydro-lH-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N,N-bis-
(2-methoxy-ethyl)-benzamide p-34
4-{6-[3-(6-Cyclopropyl-l-oxo-3,4- 



dihydro-lH-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N-(2-
methoxy-ethyl)-benzamidep-35 4-{6-[3-(6-Cyclopropyl-l
-oxo-3,4- dihydro-lH-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -N,N-bis-
(2-hydroxy-ethyl)-benzamide p-36
6-tert-Butyl-2-(2-hydroxymethyl-3-{4-
methyl-6-[4-(morpholine-4-carbonyl)-
phenylamino]-5-oxo-4,5-dihydro-pyrazin- 2-yl}
-phenyl)-3,4-dihydro-2Hisoquinolin- 1-one p-37
6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-6-[4-(4-methyl-[l,4]diazepane-lcarbonyl)-
phenylamino]-5-oxo-4,5- dihydro-pyrazin-2 -yl}
-phenyl)-3 ,4- dihydro-2H-isoquinolin- 1-one p-38
4-{6-[3-(6-Cyclopropyl-l-oxo-3,4- dihydro-l
H-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} - -ethylbenzamidep-39
6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[4-(4-isopropyl-piperazine- 1-carbonyl)-
phenylamino]-4-methyl-5-oxo-4,5- dihydro-pyrazin-2
-yl} -phenyl)-3 ,4- dihydro-2H-isoquinolin- 1-one p-40
6-Dimethylamino-2-(3-{6-[4-(4-ethoxypiperidine-
1-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one p-4i
6-Dimethylamino-2-(2-hydroxymethyl-3-
{6-[4-(4-hydroxy-piperidine- 1-carbonyl)-
phenylamino]-4-methyl-5-oxo-4,5- dihydro-pyrazin-2
-yl} -phenyl)-3 ,4- dihydro-2H-isoquinolin- 1-one p-42
6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[4-(4-methoxymethyl-piperidine- 1-
carbonyl)-phenylamino]-4-methyl-5-oxo-
4,5-dihydro-pyrazin-2-yl}-phenyl)-3,4-
dihydro-2H-isoquinolin- 1-onep-43
6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
[l-(2-methoxy-ethyl)-l H-pyrazol-4-ylamino]-
4-methyl-5-oxo-4,5-dihydro-pyrazin- 2-yl} -phenyl)-3
,4-dihydro-2Hisoquinolin- 1-one p-44
6-Cyclopropyl-2-(2-hydroxymethyl-3-{4-
methyl-5-oxo-6-[l-(2,2,2-trifluoro-ethyl)-
lH-pyrazol-4-ylamino]-4,5-dihydropyrazin- 2-yl}
-phenyl)-3 ,4-dihydro-2Hisoquinolin- 1-one 11-45 2-(4-
{ - - -Cyclopropyl- l-oxo-3 ,4-dihydro- l
H-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -pyrazol- 1-yl)- ,
-dimethyl-acetamide p-46 - - p-47
6-Dimethylamino-2-{2-hydroxymethyl-3-
[4-methyl-5-oxo-6-(l H-pyrazol-3-
ylamino)-4,5-dihydro-pyrazin-2-yl]- phenyl}
-3,4-dihydro-2H-isoquinolin-l - onep-48 p-49 p-50
p-51- - p-54
7-{6-[3-(6-Dimethylamino-l-oxo-3,4-dihydro- l
H-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino}-3,4-dihydro-
lH-quinolin-2-one p-55 6-t r t-Butyl-2- {3-[6-(l
-ethyl- lH-pyrazol-
4-ylamino)-4-methyl-5-oxo-4,5-dihydropyrazin-
2-yl]-2-hydroxymethyl-phenyl}- 3,4-dihydro-2
H-isoquinolin- 1-one p-56 Chiral 6-Cyclopropyl-2-(3-
{6-[4-((S)-3-ethoxypyrrolidine-
1-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-onep-57 Chiral
6-Cyclopropyl-2-(3-{6-[4-((R)-3-ethoxypyrrolidine-
1-carbonyl)-phenylamino]-4- 



methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one p-58 - p-59 -[6 - - p-60 -p-6i
2-(4- {6-[3 -(6-Dimethylamino- 1-oxo-3 ,4- dihydro-l
H-isoquinolin-2-yl)-2-
hydroxymethyl-phenyl]-4-methyl-3-oxo-
3,4-dihydro-pyrazin-2-ylamino} -pyrazol- 1-yl)-
,7V-dimethyl-acetamide p-62
6-Cyclopropyl-2-(3-{6-[3-fluoro-4-
(morpholine-4-carbonyl)-phenylamino]-4-
methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}-
2-hydroxymethyl-phenyl)-3,4-dihydro-
2H-isoquinolin-l-one p-63
6-Dimethylamino-2-{3-[6-(3-fluoro-4- mof
holin-4-yl-phenylamino)-4-methyl-
5-oxo-4,5-dihydro-pyrazin-2-yl]-2-
hydroxymethyl-phenyl} -3,4-dihydro-2Hisoquinolin-
1-one p-64 2-[3-(6-{4-[Bis-(2-hydroxy-ethyl)-
amino]-phenylamino}-4-methyl-5-oxo- 4,5
-dihydro-pyrazin-2 -yl)-2-hydroxymethyl-
phenyl]-6-dimethylamino-3,4- dihydro-2H-isoquinolin-
1-oneDescription Title Selecting Between Normal and
Virtual Dual Layer ACK/NACK Technical Field: [0001]
The teachings herein relate generally t o control
signaling in wireless networks, and particular
embodiments detail ACK/NACK signaling for data
received in grouped downlink resources. Background :
[0002] The following abbreviations and terms are
herewith defined: 3GPP third generation partnership
project ACK acknowledgement DL downlink DTX
discontinuous transmission eNB Base Station/Node B o f
an LTE system E-UTRAN evolved UTRAN FDD: frequency
division duplex H-ARQ hybrid automatic repeat (or
retransmission) request LTE long term evolution o f
3GPP (also known a s 3.9G) MCS modulation and coding
set (or scheme) MIMO multiple input multiple output
(related t o antenna configuration) NACK negative ACK
Node B base station o r similar network access node
OFDM orthogonal frequency division multiplex PDCCH
physical downlink control channel PDSCH physical
downlink shared channel PMI precoding matrix index PRB
physical resource blockPUCCH physical uplink control
channel PUSCH physical uplink shared channel TDD time
division duplex U E user equipment (e.g., mobile
equipment/station) U L uplink UMTS universal mobile
telecommunications system UTRAN UMTS terrestrial radio
access network [0003] 3GPP i s standardizing the
long-term evolution (LTE) o f the radio-access
technology which aims t o achieve reduced latency,
higher user data rates, improved system capacity and
coverage, and reduced cost for the operator. The
current understanding o f LTE relevant t o these
teachings may b e seen a t 3GPP TR 36.213 v 8 .3 .0
(2008-05) entitled Physical Layer Procedures (Release
8), which i s attached t o the priority document a s
Exhibit A . Both FDD and TDD are considered in LTE,
and the non-limiting examples o f the invention
detailed below are described within the context o f
the TDD mode. [0004] Allocations o f radio resources
are given in LTE on the PDCCH. A particular U E
listens t o the PDCCH a t its designated time and sees
i f it i s allocated U L and/or DL resources. If this
i s the case, the U E maps the allocation information
in the PDCCH t o the PDSCH o r PUSCH a s the case may
be. In the case o f an U L allocation, the U E sends
its data on the allocated U L resource and maps that
resource t o a 



control channel where it listens for the eNB' s
ACK/NACK for the U L data. In the case o f a DL
allocation, the U E tunes t o the mapped DL resource
and monitors for data from the eNB, and maps that DL
resource t o a control channel where it then sends its
ACK/NACK for the DL data (specifically, the lowest
control channel element index o f the PDCCH which
carries the DL control information DCI maps t o the U
L channel which carries the ACK/NACK) . Each PDCCH
gives multiple allocations, and the typical scenario i
s that there will b e more DL allocations than U L in
a given PDCCH. These teachings assume that typical
scenario.[0005] LTE reduces control signalling in
certain instances a s compared t o prior wireless
protocols in order t o conserve radio resources for
the transfer o f user data, and also t o more
efficiently use the UE' s limited power supply. A s
noted above, LTE allows a frame configuration in which
there are more DL subframes than U L subframes, which
causes difficulty for one-to-one mapping o f the
allocated resource t o its ACK/NACK. One way t o
address these issues i s t o send a single ACK/NACK
for data received over a group o f DL resources.
Reference in this regard may b e had t o document Rl-O
8 1 1 1 0 (3GPP TSG-RAN WGl #52, Sorrento, Italy,
February 11-15, 2008, b y Ericsson, Motorola, Nokia,
Nokia Siemens Networks and Qualcomm) entitled Multiple
ACK/NACK for TDD and attached t o the priority
document a s Exhibit B . That document states that for
LTE it i s agreed that U L hybrid-ARQ acknowledgements
in TDD can b e transmitted a s a single ACK/NACK
feedback where ACK/NACKs from one o r several DL
subframes are combined. This i s termed bundling' the
ACKs/NACKs, and i s performed b y a logical AND
operation on the ACKs/NACKs for the various DL
resources t o generate a single ACK/NACK report, which
allows the PUCCH formats already defined for LTE t o b
e reused (PUCCH Format 1/lA/lB) . This ACK/NACK mode
has broadly been named "AN-bundling" (where A N i s
short for ACK/NACK) . It i s t o b e hard-coded (from
specifications; e.g., T S 36.213 a t Exhibit A o f the
priority document) a s t o which DL subframes are
jointly acknowledged in which U L subframe, and thus
depends on which TDD configuration i s active. [0006]
When a U E i s configured for dual layer reception
(e.g. MIMO), it carries two bits on its uplink
ACK/NACK channel. These bits are needed t o
acknowledge each o f the layers (the term layers and
streams are used interchangeably) . However, i f the U
E i s not assigned exactly the same PRB resources (or
transmission parameters) in all subframes within the
ACK/NACK bundling window it will have limited
correlation betweensubframes for a certain layer (or
stream) , in which case a bundled ACK/NACK o f such
stream becomes meaningless. [0007] The inventors have
recognized this previously and determined that for the
above case it would b e better t o use t o those two
bits for creating smaller sub-bundling windows t o
achieve a gain. Such sub-bundling has been described
for single stream case b y the inventors in U S
Provisional Patent Application Serial No. 61/029,361
entitled "Virtual Dual- Stream Transmission t o Reduce
PDCCH Reliability Problem for Downlink-Heavy LTE TDD",
attached t o the priority document a s Exhibit C .
[0008] The above-referenced provisional patent
application considers how t o configure a U E t o d o
virtual dual-stream transmission and describes that it
could b e integrated with MIMO. Higher layer
configuration may b e used in order t o optimize the
use o f the bits. Summary : [0009] In a first aspect
thereof the exemplary embodiments o f this invention
provide a method comprising: receiving an allocation o
f downlink resources and monitoring the allocated
downlink resources on 1 layers for data (1 i s a
positive integer) ; generating a resource-specific bit
for each o f the respectively monitored allocated
downlink resources; based on a pattern o f the
allocated downlink resources, selecting from among a t
least a first algorithm that bundles the downlink
resources in a first mode and a second algorithm that
bundles the downlink resources in a second mode; using
the selected first o r second algorithm on the
generated resource-specific bits that correspond t o
the downlink resources a s bundled according t o the
respective first o r second mode t o generate 1 reply
bits; and transmitting the generated 1 reply
bits.[0010] In a second aspect thereof the exemplary
embodiments o f this invention provide an apparatus
comprising a t least one receiver, a t least one
processor and a t least one transmitter. The a t least
one receiver i s configured t o receive an allocation
o f downlink resources and t o monitor the allocated
downlink resources on 1 layers for data (1 i s an
integer) . The a t least one processor i s configured
t o 



generate a resource-specific bit for each o f the
respectively monitored allocated downlink resources;
and t o select from among a t least a first algorithm
that bundles the downlink resources in a first mode
and a second algorithm that bundles the downlink
resources in a second mode, in which the selection i s
based on a pattern o f the allocated downlink
resources; and the processor i s further configured t
o use the selected first o r second algorithm on the
generated resourcespecific bits that correspond t o
the downlink resources a s bundled according t o the
respective first o r second mode t o generate 1 reply
bits. The a t least one transmitter i s configured t o
transmit the generated 1 reply bits. [0011] In a third
aspect thereof the exemplary embodiments o f this
invention provide a method comprising: sending an
allocation o f downlink resources and transmitting
data on the allocated downlink resources; responsive t
o receiving a reply bit that i s a negative
acknowledgement o f the transmitted data, selecting
from among a t least a first algorithm that bundles
the downlink resources in a first mode and a second
algorithm that bundles the downlink resources in a
second mode based on a pattern o f the allocated
downlink resources; determining a bundling window and
layer combination from the selected algorithm; and
retransmitting the data that i s the subject o f the
negative acknowledgement in the allocated downlink
resources which are indicated b y the bundling window
and layer combination. [0012] In a fourth aspect
thereof the exemplary embodiments o f this invention
provide an apparatus comprising receiving means,
processing means and sending means. The receivingmeans
i s for receiving an allocation o f downlink resources
and for monitoring the allocated downlink resources on
1 layers for data, (1 i s an integer) . The processing
means i s for generating a resource-specific bit for
each o f the respectively monitored allocated downlink
resources, and for selecting from among a t least a
first algorithm that bundles the downlink resources in
a first mode and a second algorithm that bundles the
downlink resources in a second mode based on a pattern
o f the allocated downlink resources, and for using
the selected first o r second algorithm on the
generated resource-specific bits that correspond t o
the downlink resources a s bundled according t o the
respective first o r second mode t o generate 1 reply
bits. The sending means i s for transmitting the
generated 1 reply bits. Brief Description of the
Drawings : [0013] The foregoing and other aspects o f
these teachings are made more evident in the following
Detailed Description, when read in conjunction with
the attached Drawing Figures. [0014] Figure 1 i s an
illustration o f a sub-bundling principle for TDD
configuration # 5 for a single-layer UE. [0015] Figure
2 illustrates a t the uppermost timing diagram an
illustration o f a 'normal' dual-layer transmission
and a t the lowermost timing diagram a virtual'
dual-layer transmission according t o an exemplary
embodiment o f the invention. [0016] Figure 3 i s a
simplified block diagram o f various electronic
devices that are suitable for use in practicing the
exemplary embodiments o f this invention. [0017]
Figure 4 i s a process flow diagram according t o an
exemplary embodiment o f the invention.Detailed
Description: [0018] This section i s intended t o
provide a background o r context t o the invention
that i s recited in the claims. The description herein
may include concepts that could b e pursued, but are
not necessarily ones that have been previously
conceived o r pursued. Therefore, unless otherwise
indicated herein, what i s described in this section i
s not prior art t o the description and claims in this
application and i s not admitted t o b e prior art b y
inclusion in this section. [0019] It i s initially
noted that the examples and explanations below are in
the context o f a LTE network, but embodiments o f
this invention are not so limited and may b e employed
in any network protocol, such a s for example UTRAN
(universal mobile telecommunications system
terrestrial radio access network) , GSM (global system
for mobile communications), WCDMA (wideband code
division multiple access, also known a s 3G o r UTRAN)
, WLAN (wireless local area network) , WiMAX
(worldwide interoperability for microwave access) and
the like, in which downlink transmissions are
multiplexed t o different users. Further, the various
names used in the description below (e.g., PDCCH, PRB,
etc.) are not intended t o b e limiting in any respect
but rather serve a s particularized examples directed
t o specific LTE implementations using current LTE
terms for a clearer understanding o f the 



invention. These terms/names may b e later changed in
LTE and they may b e referred t o b y other
terms/names in different network protocols, and these
teachings are readily adapted and extended t o such
other protocols. [0020] A s an initial matter, first i
s detailed the inventors' proposal for LTE for a
single layered U E which i s used later below t o
explain basics o f the virtual dual-layer ACK/NACK
signaling for a dual-layer configured U E according t
o these teachings .SINGLE-LAYER ACK/NACK BUNDLING :
[0021] ACK/NACK bundling solutions have been decided
in order for U E t o acknowledge multiple DL
assignments with a single ACK in uplink. A 2-bit
Downlink Assignment Index (DAI) field has been
proposed which provides a good solution for all TDD
configurations except for TDD configuration # 5 shown
in Table 1 below (D=DL, U=UL, S=DL subframe switching
from DL t o UL) . [0022] Configuration Switch-point
Subframe number periodicity 0 1 2 3 4 5 6 7 8 9 0 5 ms
D S U U U D S U U U 1 5 ms D S U U D D S U U D 2 5 ms
D S U D D D S U D D 3 10 ms D S U U U D D D D D 4 10
ms D S U U D D D D D D 5 10 ms D S U D D D D D D D 6 5
ms D S U U U D S U U D Table 1 : UpIink-downlink
allocations [0023] Some modifications t o the Downlink
Assignment Index can b e made t o support up t o full
activity in downlink (e.g. 9 DL assignments for each
ACK/NACK bundling window) while still supporting a
single ACK bit in uplink. This still causes a large
number o f retransmissions and thus a reduction o f
spectral efficiency. It has therefore been proposed in
multiple contributions that higher order ACK/NACK b e
used t o improve the performance. [0024] The context i
s the special case o f having 2 ACK bits available;
e.g. equivalent t o dual layer MIMO ACK/NACK which
requires the same PUCCH resource reservation a s
single layer ACK/NACK although a better link budget.
This i s the most simple case and with some simple
rules for TDD configuration 9DL: IUL, it will b e
shown that performance can b e improved with minimal
changes t o current LTE procedures.[0025] For TDD
configuration # 5 o f Table 1 there are 9 DL subframes
associated with 1 U L subframe. For a single layer
configured U E and the 9 subframe ACK/NACK bundling
window, first divide it into two sub-bundling windows
a s illustrated in Figure 1 . A hard-coded split such
a s that shown in Figure 1 i s then imposed in order t
o bundle subframes where it i s likely that scheduling
decisions within the sub-bundling window have been
made based on a same CQI report. [0026] Again use the
assumption o f a single ACK/NACK channel but now use
the flexibility o f QPSK (quaternary phase shift
keying) transmission t o allow for larger downlink
scheduling flexibility. Denote the ACK/NAK bits a s (b
l r b2) for each o f the two sub-bundling windows
shown in Figure 1 (subframes 1-5 and subframes 6-9) .
A s just one particular example, the transmitted
symbols a s a function o f the ACK/NACK state o f each
o f the sub-bundling windows are shown in Table 2 (an
exact constellation mapping can b e different without
departing from these teachings) . [0027]Table 2 :
Example transmission depending on sub-bundling window
state. [0028] One design principle i s t o transmit
multiple ACK/NACK bits on a single ACK/NACK channel
using PUCCH formats la/lb. With this approach, n o
additional PUCCH resource needs t o b e reserved for
the transmission o f multiple ACK/NACK bits. [0029]
This approach t o single-layer transmission easily
reuses the Downlink Assignment Index definitions for
the 4 - subframe sub-bundling window and can also b e
used for the 5 - subframe sub-bundling window i f
limiting the U E t o 4/5 dynamic DL assignments in
that window. Alternatively, methods proposed for
single ACK/NACK for TDD configuration # 5 can b e used
here a s well t o allow a U E t o access 100% o f the
DL capacity. [0030] Via its U L link adaptation
methods, the eNB can for each duplexing period o f 1 0
m s predict i f a U E can support 2-bit ACK/NACK so
that it can schedule more than 4 DL assignments t o a
UE. If only "1-bit" ACK/NACK can b e supported, the
scheduling flexibility i s limited t o schedule the
user in only a single sub-bundling window. B y making
smart mapping o f sub-bundling windows t o match CQI
latencies, this i s expected t o b e a minor
limitation in practice. DUAL-LAYER ACK/NACK BUNDLING :



[0031] Now consider the case where the U E i s capable
o f dual layer transmissions, and the DL resources the
U E monitors for its data must b e ACK/NACK' d on each
stream/layer. Embodiments o f this invention for
dual-layer bundling specify a behavior rule, known in
advance t o both the eNB and the UE, that
determines/dictates how the 2 ACK/NACK bits should b e
used depending on the received scheduling pattern and
the nature o f the scheduling pattern for the DL
resources over which the data i s t o b e received.
Essentially, each DL resource will generate an ACK o r
NACK. A t this point the generated ACK/NACK i s not
sent, so term each o f these bitsintermediate bits o r
resource-specific bits. The U E selects one o r
another o f two different algorithms t o logically
combine (AND) various ones o f those resource-specific
ACK/NACKs, and the selection i s based on the
scheduling pattern o f the resource allocation itself.
The U E then logically combines the individual
ACK/NACK' s according t o the selected algorithm and
only then sends the ACK/NACK that i s a single bit
representing the logical combination o f the bundled
resources. Because there are two layers the U E
generates two bits, but a single selection based on
the DL pattern i s used t o generate them both. [0032]
T o illustrate an exemplary embodiment o f the
invention, consider Figure 2 . Like Figure 1 , this i
s an illustration o f TDD configuration # 5 (9DL: IUL)
but for a dual layer UE. Note that this example i s
non-limiting and these teachings may b e used
generally for all TDD configurations where ACK/NACK
bundling i s specified (e.g. when DL resources exceed
the amount o f U L resources) . A s well these
teachings may also b e extended t o other wireless
protocols. [0033] It i s useful t o first discuss the
two ways a U E can use its ACK/NACK bits. A s it has
been configured (higher layer) t o b e a dual-layer
UE, it always has 2 bits available (QPSK symbol) . A t
the topmost timing diagram o f Figure 2 i s shown what
w e consider for simplicity a default o r 'normal'
mode. There are nine DL subframes in each o f the
first and second layer. The U E creates two ACK/NACK
bits, one for each o f the layers and each aggregating
using the AND operation the individual ACK/NACKs the U
E determined for each DL subframe. Define a s an,i the
ACK/NACK corresponding t o subframe n (where n ranges
from 1 t o 9 DL subframes for the example o f Figure 2
) and layer 1 (where 1 ranges from 1 t o 2 for the
dual layer example o f Figure 2 ) . Then the U E
creates its two ACK/NACK bits as: A1 = AND(au ,a2 1
,a3 ,a l ,aS ,a6l ,al l ,ail ,a9l ) A2 =AND( 1 2 ,a2 2
,a 2 ,aA ,a5 2 ,a6 2 ,a1 2 ,ai ,a9 2 )[0034] In this
instance the aggregated bit A i aggregates all the
resource-specific ACK/NACK bits in layer 1 , and the
aggregated bit A 2 aggregates all the
resource-specific ACK/NACK bits o f layer 2 . Note
that this i s a simple logical AND function across all
the DL subframes for an individual layer. This i s an
extension o f the single-layer ACK/NACK procedure
noted above and so w e term this the 'normal'
duallayer configuration in terms o f ACK/NACK. [0035]
The second mode can also b e called sub-bundling but
instead w e term this a s using a Virtual' dual-layer
transmission in terms o f ACK/NACK. A n example i s
shown a t the lowermost timing diagram o f Figure 2 .
Like Figure 1 , the sub-bundling splits between
subframes 1-5 and subframes 6-9. There are still two
layers and so two ACK/NACK bits are transmitted. But
in this virtual' dual-layer transmission the first bit
i s aggregated from all the ACK/NACK' s o f the
individual DL resources in both/all layers for a first
subset o f the allocated DL resources, and the second
bit i s aggregated from all the ACK/NACK' s o f the
individual DL resources in both/all layers for a
second subset o f the allocated DL resources (where
the first and second subsets d o not overlap and fully
encompass the whole o f the allocated DL resources,
consistent with the sub-bundling concept in general) .
It can b e seen that the DL subframes within the
bundling window are divided into two parts and for
each part i s created a separate ACK/NACK. Using the
specific example o f 5/4 split shown in the lowermost
timing diagram o f Figure 2 , the two ACK/NACK bits
are created as: A1 =AND(au ,a2l ,a3 ,a4 ,a5 l ,a ,a2 2
,a 2,a4 2 ,a5 2) A2 =AND(a6 1 ,al ,a ,a l ,a 2,a1 2
,a8 2 ,a 2 ) [0036] In this instance the aggregated
bit A i aggregates all the resource-specific ACK/NACK
bits o f all layers (both layers in this example) for
only a first sub-set o f the subframes (subframes 1-5
in this example) , and the aggregatedbit A 2
aggregates all the resource-specific ACK/NACK bits o f
all layers for only a second subset o f the subframes
(subframes 6-9 in this example) . Like the 'normal'
transmission detailed above this i s a simple logical
AND 



function, but unlike that 'normal' algorithm this ACK
i s across all the layers for a subset o f the DL
subframes for an individual layer. Said another way, w
e ACK across the layers and then divide ACK/NACK into
the time domain, whereas the 'normal' approach ACKs
across all DL subframes and divides the two ACK bits b
y the spatial domain. [0037] One aspect o f this
invention i s t o b e able t o switch between the
reporting modes, i.e. handling how the AND operation i
s performed. Whether there i s 5/4 division o r a 4/5
division o r any other division o f the
sub-bundles/window sizes makes n o difference t o the
underlying concept o f different aggregations t o
generate the ACK/NACK for different patterns o f DL
resources. [0038] For a correct interpretation between
the eNB and the U E it i s important that the same
mode i s assumed a t both ends o f the
transmission/reception link. T o this end there i s a
need for a set o f standardized rules, so the mode
does not need t o b e signaled explicitly. This can b
e done b y higher layer configuration (e.g., medium
access control layer, o r some other layer higher than
the physical layer) . Until that can b e adopted for
LTE (e.g., Release 9), there i s proposed a dynamic
rule that automatically selects the best method in a
way which i s clear without ambiguity t o both the eNB
and the UE. [0039] T o understand one particular
motivation behind the invention, it i s useful t o
detail in which situation the two modes are preferred.
When w e AND the individual ACK/NACKs it i s best for
the communication system i f those individual
ACK/NACKs are a s correlated a s possible. Otherwise
there i s an unnecessary amount o f retransmission
ongoing. With that in mind two rules o r guidelines
are presented:1 . Use the normal dual-layer ACK/NACK
method when the DL assignments t o the U E are highly
correlated in time so that the decorrelation i s
larger between the two MIMO layers. This i s e.g. when
U E has been assigned t o the very same resources
throughout the ACK/NACK bundling window, [the term
"very same resources" i s detailed below] 2 . Use the
virtual dual-layer ACK/NACK method when successive DL
assignments are not correlated in time and frequency
so that ANDing MIMO layers have n o real meaning. In
this case it i s preferred t o have the gain o f
time-distributed ACK/NACK. [0040] The inventors'
simulations show that for single-layer transmission
the gain from going from the normal t o the virtual
ACK/NACK method i s 11%, so a significant gain i s
expected for this feature. T o this end i s detailed a
change criterion that i s defined so that U E can
determine i f there i s large correlation in time o r
not. This change criterion i s used t o identify the
"very same resources" noted above. The algorithm that
would b e used in the U E t o determine the ACK/NACK
method t o use (and also in eNB based on its own
created DL assignments so that it can interpret
ACK/NACK correctly) i s in an exemplary embodiment
formulated a s follows : IF change criterion exceeded
USE virtual dual-layer ACK/NACK method. OTHERWISE USE
normal dual-layer ACK/NACK method END This algorithm
runs for each full DL bundling window. THE CHANGE
CRITERION : [0041] In general the virtual dual-layer
ACK/NACK method enables a very significant gain
potential (e.g. 11% for above case in simulation) ,
and so the change criterion can b e made quite
aggressive and only facilitate the normal dual-layer
ACK/NACK method when the U E i s relatively certain
that there i s a high correlation between the
performance o f each o f thelayers throughout the
entire bundling period. The change criterion can o f
course also b e configurable b y network signaling
(e.g., system information, dedicated U E signaling
upon handover, etc.) but the more typical case i s
that the eNB and U E follow some predetermined change
criterion that i s somewhat persistent i f not
permanent. [0042] A s simple example consider the
following reformulation o f the above algorithm t o
clarify the change criteria. IF U E has been scheduled
on exactly the same physical resources (PRBs) during
all active DL assignments inside bundling window USE
normal dual-layer ACK/NACK method. OTHERWISE USE
virtual dual-layer ACK/NACK method END [0043] O f
course other implementations o f this concept may 



choose other balances, e.g. "exact" can b e
re-formulated a s "overlapping" requiring that just a
single PRB i s used in all the DL assignments. This i
s seen a s a bit less aggressive (the extent o f how
less aggressive depends on the extent o f the overlap
that triggers the switch between normal and virtual
modes, PRBs that are identical across x number o f
active DL assignments), and a s above the inventors'
initial simulations show a gain t o b e exploited b y
more aggressive use o f the virtual mode. [0044] It
should b e noted that the above definition o f
"exactly the same physical resources" could b e
extended t o b e any combination of:  PRBs allocated
MCS selected (for both layers)  PMI (precoding matrix
index) information [0045] Any various combinations o f
these can b e used t o determine the proper
correlation between layers so a s t oemploy a change
criterion for which maximum gain would b e achieved.
[0046] Reference i s now made t o Figure 3 for
illustrating a simplified block diagram o f various
electronic devices that are suitable for use in
practicing the exemplary embodiments o f this
invention. In Figure 3 a wireless network 9 i s
adapted for communication between a U E 1 0 and a Node
B 12 (eNB) . The network 9 may include a gateway
GW/mobility management entity MME/radio network
controller RNC 14 o r other radio controller function
known b y various terms in different wireless
communication systems. The U E 1 0 includes a digital
processor (DP) 1OA, a memory (MEM) 1OB that stores a
program (PROG) 1OC, and a suitable radio frequency
(RF) transceiver 1OD coupled t o one o r more antennas
1OE (two shown) for bidirectional wireless
communications over one o r more wireless links 2 0
with the eNB 12. [0047] The terms "connected, "
"coupled, " o r any variant thereof, mean any
connection o r coupling, either direct o r indirect,
between two o r more elements, and may encompass the
presence o f one o r more intermediate elements
between two elements that are "connected" o r
"coupled" together. The coupling o r connection
between the elements can b e physical, logical, o r a
combination thereof. A s employed herein two elements
may b e considered t o b e "connected" o r "coupled"
together b y the use o f one o r more wires, cables
and printed electrical connections, a s well a s b y
the use o f electromagnetic energy, such a s
electromagnetic energy having wavelengths in the radio
frequency region, the microwave region and the optical
(both visible and invisible) region, a s non-limiting
examples. [0048] The eNB 12 also includes a D P 12A, a
MEM 12B, that stores a PROG 12C, and a suitable R F
transceiver 12D coupled t o one o r more antennas 12E
(two shown) . The eNB 12 may b e coupled via a data
path 3 0 (e.g., Iub o r S l interface) t o the serving
o r other GW/MME/RNC 14. The GW/MME/RNC 14 includes aD
P 14A, a MEM 14B that stores a PROG 14C, and a
suitable modem and/or transceiver (not shown) for
communication with the eNB 12 over the Iub link 30.
[0049] Also within the eNB 12 i s a scheduler 12F that
schedules the various UEs under its control for the
various U L and DL subframes. Once scheduled, the eNB
sends messages t o the UEs with the scheduling grants
(typically multiplexing grants for multiple UEs in one
message, such a s the PDCH noted above) . Generally,
the eNB 12 o f an LTE system i s fairly autonomous in
its scheduling and need not coordinate with the GW/MME
14 excepting during handover o f one o f its UEs t o
another eNB o r an access node o f another radio
access system. [0050] A t least one o f the PROGs 1OC,
12C and 14C i s assumed t o include program
instructions that, when executed b y the associated
DP, enable the electronic device t o operate in
accordance with the exemplary embodiments o f this
invention, a s detailed above. Inherent in the DPs
1OA, 12A, and 14A i s a clock t o enable synchronism
among the various apparatus for transmissions and
receptions within the appropriate time intervals and
slots required, a s the scheduling grants and the
granted resources/subf rames are time dependent.
[0051] The PROGs 1OC, 12C, 14C may b e embodied in
software, firmware and/or hardware, a s i s
appropriate. In general, the exemplary embodiments o f
this invention may b e implemented b y computer
software stored in the MEM 1OB and executable b y the
D P 1OA o f the U E 1 0 and similar for the other MEM
12B and D P 12A o f the eNB 12, o r b y hardware, o r
b y a combination o f software and/or firmware and
hardware in any o r all o f the devices shown. [0052]
In general, the various embodiments o f the U E 1 0
can include, but are not limited to, mobile stations,
cellular 



telephones, personal digital assistants (PDAs) having
wireless communication capabilities, portable
computers having wireless communication capabilities,
image captureo devices such a s digital cameras having
wireless communication capabilities, gaming devices
having wireless communication capabilities, music
storage and playback appliances having wireless
communication capabilities, Internet appliances
permitting wireless Internet access and browsing, a s
well a s portable units o r terminals that incorporate
combinations o f such functions. [0053] The MEMs 1OB,
12B and 14B may b e o f any type suitable t o the
local technical environment and may b e implemented
using any suitable data storage technology, such a s
semiconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and
systems, fixed memory and removable memory. The DPs
1OA, 12A and 14A may b e o f any type suitable t o the
local technical environment, and may include one o r
more o f general purpose computers, special purpose
computers, microprocessors, digital signal processors
(DSPs) and processors based on a multi-core processor
architecture, a s non-limiting examples. [0054]
According t o exemplary embodiments o f the invention
from the perspective o f the U E then and with
reference t o Figure 4 there i s provided a memory
embodying a computer program that i s executable b y a
processor for performing actions directed t o sending
a reply t o allocated downlink resources, and an
apparatus and a method that includes a t block 402
receiving an allocation o f downlink resources and
monitoring the allocated downlink resources for data
(on 1 layers for data, in which 1 i s an integer) ,
generating a resource-specific bit for each o f the
respectively monitored allocated downlink resources, a
t block 404 selecting from among a t least two
distinct aggregations based on a pattern o f the
allocated downlink resources where each aggregation
aggregates a t least a portion o f the allocated
downlink resources (e.g., selecting between a first
algorithm that bundles the downlink resources in a
first mode and a second algorithm that bundles the
downlink resources in a second mode), a t block 406
generating a reply bit using the selected aggregation
(e.g.,using the selected first o r second algorithm on
the generated resource-specific bits that correspond t
o the downlink resources a s bundled according t o the
respective first o r second mode t o generate 1 reply
bits) , and a t block 408 transmitting the generated
reply bits (1 reply bits) . [0055] In accordance with
a more particularized embodiment, one o f the
aggregations i s across a single layer for all o f the
downlink resources and another o f the aggregations i
s for only a portion o f the downlink resources across
a t least two layers. Further and more particularized
i s that the reply bit i s a first reply bit and the
single layer i s a first layer, and wherein each
distinct aggregation generates two bits such that the
said one o f the aggregations generates a reply bit
for all o f the allocated resource across each o f a t
least two layers, and the said another o f the
aggregations generates a reply bit across all o f the
a t least two layers for different subgroups o f the
downlink resources. [0056] In accordance with another
more particularized embodiment, selecting from among a
t least two aggregations includes selecting between
two aggregations, and the selecting i s based on a
change criterion indicative o f how correlated in time
are the allocated downlink resources. Further and more
particularized i s where the change criterion i s
whether o r not the allocated downlink resources
comprise a t least overlapping o r even exactly the
same physical resource blocks within a bundling window
that i s defined b y either o f the two different
aggregations. [0057] In accordance with another more
particularized embodiment, the reply bit i s an
acknowledgement o r negative acknowledgement o f data
received o r not received on the allocated resources,
and wherein selecting from among a t least two
aggregations includes selecting between a first
aggregation that i s a logical AND operation o f all
acknowledgement o r negative acknowledgment bits for
all o f the allocated resources per layer and a second
aggregationthat i s a logical AND operation o f all
acknowledgement o r negative acknowledgment bits for a
subgroup o f the allocated resources across multiple
layers. Further and more particularized i s where the
selected aggregation generates two acknowledgement o r
negative acknowledgement bits for different bundling
windows o f the allocated downlink resources, one o f
which i s all allocated downlink resources per layer
and another o f which i s different subgroups o f the
allocated downlink resources across all layers. 



[0058] From the perspective o f the network, the
actions are the mirror image o f the signalling
detailed above: the network sends the allocation and
sends data on the allocated downlink resources, and
receives the reply bit from the UE. Different from the
UE, i f the reply bit i s an acknowledgement the
network does not retransmit any o f the data it
previously sent on any o f the allocated downlink
resources. If instead the reply i s a negative
acknowledgement, the network selects from among a t
least two distinct aggregations based on the
allocation o f downlink resources where each
aggregation aggregates a t least a portion o f the
allocated downlink resources, determines a bundling
window and layer combination from the selected
aggregation, and retransmits the data that it sent
previously in the allocated downlink resources that
are indicated b y the bundling and layer combination.
[0059] Further in this regard from the network
perspective, the network may also send t o the U E
signalling indicating a changeover point a t which one
o r another o f the aggregations are t o apply, such a
s the change criterion detailed above. This may b e
sent b y the MME o r other higher network node t o the
eNB and then signaled t o the UE, and i s preferably
done in signaling in a higher layer than the physical
layer (e.g., medium access control layer) . [0060] For
the aspects o f this invention related t o the
network, embodiments o f this invention may b e
implemented b y computer software executable b y a
data processor o f the eNB12, such a s the processor
12A shown, o r b y hardware, o r b y a combination o f
software and hardware. For the aspects o f this
invention related t o the portable devices accessing
the network, embodiments o f this invention may b e
implemented b y computer software executable b y a
data processor o f the U E 10, such a s the processor
1OA shown, o r b y hardware, o r b y a combination o f
software and hardware. Further in this regard it
should b e noted that the various logical step
descriptions above may represent program steps, o r
interconnected logic circuits, blocks and functions, o
r a combination o f program steps and logic circuits,
blocks and functions. [0061] In general, the various
embodiments may b e implemented in hardware o r
special purpose circuits, software (computer readable
instructions embodied on a computer readable medium),
logic o r any combination thereof. For example, some
aspects may b e implemented in hardware, while other
aspects may b e implemented in firmware o r software
which may b e executed b y a controller,
microprocessor o r other computing device, although
the invention i s not limited thereto. While various
aspects o f the invention may b e illustrated and
described a s block diagrams, flow charts, o r using
some other pictorial representation, it i s well
understood that these blocks, apparatus, systems,
techniques o r methods described herein may b e
implemented in, a s non-limiting examples, hardware,
software, firmware, special purpose circuits o r
logic, general purpose hardware o r controller o r
other computing devices, o r some combination thereof.
[0062] Embodiments o f the inventions may b e
practiced in various components such a s integrated
circuit modules. The design o f integrated circuits i
s b y and large a highly automated process. Complex
and powerful software tools are available for
converting a logic level design into a semiconductor
circuit design ready t o b e etched and formed on a
semiconductor substrate.[0063] Programs, such a s
those provided b y Synopsys, Inc. o f Mountain View,
California and Cadence Design, o f San Jose,
California automatically route conductors and locate
components on a semiconductor chip using well
established rules o f design a s well a s libraries o
f pre-stored design modules. Once the design for a
semiconductor circuit has been completed, the
resultant design, in a standardized electronic format
(e.g., Opus, GDSII, o r the like) may b e transmitted
t o a semiconductor fabrication facility o r "fab" for
fabrication. [0064] Various modifications and
adaptations may become apparent t o those skilled in
the relevant arts in view o f the foregoing
description, when read in conjunction with the
accompanying drawings. However, any and all
modifications o f the teachings o f this invention
will still fall within the scope o f the non-limiting
embodiments o f this invention. [0065] Although
described in the context o f particular embodiments,
it will b e apparent t o those skilled in the art that
a number o f modifications and various changes t o
these teachings may occur. Thus, while the invention
has been particularly shown and described with respect
t o one o r more embodiments thereof, it will b e
understood b y those skilled in the art that certain
modifications o r changes may b e made 



therein without departing from the scope o f the
invention a s set forth above, o r from the scope o f
the ensuing claims.Claims : We claim: 1 . A method
comprising: receiving an allocation of downlink
resources and monitoring the allocated downlink
resources on 1 layers for data, in which 1 is an
integer; generating a resource-specific bit for each
of the respectively monitored allocated downlink
resources; based on a pattern of the allocated
downlink resources, selecting from among at least a
first algorithm that bundles the downlink resources in
a first mode and a second algorithm that bundles the
downlink resources in a second mode; using the
selected first or second algorithm on the generated
resource-specific bits that correspond to the downlink
resources as bundled according to the respective first
or second mode to generate 1 reply bits; and
transmitting the generated 1 reply bits. 2 . The
method of claim 1 , in which the first algorithm
bundles the downlink resources according to each of
the 1 layers such that each 1th reply bit is specific
to resources only on an 1th layer; and the second
algorithm bundles the downlink resources in groups of
subframes across all of the 1 layers such that each
1th reply bit is specific to resources within an 1th
group of subframes that spans all of the 1 layers . 3
. The method of claim 2 , wherein there are 1=2 layers
and the selecting is only between the first algorithm
and the second algorithm. 4 . The method of any one of
claims 1 through 3 , wherein the selecting is further
based on a change criterion indicative of how
correlated in time are the allocated downlink
resources .5 . The method of claim 4 , wherein the
change criterion is whether or not the allocated
downlink resources comprise at least overlapping
physical resource blocks within a bundling window that
is defined by either of the first algorithm or the
second algorithm. 6 . The method of claim 4 , wherein
the change criterion is whether or not the allocated
downlink resources are all the same physical resource
blocks within the bundling window. 7 . The method of
any one of claims 1 through 3 , wherein each of the 1
reply bits and each of the resource-specific bits is
an acknowledgement or negative acknowledgement of data
received or not received, and wherein the first
algorithm comprises a logical AND operation of all
resourcespecific acknowledgement and negative
acknowledgment bits for all of the allocated resources
per 1th layer, and the second algorithm comprises a
logical AND operation of all resourcespecific
acknowledgement and negative acknowledgment bits for
all of the allocated resources across all of the 1
layers per 1th group of subframes. 8 . The method of
claim 7 , executed by a user equipment in a wireless
communications network in which the allocation is
received from a network node and the generated reply
bits are transmitted to the network node. 9 . An
apparatus comprising: at least one receiver configured
to receive an allocation of downlink resources and to
monitor the allocated downlink resources on 1 layers
for data, in which 1 is an integer; at least one
processor configured to generate a resourcespecific
bit for each of the respectively monitored allocated
downlink resources; the at least one processor further
configured to select from among at least a first
algorithm that bundles the downlink resources in a
first mode and a second algorithm that bundlesthe
downlink resources in a second mode based on a pattern
of the allocated downlink resources; the at least one
processor further configured to use the selected first
or second algorithm on the generated resourcespecific
bits that correspond to the downlink resources as
bundled according to the respective first or second
mode to generate 1 reply bits; and at least one
transmitter configured to transmit the generated 1
reply bits. 10. The apparatus of claim 9 , in which
the first algorithm bundles the downlink resources
according to each of the 1 layers such that each 1th
reply bit is specific to resources only on an 1th
layer; and the second algorithm bundles the downlink
resources in groups of subframes across all of the 1
layers such that each 1th reply bit is specific to
resources within an 1th group of subframes that spans
all of the 1 



layers . 11. The apparatus of claim 10, wherein there
are 1=2 layers and the at least one processor is
configured to select between only the first algorithm
and the second algorithm. 12. The apparatus of any one
of claims 9 through 11, wherein the at least one
processor is configured to select from among at least
the first algorithm and the second algorithm based
further on a change criterion indicative of how
correlated in time are the allocated downlink
resources. 13. The apparatus of claim 12, wherein the
change criterion is whether or not the allocated
downlink resources comprise at least overlapping
physical resource blocks within a bundling window that
is defined by either of the first algorithm and the
second algorithm. 14. The apparatus of claim 12,
wherein the change criterion is whether or not the
allocated downlink resources are all the same physical
resource blocks within the bundling window.15. The
apparatus of any one of claims 9 through 11, wherein
each of the 1 reply bits and each of the
resource-specific bits is an acknowledgement or
negative acknowledgement of data received or not
received, and wherein is the first algorithm comprises
a logical AND operation of all resourcespecific
acknowledgement and negative acknowledgment bits for
all of the allocated resources per 1th layer, and the
second algorithm comprises a logical AND operation of
all resourcespecific acknowledgement and negative
acknowledgment bits for all of the allocated resources
across a 1 layers per 1th group of subframes. 16. The
apparatus of claim 15, wherein the apparatus comprises
a user equipment and the at least one transmitter is
configured to transmit the generated 1 reply bits to a
network node. 17. A method comprising: sending an
allocation of downlink resources and transmitting data
on the allocated downlink resources; responsive to
receiving a reply bit that is a negative
acknowledgement of the transmitted data, selecting
from among at least a first algorithm that bundles the
downlink resources in a first mode and a second
algorithm that bundles the downlink resources in a
second mode based on a pattern of the allocated
downlink resources; determining a bundling window and
layer combination from the selected algorithm; and
retransmitting the data that is the subject of the
negative acknowledgement in the allocated downlink
resources which are indicated by the bundling window
and layer combination . 18. The method of claim 17,
wherein the first algorithm and the first mode use a
first bundling window that comprises all of the
downlink resources per layer, and the second algorithm
and the second mode use a second bundling window
thatcomprises only a portion of the downlink resources
across at least two layers. 19. The method of claim
17, wherein the selecting is from among only the first
algorithm and the second algorithm, and is further
based on a change criterion indicative of how
correlated in time are the allocated downlink
resources. 20. The method of claim 17, executed by an
access node of a wireless communication network. 21.
An apparatus comprising: receiving means for receiving
an allocation of downlink resources and for monitoring
the allocated downlink resources on 1 layers for data,
in which 1 is an integer; processing means for
generating a resource-specific bit for each of the
respectively monitored allocated downlink resources,
for selecting from among at least a first algorithm
that bundles the downlink resources in a first mode
and a second algorithm that bundles the downlink
resources in a second mode based on a pattern of the
allocated downlink resources, and for using the
selected first or second algorithm on the generated
resource-specific bits that correspond to the downlink
resources as bundled according to the respective first
or second mode to generate 1 reply bits; and sending
means for transmitting the generated 1 reply bits. 


