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4 -TMIDAZOPYRIDAZIN-1-YL-BENZAMIDES AND 4- IMIDAZOTRIAZIN-1-YL-BENZAMIDES Af
BTK-INHIBITORS '

Field of the invention

The present invention relates o 6-5 membered fused pyridine ring compounds, to pharmaceutical
compositions comptising these compounds and to their use in therapy. In particular, the present invention
relates to the use of 6-5 membered fused pyridine ring compounds in the treatment of Bruton's Tyrosine
Kinase {Btk) mediated disorders.

Background of the invention

B lymphocyte activation is key in the generation of adaptive immune responses. Derailed B lymphocyte
activation is a hallmark of many auioimmune diseases and modulation of this immune response is
therefore of therapeutic interest. Recently the success of B cell therapies in aulvimmune diseases has
been established. Treatment of rheumatoid arthritis (RA) patients with Rituximab (anti-CD20 therapy) is
an accepted clinical therapy by now. More recent clinical trial studies show that treatment with Rifuximab
also ameliorates disease symptoms in relapsing remitting multiple sclerosis (RRMS} and systemic tupus
erythematosus (SLE) patients. This success supporis the potential for future therapies in autoimmune
diseases targeting B cell immunity.

Bruton tyrosine kinase (Btk) is a Tec family non-receptor protein kinase, expressed in B cells and myeloid
calls. The function of Bik in signaling pathways activated by the engagemént of the B cell receptor (BCR)
and FceR1 on mast cells is well established. tn addition, a function for Btk as a downstream target in Tol}
like receptor signaling was suggested. Functional mutations in Btk in human results in the primary
immunodeficiency disease called XLA which is characterized by a defect in B cell development with a
block between pro- and pre-B celi stage. This resulis In an almost complete absence of B lymphocytes in
human causing a pronounced reduction of serum immunoglobulin of all classes. These finding support
the key role for Btk in the regulation of the production of autc-antibodies in autoimmune diseases. In
addition, regulation of Btk may affect BCR-induced production of pro-inflammatory cytokines and
chemokines by B cells, indicating a broad potential for Btk in the treatment of autcimmune diseases.

With the regulatory role reported for Btk in FceR-mediated mast cell activation, Bik inhibitars may also
show potential in the treatment of allergic responses [Gilfillan et al, Immunologicai Reviews 288 (2008)
ppl149-169].

Furthermare, Btk is also reported to be implicated in RANKL-induced osteoclast differentiation [Shinohara
gt al, Cell 132 (2008) pp794-806] and therefore may also be of inferest for the treatment of bone

resorption disorders.
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Other diseases with an important role for dysfunctional B cells are B cell malignancies. Indeed anti-CD20
therapy is used effectively in the clinic for the treatment of follicuiar lymphoma, diffuse large B.csli
lymphoma and chronic lymphocytic leukemia {Lim et al, Haematologica, 95 {2010) pp135-143]. The
reported role for Bik in the regulation of proliferation and apopiosis of B celis indicates there is potential
for Btk inhibitors in the treatment of B cell lymphomas as well. Inhibition of Btk seems to be relevant in
particular for B cell lymphomas due to chronic active BCR signaling [Davis et al, Nature, 463 (2010} pp88-
34].

Some classes of 8-5 membered fused pyridine ring compounds have been described as kinase inhibitors
e.g. Imidazo{1,5-4[1,24)irlazine compounds have been described in  WO2005097800 and
WO2007064993;. Imidazo[1,5-alpyrazine compounds have been dsscribed in WO2005037836 and
WQ2001019828 as IGF-1R enzyme inhibitors.

Some of the Btk inhibitors reported are not selective over Src-family kinases. With dramatic adverse
effscts reported for knockouts of Srefamily kinases, especially for double and triple knockouts, this is
seen as prohibitive for the development of Btk inhibitors that are not selective over the Srefamily kinases.
Both Lyn-deficient and Fyn-deficient mice exhibit autoimmunity mimicking the phenotype of human lupus
nephritis. In addition, Fyn-deficient mice also show pronounced neurological defects. Lyn knockout mice
also show an allergic-iike phenotype, incicating Lyn as a broad negative regulator of the IgE~-mediated
allergic response by controlling mast cell responsiveness and allergy-associated traits {Odom et &, J.
Exp. Med., 188 (2004) pp1491-1502] Furthermore, aged Lyn knock-out mice develop severe
splenomegaly (myveloid expansion) and disseminated monocyte/macrophage tumors [Harder et &l
Immunity, 15 {2001) pp603-615]. These cbservations are in ling with hyperrespbnsive B cells, mast cells
and myeloid cells, and increased lg levels observed in Lyn-ceficient mice.

Female Src knockout mice are inferfiie due fo reduced follicle development and ovulation [Roby ef al,
Endocrine, 26 (2005) pp169-176].

The double knockouts Src’Fyn™ and Src”Yes™ show a severe.phenctype with effects on movement and
breathing. The iple knockouts Src”Fyn"Yes™ die at day 9.5 [Klinghoffer et al, EMBO J., 18 (1999)
pPR2459-2471). For the doubie knockout Src’Hek™, two thirds of the mice die at birth, with surviving mice
developing ostecpetrosis, extramedullary hematopoiseis, anemia, ieukopenia [Lowell et al, Blood, &7
{1998) pp1780-1792].

Hence, an inhibitor that inhibits muitiple or ail kinases of the Src-family kinases simulianecusly may cause

serious adverse effects.,
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Summary

In the first aspect, there is provided a compound according to Formula (I)

Formula (I)
or a pharmaceutically acceptable salt thereof,
wherein:
X1sCH,N,OorS;
Y is C(R6), N, O or 5;
Z1s CH, N or a bond;

AisCHor N;

Bl isNor C{R7};

B2 is N or C(R8);

B3 is N or C(R9),

B4 is N or C(R10);

R1is R11C(0), R128(0), R1380, or (1-6C)alky! optionally substituted with R14;
R2 is H, (1-3C)alkyl or (3-7C)cycloalkyl;

R3 is H, (1-6C)alky! or (3-7C)cycloalkyl); or
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R2 and R3 form, together with the N atom that R2 is attached to and the C atom that R3
is attached 1o, a (3-7Ciheterocycloalkyl optionally substituted with one or more fluorine,
hydroxyl, (1-3C)alkyl, (1-3C)alkoxy or oxo;

R4 is H or (1-3C)alkyl;

R5 is H, halogen, cyano, (1-4Calkyl, (1-3C)alkoxy, (3-6C)cycloalkyl, any alkyl group of
which is optionally substituted with one or more halogen; or RS is (6-10C)aryl or (2-
6Ciheterocycloalkyl;

R6 is H or (1-3C)alkyl; or

R5 and R6 together may form a (3-7C)cycloalkenyl, or (2-6C)heterocycloalkenyl; each
optionally substituted with (I-3C)alkyl, or one or more halogen;

R7 is H or halogen;

R8is H or (1-3C)alkyl; or

R7 and R8 form, together with the C atom that R7 is attached to and the C atom that RS
is attached to, a {6-10C)aryl or (1-9C)heteroaryl;

R9 is H or halogen;

R10 is H, halogen or (1-3C)alkoxy;

R11 is independently selected from the group consisting of (1-6C)alkyl, (2-6C)alkenyl
and (2-6C)alkynyl each alkyl, alkenyl or alkynyl optionally substituted with one or more
groups selected from hydroxyl, (1-4C)alkyl, (3-7C)eycloalkyl, [(1-4C)alkyljamino, di{(1-
4C)alkyllamino, (1-3C)alkoxy, (3-7C)eycloalkoxy, (6-10C)aryl or (3-
7C)heterocycloaltkyl; or

R11 1s (1-3C)alkyl-C(Q)-S-(1-3C)alkyl; or

R11 is (1-5C)heteroaryl optionally substituted with one or more groups selected from
halogen or ¢yano;

R12 and R13 are independently selected from the group consisting of (2-6C)alkenyl or
(2-6C)alkynyl both optionally substituted with one or more groups selected from
hydroxyl, (1-4Calkyl, (3-7C)eycloalkyl, [(1-4C)alkyl]amino, dif(1-4C)alkyljamino, (1-
3C)alkoxy, (3-7C)eycloalkoxy, (6-10C)aryl or (3-7C)heterocycloalkyl; or
(1-5C)heteroary! optionally substituted with one or more groups selected from halogen or
cyano;

R14 is independently selected from the group consisting of halogen, cyano or (2-
6C)alkenyl or (2-6C)alkyny] both optionally substituted with one or more groups selected
from  hydroxyl, (1-4Calkyl, (3-7C)cycloalkyl, [(1-4C)alkyllamino,  di[(l-
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4C)alkyllamino, (1-3C)alkoxy, (3-7C)cycloalkoxy, (6-10C)aryl, (I-5C)heteroaryl or (3-

TCOheterocycloalkyl;

with the proviso that

- 0 to 2 atoms of X, Y, Z can simultancously be a heteroatom;

- when one atom selected from X, Y is O or S, then Z is a bond and the other atom
selected from X, Y cannotbe O or 5;

- when Z is CH or N then Y is C(R6) or N and X is CH or N;

- 0 to 2 atoms of B1, B2, B3 and B4 are N.

In another aspect, there 1s provided the compound as defined herein for use in therapy.

In another aspect, there is provided the compound as defined herein for use in the treatment of

Bruton’s Tyrosine Kinase (Btk) mediated disorders.

In another aspect, there is provided the use of a compound as defined herein for the manufacture

of a medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

In another aspect, there is provided the use of the pharmaceutically acceptable salt as defined
herein for the manufacture of a medicament for the treatment of Bruton®s Tyrosine Kinase (Btk)

mediated disorders.

In another aspect, there is provided a combination of a compound as defined herein and a further

therapeutic agent.

In another aspect, there is provided a pharmaceutical composition comprising a compound as

defined herein and a pharmaceutically acceptable excipient.

In another aspect, there is provided a pharmaceutical composition comprising a pharmaceutically

acceptable carrier or diluent and the compound as defined herein.

In another aspect, there is provided a compound which is (5)-4-(3-(1-acryloylpyrrolidin-2-yi)-8-
aminoimidazo[1,5-alpyrazin-1-y1}-N-(pyridin-2-yl)benzamide, having the structure:



NH,

In another aspect, there is provided a pharmaceutically acceptable salt of a compound, the
compound being  (S)-4-(3-(1-acryloylpyrrolidin-2-yl1)-8-aminoimidazo[1,5-alpyrazin-1-yl}-N-
(pyridin-2-yl)benzamide and having the structure:

/ N

—=N
8]
NH
NH,
s
N
N ) .
N

In another aspect, there is provided a compound which is (8 E£)-4-{8-amino-3-(1-(4-

\

[
e

(dimethylamino)but-2-enoyhpyrrolidin-2-yl)imidazo[1,5-alpyrazin-1-yl)-N-{pyridin-2-

vlYbenzamide , having the structure:



NNV
NML\

In another aspect, there is provided a pharmaceutically acceptable salt of a compound, the
compound being (S, E)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoyhpyrrolidin-2-
5 yhimidazo[1,5-a]pyrazin-1-yl}-N-(pyridin-2-yl)benzamide and having the structure:

/ N

: NH
N N
NSV
éN/k/\/i\

In another aspect, therc is provided a compound which is (S)-4-(8-amino-3-(1-but-2-
ynoylpyrrolidin-2-yl)imidazo{1,5-alpyrazin-1-yl)-N-(pyridin-2-yl)benzamide, having the

104 structure:
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In another aspect, there is provided a pharmaceutically acceptable salt of a compound, the

compound being (5)-4-(8-amino-3-(1-but-2-ynoyipyrrolidin-2-ylyimidazof 1,5-a]pyrazin-1-yi)-N-
5 (pyridin-2-yl)benzamide and having the structure:

=N
8]
NH
N/ =
N
\\/N / o
N %

In another aspect, there is provided a compound which 1is (5)-4-(8-amino-3-{1-(3-
cyclopropyipropioloyl)pyrrolidin-2-ylyimidazol 1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamide,
16 having the structure:



=N

NH

NH,

N/ =

M
Ay
N \
In another aspect, there is provided a pharmaceuticaliy acceptable salt of a compound, the

compound being  (S)-4-(8-amino-3-(1-(3-cyclopropylpropioloyl)pyrrolidin-2-yl)imidazo[1,5-
5 alpyrazin-1-yl)-N-{pyridin-2-yl}benzamide and having the structure:

=N

NH

In another aspect, there is provided a compound which is (S)-4-(8-amino-3-(1-hex-2-
ynoylpyrrolidin-2-ylyimidazo}{ 1,5-a]pyrazin-1-y1 -N-(pyridin-2-yl)benzamide, having the

16 structure:



2h

=N
8}
NH
NH,
N/ =
N
i\/"’ / 0
N %

In another aspect, there is provided a pharmaceutically acceptable salt of a compound, the
compound being ($)-4-(8-amino-3-(1-hex-2-ynoylpyrrolidin-2-ylyimidazo[1,5-a]pyrazin-1-yl)-
5 N-(pyridin-2-yl)benzamide and having the strocture:

/ N

o]

9o

e

N
NH
e}

N %
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Detailed description of the invention
The object of the present invention is to provide 6-5 membered fused pyridine ring compounds, to

pharmaceutical compositions comprising these compounds and fo their use in therapy. In particular, the
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present invention relates to the use of 6-5 membered fused pyridine ring compounds in the treatment of

Bruton's Tyrosine Kinase (Bik) mediated éisorders.

More specifically, the present invention provides 6-5 membered fused pyridine ting compounds“accordéng

Y
\(\T

X N

o L

NH

to formula | or pharmaceutically acceptable salts thereof.
R5

Formula
in this formula the substituents are defined as
XisCH,N,QorS8;
Yis C(R6), N, OorS;
Zis CH, N or bond;
Ais CHorN;
Btis Nor G(R7),
B2 is N or C{R8),
B3 is N or C(R9);
B4 is N or G{R10);

Rt is R11C(Q), R128(0), R1380; or (1-6C)atky! optionally substitited with R14;

R2 is H, (1-3C)alkyl or {3-7C)cycloaliyl;

R3 is H, {1-8C)alkyl or {3-7C)cycioatkyl), or

R2 and R3 form, together with the N and C atom they are attached to, a (3-7C}heterocycloalkyl optionally
substituted with one or more fluorine, hydroxyl, (1-3C)alkyl, {1-3C)alkoxy or oxo;

R4 is H or (1-3C)alkyt;

R5 is M, halogen, cyano, (1-4C)alkyl, (1-3C)alkoxy, (3-6C)ocycloalkyl; all atkyl groups of R5 are optionally
substituted with one or more halogen; or R5 is {6-10C)aryl or (2-6C)heterocycloalkyl;

R6 is H or (1-3C)alkyl; or
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R5 and R6 together may form a (3-7C)cycloalkenyl, or (2-8C)heterocycloalkenyt; each optionally

substituted with {1-3C)alkyl, or one or more halogen; '

R7 is H, halogen or {1-3C)alkoxy;

R8 is H or (1-3C)alkyl; or

R7 and R8 form, together with the carbon atom they are attached to a (68-10C)aryl or (1-8C)heteroaryt;

R9 is H, halogen or (1-3C)alkoxy;

R10 is H, halogen, or (1-3C)atkoxy;

R11 is independently selected from a group consisting of (1-8C)alkyl, (2-6Clalkenyl and {2-6C)alkynyl

each alkyl, alkenyl or alkynyl oplionally substituted with one or more groups selected from hydroxyl, {(1-

4C)atkyt, (3-7C)cycloalkyt, [(1-4Calkyllamine, di[{1-4Clalkyllamine, (1-3C)atkoxy, (3-7Clecycloalkoxy, (6-

10Caryt or (3-7C)heterocycloalkyt; or

R11 is (1-3C)alkyl-C(O}-S-(1-3C)alkyl; of

R11 is (1-5C)heteroaryl optionally substituted with one or more groups selected from halogen or cyano.

R12 and R13 are independently selected from a group consisting of {2-6C)alkenyl or (2-6C)alkynyl both

optionally substituted with one or more groups selected from hydroxyl, (1-4Clalkyt, {3-7C)cycloalkyd, [(1-

4Chalkyllamino,  dif(1-4Calkyllamino,  (1-3C)alkoxy, (3-7C)cycloalkoxy, (6-10C)aryl, or (3-

7Cheterocycloalkyl; or

{1-56C)heteroary! optionally substituted with one or more groups selected from halogen or cyano;

R14 is independently selected from a group consisting of halogen, cyane or (2-6C)alkenyl or (2-

BC)alkyny! both optionally substituted with one or more groups selected from hydroxyl, (1-4Calkyl, (3-

7Ceycloalkyl, [(1-4Clalkyllamine, dif{1-4Clalkyllamino, (1-3C)alkoxy, (3-7C)cycivalkoxy, (6-10C)aryl, (1-

5CYheteroaryl or (3-7Cheterocycloalkyl.

With the proviso that:

- 0 1o 2 atoms of X, Y, Z can simultaneously be a heteroatom;

- when one atom selected from X, Y is O or S, then Z is a bond and the other atom selected from X, Y
can not be O or 3;

- whenZisCorNthenYis C(R6)orNand Xis Cori;

- 0 to 2 atoms of B1, B2, B3 and B4 are N.

The terms as used herein refer to the following:

{1-2C)Alky! means an alkyl group having 1 to 2 carbon atoms, being methyl or ethyl,

{1-3C)Alkyl means a branched or unbranched alkyl group having 1-3 carbon atorns, being methyl, ethyl,
propyl or isopropyl.

(1-4C)Alkyl means a branched or unbranched atkyl group having 1-4 carbon atoms, being methyl, ethyl,
propyt, isopropyl, butyl, isobutyl, sec-butyt and tert-butyl, (1-3C)alkyl groups being preferred.

(1-5C)Alkyl means a branched or unbranched alkyt group having 1-5 carbon atoms, for example methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and isopentyl, (1-4Clalkyl groups being

preferred.



15

25

30

35

WO 2013/010868 PCT/EP2012/063552

{1-6C)Alky! means a branched or unbranched alkyl group having 1-6 carbon atoms, for example methyl,
ethyl, propyl, isopropyl, butyl, tert-butyl, n-pentyl and n-hexyl. (1-5C)alkyl groups are preferred, {1-
4CYalky! being most preferred.

{1-2C)Alkoxy means an alkoxy group having 1-2 carbon atoms, the alkyl moiety having the same

meaning as previously defined,

(1-3C)Alkoxy means an alkoxy group having 1-3 carbon atoms, the alkyl moiety having the same
meaning as previousiy defined. (1-2Cjalkoxy groups are preferred.

{1-4C)Alkoxy means an alkoxy group having 1-4 carbon atoms, the alkyl moiety having the same
meaning as previously defined. (1-3C)alkoxy groups are preferred, (1-2C)alkoxy groups being most
preferred.

{2-4C)Alkenyl means a branched or unbranched alkenyl group having 2-4 carbon atoms, such as ethenyl,
2-propenyl, isohutenyt or 2-butenyl.

{2-6C)Alkenyl means a branched or unbranched alkenyl group having 2-6 carbon atoms, such as ethenyl,
2-butenyl, and n-pentenyl. {2-4C)alkenyl groups are preferred.

(2-4G)Alkynyl means a branched or unbranched alkynyl group having 2-4 carbon atoms, such as ethynyi,
2-propynyl or 2-butynyl.

{2-6CJAlkynyl meens a branched or unbranched alkynyl group having 2-8 carbon atoms, such as sthynyl,
propynyl, n-butynyl, n-pentynyl, isopentynyl, ischexynyl of n-hexynyl. (2-4C)alkyny) groups are preferred.
{3-8C)Cycloalkyl means a cycloalkyl group having 3-6 carbon atoms, being cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl.

(3-7C)Cycloatkyl means a cycloalkyl group having 3-7 carbon atoms, being cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl.

(2-6C)Heterocycloalkyl means a heterocycloalkyl group having 2-6 carbon atoms, preferably 3-5 carbon
atoms, and one or two hetsroatoms selected from N, O and/or 3, which may be attached via a
heteroatom if feasible, or a carbon atom. Preferred hetercatoms are N or Q. Preferred are piperidine,
morpholine, pyrrolidine and piperazine. Most preferred (2-8Chheterocycloalkyl is pyrrofidine. The
heterocycloalky! group may be atiached via a hetercatom if feasible.

{3-7C)Heterocycloalkyl means a heterocycioalkyl group having 3-7 carbon atoms, preferably 3-5 carbon
atoms, and one or two heteroatoms selected from N, O and/or 5. Preferred heteroatoms are N or O.
Preferred (3-7C) heterocycloalkyl groups are azefidingl, pyrrolidingt, piperidinyl, homopiperidiny! or
morpholinyl. More: preferred (3-7Cheterocycloalkyl groups are piperidine, morpholine and pyrrolidine.
The helerocycloalkyl group may be attached via a heteroatom if feasible.

{3-7C)Cyclealkoxy means a cycloalkyl group having 3-7 carbon atoms, with the same meaning as
previously defined, attached via a ring carbon atom o an exocyclic oxygen atom, _
{6-10C)Aryl means an aromatic hydrocarbon group having 6-10 carbon atoms, such as pheny!, naphthyl,
tetrahydronaphthyl or indenyt. The preferred (6-10Caryl group is phenyl.

{1-5C)Hetercaryl means a substituted or unsubstituted aromatic group having 1-5 carbon atoms and 1-4

hetercatoms selected from N, O and/or S. The (1-5Chheteroaryl may optionally be substituted. Preferred
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(1~-BCheteroaryt groups are tetrazolyl, imidazolyl, thiadiazolyl, pyridyi, pyrimidyi, triazinyl, thienyl or furyl,
more preferred (1-5C)heteroary! is pyrimidyl.

(1-9C)Heteroaryl means a substituted or unsubstituted aromatic group having 1-9 carbon atoms and 1-4
heteroatoms selected from N, O and/or S. The (1-9C)heteroaryl may optionally be substituted. Preferred
(1-8C)heteroaryl groups are guincline, isoquincline and indole.

[{1-4C)Akyllamino means an amino group, monosubstituted with an alkyl group containing 1-4 carbon
atoms having the same meaning as previously defined. Preferred [(1-4C)alkyHaminc group is
methylamino.

Dil{1-4C)alkyllamino means an armino group, disubstituted with atkyl group(s), each containing 1-4 carbon
atoms ard having the same meaning as previously defined. Preferred dil(1-4Clalkyllamino group is
dimethylamino.

Halogen means means flucrine, chiorine, bromine or iodine

{1-3C)AlkyI-C{O)-8-(1-3C)alky! means an alkyl-carbonyl-thic-altkyl group, each of the alkyl groups having
1 1o 3 carbon atoms with the same meaning as praviously defined.

(3-7C)Cycloatkenyl means a cycloatkeny! group having 3-7 carbon atoms, preferably 5-7 carbon atoms.
Preferred {3-7C)cycloatkenyl groups are cyclopentenyt or cyciohexenyl. Cyclohexeny! groups are most
preferred.

(2-6C)Heterocycloalkenyl means a heterocycloalkeny! group having 2-6 carbon atoms, preferably 3-5
carbon atoms; and 1 heteroatom selected from N, O and/or 5. Preferred (2-6C)heterocycloalkenyt groups

are oxycyclohexeny! and azacyciohexenyl group.

In the above definitions with multifunctional groups, the attachment point is at the last group.

Whaen, in the definition of a substituent, is indicated that “all of the alky! groups” of said substituent are
optionaily substiluted, this also includes the alkyl moiety of an alkoxy group,

A circle in a ring of Formula | indicates that the ring is aromatic.

Depending on the ring formed, the nitrogen, if present in X or Y, may cary a hydrogen.

The term “substituted” means that one or more hydrogens on the designated atornfatoms is/are replaced
with a selection from the indicated group, provided that the designated atom’s normal valency under the
existing circumstances is not exceeded, and that the substifution resuits in a stable compound.
Combinations of substituents andfor variables are permissible only if such combinations result in stable
compounds. “Stable compound” or "stable structure” is defined as a compound or structure that is
sufficiently robust fo survive isolation to a useful degree of purity from a reaction mixture, anc formulation

into an efficacious therapeutic agent.

The term “optionally substituted” means optional substitution with the specified groups, radicals or

moieties.
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Aspects of the invention

in one aspect the invention relates to a compound according to formula | wherein B1 is C(RY); B2 is
C(R8); B3 is C(R9) and B4 is C(R10).

In another aspect the invention relates to a compound according to formula | wherein B1 is C(R7); B2 is
C(R8); B3 is C{RI); B4 is C{R10); R7, R9, and R10 each are H; and R8 is selected from a group
consisting of hydrogen and methyi.

in one aspect the invention relates to a compound according fo formula | wherein R8 is hydrogen or

methyl, in particular R8 is hydrogen.

in another aspect the invention refates to a compound according to formula [ wherein R7 is hydrogen,
fluorine ot (1-3C)alkoxy. in parficular, R7 is hydrogen, flucrine or methoxy. Even more particulatly, an

aspect of the invention relates 1o a compound aceording o formula | wherein R7 is hydrogen.

In yet ancther aspect the invention relates to a compound according to formula | wherein RS is hydrogen,
fiuorine or (1-3C)alkoxy. In particular, R9 is hydrogen, fluorine or methoxy. Even more particulatly, an

aspect of the invention relates to a compound according {o formuta | wherein R9 is hydrogen.

in another aspect the invention relaies to 2 compound according to formula | wherein R10 is hydrogen
fiworine or (1-3C)alkoxy. In patticuiar, R1G is hydrogen, fluorine or methoxy. Even more particularly, an

aspect of the invention relates to a compound according to formula | wherein R10 is hydrogen.

tn stift another aspect the invention relates o a compound according to formuta | wherein R7 and R8
form, together with the carbon atom they are attached fo, an indole or quinoline or naphtyl,

in another aspect the invention relates to a compound according to formula | wherein B1 is C(R7); B2 is
C({R8); B3 is C(R9); B4 is C{R10)} and R7, R8, Rg, and R10 each are H;

In yet another aspect the invention relates to a compound according to formula | wherein R4 is hydrogen

or methyl. In particular, R4 is hydrogen.

in still ancther aspect the invention relates to a compound according fo formula | wherein Als N.

in ancther aspect the invention relates to a compound according ot formula | wherein A is CH.

In ancther aspect the invention relates o a compound according to formula | wherein the ring confaining
X, Y and Z is selected from a group consisting of pyridyl, pyrimidyl, pyridazyt, triazinyl, thiazolyl, oxazolyl,
and isoxazolyl. In particuiar, the invention relates to a compound according to formula | wherein the ring

containing X, Y and Z is selected from a group consisting of pyridyl, pyrimidyl and thiazolyl. The definition
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of R5 and R6 ig independent from the seleclion of X, Y, and Z The place of altachment of RS and
optionally of R6 to these heteroaryl rings follows from formuta | ’

The invention furiher relates to a compound according to formula | wherein R5 is selected from a group
consisting of hydrogen, halogen, cyano, (1-4C)alkyl, (1-3C)alkoxy and (3-6C)oycloalkyl. All of the atkyl
groups of R5 are optionally substituted with one or more halogen. In particular, the (1-4Caikyl group in
R5 is optionally substituted with one or more halogen.

In another aspect the invention relates to & compound according to formula | wherein R5 is selected from
a groun consisting of hydrogen, fluorine, chicrine, (1-3C)alkyt and (1-2C) alkoxy, all of the alkyl groups of
R5 are optionally substituted with one or more halogen. In particular, the (1-3C)atkyl group In R5 is
optionally substituted with one or more fluorc. Even more particularly, the invention relates to a compound

accotding fo formula | wherein R5 is hydrogen, fluorine, methyl, ethyl, propyl, methoxy ot triflioremethyl.

in yet ancther aspect the invention relates to a compound according to formuia | wherein R5 is pyrrolidine

or phenyl.

in ancther aspect, the invention relates to a compound according fo formuia | wherein R6 is hydrogen or

{1-3C)alkyl, preferably R6 is hydrogen.

In yet another aspect the invention relates to a compound according to formula | wherein RS and R§
together form a (3-7C)cycloalkeny! or a {2-6C)heterocycloalkenyl both optionally substituted with (1-
3C)alkyl or one or more halogen. In particular, (3-7C)cycloalkenyl groups are cyclohexenyl and
cyclopentenyl. in particular, (2-6C)heterocycloalkeny! groups are azacyclohexenyl and oxocyclohexenyl.
Even more in particularly, the invention relaies to a compound according to formula | wherein the (3-

7C)cycloalikenyl in RS is cyclohexenyl..

in another aspect, the invention relates to a compound according to formula § wherein R2 is hydrogen or

(1-3C)alkyl. In particuiar, RZ is hydrogen or methyl. R2 is hydrogen being most preferred.

in yet another aspect the invention relates to a compound according to formuta | wherein R3 is (1-
6Calkyl. In particular, R3 is {1-3C)alkyl. R3 is methyl being most preferred.
In another aspect the invention relates o 2 compound according to formula | wherein R3 s (3-

7C)eycloatkyt.

in ancther aspect the invention refates to a compound according fo formula | wherein R2 is hydrogen or
(1-3Chalkyl and R3 is (1-6C)alkyl. in particular, R2 is hydrogen or methyl and R3 is (1-3Cjalkyl. Even
more particularly, the invention relates to a compound according to formula | wherein R2 is hydrogen and
R3 is methyi.
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In yet another aspect the invention relates to a compound according to formula | wherein R2 or R3 are

independently selected from & group consisting of cyclopropyl, cyclobutyl and cyclopentyl.

in another aspect the invention relates fo a compound of formula | wherein,RZ and R3 form, together with
the N and C atom they are attached to, a (3-7Cheterocycioalkyl optionally substituted with one or more
halogen, hydroxyl, (1-3Clalkyl. in particutar, R2 and R3 form, togsether with the N and C atom they are
attached to an azetidinyl, pyrrolidiny!, piperidinyl, homopiperidinyl or morphoiinyl ring each optionally
substifuted with one or more halogen, hydroxyl, (1-3C)alkyl, (1-3C)atkoxy or oxq, preferred halogen
substituent being fluoro.

In yet another aspect the invention relates to a compound of formula  wherein, R2 and R3 form together
with the N and C atom they are atiached to an azetidinyl, pyrrolidinyt, piperidiny!, homopipetidinyl or
morpholinyl ring each optionally substituted with fluoro, hydroxyl, (1-3C)alkyl, {1-3C)alkoxy or oxo. In
particular, R2Z and R3 together with the N and C atom they are atiached to form a pyrrolidinyl, piperidinyl,

morpholiny! or homopiperidinyl ring.

in yet another aspect the invention relates to a compound according to formula | wherein, R1 is R11C(0)
and Ri1is (1-6C)alkyl, {2-6C)alkenyl or (2-6C)atkynyl each optionally independently substituted with one
or mare groups selected from hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, (3-7C)heterocycloalkyl, {(1-
4Calkylflamine, dif(1-4Calkyljamino, (1-3C)alkoxy, (3-7C)cycloatkoxy, (6-10C)aryl, {1-5C)heteroaryl or
(1-3C)alkyl-S-C{OM{1-3C)alkyl. n particular, the (1-5C)hetercaryl group is pyrimidyl or triazinyl optionally
substituted with one or more groups selected from halogen or cyano. In particular, the (3-
7Chneterocycloalkyl is pyrrolidinyl. Even more particuiarly, the invention relates fo a compound according
to formula | wherein the (3-7C)cycloalkyl substituent of R11 is cyciopropyl. In particular, the {68-10C)aryl
subsiituent of R11 is phenyl.

In yet ancther aspect the invention relates to a compound according to formula | wherein,

R1 is C(OR11 and R11 is (2-6C)alkeny! or (2-6C)alkynyl each optionally substituted with one or more
groups selected from hydroxyt, (1-4Calkyt, (3-7C)eyeloalkyl, (3-7C)heterocycloalkyl, (di)(1-
4CYalkyljamino, {1-3C)alkoxy or {(3-7C)eycloalkoxry. In particutar, the (3-7Clheterocycloalkyl substituent of
R11 is pyrrolidinyl and the (3-7C)oycloalkyl substituent of R11 is cyclopropyl.

In another aspect the invention relates to a compound according to formula | wherein, R1 is C(O)R11 and
R11 is {(2-4C)alkenyl or {(2-4Calkyny! each optionally substituted with one or more groups selectad from
(1-4Calkyl, {3-7C)cycloalkyl, {3-7C)heterocyctoaikyt, (dD{1-4C)alkyllamine or (1-3Cakkoxy. In particular,
the (3-7CHeterocycloalkyl substituent of R11 is pyrolidinyl and the (3-7Coycloalkyl substituent is
cyclopropyl. Even more particularly, R11 is (2-4Clalkenyl or (2-4C)alkynyl each optionally substituted with
one or more groups selected from methyl, ethyl, cyclopropyl, pyrrolidinyt, dimethylaminc, methoxy or

ethoxy.
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in a further aspect the invention relates to compounds according to formula | wherein R1 is C{OR11
wherein R11 is {1-5C)heteroary! optionally substituted with one or more groups selected from halogen or
cyano. In particular, the (1-5C)hetercaryl substituent is pyrimidyl or triazinyl, pyrimidyl rings being
preferred, optionally substituted with one or more groups selected from halogen or cyano. In particular,

the halogen substituent is chlorine.

In another aspect, the invention relates fo compounds according to formuia | wherein R1 is R1380,,
wherein R13 is (2-6Calkeny] or {2-6C)alkynyl. In particular, R13 is (2-4C)alkenyl. Even more particularly,
R13 Is ethenyl.

in another aspect, the invention relates fo compounds according to formula | wherein R1 is R125(0),
wherein R12 is (2-6C)aikenyl or (2-6C)alkynyl. In particular, R13 is (2-4C)alkenyl. Even more particularly,
R12 is ethenyl.

In yet ancther aspect, the invention relates to compounds according to formula | wherein R1 is (1-3C)atkyl
optionally substituted with R14 wherein R14 is (2-4C)alkeny] or {2-4C)alkynyl.

in yet another aspect the invention relates to a compound according to formula | selected from the group
consisting of '
(S)4-(3-{ 1-Acryloylpyrrolidin-2-yl}-8-aminoimidazo[1.5-a]pyrazin-1-y1)-N-{ pyridin-2-yl)benzamide,

(5, E}-4-(8-amino-3-(1-{4-{pyrrolidin-1-yl}bui-2-enoyl)pyrrolidin-2-yllimidazo[1,5-alpyrazin-1-yh-N-{ pyridin-
2-yhbenzamide,

(S, E}-4-(8-Amino-3-( 1-(4-(dimethylamino)but-2-enoylpyrrolidin-2-yDimidazo{1,5-a|pyrazin-1-yl)-N-
(pyridin-2-ybenzamide,

(S, E)-4-(8-amino-3-(1-{4-methoxybut-2-enoypyrrolidin-2-yljimidazo[1,5-a]pyrazin- 1-yl)-N-{ pyridin-2-
yhbenzamide,

{8)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyipyrrolidin-2-yl}imidaze{t 5-alpyrazin-1-y)-N-{pyridin-
2-ylibenzamide,

{Sy4-(8-amino-3-(1-but-2-ynoyipyrrolidin-Z-ylimidazol1 5-a]pyrazin-1-y-N-{pyridin-2-y\benzamide,

(8, Ej-4~(8-Amino-3:( t-{4~(ctimethylamino }but-2-snoyipyrrolidin-2-yiimidazol 1, 5-alpyrazin-1-yl -h-(4-
fluoropyridin-2-yibenzamide,

(S)-4-(B-Amino-3-(1-but-2-ynoylpyrrolidin-2-y)imidazo[ 1, 5-ajpyrazin-1-yi)-N-{4-methylpyridin-2-
yhbenzamide,

{S, Ey4-(8-Amino-3-{1-(4-methoxybut-2-enoyljpyrrolidin-2-ylimidazo[ 1, 5-alpyrazin-1-yl}-N-{4-
propylpyridin-2-yhibenzamide, '
(S)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-ylYimidazo[1,5-alpyrazin-1-yD-N-(4-(trifluoromethylpyridin-2-

ylibenzamide,
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(S, E4-(8-Amino-3-( 1-(4-methoxybut-2-enoyhpyrrolidin-2-yl)imidazo] 1,5-a]pyrazin- 1-y1)-N-(4-ethylpyridin-
Z-yhbenzamide, _
(8)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-ylimidazo{1,5-alpyrazin-1-y}-N-{4,5,6,7-
tetrahydrobenzold]thiazol-2-yhbenzamide,

(S)4-(3-(1-Acryloylpyrrolidin-2-y|}-8-aminoimidazo[1,5-a]pyrazin- 1-yl}-2-fluaro-N-{ pyridin-2-ylbenzamide,
(S)y4-(3-( 1-Acryloylpyrrolidin-2-y| »8-aminoimidazo[1,5-a]pyrazin-1-yl}-2-methoxy-N-(pyridin-2-
ylibenzamide,

(S, E)-4~(8-Armino-3-(1-{4-(dimethylamino }but-2-enoyl)pyrrolidin-2-ylimidazo[ 1, 5-aipyrazin-1-y)-N-(thiazol-
2-ylibenzamide,

(S, £)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yhimidazo{1,5-alpyrazin-1-yl -N-{ pyricin-2-
yhbenzamide,
(S)-4-(3-(1-Acryloyipiperidin-2-y1}-8-aminoimidazo[1,5-alpyrazin-1-y1}-N-{4-fluoropyridin-2-yhbenzamide,
(S)-4-(3-{1-Acryloyipiperidin-2-yl}-B-amincimidazo[1,5-ajpyrazin-1-y1)-N-(4-cyanopyridin-2-yl)benzamide,

{ S)-4~(8-Amino-3-{1-{vinylsulfonyi)piperidin-2-yhimidazo[1,5-alpyrazin-1-yl}-N-(4-{trifluoromethylpyridin-2-
yhibenzamide, . '
{S)4-(3-{1-Acryloyipiperidin-2-yl}-8-amincimidazo[1,5-alpyrazin-1-yi)-N-{ pyrimidin-2-yhbenzamide,
{8)-4-(3-{1-Acryloy!piperidin-2-yl)-8-aminocimidazo[1,5-alpyrazin-1-yl)-N-{4-methylpyrimidin-2-
yhbenzamide, '
(S)4-(8-Amino-3-1-but-2-ynoylpipetidin-2-ylimidazof 1, 5-a]pyrazin-1-yl}-N-(pyrimidin-4-yl)benzamide,
{S)-4-{8-Amino-3-{1-but-2-ynoylpiperidin-2-yDimidazof 1 5-a]pyrazin-1-yl}-N-{ pyridazin-3-yi)benzamide,
{8)-4-(B-Amino-3-{1-but-2-ynoylpiperidin-2-yDimidazof1,5-a]pyrazin-1-yl -N-{isoxazol-3-yYbenzamide,
(S, Ev-4-(8-Aminc-3-(1-(4-methoxybut-2-enoyl}piperidin-2-yiimidazo[ 1, 5-ajpyrazin-1-yl}-N-(5-ethylthiazol-
2-yhibenzamide,
{8)-4-(3-(1-Acryloyipiperidin-2-yh)-8-amincimidazo[1,5-ajpyrazin-1-yi)-2-flucro-N-{4-propylpyridin-2-
vlibenzamide,

(S, E}-4-(8-Amino-3-( 1-(4-(dimethylamine)but-Z-enoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yi)-2-
methoxy-N-(4-propylpyridin-2-yl)benzamide, o
4-~(8~Amino-3-((S)-1-but-2-ynoylpiperidin-2-yhimidazof 1 ,5-a]pyrazin- -yl )-3-methyl-N-{ pyridin-2-
yhibenzamide,

4-(3-{Acrylamidomethyl)-8-aminoimidazo{1,5-alpyrazin-1-yi}-N-{pyridin-2-yl}benzamide,
(&)-4-(8-Amino-3-{ 1-but-2-ynamidoethylimidazo[1,5-alpyfazin-1-yl)-N-( pyridin-2-yiYbenzamide,
(8)-8-2-(2-(B-Amino-1-(4-{pyridin-2-yicarbamoyljphenyljimidazo[1,5-alpyrazin-3-yl)pyrrolidin- {-y] 2=
oxoethy! ethanethioate,

(8)¥4-{8-Aminc-3-( 1-(4-hydroxy-4-methyipent-2-ynoyhpyrrolidin-2-yimidazo| 1, 5-a]pyrazin-1-yi)-N-
{pyridin-2-yhbenzamide, '
{8)-4-(8-Amino-3-(1-(B-chloropyrimidine-4-carbonypyrrolidin-2-yl)imidazo{1,5-a]pyrazin- 1-y)-N-{ pyridin-
2-yl}benzamide,

(Sy4-(8-Amino-3-(1-pent-2-ynoyipyrrolidin-2-yllimidazo[1,5-a] pyrazin-1-yh-N-{ pyridin-2-y)benzamide,
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(S}4-(8-Amino-3-(1-(3-cyciopropylpropioloyl)pyrrolidin-2-yl}imidazof1,5-a]pyrazin-t-yl}-N-(pyridin-2-

yhbenzamide,

- (8¥4-(8-Amino-3-{1-hex-2-ynoylpyrrolidin-2-yhimidazo[1 5-apyrazin-1-y-N-(pyridin-2-yYbenzarmide,

4-(3-(1-Acryloylazepan-2-yl}-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamide,
{R)-4-(8-Aminc-3-(4-but-2-ynoyimorpholin-3-yhimidazo[1,5-alpyrazin-1-yl}-N-( pyridin-2-y[)benzamide,
{S¥-4-(8-amino-3-( 1-{N-methylbut-2-ynamido Jethyhimidazo[1,5-alpyrazin-1-yl)-N-{4-
{triffuoromethyl)pyridin-2-yl)benzamide,
{8)-4-(8-Amino-3-(1-{4-(dimethylamino)but-2-ynoyl)pyrrolidin-2-ylimidazo[1,5-alpyrazin-1-y! -N-(pyridin-2-
yhbenzamide,

{S)-4-(B-Amino-3-( 1-(4-methoxybut-2-ynoyhpyrrolidin-2-yliimidazof 1, 5-alpyrazin-1-yhi-N-{pyridin-2-
yhbenzamide,

(8)-4-(3-{ 1-acryloylpyrrolidin-2-yi -8-amincimidazol1,5-a]pyrazin-1-yl-N-{4-fluoropyridin-2-y\benzamide,
(S)-4-(3-( 1-acryloyipyrralidin-2-yl)-§-aminoimidazo[1,5-a]pyrazin-1-y1)-N-{4-{ pyrrolidin-1-ylYpyridin-2-
yhbenzamide,

(8)-4-{8-amino-3-{ 1-but-2-ynoylpiperidin-2-yimidazo]1, 5-alpyrazin- 1.yl -N-{4-fluoropyridin-2-
vilbenzamide,

(8)-4-(8-amino-3-( 1-but-2-ynoylpiperidin-2-ylYimidazol[1,5-alpyrazin-1-yl)}-N-{pyridin-2-yhbenzamide,
(8)-4-(3-(1-acryloylpiperidin-2-y)-8-aminocimidazo[1,5-alpyrazin-1-y1)-N-{ pyridin-2-yl)benzamide,
(S)-4-(B-amino-3-(1-but-2-ynoylpyrrolidin-2-y limidazol1,5-alpyrazin-1-yi -N-(4-propyipyridin-2-
yhibenzamide, .

(8. E)-4-(8-amino-3-(1-(4-methoxy-N-methylbut-2-enamidoethytimidazo{1.5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-ylibenzamide, o '
(Sy4-(8-amino-3-{1-(vinylsulfonytjpiperidin-2-yTjimidazo[1,5-a]pyrazin-1-yl)-N-(4-propylpyridin-2-
yl)benzamide,
{S)-4-{8-amino-3-{1-but-2-ynoyipyrrolidin-2-ylimidazo[1,5-a]pyrazin-1-yl)-2-fluoro-N-{pyridin-2-
ylbenzamide,

(8, Ey-4-(8-amino-3-(1-(4-methoxybut-2-enoybpyrrolidin-2-yDirmidazol1,5-a)pyrazin-1-y-N-(4-
methoxypyridin-2-ylibehzamide,

{3, E)-4-(B-amino-3-( 1-(4-methoxybut-2-enoyl)pyrrolidin-2-ylimidazoi 1, 5-a|pyrazin- 1-yl)-2-fluorc-N-{4-
methoxypyridin-2-ylbenzamide,

{8, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyipyrrolidin-2-yHimidazol 1, 5-alpyrazin- 1-y1)-N-{4-fluoropyridin-
2-yhbenzamide,

(S, £)-4-(8-amino-3-(1-{4-methoxybut-2-enoyl)piperidin-2-yDimidazo[ 1, 5-alpyrazin-1-yD-N-(isoxazol-3-
yhbenzamide,

(8, E)-4-(8-amino-3-(1-{4-methoxyhut-2-enoypiperidin-2-yimidazo[ 1, 5-alpyrazin- T-yh-N-{ pyrimidin-2-
yhbenzamide,

4-(8-amino-3-{{5)-1-{2-chloropyrimid ine«4-—carbonyt)p’ip'eridin~2—yl)imidazo[1 ,S-a)pyrazin-1-yl)-3-methyl-N-
(pyridin-2-yhibenzamide,
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(S, E)4~{8~amino-3-(1-(4-methaxybut-2-enoyDpyrrolidin-2-yhimidazo[ 1, 5-alpyrazin-1-y)}-N-(4-
methylpyridin-2-yl}benzamide,

(S, E)-4-(B-amina-3-(1-(4-methoxybut-2-enoylpyrrolidin-2-yhimidazo[1,5-alpyrazin-1-y1}-N-(4-
isopropylpyridin-2-yl}benzamide,

(S, Ej-4~(8-amino-3-( 1-(4-(dimethylamino)but-2-enaylipyrralidin-2-ylimidazo]1 ,5-alpyrazin-1-yl}-N-(4-
methylpyridin-2-yihenzamide,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1, 5-a]pyrazin-1-y! }-N-(thiazol-2-yi)benzamide,
{S)-4-(3-(t-acryloylpiperidin-2-yl)-8-aminoimidazol 1,5-alpyrazin-1-yl}-N-(4-propylpyridin-2-yl}benzamide,
{S)-4-(3-( t-acryloylpyrrolidin-2-y)-8-aminoimidazol1,5-alpyrazin-1-yl)-N-(4-(frifluioromethyl )pyridin-2-
yhbenzamide,

{S)y-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl Yimidazo[1,5-a]lpyrazin-1-yI}-N-(4-(triflucromethyl )pyridin-2-
yhbenzamide,

(§)-d-(B-amino-3-( 1-but-Z-yroylpiperidin-2-yhimidaze| 1, 5-alpyrazin- 1-yl-N-{d-propylpyridin-2-
yhbenzamide,

(S, E)-4-(8-amino-3-(1-(4-(dimethylamino)but-Z-enoyipyrrolidin-2-yl)imidazo[1, 5-a]pyrazin-1-y)-N-{4-
isopropylpyridin-2-yl)benzamide, .’

4-(8-amino-3-{{ §)-1-(vinylsulfonyl)piperidin-Z-yhimidazof1,5-alpyrazin-1-y1}-3-methyl-N-{ pyridin-2-
yhbenzamide,

{8)-4-({8-amino-3-(1-but-2-ynoylpiperidin-2-yl imidazof1,5-alpyrazin-1-yl)-2-flucto-N-(4-propylpyridin-2-
yhbenzamide,

4—(3—((8)—1—acryioylpiperidimzhyi)—&aminoimidazo[‘l 5-alpyrazin-1-yh-3-methyl-N-(pyridin-2-yDbenzanide,
{E)-4-(8-amino-3-({4-{dimethyl amino)but-2-enamidomethyl)  imidazo[t,5-alpyrazin-1-yi}-N-(pyridin-2-
yhbenzamide, '
{S)-4-(8-amino-3-(1-{2-chioro pyrimidine-4-carbonyl)pyrroiidin-2-yhimidazo[1,5-alpyrazin-1-yt)-N-(4-
isopropylpyridin-2-yibenzamide,

{S)-4-(8-amino-3-(1-(2-chioro  pyrimidine-4-carbonyl)pyrrolidin-2-yhimidazo[1,5-a)pyrazin-1-y1)-N-(4,5,6,7-
tetrahydrobenzoldithiazol-2-ybenzamide,

(S, E)-4-(8-amino-3-( 1-<{4-methoxybut-Z-enoyhpiperidin-2-yllimidazo[1,5-a}pyrazin- 1-yi)-N-{pyridazin-3-
yiibenzamide,

(8, E)-4~(8-amino-3-( 1-{4-(dimethylaminc)bui-2-enoyhpiperidin-2-yllimidazo[1,5-a)pyrazin-1-y)-N-
{pyridazin-3-yi)benzamide,
(8)-4-{B-amino-3-{1<{2-chloropyrimidine-4-carbonyhpiperidin-2-yl)imidazol1,5-a] pyrazin»‘i—yl)-N-(pyridazin-
3-yhbenzamide,

(8, E}-4-(8-amino-3-(1-(4-methoxy-N-methylbut-2-enamido)ethyl)imidazo{1,5-a]pyrazin-1-yl}-N-{4~
(trifiuoromethylpyridin-2-ylYbenzamide,

{8, E)-4-{8-amino-3-{ 1-{4-{dimethylamino}-N-methybut-2-enamido)ethybimidazol 1, 5-a]pyrazin-1-yl)}-N-(4-
propylpyridin-2-yl}benzamide,
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{5, EY-4~(8-amino-3-( 1-(4-( pyrrolidin-1-ylibut-2-enoylpyrrolidin-2-yhimidazo[1,5-alpyrazin-1-yl}-N-(4-
propylpyridin-2-ylibenzamide,

(S, E)-4-(8-amino-3-{1-{4-(dimethylamino)but-2-enoypiperidin-2-yllimidazo[1,5-a]pyrazin-1-yl)}-N-(pyridin-
2-yhbenzamide,

{S)-4-(8-aminc-3-( 1-(2-chloropyrimidine-d-carbonyYpyrrolidin-2-ylimidazo[1,5-a]pyrazin- 1-yi)-N~{4~
propylpyridin-2-yi)benzamide,
{5)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbanylpiperidin-2-yl)imidazo{1,5-alpyrazin-1-y1}-N-(4-
fluoropyridin-2-ylibenzarnide,

(8. E)-4-(8-amino-3-(1-{4-methoxybut-2-enoylipiperidin-2-ylimidazo[1,5-alpyrazin-1-y1)-N-{4-fluoropyridin-
Z2-yhbenzamide,

{8, E)-4-(8-amino-3-(1-{4-methoxybut-2-enoylipyrrolidin-2-yhirmidazo[1,5-alpyrazin-1-y1)-N-(4,5 6,7~
tetrahydrobenzofdlthiazol-2-yhbenzamide,
(S)-4-(B-amino-3-{1-(2-chioropyrimidine-4-carbonyl)pyrrolidin-Z-ylimidazo[1,5-alpyrazin-1-yi)-2-methoxy-
N-{pyridin-2-ybenzamide,

(S)-4-(B-amino-3-{ 1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yhimidazo[1,5-ajpyrazin-1-yi)-2-fluoro-N-
(pyridin-2-yhbenzamide,
4-(B-amino-3-((8)-1-{(E)-4-methoxybut-2-enoylpiperidin-2-yl)imidazo]1,b-alpyrazin-1-y1)-3-methyl-N-
(pyridin-2-yhbenzamide,

{5, Ey4-(B-amino-3-{ 1-(4-methoxybut-2-enoytipiperidin-2-yllimidazof 1,5-ajpyrazin- 1-yI}-N-( pyrimidin-4-
y)benzamide,

4~{B-amino-3-((S)-1-({ E)-4-methoxybut-2-enoyl)pyrrolidin-2-yDimidazo[ 1,5-alpyrazin-1-y|}-3-methyl-N-(4-
propylpyridin-2-yhbenzamide,

(S, Ex-4-(8-amino-3-{1-(4-methoxybut-2-enoyhpiperidin-2-yhimidazo[1,5-alpyrazin-1-yi)-N-{4-
methylpyrimidin-Z-yDbenzamide,

{S)-4-{8-amino-3-( 1-but-2-ynoylpiperidin-2-yi Yimidazo[ 1 .5-alpyrazin- -yl -N-{(4-methylpyrimidin-2-

yhbenzamide,
{8)-4-(8-amino-3-{1-{2-chloropyrimidine-4-carbonyl)piperidin-2-ylimidazol1,5-apyrazin-1-yt-N-{pyrirmidin-
2-ylibenzamide,

{8)-4-~(8-amino-3-{ 1-methacryloylpyrrolidin-2-yimidazo[1,5-a]pyrazin-1-y)-N-(pyridin-2-yl}benzamide,
(8)-4-(8-amino-3-1-(2-(triflucromethyliacryloyl)pyrrolidin-2-yDimidazof 1,5-alpyrazin-1-y-N-{pyridin-2-
yibenzamide,

(S, E¥4-(8-amino-3-( 1-but-2-enoylpyrrolidin-2-yDimidazo[1,5-ajpyrazin-1-y!-N-{ pyridin-2-yDbenzamide,
(S)-4-(8-amino-3-(1-(cyanomethylpyrrolidin-2-yimidazo{1, 5-ajpyrazin-1-yh)-N~{pyridin-2-yl)\benzamide,
{E)-4-(B-amino-3-({4-methoxybut-2-enamido)methyllimidazo[1,5-alpyrazin-1-y| -N- pyridin-2-
yhbenzarmide,
(S)-4-{8-amino-3-(1-but-Z-ynoyipyrrolidin-2-yllimidazo[1,5-ajpyrazin-1-yi-N-(4-(pyrrotidin-1-yypyridin-2-

yhbenzamide,
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(E)-4-(8-amino-3-(1-{4-methoxybut-2-enoyl}azepan-2-yhimidazo[1,5-a]pyrazin-1-yi=-N={ pyridin-2-
yl)benzamide,

(S, E)-4-(8-amino-3-( 1-(4-methoxybut-2-enoyl)pyrrofidin-2-ylimidazo[ 1,5-a]pyrazin-1-yl}-N-{4-
cyanopyridin-2-yhibenzamide,
(S)-4-(8-amino-3-(1-but-2-yneylpyrrolidin-2-yllimidazol1,5-a}pyrazin-1-yl }-2-methoxy-N-(pyridin-2-
yhbenzamide,
(8¥-4-(3-(1-acrylamidoethyl}8-aminoimidazo[1,5-ajpyrazin-1-yh)-N-{pyridin-2-yhbenzamide,
(5-4-{3-(1-acryloyipyrrolidin-2-yl)-8-amincimidazo{1,5-alpyrazin-1-yi}-N-(thiazol-2-yl)benzamide,
{8)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-ylimidazo{1 ,.5-alpyrazin-1-y1}-N-{4-isopropylpyridin-2-
yhbenzamide,

(S, E-d-(B-amino-3-{ {-(4-methoxybut-2-enoyipyrrolidin-2-yBimidazol 1, 5-a]pyrazin-1-yl)-2-methoxy-N-
(pyridin-2-yl)benzamide,

(S, E}-4-(8-amino-3-{1-cinnamoyipyrrolidin-2-yl)imidazol 1, 5-ajpyrazin-1-yl)-N-(pyridin-2-y}benzamide,
{(8)N-(1-{8-amino-1-(4-{ pyricin-2-vlcarbamoylphenyl)imidazo[1, 5-a]pyrazin-3-yhethyl -2-
chloropyrimidine-4-carboxamide,

(8)-4-(B-amino-3-(1-but-2-ynoyipyrrolidin-2-yllimidazo[ 1, 5-a]pyrazin-1-y| -N-{4-fiuoropyridin-2-
yhibenzamide, )

(S)-4-(8-amino-3-( 1«{2-chloropyrimidine-4-carbonylpiperidin-2-yhimidazol1,5-alpyrazin-1-yi)-N-(4-
propylpyridin-2-yilbenzamide,

(S, E)-4-(8-amino-3-(1-(4~-methoxybut-2-enoyi)piperidin-2-yl)imidazo[1,5-alpyrazin-1-yl}-N-{4-
(trifluoromethylpyridin-2-ylibenzamide,

(S)—4—(3-(1—acryioyipiperidin-2-yl)—8—a'minoi'midazol1 S-alpyrazin-1-y1)-N-{4-(trifflucromethyl pyridin-2-

yhbenzamide,

{S)-4-{8-amino-3-(1-but-2-ynoylpiperidin-2-yl imidazo| 1, 5-alpyrazin-1-yl)-2-methoxy-N~(4-propyipyridin-2-
yhbenzamide,

{8, E)-4-(8-amino-3-(1-{4-methoxybut-2-enoyhpiperidin-2-yllimidazof 1,5-a]pyrazin-1-yi }-2-methoxy-N-(4-
propylpyridin-2-yl)benzamide,

4-(8-amino-3-{ but-2-ynamidomethylYimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yi)benzamide,
(S)4-(8-amino-3-{ 1-(N-methylbut-2-ynamido Jethyllimidazo[1,5-alpyrazin-1-yi)-N-(4-propylpyridin-2-
yhbenzamide,

(8, Ey4~(B-amino-3-(1-(4-methoxybut-2-enovpiperidin-2-yimidazol 1, 5-ajpyrazin-t-yi}-2-flucro-N-(4-
propylpyridin-2-ylbenzamide,
{8)-4-(8-amino-3-(1-{2-chloropyrimidine-d-carbonylpiperidin-2-ylYimidazol 1, 5-alpyrazin-1-y[}-N-{4-
{triflucromethyl)pyridin-2-yl)benzamide,

(8)-4-(8-amino-3-(1-but-2-ynoyipiperidin-2-yDimidazof 1, 5-alpyrazin-1-yl-N-(5-sthylthiazof-2-
yhbenzamide,

{8)-4-(3-( 1-acryloylpiperidin-2-yh)-8-aminoimidazo[ 1, 5-alpyrazin- 1-yh-N-{5-ethylthiazol-2-yl)benzamide,
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{8)-4~(8-amino-3-(1-{2~-chioropyrimidine-4-carbonyl)piperidin-2-yDimidazol1,5-alpyrazin-1-yi)-N-(5-
ethylthiazol-2-ylbenzamide,
(S)-4-{8~amino-3-(1-(2-chiorapyrimidine-4-carbonyl)pyrrolidin-2-ylimidazo[1,5-a]pyrazin-1-yh-N-(4-

{trifluoromethyl)pyridin-2-ylYhenzamide,

(R, F)-4-(8-amino-3-(4-{4-methoxybui-2-enoyl)morpholin-3-yljimidazo[ 1, 5-alpyrazin- 1-yl)-N-{pyridin-2-
vlbenzamide,

(8, E}-4-(8-amino-3-{1-{4-methoxybut-2-enoyl)piperidin-2-yhimidazol 1, 5-alpyrazin-1-y)-N-{4-propylpyridin-
2-ylibenzamide,
(S)-4-(3-(1-acryloylpyrrolidin-2-yi}-8-amincimidazo[1,5-a]pyrazin-1-yl)-N-(4-cyanopyridin-2-yl}benzamide,
{S)-4-{8-amino-3-( 1-but-2-ynoyipyrrolidin-2-yhimidazo|1 5-alpyrazin-1-yI}-N-(4-methoxypyridin-2-
ylihenzamide,

{(S¥4-(3-(1-acryloylpyrrolidin-2-y1 »8-amincimidazolt 5-alpyrazin-1-yh-N-(4-methylpyridin-2-yhbenzamide,
{8)-4~(3-(1-acryloyipyrrolidin-2-yl)-8-aminoimidazo[1, 5-alpyrazin-1-yh-N-(4-propylpyridin-2-y}benzamide,
(SY4-{3-(1-acryloyipyrrolidin-2-yh-8-aminoimidazoi1,5-alpyrazin-1-yl)-N-(4-ethylpyridin-2-y}benzamide,
(8, £34-(8-amino-3-{ 1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-yhimidaze[1,5-a)pyrazin-1-y! }-N-{ pyridin-
2-yl}benzarmide,

(S, E)-4-{B-amino-3-( 1-{4-methaxybut-2-enoyDpyrrolidin-2-yimidazo[1,5-a]lpyrazin. |yl -N-{4-
(triflucromethyl)pyridin-2-yl}benzamide,
{S)-4-(B-amino-3-(1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yhimidazo[ 1,5-alpyrazin-1-yh-N-(4-
méthylpyridin—2—y1)benzamide, '

(S)-4-( 8—amino—3—( 1-but-2-ynoylpymolidin-2-yimidazof1, 5—é}pyrazin— 1-yl)-N-{4-cyanopyridin-2-
yhbenzamide,

(8)-4-(8-amina-3-( 1-but-2-ynoylpyrrolidin-2-yl)imidazo[1,5-a] pyrazin-1-yl -N-{4-ethylpyridin-2-
yhibenzamide, o
(8)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yhimidazof1,5-alpyrazin-1-yi -N-{4-phenylpyridin-2-
ylbenzamide, and

(8)-4-(3-(t-acryloylpyrrolidin-2-y)-8-amincimidazo[1, 5-alpyrazin-1-y)-N-{4-phenyipyridin-2-yhbenzamide.

The invention also refates to those compounds wherein all specific definitions for R1 through R14 and ali
substifuent groups in the various aspecis of the inventions defined here above occur in any combination
within the definition of the 8-5 membered fused pyridine ring compounds le. B-amino-midazo]1,5-

alpyrazine and 4-amino-imidazo[1,5-][1,2 4}triazine compounds of formula I,

The 6-5 membered fused pyridine ring compounds like B-amino-imidazo[1,5-ajpyrazine and 4-amino-
imidazo[1,5-]1,2 4]triazine compounds of the invention inhibit the Btk kinase activity. All compounds of

the invention have an EC50 of 10 uM or lower.
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In another aspect the invention relates to compounds of formula | which have an EC30 of less than 100
nM. In yet another aspect the invention relates to compounds of formula | which have an EC50 of less
than 10 ni.

The term EC50 means the concentration of the test compound that is required for 50% inhibition of its
maximum effect in vitro.

Inhibition: of kinase activity can be measured using the lmmobllized Metal Assay for Phosphochemicals
(IMAP) assay. IMAP is a homogeneous fluorescence polarization (FP) assay based on affinity capture of
phosphorylated peptide subsirates. IMAP uses fluorescein-labeled peptide substrates that, upon
phosphorylation by a protein kinase, bind to so-called IMAP nanoparticles, which are derivatized with
trivalent metai complexes. Binding causes a change in the rate of the molecular motion of the pepfide,
and resuits i an increase in the FP value observed for the fluorescein labei attached to the subsirate
peptide (Gaudet et al. A homogeneous fluorescence polarization assay ataptable for a range of protein

serine/threonine and tyrosine kinases. J. Biomol, Screen {2003) 8. 164-175).

The compounds of Formula () can form salts which are also within the scope of this invention. Reference
to & compound of Formula {1} herein is understood to include reference to salts thereof, unless otherwise
indicated. The term "sall(s)", as emplayed herein, denctes acidic saits formed with inorganic and/or
organic acids, as well as basic salts formed with inorganic and/or organic bases. In addition, when a
compound of Formula (I} contains both a basic moiety, such as, but not limited to a pyridine or imidazoie,
and an acidic moiety, such as, but not limiled fo a carboxylic acid, zwitterions ("inner salis™) may be
formed and are included within the term "salt(s)" as used herein. Such acidic and basic salts used within
the scope of the invention are pharmaceutically acceptable (i.e., non-toxic, physiclogically acceptable)
salts. Salts of the compounds of Formula (I} may be formed, for example, by reacting a compound of
Formuta (i) with an-amount of acid or base, such as an equivalent amount, in & medium such as one in
which the salt precipitates or in an aqueous medium followed by lvaphilization.

Exemplary acid addition salis inciude acetates, ascorbates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates, camphorsulfonates, fumarates, hydrochlerides, hydrobromides,
hydroiodides, lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates, oxalates,
phosphates, propionates, salicylates, succinates, sulfates, tartarates, thiocyanaies, luenesuifonates
(aiso known as tosylates,) and the Hke. Additionally, acids which are generally considered suitabie for the
formation of pharmaceutically useful salts from basic pharmaceutical compounds are discussed, for
exampie, by P. Stahl et al, Camilie G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and
Use. (2002) Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1877) 66(1) 118, P.
Gould, Intemnational J. of Pharmaceutics (1988) 33 201-217; Anderson et al, The Practice of Medicinal
Chemistry (1896), Academic Press, New York; and in The Crange Book (Food & Drug Administration,
Washingion, D.C. on their website). These disclosures are iﬁcorporated herein by reference,

Exemplary basic salts include émmonium salts, alkali metal salts such as sodiurn, lithium, and potassium

salts, alkaline earth metal salts such as calcium and magnesium salts, salts with organic bases (for
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exampie, organic amines) such as dicyclohexylamines, t-butyl amines, and salts with amino acids such
as arginine, lysine and the like. Basic nitrogen-containing groups may be guarternized with agents such
as lower alkyl halides (e.g., methyl, ethyl, and butyl chiorides, bromides and iodides), dialkyl suifates
{e.q., dimethyl, diethy), and dibutyl suffates), long chain halides (e.g., decy!, lauryi, and stearyl chicrides,

bromides and iodides), aralky! haiides (e.g., benzyl and phenethy! bromides), and others.

The compounds of Formula | may contain asymmetric or chiral centers, and, therefore, exist in different
stereoisomeric forms. It is intended that all sterecisomeric forms of the compounds of Formula (1) as well
as mixiures thereof, including racemic mixtures, form part of the present invention. In addition, the
present invention embraces all geometric and positional isomers, For example, if a compound of Formula
(Iy incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as mixiures, are
embraced within the scope of the invention.

Diastereomeric mixiures can be separated: into their individual diastereomers on the basis of their
physical chemical d¢ifferences by methods welt known to those skilled in the art, such as, for exampie, by
chromatography and/or fractional crystailization. Enantiomers can be separated by converting the
enantiomeric mixture into a diastereomeric mixture by reaction with an appropriate optically active
compound (e.g. chiral auxiliary such as a chiral alcohol or Mosher's acid chioride), separating the
diastereomers and converting (e.g. hydrolyzing) the individual diastereomers fo the corresponding pure
enantiomers. Also, some of the compounds of Formula (1) may be atropisomers (e.g. substituted biaryis)
and are considered as part of this invention. Enantiomers can also be separated by use of chiral HPLC
column.

It is also possible that the compounds of Formula (1) may exist in different tautomeric forms, and all such
forms are embraced within the scope of the invention. Also, for example, all keto-enol and imine-enamine
forms of the compounds are included in the invention.

All stereoisomers (for exampie, geometric isomers, optical isomers and the like) of the present
compounds {including those of the salts, solvates, esiers and prodrugs of the compounds as well as the
salts, solvates and esters of the prodrugé), such as those which may exist due to asymmetric carbons on
various substituents, including enantiomeric forms (which may exist even in the absence of asymmetric
carbons), rotameric forms, atropisomers, and diastereomeric forms, are contemplated within the scope of
this invention, as are positional isomers. Individual sterecisomers of the compounds of the invention may,
for example, be substantially free of other isomers, or may be admixed, for example, as racemates or with
all other, or other selected, sterecisomers. The chiral centers of the present invention can have the Sor R
configuration as defined by the JUPAC 1874 Recommendations. The use of the terms "salt", "sclvate”,
“ester”, "prodrug" and the like, is intended to equally apply to the salt, solvate, ester and progirug of
enantiomers, sierecisomers, rotamers, tautomers, positional isomers, racemates or prodrugs of the

inventive compounds,
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A discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems
(1987) 14 of the A.C.S. Symposiura Series, and in Bioreversible Carriers in Drug Design, (1987) Edward
E. Roche, ed., American Pharmaceutical Association and Pergamon Press. The term *prodrug” means a
compound (e.g, a drug precursor) that is fransfarmed in vivo to yield a compound of Formula (I} or a
pharmaceutically acceptable salt, hydraie or soivate of the compound. The transformation may ocour by
various mechanisms (e.g. by metabolic or chemical processes), such as, for example, through hydroiysis
in blood. A discussion of the use of prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as
Novel Delivery Systems,” Vol. 14 of the A.C.8. Symposium Series, and in Bioreversible Carriers in Drug
Design, ed. Edward B. Roche, American Pharmaceutical Association and Pergamon Press, 1987,

The compounds of the invention may form hydraies or solvates. i is known to those of skill in the art that
charged compounds form hydrated species when lyophilized with water, or form soivated species whan
concentrated in a solution with an appropriate organic solveni. The compounds of this invention include
the hydrates or solvates of the compounds listed.

One or more compounds of the invention may exist in unselvated as well as soivated forms with
pharmaceutically_ acceptable solvents such as water, ethanol, and the like, and i is intended hat the
invention embrace both salvated and unsolvated forms. "Solvate” means a physical association of a
compound of this invention with one or more solvent molecules. This physical association invoives
varying degrees of jonic and covalent bonding, including hydrogen bonding. in cerfain instances the
solvate wilt be capable of isolation, for exampie when one or more sclvent molecules are incorporated in
the crystal lattice of the crystalline solid. "Solvate” encompasses hoth soiution-phase and isolatable
s__ol,y_ates. Non-limiting exampies of suitable solvates include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent moiecule is H,0,

The present inventicn also relates to a pharmaceutical composition comprising 68-5 membered fused
pyridine ring compounds HKke imidazopyrazine and imidazotriazine compounds or pharmaceutically
acceptable saits thereof having the general formula | in admixture with pharmaceutically accepiable
auxiliaries and optionally other therapeutic agents. The auxiliaries must be "acceptable” in the sense of
being compatible with the other ingredients of the composition and not deleterious to the recipients
thereof.

The invention further includes a compound of formula | in combination with one or more other drug(s).
Compositions inciude e.g. those suitable for oral, sublingual, subcutaneous, infravenous, intramuscular,
nasal, local, or rectal administration, and the like, all in unit dosage forms for agministration.

For oral administration, the active ingredient may be presented as discrete uniis, such as {ablets,
capsuies, powders, granulates, solutions, suspensions, and the like.

For parenieral administration, the pharmaceutical composition of the invention may be presented in unit-
dose or mult-dose containers, e.g. injéction liguids in predetermined amounts, for example in sealed vials
and ampouies, and may also be stored in a freeze dried (lyophilized) condition requiring only the addition

of sterile liquid carrier, e.g. water, prior to use.
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Mixed with such pharmaceutically acceptablga auxiliaries, e.g. as described in the standard reference,
Gennaro, AR. et al, Remington: The Science and Practice of Pharmacy (20th Edition., Lippincott
Williams & Wilking, 2000, see especially Part 5: Pharmaceutical Manufacturing), the active agent may be
compressed into solid dosage units, such: ag pills, 1ablets, or be processed into capsules or suppositoties.
By means of pharmaceutically acceptable liguids the active agent can be applied as a fluid composition,
2.g. as an injection preparation, in the form of a solution, suspension, emulsion, or as a spiay, e.g. a
nasal spray.

For making solid dosage units, the use of conventional additives such as fillers, coloranis, polymeric
binders and the like is conternplated. In general any pharmaceutically accepiable additive which does not
interfere with the function of the active compounds can be used. Suitable carriers with which the active
agent of the invention can be administered as solid compositions include lactose, starch, cellulose
detivatives and the like, or mixtures theteof, used in suitable amounts. For parenteral administration,
aguenus suspensions, isofonic saline solufions and sterile injectable solutions may be used, containing
pharmaceutically acceptable dispersing agents and/or wetting agenis, such as propylene glycol or

butylene glycol.

The invention further includes a pharmaceutical composition, as hereinbefore described, in combination
with packaging material suitabte for said composition, said packaging material including-instructions for
the use of the composition for the use as hereinbefore described.

The exact dose and régimen of administration of the active ingredient, or & pharmaceutical composition
thereof, may vary with the particular compound, the route of administration, and the age and condition of
the individual subject to whom the medicament is to be administered.

tn general parenieral administration requires lower dosages than other methads of administration which
are more dependent upon absorption. However, a dosage for humans preferably contains 0.0001-25 mg
per kg body weight. The desired dose may be presented as one dose or as mulliple subdoses
administered at appropriate intervals throughout the day, or, in case of female recipients, as doses to he
administered at appropriate daily intervals throughout the menstrual cycle. The dosage as well as the

regimen of administration may differ between a female and a male recipient.

In the compounds of generic Formuia |, the atoms may exhibit their natural isolopic abundances, or one
or more of the atoms may be artificially enriched in a particular isotepe having the same atomic number,
but an atomic mass or mass number different from the atomic mass or mass number predominantly faund
in nature, The present invention is meant o inciude alf sultable isotopic variations of the compounds of
genetic Formula I For example, different isotopic forms of hydrogen {H} include protium ('H) and
deuterium (2H). Protium is the predominant hydrogen isotope found in nature. Enriching for deuterium
may afford certain therapeutic advantages, such as increasing in vivo hal-life or reducing dosage
requirements, or may provide a compound useful as a standard for characterization of biological sampies.

Isotopically-enriched compounds  within generic Formula | can be prepared without undue
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experimeniation by conventional techniques well known to those skilled in the art or by procasses
analogous to those described in the Schemes and Examples herein using appropriate isotopically-

enriched reagents and/or intermediates.
The compounds according o the invention can be used in therapy.

A further aspect of the invention resides in the use of 6-5 membered fused pyridine ring compounds or &
pharmaceutically acceptable salf thereof, having the general formula | for the manufacture of a
medicament to be used for the ireatment of Btk-mediated diseases or Bti-mediated-conditions.

A further aspect of the invention resides in the use of 6-5 mermbered fused pyridine ring cormpounds or a
pharmaceuficaily acceptable salt thereof having the general formula | for the manufacture of &
medicament o be used for the freatment of chronic B cell disorders in which T cells play a prominent role.
in yet ancther aspect the invention resides in the use of 5-5 membered fused pyridine ring compounds
like 8-amino-imidazol1,5-alpyrazine and 4-ammo-imidazo{1,5-{1,2,41triazine compounds having the
general formula | for the manufacture of a medicament to be used for the treatment of Bik-mediated
diseases or conditions. These include, but are not limited to, the treatment of B cell lymphomas resulting

from chronic active B cell receptor signaling.

Thus, the compounds according to the invention can be used in therapies to treat or prevent diseases
Bruton's Tyrosine Kinase (Btk) mediated disorders. Btk mediated disorders or Btk mediated condition as
used herein, mean any disease state or other deieterious condition in which B cells, mast cells, myeloid
celis or osteoclasts play a central role. These diseases include but are not limited o, immune,

autoimmune and inflammatory diseases, allergies, infectious diseases, bone resorption disorcders and

-profiferative diseases.

Immune, autoimmune and inflammatory diseases that can be treated or prevented with the compounds of
the present invention include rheumatic diseases (e.g. rhaumatoid arthritis, psoriatic arthritis, infectious
arthritis, progressive chronic arthritis, defarming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter's syndrome, polychondritis, acute synovitis and spondylitis}, glomerulonephritis (with or without
nephrolic syndrome), autcimmune hematologic disorders (e.g. hemolytic anemia, aplasic anemis,
idiopathic thrombocytopenia, and neuiropenia), autoimmune gastritis, and autoimmune inflammatory
bowei diseases {e.¢. ulceralive colilis and Crohn's disease), hast versus graft disease, allograft rejection,
chronic thyroiditis, Graves’ disease, schleroderma, diabetes (type | and type II), active hepatitis (acute
and chronic), pancreatitis, primary billiary cirrhosis, myasthenia gravis, mulliple scierosis, systemic fupus
etythematosis, psoriasis, atopic dermatitis, contact dermatitis, aczema, skin sunburns, vasculitis (eg.
Behcel's disease) chronic renal insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic
sprue, cachexia, sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunclivitis, ofitis
media, periodontal disease, puimonary interstitial fibrosis, asthma, bronchitis, rhiniiis, sinusitis,

pneumaconiosis, pulmonary insufficiency syndrome, pulmonary emphysema, pulmonary fibrosis,
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silicosis, chronic inflammatory pulmonary disease {e.g. chronic obstructive pulmonary disease) and other
inflammatory or obstructive disease on airways.

Allergies that can be treated or prevented include, among others, allergies to foods, food additives, insecl
poisons, dust mites, pollen, animal materials and contact allergans, type | hypersensitivity aliergic
asthma, allergic rhinitis, allergic conjunctivitis.

infectious diseases that can be treated or prevenied include, among others, sepsis, septic shock,
endotoxic shock, sepsis by Gram-negative bacteria, shigellosis, meningitis, cerebral malaria, pneumoniz,
tubercuiosis, viral myocarditis, viral hepatitis (hepatitis A, hepatitis B and hepatitis C), HIV infection,
relinitis caused by cytomegalovirus, influenza, herpes, freatment of infections associated with severe
burns, myaigias caused by infections, cachexia secondary to infections, and veterinary viral infections
such as lentivirus, caprine arthritic virus. visna-maedi virus, feline immunodeficiency virus, bovine
immunodeficiency virus or canine immunodeficiency virus,

Bone resorption disorders that can be freated or prevented include, among others, osteoporosis,
osteocarthritis, traumatic arthritis, gouty arthritis and bone disorders related with multiple myeloma.
Proliferative diseases that can be treated or prevented include, among others, non-Hodgkin lymphoma
{in particular the subtypes diffuse large B-call lymphoma (DLBCL) and mantle cell lymphoma (MCL)), B
cell chronic lymphocylic leukemia and acute lymphoblastic leukemia (ALL) with mature B ceill, ALL in
particuiar,

In particular compounds of the invention-can be used for the treaiment of B cell lymphomas resulting from

chronic active B cell receptor signaling.

Inhibition of kinase activity can be measured using the immobilized Metal Assay for Phosphochemicals
(IMAP) assay. IMAP is a homogeneous flucrescence polarization (FP) assay based on affinity capture of
phosphoryiated peptide substrates. IMAP uses fluorescein-labeled peptide substrates that, upon
phosphorylation by a protein kinase, bind to so-called IMAP nanoparticles, which are derivatized with
trivatent metal complexes. Binding causes a change in the rate of the molecular motion of the peptide,
and resulis in an increase in the FP value observed for the fluorescein label attached to the substrate

peplide.

The Btk activity can also be determined in B cell lines such as Ramos cells or in prirary cell assays, e.g
PBMC or whole bioad from human, monkay, rat or mouse or isolated splenocyies from monkey, rat or
mouse. inhibition of Btk activity can be investigated measuring anii-ighM-induced MIP1B production
{Ramos, PBMC, splenocytes), H,Ox-induced Btk and PLCyZ phosphorylation (Ramos cells), or anti-ighi-
induced B cell prolferation or CD86 expression on primary B celis {(PBMC and splenocytes).

Regulation of Bik aclivity can also be determined on human, monkey, rat or mouse mast cells following
activation FcgR induced degranulation, cytokine production and CDE3 induced cell surface expression.
Furthermore, regulation of Btk activity can be determined on CD14+ monocytes differentiated following
treatment with M-CSF to osteoclasts and activated with RANKL,
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Activity of Btk inhibitors can be investigated in mouse splenocytes following administration in vivo. In a
typical experiment mice can be euthanized 3h following compound administration. Spleens can be
extracted from the treated mice for splenocyte isolation. Splenocytes can be plated in 96 well culiure
plates and stimulaied with anti-igM, without further addition of compounds. Anti-igM-induced B cell
stimuiation and inhibition thereof by Bik inhibitors can be measured by B cell proliferation, MIP1B
production or CD86 expression ors CD 19+ spienocyte B cells.

Efficacy of Btk inhibitors can aiso be investigated in the mouse collagen induced arthritis model using a
therapeutic protocol with start of freatment foliowing onset of disease, measuring diseass score, X-ray
analysis of bone destruction, cartilage breakdown and histology of joints

Efficacy of Btk inhibitors on the regulation of activated mast ceils can be investigated in vivo using the
passive cutaneous anaphylaxis model.

The effect of Bik inhibitors on bone resorption in vivo can be investigated using the rat OVX model. In this
model ovariectomized animais develop symptoms of osteoporosis that may be regulated using a Bik

irthibitor.

General Synthesis

The S-aminc-imidazoit 5-alpyrazine and 4-amino-imidazo[1,5-f][1,2 4}iriazine derivatives of the present
invention can be prepared by methods well known i the art of organic chemistry. See, for example, J.
March, ‘Advanced Organic Chemistry’ 4" Edition, John Wiey and Sons, During synthetic sequences it
may be necessary and/or desirable to protect sensitive or reactive groups on ény of the molecules
concerned. This is achieved by means of conventional protecting groups, such as those described in
T.W. Greene and P.G_.M. Wutts ‘Protective Groups -in Organic Synthesis' 3% Edition, John Wiley and
Sons, 1999, The protective groups are aptionally removed at a convenient subsequent stage using
methaods well known in the art.

The products of the reactions are optionally isolated and purified, if desired, using conventional
techniques, but not limited to, filtration, distillation, crystallization, chromatography and the like. Such
matetials are optionally characterized using conventional means, including physicai constants and
spectral data.

&-amino-imidazol1,5-alpyrazine compounds of formula i, wherein R-R; have the previously defined

meanings, can be prepared by the general synthetic route shown in scheme |
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i Scheme |

Reduction of 3~chloropyrazine-2-carbonitrile (1) can be accomplished by hydrogenation in the presence of

‘@ suilable catalysis system and solvent, for example Raney-Nicke! to provide (3-chioropyrazin-2-

yhmethanamine (i), This can then be reacted with an appropriately amine protected amino acid. The
reaction of Chz-N(R;JCR;RICOOH can be carried out in a solvent such as DMF, THF or DCM in the
presence of a base such as DIPEA, N-methylmorpholine, 4-DMAP or triethylamine and in the presence of
a coupling reagent such as PyBOP, TBTU, EDCI or HATU to form N—((3-chloro;ﬁyfazin«.?-yl)methyl)amidse
V. Cydlisation chloropyrazine IV can be performed using condensation reagents like
phosphorousoxychloride under healing condilions to provide the 8—cﬁloroimidazo{1,5-a}pyrazine
derivatives V. Subsequent bromination can be accomplished using bromine or N-bromosuccinimide in a
suitable solvent like DCM or DMF at appropriate temperature to obtain compounds of formula Vi, 8-
Aminoimidazo[1,5-alpyrazine derivatives (Vi) can be prepared from compounds Vi using ammonial{gas)
in isopropanol at elevated temperature in a pressure vessel (>4 atm). Compounds of formula BX can be
prepared from compounds of formula Vit using an appropriate boronic acid or pinacol ester (Vill), in the
presence of a suitable palladium  catalyst system and solvent, for  example
bis{diphenylphosphinc)ferrocene palladium(l)chloride complex or
tetrakis({triphenytphosphine jpaltadium(0) in the presence of potassium carbenate in dioxane/water provide
compounds of formula B Finally, cleaving the protective group of compounds with the formula IX give
the unprotected amine which after functionalisation, using methods well known in the art, with appropriate
warheads with previously defined meanings, provided compounds of formula | An example of such
protective strategy is the use of the benzyloxycarbonyi protecting group to protect the amine from the
amine acids used, and after deprotection with 33% HBrHOAe or conc. HCI gave the resulting amines.

The amino acids HN({R;)CR:RJCOOH are either commercially available or they can be readily prepared
using methods well known io the skilled organic chemist, to infroduce profecting groups like

benzyloxycarbonyl or ferf-butyloxycarbonyl.
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Palladium catalysts and conditions to form elther the pinacol esters or to couple the boronic acids or
pinacol esters with the 1-bromocimidazo[1,5-alpyrazin-8-amine are well known to the skilled organic
chemist — see, for example, Ei-ichi Negishi {Editor), Armin de Meijere (Associate Editor), Handbook of
Organépaiiadium Chemistry for Organic Synthesis, John Wiley and Sons, 2002

4-Amino-midazo[1,5[1,2 4]triazine compounds of formula |, wherein R-Rs have the previously defined

meanings, can be prepared by the general synthetic route shown in scheme |
a [} o

S A R AL
A o T e =N
! i — i i — i i N s | !
: i ! i j | - |
i - PO J S todination v
e PONRICRRICOOH |\ o 8 o’//k\f/&\‘ﬁz " -7 oot N/-)\Q N
? Couing reagent 2 s 2 Fg Pg
R4 AR R4 — ~n R4 .
R3 | RS Y
x X XIt R2 Xt
8S 7
AV RS
—E N
.l ( P, |
X \u{’ LNH R et NH
LN - ~
P ;
5 i o i
R o NH S N
¥
v u%jw / ]
! 5N BT
EE RN i N /" B
T g e o/
) e ~
(‘:x\ | H, \ bt HH, 7;:» 8, T‘) \):,.— 8,
: / POCI, trazce i 7 i
= { s daazoie N o=, A P .
B TN pwdine N \15"\ an N \?’Q e N
(T e U —— U e T
T N\\// Mk, f-PEOH S Nl P catalysts I\\\ AN e e N
N ! Py N Y P8 g hasa ” N 4 pg  Fundionalisaton N Y Rl
) . \ ronic A
RA— FM-"-;;H‘N/ R44‘7Lx g e — W
R3 4 R2 y /3 y R3 |
72 Rz Rz ”2
Xiv v pAH ] S cheme

Starting material 3-aming-6-{aminomethyl}-1,2 d-triazin-5(4H)-one X can be prepared via a condensation
reaction of ethyl bromopyruvate, dibenzylamine, and aminoguanidine carbonate, foliowed by
debenzylation via hydrogenation over Pd-C catalyst [Mitchel, W.L.et al, J. Heferocye!. Chem. 21 (1984)
ppB97].This can then be reacted with an appropriately amine protected amino acid. The reaction of Cbz-
N{RJCR3R;)COOH can be carried out in a solvent such as DMF, THF or DCM in the presence of a base
such as DIPEA, M-methylmaorpholine, 4-DMAP or tristhylamine and in the presence of & coupling reagent
such as PyBOP, TBTU, EDCI or HATU f© form N{(3-amino-5-oxo-4,5-dihydro-1,2 4-triazin-6-
yhmethylyamide Xi. Cyclisation of the amine-triazinone X can be performed using condensation reagents
like phosphorousoxychloride under heating conditions fo provide the 2-aminoimidazof1,54]1,2 4]triazin-
4(3H)-cne detivatives Xli. Subsequent iodination can be accomplished using fodine or N-iodosuccinimide
in a suitable solvent iike DCM or DMF at appropriate temperature to oblain compounds of formula X,
Removal of the 2-amino group in the 2-aminoimidazo[1,5-[1.2,4]triazin-4(3H)-one derivatives Xili can be
perfomed using t-butyl nitrite in solvents like DMF/THF at room temperature to form imidazof1,5-
fi[1,2.4)triazin-4(3H}-one derivatives XIV. 4-Amino-imidazo[1,5-f][1,2.4}irlazine devivatives (KV) can be
prepared from compounds XIV using phosphorousoxychloride, 1,2,4-triazole in pyridine and subsequent
ammonolysis with ammonia{gas) in isopropancl at room temperature. Compounds of formula XVi can be
prepared from compounds of formula XV using an appropriate boronic acid or pinacol ester (Wi}, in the
presence of a suitable palladium  catalyst system and solvent, for example

bis{diphenyiphosphinoferrocene palladium{ihchloride complex or
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tefrakis(triphenylphosphine)palladium(0) in the presence of potassium carbonate in dioxane/water provide
compounds of formula XVI. Finally, cleaving the protective group of compounds with the formula XVI give
the unprotected amine which after funclicnalisation, using methods welf known in the art, with appropriate
warheads with previously defined meanings, provided caompounds of formula | An example of such
protective strategy is the use of the benzyloxycarbonyl protecting group to protect the amine from the
amino acids used, and after deprotection with 33% HBWHOAC or conc. HCI gave the resulting amines.
The amino acids HN(R}CR3R,ICOOH are either commercially available or they can be readily prepared
using methods well known to the skilled organic chemist, fo iniroduce protecting groups like
benzyloxycarbonyl or ferf-butyloxycarbonyi.

Palladium catalysts and conditions to form efther the pinacol esters or to couple the boronic acids or
pinacol esters with the 5-iodcimidazol1,5-4[1,2 4]triazin-4-amine are well known to the skilled organic
chemist — see, for example, Ei-ichi Negishi {(Editor), Armin de Meijere (Associate Editor), Handbook of

Organopalladium Chemistry for Organic Synthesis, John Wiley and Sons, 2002,

The present invention also includes within its scope all sterecisomeric forms of the 8-amino-imidazo[1,5-
ajpyrazine and 4-amino-imidazo[1,5-f][1,2 4)friazine derivatives according to the present invention
resulfing, for exampie, because of configurational or geometrical isomerism. Such stereoisomeric forms
are enantiomers, diastereoisomers, cis and frans isomers efc. For example where azepane-2-carboxylic
acid is used as amino acid, there exists a mixture of two enantiomers. In the case of the individual
stereoisomers of compounds of formula | or salts or solvates thereof, the present invention includes the
aforementioned sterecisomers substaniially free, fe., associated with Jess than 5%, preferably less than
2% and in particular less than 1% of the other sterecisomer. Mixiures of stereoisomers in any proportion,
for example a racemic mixture comprising substantially equal amounts of fwo enantiomers are also
included within the scope of the present invention.

For chiral compounds, methods for asymmetric synthesis whereby the pure sterecisomers are obtained
are well known in the art, e.¢g. synthesis with chiral intuction, synthesis starting from chiral intermediates,
enantioselective enzymatic conversions, separation of stereoisomers using chromatography on chiral
media. Such methods are described in Chirality In Industry (edited by AN. Collins, G.N. Sheldrake and J.
Crosby, 1992; John Wiley). Likewise methods for synthesis of geometrical isomers are also well known in
the arl.

The8-amino-imidazo[1,5-alpyrazine and 4-amino-imidazo[1,5-fl[1,2 4}triazine derivatives of the present
invention, which can be in the form of a free base, may be isolated from the reaction mixture in the form
of a pharmaceutically acceptable sait. The pharmaceutically acceptable salts may also be obtained by
treating the free base of formuia | with an organic or inorganic acid such as hydrogen chloride, hydrogen
bromide, hydrogen iodide, sulfuric acid, phosphotic acid, acetic acid, propionic acid, glycolic acid, malsic
acid, matonic acid, methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzeic

acid, and ascorbic acid.
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The8-amino-imidazo[1,5-alpyrazine and 4-aminc-imidazo[1,5-[1,2 4)triazine derivatives of the present
invention also exist as amorphous forms. Multiple crystaliine forms are also possible. All the physical

forms are included within the scope of the present invention.

. Preparation of solvates is generally known. Thus, for example, M. Caira st al, J Pharmaceutical Sci.,

93(3), 601-611 (2004) describe the preparation of the solvates of the antifungal fluconazole in ethyl
acetate as well as from water. Similar preparations of solvates, hemisolvate, hydrates and the like are
described by E. C. van Torder ef al, AAPS PharmSciTech., 5(1), article 12 {2004); and A, L. Bingham ef
al, Chem. Commun. 603-604 (2061). A typical, non-limiting, process involves dissolving the inventive
compound in desired amounts of the desired solvent (organic or water or mixtures therecof) at a higher
than ambient temperature, and cooling the solution at a rate sufficient to form crystals which are then
isolated by standard methods. Analytical techniques such as, for example IR spectroscopy, show the
presence of the solvent {or water) in the crystals as a solvate (or hydrate).

The present invention also embraces isotopicaliy-labelted compounds of the present invention which are
identical to those recited herein, but for the fact that one or more atorms are replaced by an atom having
an atomic mass or mass number different from the atomic mass or mass number usually found in nature.
Examples of isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and chlorine, such as 2H, *H, "*C, ™c, ¥N, 70,
0, ¥p, *2p g % and *°Cl, respectively.

Certain isotopically-labetied compounds of Farmula | (e.g. those labeled with *H and 14C) are useful in
compound andfor substrate tissue distribution assays. Tritiated (i.e., °H) and carbon-14 (i.e., "“C) isotopes
are particularly preferred for their ease of preparation and detectability. Further, substitulion with heavier
isotopes such as deuterium {i.e., M) may afford certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life or reduced dosage requirements) and hence may be
preferred in some circumstances. isolopically labelied compounds of Formula | can generally be prepared
by following procedures analogous to those disclosed in the Schemes and/or in the Examples herinbelow,

by substituting an appropriate isotopically labeled reagent for a non-isotopiically labeled reagent.
The invention is illustrated by the following examples.

Examples
The following examples are illustrative embodiments of the invention, not Hmiting the scope of the
invention in any way. Reagents are comnmercially available or are prepared according to procedures in
the literaiure.
Mass Spectrometry: Electron Spray spectra were recorded on the Applied Biosystems API-165 single
quad mass spectrometer in alternating positive and negative ion mode using Flow Injection. The mass
range was 120-2000 Ba and scanned with a step rate of 0.2 Da. and the capillary voltage was set to 5000

V. N2-gas was used for nebulisation.
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LC-MS spectrometer {Waters) Detector: PDA {200-320 nm), Mass detector: ZQ

Eluens : A: acetonitrile with 0.05% trifluoroacetic acid , B: acetronitrile / water = /9 (viv) with 0.05%

triflucroacetic acid
Methode LCMS (A)

Column 1. Chromalith Performance, RP-18e, 4.6x100 mm,

Gradient method: Flow: 4 ml./min
Time {min) A (%) B (%)

0.00 100 0

360 0 100
4.00 0 100
4.05 100 it
6.00 100 0

Methode LCMS (B)

Column 2: XBridge C18, 3.5um, 4.6x20mm
Gradignt methoden: Flow: 4 mi/min

Time (min.) A{%) B (%)

0.0 100 0
1.60 0 100
3.10 0 100
3.20 100 0
5.00 100 0

UPLC : Water acquity UPLC system; Column : BEH C18 1.7 ym, 2.1 x 100 mm, Detector: PDA (200-320

nm), Mass detector; SQD

Efluens | A acetonitriie with 0.035% trifluoroacetic acid , B: acetronitiiie / water = 1/8 (v/v) with 0.035%

trifluoroacetic acid

Methode UPLC (A) UPLC (B)
Method 60100 Method 40 80
Flow: 0.75 mL/min Flow: ¢.65 mi/min

Time (min) A (%) B (%) A(%) B (%)

0.0 40 60 60 40

3.00 0 100 20 80

3.20 G 100 100

3.69 0 100 100

3.70 40 60 60 40

UPLC {C)
Method 0 80
Fiow: 0.60 mL/min
A{%) B (%)

100
40
0

0
100

0
60
100
100
0

Preparative HPLC was conducted on a column (50 x 10 mm I, Sum, Xierra Prep MS C18) at a flow rate

of 8 mifmin, injection volume 500 pl, at room temperature and UV Detection at 210 nm.
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The following abbreviations are usad throughout the application with respect to chemical terminology:
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HATU O-(7-Azabenzotriazol-1-yl)-1,1,3, 3-tetramethyluroniumhexaflucro phosphate

Chz Benzyloxycarbonyl

DMF N,N-Dimethylformamide

DCM Dichloromethane

EtCAc Ethy! acetate

DIPEA N,N-Diisopropylethylamine

THF " Tetrahydrofuran

EtOH Ethanol

ERCELHCE 1-(3-Dimethylaminopropyl}-3-ethyicarbodiimide. hydrochloride

4-DMAP 4-Dimethylamino pyridine

PyBOF O-Bénzotriazoie«'l-yl—oxy—trispyrrolidinophosphonium
hexafluorophosphate

TBTU O-Benzotriazol-1-yl-N,N,N’, N-tetramethyiuronium tetrafluoroborate

HBr Hydrogen bromide

HCI Hydrogen chiloride

HOAc Acetic acid

Z Benzyloxycarbonyl

Pro Proline

POCH Phosphorous oxychloride _

HPLC - High Pressure Liguid Chromatography

UPLC

LiHMDS Lithium hexamethyldisitazide

MeQOH Methanol

Gly Glycine

Ala Alanine

n-Buli n-Butyllithium

CO, Carbondioxide

The names of the final products in the examples are generated using Chemdraw Ultra {version 8.0.7).

Intermediate 1
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(S)-Benzyl 2-{8-amino-1-bromoimidazol1,5-alpyrazin-3-vhipyrrolidine-1-carboxyiate

{a) (3-Chloropyrazin-2-ylimethanarnine. hvdrochloride

To a solution of 3-chloropyrazine-2-carbonitriie (166 g, 1.147 mol} in acetic acid {1.5 L) was added Raney
Nickel (50% slurry in water, 70 g, 409 mmol). The resulting mixture was stirred under 4 bar hydrogen at
room femperature overnight. Raney Nickel was removed by filtration over decalite and the filirate was
concentrated under reduced pressure and co-evaporated with toluene. The remaining brown solid was
dissolved in ethyl acetate at 50°C and cooled on an ice-bath. 2M hydregen chloride soiution in disthyl
ether (1.14 L) was added in 30 min. The mixture was allowed to stir at room temperature over weekend,
The crystals were collected by filtration, washed with diethyl ether and dried under reduced pressure at
40°C. The product brown solid obfained was dissolved in methanol at 60°C. The mixture was filtered and
patiially concentrated, cooled o room temperature and diethy! ether {1000 ml) was added. The mixture
was allowed to siir at room temperature overnight. The solids forme_d were collected by filtration, washed
with' diethyl ether and dried under reduced pressure at 40°C to give 153.5 g of (3—chlompyraiin—2-
yhmethanamine.hydrochloride as a brown solid (V4.4 %, content 77 %).

() {S)-benzyi 2-((3-chioropyrazin-2-vhimethylcarbamoylpyrrolidine-1-carboxyiate

To a sclution of {3-chloropyrazin-2-yiimethanamine.HCI (9.57 g, 21.26 mmol, 40% wi) and Z-Pro-OH (5.3
g, 21.26 mmol) in dichloromethane (250 mlL) was added triethylamine (11.85 ml, 85 mmol) and the

reaction mixture was cooied to °C. After 15 min stirding at 0°C, HATU {8.49 g, 22.33 mmol) was added,
The mixture was stirred for 1 hour at 0°C and then overnight at room temperature. The mixiure was
washed with 0.1 M HClsolution, 5% NaMCOs; water and brine, dried over sodium sulfate and
concentrated in vacuo. The product was purified using silica gei chromatography {heptane/ethyt acetate =
174 vIv%) {o give 5 g of (S)benzyl 24{(3-chicropyrazin-2-yimethylcarbamoylipyrrolidine-1-carboxylate
(62.7%).

(c) (S)-Benzyl 2-(8-chioroimidazo|1,5-alpyrazin-3-vipyrrolidine-1-carboxylate

(S)-Benzyl 2-((3-chloropyrazin-2-ylimethylcarbamoylpyrrolidine-1-carboxylate (20.94 mmoi, 7.85 g) was
dissolved in acetonitrile (75 mi), 1,3-dimethyk-2-imidazolidinone (62.8 mmol, 6.9 mi, 7.17 g) was added
and the reaction mixture was cooled to 0°C before POCI; (84 mmol, 7.81 mi, 12.84 g} was added drop

wise while the temperature remained around 5°C. The reaction mixiure was refluxed at 60-65°C
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overnight. The reaciion mixture was poured carefully in ammonium hydroxide 25% in water (250
miYcrushed ice (500 ml) to give a yeliow suspension (pH ~8-9) which was stirred for 15 min until no ice
was present in the suspension. Ethyl acetate was added, layers were separated and the aqueous layer
was extracted with ethyl acetate {3x). The organic layers were combined and washed with brine, dried
over sodium sulfate, filtered and evaporated to give 7.5 g crude product. The crude product was purified
using silica gel chromatography {heptanefethyl acetate = 1/4 v/v%) to give 6.6 g of (S)-benzyl 2-(8-
chloroimidazo[1,5-alpyrazin-3-yl)pyrrolidine-1-carboxylate (88%).

{d) {S)-Benzyl 2-(1-bromo-8-chloroimidazol1,5-alpyrazin-3-vlipyrrolidine-1-carboxylate

N-Bromosuccinimide (24.69 mmol, 4.4 ¢g) was added to a stirred solution of {S}benzy! 2-(8-
chloroimidazo[1,5-ajpyrazin-3-yl)pyrrolidine-i-carboxylate (24.94 mmol, 8.9 g) in DMF (145 mi). The
reaction was stirred 3 h at rt. The mixture was poored (slowly) in a stirred mixture of water (145 ml.), ethyl
acetate (145 ml} and brine (145 ml). The mixture was then transferred into a separating funnel and
exiracted. The water layer was extracted with 2x145 mL ethy! acetate. The combined organic layers were
washed with 3x300 mL water, 300 mL brine, dried over sodium sulfate, filtered and evapeorated. The
preduct was purified using silica gel chromatography (ethyl acetate/heptane = 3/1 viv%) to give 8.95 g of
{S)-benzyl 2-(1-bromo-8-chloroimidazol1,5-alpyrazin-3-yl)pyrrolidine-1-carboxylate {82.3%).

(e} (S)-Benzyl 2-{8-amino-1-bromoimidazol1,5-alpyrazin-3-yhpyrrolidine-1-carboxylate

{S)-benzyt 2-(1-bromo-8-chloroimidazo[1,5-a]pyrazin-3-yi)pyrrolidine-1-carboxylate (20.64 mmol, 8.85 g)
was suspended in 2-propanol {113 ml) in a pressure vessel. 2-propanol (5¢ ml) was cooled to -78°C in a
pre-weighed flask {with stopper and stirring bar) and ammonia gas {646 mmol, 11 g) was lead through for
15 minutes. The resulting solution was added 1o the suspension in the pressure vessel. The vessel was
closed and stirred at room temperature and a slight increase in pressure was observed. Then the
suspension was heated to 116 °C which resulted in an increased pressure to 4.5 bar. The clear solution
was stirred at 110 °C, 4.5 bar overnight. After 18h the pressure remained 4 bar. The reaction mixture was
concentrated in vacuum, the residue was suspended in ethyl acetate and subsequent washed with water.
The layers were separated and the agueous layer was exiracted with ethyl acetate. The combined
organic layers were washed with water, saturated sodium chloride soiution, dried over sodium sulfate and
concentrated to give 7.35 g of (S)-benzyl 2-(8-amino-1-bromoimidazo[1,5-alpyrazin-3-yi)pyrroiidine-1-
carboxylate (86%]).

Intermediate 2
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{S¥4-{8-Amino-3-{pyrrolidin-2-yhimidazol1,5-alpyrazin-1-vh-N-(pyridin-2-yiibenzamide

(a8) (SyBenzyl 2Z-(B-aming-1-(4-(pyridin-2-ylcarbamoviphenyllimidazo{1 S-alpyrazin-3-vhpyrrolidine-1-

carboxylate
(8ybenzyl 2-(B-amino-1-bromoimidazof1,5-alpyrazin-3-ylipyrrolidine-i-carboxylaie (0.237 mmol, 98.5

mg) and 4-{pyridin-2-yl-aminocarbonylbenzeneboronic acid (0.260 mmol, 63.0 mg) were suspended in &
mixture of 2N aqueous potassium carbonate solution (2.37 mmol, 1.18 ml) and dioxane {2.96 mL).
Nitrogen .was bubbled through the mixiure, followed by the addition of 1,1-
bis(diphenylohosphino)ferrocene palladium (i) chioride (0.059 mmol, 47.8 mg). The reaction mixture was
heated for 20 minutes at 140°C in the microwave. Water was added to the reaction mixture, followed by
an extraction with ethyl acetate (2x). The combined organic layer was washed with brine, dried over
magnesium  sulfate  and  evaporated. The product was purifled  using  silicagel  and
dichloromethane/methancl = 9/1 viv% as eluent to aiford 97.1 mg of (S)-benzyl 2-(&-aminc-1-{4-(pyridin-
2—ylcarbamoyl)pﬁenyl)imidazo['l ,5-ajpyrazin-3-yl)pyrrolidine-1-carboxylate (77%).

(b (S¥4-(8-Amino-3-(pyrrolidin-2-viimidazol 1. S-alpyrazin-1-vi-N-(pyridin-2-viihenzamide

To  (S)benzyl 2-(8-amino-t-{4-{pyridin-2-yicarbamoylphenyllimidazo[1,5-alpyrazin-3-yNpyrrolidine-1-
carboxylate (0.146 mmol, 78 mg) was added a 33% hydrobromic acid/acetic acid sclution (11.26 rmimol, 2
mb) and the mixture was left at room temperature for 1 hour. The mixture was diluted with water and
extracted with dichloromethane. The agueous phase was neutralized using 2N sodium hydroxide
solution, and then extracted with dichloromethane. the organic layer was dried over magnesium sulfate,
filtered and evaporated to give 34 mg of (S}4-{8-Aminc-3-(pyrrolidin-2-yhimidazol1,5-alpyrazin-1-yl)-N-
{pyridin-2-yl)benzamide (58%).

Example 1
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ridin-2-vhbenzamide

To a solution of {8)4-(B-amino-3-(pyrrolidin-2-ylimidazo[1 5-alpyrazin-1-yl}-N-(pyridin-Z-yl)benzamide
{0.626 mmol, 250 mg) in dichloromethane (25 mi) at 0 °C was added triethylamine {0.626 mmol, 0.087
mi, 63.3 mg) and, drop wise, acryloyl chloride (0.657 mmol, 0.053 mi, 59.5 mg). The resulting mixture was
stirred at 0 °C for 2 hours. The mixture was washed with water, dried over magnesium sulfate. After
svaporation, the residue was purified by preparative HPLC. Fractions containing product were coliected
and lyophilized o afford 126 mg of ($)-4-{3-(1-acryloylpyrrolidin-2-yl)-8-amincimidazol 1, 5-alpyrazin-1-yl)-
N-(pyridin-2-yhbenzamide (44.4% yield). Data: UPLC (C) R, : 1.50 min; m/z 454 .3 (M+H)'.

Exarnple 2
e
7oy
f]
N =EN
0\ ﬂf
\>}”N
i \
é AN
NH, \p-;_"‘
J /
P )
5}’/ TR
| ! N —
S MY 8 | /\
,y'\\__ // S it
ey ol
J
:
,
N

{8.E)-4-{8-amino-3-{1-(4-(pyrrofidin-1-yDbut-2-enovlipyrrolidin-2-vlimidazo[1,5-alpyrazin- 1-yh-N-(pvridin-
2-vhbenzamide

To a sofution of (8)-4-(8-Amino-3-(pyrrolidin-2-yllimidazo{1,5-a]pyrazin-1-yl}-N-(pyridin-Z-yl)benzamide
{intermediate 2b, 19.7 mg, 0.049 mmol), tristhylamine {20 mg., 0.197 mmol, 0.027 ml) and {£)-4-
{pyrrolidin-1-yl)but-2-enoic acid hydrochloride (8.45 mg, 0.048 mmol) in dichloromethane (2 mL) was

added HATU (18.75 mg, 0.048 mmol). The mixture was stirred for 30 min at room temperature. The
mixture was washed with water dried over magnesium sulfate and concentrated in vacuo. The residue

was purified by preparative HPLC. Fractions containing product were collected and reduced to dryness to
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afford 7.1 mg of (§,E)-4-(8-amino-3~(1-{4-(pyrrolidin-1-yDbut-2-enoyljpyrrolidin-2-yhimidazo[ 1 ,.5-alpyrazin-
1-y1}-N-(pyridin-2-yDbenzamide (26.8 % vield). Data: UPLC (CY R, : 1.25 min; m/z 537.4 (M+H)".

Example 3
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{S. E}-4-{8-Amino-3-(1-{4-(dimethylaminoibut-2-enovlipyrrolidin-2-yllimidazol 1, S-alpyrazin-1-yi}-N-

{pyridin-2-yl\benzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
described in intermediate 2b and (E)-4-(dimethylamino)bui-2-enoic acikd, to afford the title compound
{11.8 mg, 46.6%). Data: UPLC (C) R, : 1.29 min; m/z 511.0 (M+H)".

interrediate 3

{E)-4-Methoxybut-2-enoic acid

Sodium methoxide (30%/Methano!l, 30.3 mmol, 5.68 mL) was added via a glass syringe to a stirred
solution of 4-bromocrotonic acid (6.06 mmol, 1 g) in methanot (60 mL) atr room temperature. The light
yeliow solution was stirred for 30 min at room temperature and 2 h. at reflux. After cooling the reaction
mixiure, the solvent was removed under reduced pregsure. The residue was partitioned between water
(50 mL) and diethyl ether {56 mL). 2M ag. hydrochloride solution (3.5 mbL) was added until pH was ~pH 1.
The waterlayer was separated and exiracted with diethy! ether (3 x 20 mL). The combined organic layers
were washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo, to give 650 mg of
(Ey4-Methoxybut-2-enoic acid (92%).

Exarnpie 4
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(8, E¥-4-(8-amino-3-(1-(4-methoxybut-2-enovhovreoiidin-2-yvhimidarol 1, 5-ajpyrazin-1-vl)-N-( pyridin-2-
ylibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound

described in intermediate 2b and (E)4-methoxybut-2-envic acid (Intermediate 3), to afford the title
compound (11 mg, 26.9%). Data: UPLC {C) R.: 1.58 min; m/z 498.3 (M+H)".

Example 5

{S)-4-(8-armino-3-(1-(2-chloropyrimidine-4-carbonylipverolidin-2-vDimidazo[1.5-alpyrazio- 1-v1-N-{ pyridin-
2-yvhibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound

described in intermediate Z2b and 2-chioropyrimidine-4-carboxylic acid, to afford the title compound (8.3
mg, 40.4%). Data: UPLC (C) R:: 1.64 min; m/z 540.1 (M+H)".

Example &
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{S)-4-(B-amino-3-(1-but-2-ynovipyrrolidin-2-yimidazol1.5-alpyrazin-1-y1)-N-(pyridin-2-ylihenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
described in intermediate 2b and 2-butynoic acid, to afford the tile compound (10.5 myg, 18.0%). Data:
LCMS (B) R : 2.08 min; m/z 466.1 (M+H)'.

intermediaie 4
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N-(4-fluorepyridin-2-yi»-4-(4,4,5,.5-tetramethyl-1.3.2-dioxaborolan-2-yibenzamide
(a) 4-(4.4 5 5-Tetramethyi-1,3 2-dioxaborolan-2-vhbenzoyt chioride
To a cold {0°C) solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhbenzoic acid (40.3 mmol, 10.01

g} in dichloromethane (206 ml) was added a cataiytic amount of DMF. A solution of oxalyi chioride (101

mmol, 8.66 mL, 12.8 g) was added drop wise. After stirring for 30 min at 0°C, the reaction mixiure was

allowed to warm up lo room temperature and the mixture was stirred for an additional 3 hours. The

reaction mixiure was concentrated to give 10.9 g. of crude 4-{4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yhbenzoy! chioride (101%).
-4-{4 4 5 B-tetramethyl-1,3 2-dioxaborolan-2-vibenzamide

To a sclution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoy! chloride (1.688 mmal, 450 mg) in
acetonitrile (24.8 ml) was added 2-amino-4-flucropyridine (4.22 mmol, 473 mg). The reaction mixture
was stirred at room temperature for 1.5 h, The reaction mixture was concentrated to a small volume, 3%
aqg. citric acid solution (18 mL) was added and the mixture was extracted with dichloromethane (2 x 15

mlL). The combined organic layer was washed with 3% aq. cittic acid solufion, dried over magnesium
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sulfate, filtered and evaporated to afford 542.2 mg of N~{4-fluoropyridin-2-yl}-4-(4,4,5 5-tetramethyl-1,3,2-
dioxaboralan-2-yhibenzamide (94%) as an off-white solid.

Intermediate 5
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{S)-4-{8-Amino-3-(pyrrolidin-2-viimidazol 1.5-alpyrazin-1-yI -N-(4-fluoropyridin-2-yibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2b, from (3)-
benzyl Z2-{(8-amino-1-bromoimidazo{1,5-alpyrazin-3-ylpyrrolidine-1-carboxylate {intermediate ie) and N-
(4-fluoropyridin-2-yi)-4-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-yl)benzamide (intermediate 4b) to afford
the fitle compound (331 mg, 93%).

Example 7

(5. E3-4-(B-Amino-3-(1-{4-(cimethviaming but-Z-enoviloyrrolidin-Z-yliimidazo[ 1, 5-alpyrazin-1-yi-N-(4-
flucropyridin-2-ylibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
desoribed in intermediate 5 and (E)-4-(dimethylamino )but-2-enoic acid, to afford the titie compound (33 .4
mg, 54.1%). Data: UPLC (C) R, : 1.72 min; m/z 529.3 (M+H)".

intermediate &
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To a stirred solution of 4-methylpyridin-Z-amine (7.86 mmol, 850 mg) in THF (50 ml}) was added
dropwise a sclution of T LIMMDS in THF (8.0 mmol, 8 mL) at room temperature. After the reaction
mixture turned dark green, a solution of 4-(4.4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yiibenzoy! chioride
(9.6 mmaol, 2.56 g) in dichioromethane (55 mL) was added dropwise. The mixture was siirred at room
temperature for 2.5 h and was then concentrated. 3% aq. Citric acid solution (18 mL) was added and the
mixture was extracted with dichloromethane (2 x 15 mL). The combined organic layer was washec with
3% aqg. citric acid solution, dried over magnesium suffate, filtered and evaporated. The residue was
dissolved in THFE (15 mb) and 6M NaOH sclution {15 rﬁL.) was added. The mixture was stirred for 4 h. at
room temperature. Ethyl acetate was added and the layers were separated. The organic layer was
washed with water and brine, dried over sodium sulfate, filtered and evaporated. The residue was purified
by chromatography on silica (eluent: DCM/MeOH=88/2 to BCM/MeOH=85/5} to yield 1.1 g of N-(4-
methyipyridin-2-yh-4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-ylibenzamide (40.7%).

Intermediate 7
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(SY-4-(8-Amino-3-(pyrrolidin-2-yhimidazol 1, 5-alpyrazin-1-v)-N-(4-methvipyridin-2-viYbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, from {8)-benzyl

2-(8-amino-1-bromoimidazol1,5-alpyrazir-3-yhpyrrolidine-1-carboxylate  {Intermediate 1e) and N-{4-
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methyipyfidEn-z-yl)—4—(4,.4,5,5-—tetramethyl~‘§',3,2—donabomiamz-yi)henzamide {intermediate 8) to afford the
title compound (125.5 mg, 82%).

Exampie 8

{S)-4-(8-Amino-3-(1-but-2-ynovipyrrolidin-2-ylimidazof 1, 5-alpyrazin-1-vI}-N-A{4-methylpyridin-2-

yiibenzamide

This compound was prepared, in an analogues manner as described in Exampte 2, from (S)-4-(8-amino-

3-{pyrrolidin-2-yl}imidazo[1,5-a]pyrazin-1-yl)-N-(4-methylpyridin-2-yl)benzamide (intermediate 7) and 2-
10 butynoic acid, to afford the title compound (6.3 mg, 27.2%). Data: UPLC (C} R, : 1.56 min, m/z 480.3

(M+H)".

intermediate 8

N-{4-Propyipyridin-2-yD-4-{4 .4 5 ,5-4etramethyi-1,3 . 2-dioxaborolan-2-yDbenzamide

15 This compound was prepared, in an analogues manner as described in Intermediate 6, starfing from 4-
propylpyridin-2-amine, to afford the title compound (371.5 mg, 54.1%).

intermediate 9
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{SY-4-(8-Amino-3-(pyrrolidin-2-vhimidazol 1, 5-alpyrazin-1-y[}-N-{4-propvipyridin-2-yhenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, from {S)}benzyt
2~(8-amino-1-bromoimidazo[1,;5-alpyrazin-3-yhpyrrolidine-1-carboxylate  (intermediate 1e) and N-{(4-
Propylpyridin-2-yl}-4-(4.4,5 5-tetramethyl-1,3 2-dioxaborolan-2-ylbenzamide (intermediate 8) to afford the
title compound {147.8 mg, 93%).

Example 9
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(S.E-4-(B-Amino-3-{ 1-(4-methoxybut-2-enoviipyrrolidin-2-yhimidazol 1. 5-alpyrazin-1-y)-N-(4-

propylpyridin-2-yibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from {8}-4-(8-amino-
3-{pyrrolidin-2-yYimidazo{1,5-alpyrazin-1-yi)-N-(4-propylpyridin-2-y)benzamide (intermediate 9) and (E}-
4-methoxybut-2-enoic acid {intermediate 3), to afford the fitle compound (30.9 mg, 65.7%). Data: UPLC
(CY Ry 2.73 min; m/z 566.3 (M+H)".

Intermediate 10
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4-(4.4.5 5-Tetramethvl-1,3.2-dioxaborolan-2-y1-N-{4-{trifluoromethyvbpyridin-2-vhbenzamide

This compound was prepared, in an analogues manner as described in Intermediate 8, starting from 4-

{triftuoromethyl)pyridin-2-amine, to afford the title compound (657.2 mg, 88%).

Intermediate 11
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{S)-4-(8-Amino-3-{pyrralidin-Z-vhimidazo[1.5-alpyrazin-1-y1)-N-{4-(trifluoromethy pyridin-2-vibenzamide

This intermediate was prepared, in an analogues manner as described for infermediate 2, from (S)-benzyl
2-(8-aminc-1-bromoimidazof !, 5-alpyrazin-3-yhpyrrolidine-1-carboxylate {intermediate 1e) and 4-(4,4,5,5
Tetramethyl-1,3,2-dioxaborolan-2-yl -N-(4-{irifiuoromethylpyridin-2-yl}benzamide  {intermediate 10} to
afford the title compound (183 mg, 87%).

Example 10
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(S)\-4-{ 8-Amino-3-( 1-but-2-vhovipyrrolidin-2-yimidazoi 1, 5-alpyrazin-1-y-N-(4-{trifluoromethy pyridin-2-

yhbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from {S)-4-(8-amino-

3-(pyriolidin-2-yhimidazol1,5-alpyrazin-1-yl)-N-(4-(irifluoromethyl)pyridin-2-yl)benzamide  (intermediate
11) and 2-butynoic acid, to afford the title compound (7.1 mg, 31.1%). Data: UPLC (C) R, : 2.63 min; m/z
534.2 (M+H)",

Intermediate 12

N-(4-Ethyloyridin-2-yl)

This compound was prepared, in an analogues manner as described in Intermediate 4, starting from 4-

4.4 .5 S-tetramethyi-1,3,2-dioxaborolan-2-yhbenzamide

ethylpyridin-2-amine, to afford the title compound (334.5 mg, 50.6%).

intermediate 13
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{8)-4-(8-Amino-3-(pyrrolidin-2-vhimidazol1,5-alpyrazin-1-yl )QN—( 4-sthyipyridin-2-vlbenzamide

This intermediate was prepared, in an anaiogues manner as described for intermediate 2, from (S)-benzyl
2-(8-amino-1-bromoimidazof1,5-a)pyrazin-3-ylpyrrolidine-1-carboxylate (interrﬁediate 1e) and N-(4-
ethylpyridin-2-yt)-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)benzamide (intermediate 12) to afford the
title compound (133.8 mg, 88%}. '

Example 11
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(S, Ex-4-(8-Amino-3-{ 1-{4-methoxybut-Z-enovhpyrrolidin-2-vhimidazol 1. 5-alpyrazin- {-yi)-N-(4-ethylpyridin-
Z-yhbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from (8)-4-(8-aminc-
3-{pyrrofidin-2-yiiimidazo|1,5-alpyrazin- 1-y1)-N-(4-ethyipyridin-2-yhibenzamide {infermediate 13) and (&)
4-methoxybut-2-encic acid (Intsrmediate 3), to afford the fitle compound (10.6 mg, 28.8%). Data: UPLC
(C) Ry : 1.60 min; m/z 528.3 (M+H)",

intermediate 14
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N-(4 5 6 7-Tetrahydrobenzoldithiazol-2-yi}-4-{4 4.5 5-tetramethyi- 1.3 2-dioxaborolan-2-vl\benzamide
{a) 4-Bromo-N-(4 5 8 7-tetrahydrobenzoldithiazol-2-vhbenzamide

4-Bromohenzoyt chioride (1.5 g, 6.83 mmol) and 4,5,8,7-Tetrahydro-1,3-benzothiazol-2-amine (1.054 ¢,
£.83 mmol) were dissolved in Pyridine (15 ml) and stirred at 50°C for 1.5 h. The reaction mixiure was
cooled to room temperature and poured in water. The solid formed was filtered, washed with water. The
solids were co-evaporated with foluene IWwice to afford 18 g of 4-bromo-N-(4,56,7-
tetrahydrobenzofdithiazol-2-y)benzamide (78%) as a vellow solid.

{b) N-(4 5.6.7-Tetrahydrobenzoldithiazol-2-yi=4-(4 4 5.5-tetramethyl-1,3,2-dioxaboro-lan-2-yl\benzamide
To & solution of 4-bromo-N-{4,5,6,7-tetrahydrobenzo[d]thiazol-2-yDbenzamide (1.8 g, 5.34 mmol) dioxane

{406 mi) was added bis(pinacolaio)diboron (1.762 g, 6.84 mmol) and potassium acetate (1.048 g, 10.68
mmol). The reaction mixiure was degassed with nitrogen.  Subsequently 1,1%
bis{diphenylphosphino)ferrocenepalladium(il) dichloride (0.218 g, 0.267 mmal) added and the reaction
mixture was stirred at 80°C for 5 days. The mixture was cooled fo room temperature and after addition of
water extracted three times with EtOAC. The organic layers were combined , washed with brine, dried
over sodium sulfate, filtered and evaporated. The crude product was purified using silica gel
chromatography (heptanefethyl acetate 3/7 to 7/3 vivl%) to give 600 mg of N-(4,567-
tetrahydrobenzofdjthiazol-2-yI)-4-(4,4,5 5-tetramethyi-1,3 2-dioxabero-lan-2-yhbenzamide (29.3%).

Intermediate 15
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(S)4-{8-Amino-3-(pyrrolidin-2-yhimidazol 1, 5-alpyrazin-1-y1)-N-(4,5 6 7-tetrahvdrobenzoidlthiazol-2-

yhibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, from (S)-benzyl

2-{8-amino-1-bromoimidazo[1,5-a]pyrazin-3-yl)pyrrolidine-1-carboxylate (Intermediate 1e) and N-(4,5,6,7-
tetrahydrobenzofdithiazol-2-y1)}-4-(4,4 .5 5-tetramethyl-1,3,2-dioxaborolan-2-ylibenzamide  (intermediate
14b) to afford the title compound (260 mg, 80%).

Examiple 12

{S)=A={ B-Amino-3- 1-but-Z-ynovipyrrolidin-2-yDimidazo[1 S-alpyrazin-1-yD=-N«(4 5 § 7=

tefrahydrobenzoldithiazol-2-viYbenzamide
This compound was preparad, in an analogues manner as described in Example 2, from (8)-4-(8-amino-

3-{pyrrofidin-2-yijimidazo[1,5-alpyrazin-1-yl)-N-(4,5,8,7-tetrahydroberizo[djthiazol-2-y)benzamide
(intermediate 15) and 2-butynoic acid, to afford the title compound (7 mg, 18.2%). Data; UPLC (YR, ;
2.41 min; m/z 526.3 (M+H)"

intermediate 16
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2-Fluoro-N-{pyridin-2-yD=4-{4 4 5 5-tetramethyi-1.3 2-dioxaborolan-2-yl)benzamide

This compound was preparsd, in an analogues manner as desciibed in Intermediate 14, starting from 4-

bromo-2-fluorobenzoic acid, to afford the title compound (2.54 g, 76%,).

interrnediate 17

-2-fluoro-N-{ pyridin-2-vhibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, from {S)-benzyl
2-(8-amino-1-bromoimidazo{1,5-ajpyrazin-3-yljpyrrolidine-1-carboxylate (Intermediate 1e) and 2-Fluoro-
Ne(pyridin-2-yN-4-{4 4 5 5-tetramethyl-1,3, 2-dioxaborclan-2-ylibenzamide (intermediate 16) to afford the
title compound {160 mg, 76%).

Exampie 13
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(S¥-4-(3-(1-acrviovipyrrolidin-2-y])-8~aminoimidazo1 5-alpyrazin-1-v)-2-fluoro-N-{ pyridin-2-vlbenzamide

This compound was prepared, in an analogues manner as described in Example 1, from (8)-4-(8-amino-
3-(pyrrolidin-2-yimidazol 1, 5-alpyrazin- 1-yh-2-fluoro-N<{pyridin-2-yYbenzamide (infermediate 17) and
acryloylchloride, to afford the title campound (13 mg, 38.4%). Data; UPLC (C) R; : 1.87 min, m/z 472.3
(M+H)",

Intermediate 18
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2-Methoxy-N-(pyridin-2-vh-4-(4,4 5 S-tetramethyl-1,3.2-dioxaborolan-2-v\benzamide

This compound was prepared, in an analogues manner as described in Intermediate 14, starling from 4~

broﬁe—&methoxybenzoic acid, to afford the titfe compound (2.6 g, 90%).

infermediate 19
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{ 8)-4~(8-Amino-3-(pyrrolidin-2-vhimidazo[ 1, 5-alpyrazin-1-yl -2-methoxy-N-{ pyridin-2-yiYbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, fram (S)-benzyl
2-(8-amino-1-bromoimidazol1,5-alpyrazin-3-yhpyrrolidine-1-carboxyiate (intermediate 1) and 2-methoxy-
N-{pytidin-2-yi-4-(4,4 5 5-tetramethyk1,3,2-dioxaborolan-2-yl)benzamide (intermediate 18) to afford the
title compound {175 mg, 56.6%).
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Example 14

(S)4={3-{ 1-Acrylovipyrrolidin-2-yI}-8-aminoimidazol 1, 5-aipyrazin- 1-yli-Z2-methoxv-N-{pyridin-2-
yhbenzamide

This compound was prepared, in ag analogues. manner as described in Exampie 1, from (S)-4-(8-amino-

3-(pyrrolidin-2-ylimidazo[1,5-a]pyrazin-1-yl)-2-methoxy-N-(pyridin-2-yl)benzamide (intermediate 19) and
acryloyichloride, to afford the title compound {14 mg, 35.5%). Data: UPLC (C) R, : 1.74 min; m/z 484.3
(M+H)".

Intermediate 20
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{8)-4-(8-Amino-3-(pyrrolidin-2-yNimidazo[1 5-alpyrazin-1-yi}-N-(thiazol-2-ybenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 2, from {Skbenzyi
2-{8-aminc-t-bromoimidazol1,5-alpyrazin-3-ylipyrralidine- 1-carboxylate (Intermediate ie) and

commercially availabie N-2-thiszoly! 4-boronobenzamide to afford the title compound {229 mg, 73.1%).
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Example 15

{8, E)-4-{8-Amino-3-{1-(4-(dimethylaming but-2-enoyl jpyrrolidin-2-yDimidazol 1. 5-alpyrazin-1-yi)-N-{thiazci-
2-ylibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from (S»4-(8-aminc-
3-{pyrrolidin-2-yllimidazo[1,5-alpyrazin-1-yi»N-{thiazol-2-y)benzamide (intermediate 20} and (E)-4-
{dimethylamino)but-2-enoic acid, to afford the title compound (18.9 mg, 28.7%). Data: UPLC{C) R, : 1.38
min; m/z 517.3 (M+H)

Intermediate 21

{S)-4-{8-Amino-3-(piperidin-2-vimidazo[1,5-alpyrazin-1-yi}-N-(pyridin-2-yhbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (S)»1-
(benzyloxycarbonyi)pipetidine-2-carboxylic acid to obtain {(8)-benzyl 2-{(&-amino-1-bromoimidazol1,5-
alpyrazin-3-yhpiperidine-1-carboxylate. Subsequent reaction with commercially available 4-(pyridin-2-yi-
aminocarbonyhbenzeneboronic acid, analogues as described for intermediate 2 afforded the fitle

compound (491 mg, 81%).
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Example 16

ridin-2-

yhbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from (8)-4-{8-amino-
3-(piperidin-2-yimidazo[1,5-a]pyrazin-1-yI}-N-(pyridin-2-ybbenzamide (intermediate 21y and (E)4-
methoxybut-2-enoic acid {intermediate 3), to afford the tile compound (21.1 mg, 54.3%). Data: LCMS (B)
Ry 1 2.22 min; m/z 512.3 (M+HY".

intermediate 22
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{8)-4-(B-Amino-3-{piperidin-2-yhimidazol1.5-alpyrazin-1-v)-N-{4-fluoropyridin-2-vhbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (&)-1-
(benzyloxycarbonybpiperidine-2-carbaxylic acid to obiain (S)-benzyl 2-(8-amino-1-bromoimidazol1,5-
alpyrazin-3-yi)piperidine-1-carboxylate, Subsequent reaction with N-{4-fluoropyridin-2-yt)-4-(4,4,5,5-
ietramethyl-1,3,2-dioxaborolan-2-ylibenzamide (intermediate 4), analogues as described for intermediate
2 afforded the title compound (160 mg, 71.8%).

Example 17
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(S)4-(3-(1-Acrylovipipendin-2-vi-B-aminoimidazol1.5-alpyrazin- 1-yI}-N-(4-fluoropyridin-2-yl)benzamide

This compound was prepared, in an analogues manner as described in Example 1, from {S)4-(B-amino-
3-(piperidin-2-yhimidazo[1,5-a]pyrazin-1-yl)-N-(4-fluoropyridin-2-yl)\benzamide  {intermediate 22) and

acryloylchiroide, to afford the title compound (12 mg, 42.7%). Data: UPLC(C} R, : 2.29 min; m/z 486.3

(M+HY.
Internediate 23
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N-{4-Cvanopyridin-2-yl)-4-(4 4 5 5-telramethyl-1,3 2-dioxaborolan-Z-yDbenzamide
This compound was prepared, in an analogues manner as described in Intermediate 4, starting from 2-

10

aminaisonicotinonitrile, to afford the title compound {1.3 g, 99%,).

Intermediate 24
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ridin-2-vDbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (S)-1-
(benzyloxycarbonylypiperidine-2-carboxylic acid to obtain (S)-benzyl 2-(8-amino-1-bromoimidazo[1,5-
alpyrazin-3-yl)piperidine-1-carboxylate. Subsequent reaction with N-(4-cyanopyridin-2-yi-4-(4,4,5,5~
tetramethyl-1,2 2-dioxaborolan-2-yhbenzamide (Intermediate 23), analogues as described for

intermediate 2 afforded the title compound {82 mg, 35.7%).

Exarnple 18
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{ §}¥-A-(3-(1-Acryloyipiperdin-2-y-8-aminoimidazo]1,5-alpyrazin- 1-yI-N~{4-cvanopyridin-2-yDbenzamide

This compound was prepared, in an analogues manner as described in Example 1, from {S)-4-(8-amino- .
3-(piperidin-2-yhimidazo[1,5-alpyrazin-1-yl}-N-(4-cyanopyridin-2-yl)benzamide  (intermediate 24} and
actyloyichioride, to afford the fitle compound (4.8 mg, 10.4%). Data; UPLC(C) Ry: 2.31 min.
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Intermediate 25

{ S\-4-{ B-Amino-3-(piperidin-2-yimidazo[1.5-alpyrazin-1-yi-N-(4-{triflucromethyDoyridin-2-yvibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (S)-1-
{benzyloxycarbonyl)piperidine-2-carboxylic acid to obtain (S)-benzyl 2-{B-amino-1-bromaimidazo[1,3-
alpyrazin-3-yi)piperidine-1-carboxylate.  Subsequent  reaction  with 4-(4,4,5 5-tetramethyl-1,3,2-

dioxaborotan—2—yi)¥N~(4n{triﬂuommethyt)pyridin—.z-yt)benzamide (Intermediate 10), analogues as described

forrieriediate 2 affordag goripound 144 mg, 59.1%).
Example 19
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{ S}-4-{B-Amino-3-{ 1-(vinvtsulfonvhpiperidin-Z-y\imidazol1,5-alpyrazin-1-yi-N-{4-(irifluoromethypyridin-2-
yhbenzamide

This compound was prepared, in an analogues manner as described in Example 1,'from (S)4-{B-amino-
3-(piperidin-2-yl}imidazo[1,5-ajpyrazin-1-y|)-N-{4-(trifluoromethyl)pyridin-2-yl)benzamide (intermediate 25)
and ethenesulfonyi chloride prepared according to procedures described by King et.al. in Can. J. Chem.

66 (1988) pp1109-1116, to afford the tile compound (6.1 mg, 20.5%). Data: UPLC(B) Ry : 1.24 min; m/z
572.2 (M+H)", '
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intermediate 26

N-{Pyrimidin-2-vD-4-(4.4 5 5-tetramsthyl-1,3 2-digxaborolan-2-ylbenzamide

This compound was prepared, in an analogues manner as described in intermediate 14, starting from 2-

aminopyrimidine, to afford the titie compaund (855 mg, 42.6%).

intermediate 27
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(S)-4-(8-Amina-3-(piperidin-2-vllimidazol1, 5-alpyrazin-1-yl -N-(pyrimidin-2-vl}benzamide

This infermediate was prepared, in an analogues manner as described for intermediate 1, from (S)-1-
{benzyloxycarbonylpiperidine-2-carboxylic acid to obtain (S)-benzyl 2-(B-amino-{-bromoimidazo[1,5-
alpyrazin-3-yhpiperidine-i-carboxylate.  Subsequent reaction with  N-{pyrimidin-2-y1}-4-(4,4,5.5-
tetramethyl-1,3,2-dioxaborotan-2-yhbenzamide  (Intermediate 26), analogues as described for

intermediate 2 afforded the title compound {(100.8 mg, 85.4%]).
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{SV-4-(3-{ 1-Acrvioyvipiperidin-2-yi-8-aminoimidazol1 . 5-alpyrazin-1-y-N-{pyrimidin-2-ylYbenzamide

This compound was prepared, in an analogues manner as described in Example 1, from (S)-4-(8-amino-

5 3-{piperidin-2-yllimidazol1,5-alpyrazin-1-yl)-N-(pyrimidin-2-yl)benzamide (intermediate 27) and

acryloyichloride, to afford the fitle compound (5.9 mg, 26.2%). Data: UPLC(C) R, : 1.70 min; m/z 469.3
C(MTHY.

intermediate 28
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N-(d-Methvipyrimidin-2-y-4-{4 4 5 5-fetramethyl-1,3.2-dioxaborolan-2-ybenzamide

This compound was prepared, in an analogues manner as described in Intermediate 14, starting from 2-

amino-4-methylpyrmidine, to afford the tile compound (420 mg, 60.6%).
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(S)-4-(8-Amino-3-(piperidin-2-yvhimidazol1,5-alpyrazin-1-yvI-N-(4-methyipyrimidin-2-yibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (S)-1-
(benzyloxycarbonyl)piperidine-2-carboxylic acid to obtain (Skbenzyi 2-(B-amine-1-bromoimidazo]1,5-
alpyrazin-3-ylipiperidine-1-carboxylate. Subsequent reaction with N-(4-methylpyrimidin-2-yl}-4-(4,4.5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide  (Intermediate 28), anslogues as described for
intermediate 2 afforded the title compound (83 mg, 50.4%).

Example 21
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“yi-M-{4d-methyipyrimidin-2-

yhbenzamide

This compound was prepared, in an analogues manner as described in Example 1, from (8)-4-(8-amino-

3-(piperidin-2-yhimidazo[1 5-ajpyrazin-1-y)-N-(4-methylpyrimidin-2-ybenzamide (intermediate 29) and
acryloylchloride, to afford the title compound (4.5 mg, 27.4%). Data: UPLC(C) R, : 1.79 min; m/z 483.3
(MHHY.

intermediate 30
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N-{Pyrimidin-4-vi}-4-(4 4 5 5-tetramethyi-1.3.2-dioxaborolan-2-vibenzamide

This compound was prepared, in an analogues manner as described in Intermediate 14, starting from 4-

aminopytimidine, to afford the title compound (1 g, 58.4%).

infermediate 31

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (S)»1-
{benzyloxycarbonylpiperidine-Z-carboxylic acid to obtain (S)-benzyl 2-(8-amino-1-bromoimidazo[1,5-
alpyrazin-3-yhpiperidine-1-carboxylate.  Subsequent  reaction  with  N-{pyrimidin-4-y1)-4-(4,4,5,5-
tetramethyt-1,3,2-dioxaborolan-2-yhbenzamide  (Intermediate  30), analogues as described for
intermediate 2 afforded the title compound (66 mg, 42.8%).

Example 22



WO 2013/619868 PCT/EP2012/063552

59
—_ N\
A
{ /
S
=i
O\ /
N
H
TN
{ /
I
j‘ Hz \/\::;:;
N T
L I
.. ; ’ o]
N W
\A TEie
N T

(S¥4-(8-Amino-3-(1-but-2-ynoyipiperidin-2-vhimidazo[1 5-alpyrazin-1-y-N-( pyrimidin-4-vlYbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from (S¥4-(8§-amino-
3-(piperidin-2-ylJimidazo[1,5-alpyrazin-1-yi}-N-(pyrimidin-4-yl)benzamide (intermediate 31) and 2-butynoic
5 acid, to afford the title compound (10.3 mg, 26.9%). Data: UPLC(C) R, : 1.91 min; m/z 481.3 (M+H)".

Intermediate 32
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N-(Pyridazin-3-vi}-4-(4.4 .5 5-tetramethyl-1,3 2-dioxaborolan-2-yhbenzamide

10 This compound was prepared, in an anaiogues manner as described in Intermediate 14, starting from 3-

aminopyridazine, to afford the title compound (1.25 g, 71.3%).



10

WO 2013/070868 PCT/EP2012/063552
60

intermediate 33

ridazin-3-yhbenzamide
This intermediate was prepared, in an analogues manner as described for intermediate 1, from {S)-1-
(benzyloxycarbonyl)piperidine-Z-carboxylic acid io obtain (S)-benzy! 2-(B-amino-1-bromoimidazof1,5-
alpyrazin-3-yhpiperidine-1-carboxylate.  Subsequent reaction  with  N-{pyridazin-3-yl}4-(4,4,5,5-
tetramethyl-1,3 2-dioxaharolan-2-ylbenzamide (intermediate 32} and deprotection, analogues as

described for intermediate 2 afforded the title compound (258 mg, 85%).

Exampie 23
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(S)-4-(8-Amino-3-(1-but-2-ynovipiperidin-2-ylimidazol 1 b-alpyrazin-1-v-N-(pyridazin-3-yvl)benzamide

This compound was prepared, in an analogues manner as described in Example 2, from (8)}-4-(8-amino-
3-{piperidin-Z-yllimidazo[1,5-alpyrazin-1-yl}-N-(pyridazin-3-yhbenzamide (intermediate 33) and 2-butynoic
acid, to afford the title compound (11 mg, 31.8%). Data: UPLC(C) R, 1.92 min, m/z 481.3 (M+H)",
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N-{1soxazol-3-vi\-4-(4.4 5 S-fetramethyl-1.3 2-dioxaborolan-2-vhbenzamide

This compound was prepared, in an analogues manner as described in Intermediate 14, starting from 3-

aminoisoxazole, to afford the title compound (1.64 g, 95%).

intermediate 35

(8)-4-{8-Amino-3-(piperidin-2-vDimidazof1 S-alpyrazin-1-yi-N-{isoxarol-3-yiYbenzamide

This intermediate was prepared, in an analogues manner as described for intesmediate 1, from (5)-1-
{benzyloxycarbonyhpiperidine-2-carboxylic acid to obtain (S)-benzyl 2-{8-amino-1-bromoimidazoft,b-
alpyrazin-3-yhpiperidine-1-carboxylate. Subsequent reaction with N-{isoxazol-3-yi)-4-{4 4.5 S-tetramethyl-
1,3,2-dioxaborotan-2-yl}benzamide (Intermediate 34) and deprotection, analogues as described for

intermediate 2 afforded the title compound {72 mg, 129%).
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Example 24
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{S3-4-( 8-Amina-3-(1-bui-2-vnovipiperidin-2-yhimidazol 1.5-alpyrazin-1-vi-N-(isoxazol-3-vYhenzamide

This compourk! was prepared, in an analogues manner as described in Example 2, from (S)-4-(B-amino-
5 3-(piperidin-2-yliimidazo[1,5-alpyrazin-1-yl}-N-(isoxazol-3-yl)benzamide (intermediate 35) and 2-butynoic
acid, to afford the title compound {2 my, 8.6%). Data: UPLC(C) R : 2.23 min; m/z 470.3 (M+H)".

Intermediate 36

B

o
e

AN

10 N-{5-Ethvithiazol-2-y-4-(4 4 5 S-tetramethyi-1,3.2-dioxaborolan-2-ylbenzamide

This compound was prepared, in an analogues manner as described in infermediate 4, starting from 5-

ethylthiazol-2-amine, {o afford the title compound (191 mg, 34.2%).
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Intermediate 37

(S)-4-(8-Amino-3-{piperidin-2-ylimidazol 1, 5-alpyrazin-1-yi)-N-(5-ethvithiazol-2-ylbenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (8)-1-
(benzyloxycarbonyl)piperidine-2-carboxylic acid fo obtain (8)-benzyl 2-(8-amino-1-bromoimidazo[1,5-
alpyrazin-3-yl)piperidine-1-carboxylate. Subsequent reaction with N-(5-ethyithiazol-2-yi}4-(4,4.5,5-
tetramethyi-1,3,2-dioxaborolan-2-ylbenzamide (infermediate 36) and deprotection, analogues as

described for intermediate 2 afforded the title compound (1468 mg, 52.4%).

Example 25

(8, E)-4-(8-Amino-3-(1-(4-methoxybul-Z-enovlipiperidin-2-ylimidazo] 1 5-alpyrazin-1-vD-N-{ 5-ethvithiazol-

2-ylbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from {S)-4-(8-amino-

3-(piperidin-2-yliimidarof 1, 5-alpyrazin-1-yl)-N-{5-ethylthiazol-2-yhibenzamide (intermediate 37) and (E)-4-
methoxybut-2-encic ackd {Intermediate 3), to afford the fitle compound {11.7 mg, 47.6%). Data: UPLC{C)
R, : 2,50 min; m/z 546.3 (M+H)".

intermediate 38
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This compound was prepared, in an analogues manner as described in Intermediate 4, starting from
commercially available 2-flioro-4-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-ylibenzoic acid and 4-propyl-

pyridin-2-ylamine, to afford the title compound {830 mg, 63.3%).

intermediate 39
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{ 8§)-4-(8-Amino-3-(piperidin-2-yNlimidazo[1,5~-alpyrazin- 1-yi}-2-fluoro-N-{(4-propyipyridin-2-ybenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from (8)-1-
{benzyioxycarbonyl)piperidine-2-carboxylic acid to obtain (S)-benzyl 2-(8-amino-1-bromoimidazo[1,5-
a}pyrazin—f&—yi)piperidine—1—carboxylate. Subsequent reaction with 2-fluoro-N-{4-propylpyridin-2-yi)-4-
(4,45 b-tetramethyl-1,3,2-dioxaborolan-2-ylibenzamid (Intermediate 38) and deprotection, analogues as
described for intermediate 2 afforded the title compound (75.4 mg, 52%).

Exampie 26



10

WO 2013/010868 PCT/EPIO12/063552
65

(S)-4-(3-{1-Acrvloyipiperidin-2-y-8-amingimidazol1 ,5-alpyrazin-1-yi)-2-fluoro-N-(4-propylpyridin-2-
yhbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from (S)-4-(8-amino-

3-(piperidin-2-yhimidazo[1,5-a]pyrazin-1-yl)-2-fluoro-N-{4-propylpyridin-2-yl)benzamide (intermediate 39)
and acrylic acid, to afford the iitle compound (5.9 g, 28.9%}. Data: UPLC{C) Ry : 2.41 min; m/z 528.4
(M+H)",

intermediate 40

J-Methoxy-N-(d-propyipyridin-2-yi-4-(4 4 5 S-istramethyl-1.3 2-dioxaborolan-2-ylibenzamide

This compound was prepared, in an analogues manner as described in Intermediate 14, starding from
commetcially available 4-bromo-2-methoxybenzoic acid and 4-propyl-pyridin-2-ylamine, to afford the title
compound {240 mg, 15.1%).
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intermediate 41
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{5)-4-{8-Amino-3-(piperidin-2-yliimidaze[1,5-alpyrazin-1-y| »2-methoxy-N-{4-propyipyridin-2-viibenzamide

This intermediate was prepared, in an analogues manner as described for intermediaie 1, from (5)-1-
(benzyloxycarbonyl)piperidine-2-carboxylic acid to obtain (S)-benzyl 2-{B-amino-1-bromoimidazo[1,5-
a]pyrazin-3-yl)piperidine-1-carboxylate. Subsequent reaction with 2-methoxy-N-{4-propylpyridin-2-yi}-4-
(4,45, 5-tetramethyi-1,3,2-dioxaborolan-2-yl)benzamide (Intermediate 40) and deprotection, analogues as

described for intermediate 2 afforded the tile compound (74.5 mg, 75%).

Example 27
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(S EV-4-(8-Amino-3-(1-{(4-{dimethylamino \but-2-enoviniperidin-2-y)imidazoi 1, 5-alpyrazin-i-yi)-2-
methoxy-N-(4-propyipyridin-2-v\benzamide

This compound was prepared, in an analogues manner as described in Example 2, from (S)-4-~(8-amino-
3-(pipetidin-2-yhimidazo[1,5-a]pyrazin-1-yi)-2-methoxy-N-(4-prapylpyridin-Z-yllbenzamide  (intermediate
41) and (F)-4-(dimethylamino)but-2-enoic acid, to afford the title compound (13.1 mg, 38.4%). Data:
UPLC(C) R, : 1.86 min; nm/z 597.4 (M+H)".

Intermediate 42
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3-Methyl-N-{ pyridin-2-y1)-4-(4 4 5 5-teframethyi-1,3 2-dioxaborolan-2-yl\benzamide

This compound was preparad, in an analogues manner as described in Intermediate 14, starting from
commercially available 4-bromo-3-methytbenzoic acid and 2-aminopyridine, to afford the title compound
{2.5 g, 71.3%).

Intermediate 43

AN
(/ °t
\;;!\i
O\ fj
N
13
/
FN
’\“{ /
N —
7 N,
AR
N TN
[N N 5/N

ridin-2-vhbenzamide

This intermediate was prepared, in an analogues manner as desctibed for intermediate 1, from (8§)-1-
{benzyioxycarbonyhpiperidine-2-carboxylic acid to obtain (S)-benzyl 2-(8-amino-t-bromoimidazo[1,5-
aipyrazin-3-yhpiperidine-1-carboxylate. Subsequent reaction with 3-methyl-N-(pyridin-2-yI)-4-(4,4,5 5
tetramethyl-1,3 2-dioxaborolan-2-ybenzamide {Intermediate 42) and deprotection, analogues as

described for intermediate 2 afforded the title compound (150 mg, 71.7%).
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Exampie 28
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4-(8-Amino-3-{{ S)-1-but-2-vnovipiperidin-2-vlimidazol 1 5-alpvrazin-1-y - Z-methyl-N-{pyridin-2-

yilbenzamide

This compound was prepared, in an analogues manner

as described in Example 2, from 4-{8-amino-3-

({S)piperidin-2-yhimidazo[1,5-a]pyrazin-1-yl}-3-methyl-N-{pyridin-2-yl)benzamide (intermediate 43) and
Z-butynoic acid, to afford the title compound (13.7 mg, 56.1%). Data: UPLC(C) R, : 2.28 min; m/z 494.3

(M+H)".

Intermediate 44
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4-{8-Amino-3-(aminomethyhimidazol1 5-alpyrazin-1-yi)-N-{pyridin-2-yiibenzamide

This intermediate was prepared, in an analogues manner as described for intermediate 1, from Z-Gly-OM

to obtain benzyl (B-amino-1-bromeimidazefl,5-a)pyrazin-3-ylymethylcarbamate. Subsequent reaction with

commercially available 4-(pyridin-2-yl-aminccarbonyl)benzeneboronic actd, analogues as described for

infermediate 2 afforded the litte compound (281 mg, 81%).
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Exarnple 29
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4-{3-(Acrylamidomethyi}-8-aminoimidazolt.5-alpyrazin-1-vl-N-{ pyridin-2-yl\benzamide

This compeund was prepared, in an analogues manner as described in Example 1, from 4-(8-aming-3-
{aminomethyliimidazo{1,5-a]pyrazin-1-y})-N{ pyridin-2-y)benzamide (intermediate 44) and
acryloylchioride, to afford the fitte compound (1.7 mg, 4%). Data: UPLG{C) R 1 1.22 min; m/z 414.2
(M+H)".

intermediate 45

This intermediate was prepared, in an analogues manner as described for intermediate 1, from 2-Ala-OH
to cbtain benzyi (Skbenzy! 1-(B-amino-i-bromeoimidazo|1,5-a]pyrazin-3-yethyicarbamate. Subsequent
reaction with commercially available 4-(pyridin-2-yl-aminocarbonyllbenzeneboronic acid and deprotection
with 33%HBrHOAC, analogues as described for intermediate 2 afforded the title compound (133.6 mg,
80%).
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Example 30

{S)-4-(8-Amino-3-(1-bui-2-ynamidoethvilimidazol1.5-alpyrazin-1-yi}-N-{ pyridin-2-yi\berzamide

This compound was prepated, in an analogues manner as described in Example 2, from {§)-4-(8-amino-
5 3-(1-aminoethyl)imidazo[1,5-alpyrazin-1-yl)-N-{pyridin-2-yl}benzamide (intermediate 45} and 2-butynoic
acid, to afford the iitle compound (9.5 mg, 26.9%). Data: UPLC(C) R, : 1.38 min; m/z 440.3 (M+H)".

Example 31

oxoethyl ethanethioate

This compound was prepared, in an analogues manner as described in Example 1, from the compound
descrived in intermediate 2b and 2,5-dioxopyrrolidin-1-yl 2-(acetylthio)acetate, to afford the iitle
compound (12.3 mg, 31.8%). Data: UPLC {C) R : 1.51 min; m/z 516.3 (M+H)Y".
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Example 32
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{ 8)4-{8-Amino-3-{ 1-{4-hydroxy-4-methvlpent-2-ynovipvrrolidin-2-yhimidazol 1. 5-alpyrazin-1-yI}-N-

{pvridin-2-yl}benzamide

This compound was prepared, in an anajogues manner as described in Example 2, from the compound

described in infermediate 2b and 4-hydroxy-4-methylpent-2-ynoic acid, to afford the title compound (8.0

my, 25.1%). Data: UPLC {(C) R, : 1.53 min; m/z 510.3 (M+H)".

Examplie 33

{ 8)-4-{8-Amino-3-( 1-{6-chloropyrimidine-4-carbonylipyrrolidin-2-vhimidazol 1. 5-alpyrazin-1-yi-N-{ pyridin-

2-yhibenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound

described in intermediate 2b and 6-chioropyrimidine-4-carboxyiic acid, to afford the title compound (2.5

mg, 6.2%). Data: UPLC (C) R : 1.64 min; m/z 540.3 (M+H)",
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Example 34
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{ S)-d-{B-Amino-3-( 1-pent-2-ynoylpyrrolidin-2-vimidazol1 . 5-alpyrazin-1-vi}-N-(pyridin-2-yiYbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
described in intermediate 2b and pent-2-ynoic acid, to afford the titie compound (7.4 mg, 24.7%). Data:
UPLC (C)R:: 1.73 min; m/z 480.3 (M+H)".

Exampie 35

pyridin-2-

ylbhenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
described in intermediate 2b and 3-cyclopropylpropichc acid, to afford the title compound (8 mg, 26%).
Data; UPLC (CYR; 1 1.73 min; m/z 492.3 (M-+H)".
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{ §)-4-(8-Amino-3-{ 1-hex-Z-yvnovipvrrolidin-2-vhimidazo[1.5-alpyrazin- 1-vh-N-{ pyridin-2-ylYbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound
5 described in intermediate 2b and hex-2-ynoic acid, to afford the title compound (8.1 mg, 26.2%). Data:
UPLC (C) Ry : 1.94 min; m/z 494.3 (M+H)".

intermediate 45

AN,
/ \‘]
{ /

NN

10 4-(B-Amino-3-(azepan-2-yhimidazol1 S-alpyrazin-1-y:-N-(pyridin-2-vhbenzamide

This infermediate was prepared, in an analogues meanner as described for intermsdiate 1, from -
{renzyioxycarbonyl)azepane-2-carboxylic acid to obtain  benzyl 2-(B-amino-1-bromoimidazo[1,5-
alpyrazin-3-yhazepane-1-carboxylate. Subsequent reaction with commercially available 4-(pyridin-2-yi-
aminocarbonylbenzeneboronic acid, analogues as described for intermediate 2 afforded the ftitle

15 compound {436 mg, guantitative, crude).
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Example 37

4-(3-(1-Acrvioylazepan-2-vl-8-amincimidazo[1,5-alpyrazin-1-vi)-N-{pyridin-2-vlbenzamide

This compound was prepared, in an analogues manner as described in Example 1, from 4-(8-amino-3-
{azepan-2-ylimidazo[1,5-alpyrazin-1-yl)-N-(pyridin-2-yl}benzamide (intermediate 48) and acryloylchloride,
to afford the title compound (11 mg, 32.6%). Data: UPLC(C) Ry : 1.88 min; n/z 482.3 (M+H)".

Intermediate 47

10 (R)4-(8-Amino-3-(morpholin-3-yimidazol1.5-alpyrazin-1-y)-N-(pyridin-2-yi)benzamide

This intermediate was prepared, in an analogues marnner as described for intermediate 1, from (8)-4-

{benzyloxycarbonyl)morpholine-3~carboxylic acld to obiain (R}benzyl 3-(8-amino-1-bromoimidazo[t,5-

alpyrazin-3-yhmorpholine-4-carboxylate. Subsequent reaction with commerdially available 4-{pyridin-2-yi-

aminocarbonylbenzeneboronic acid, analogues as described for intermediate 2 and subsequent
15 deprotection using TFA at 80°C, afforded the iitle cormpound (62 my, 69.5%).
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Example 38
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{ R)-4-{ B-Amino-3-{4-but-2-vnovimorpholin-3-ylimidazo[1, 5-alpyrazin-1-y=-N-{ nyridin-2-v}benzamide

5 This compound was prepared, in an analogues manner as described in Example 2, from (R)-4-(8-amino-
3~{morpholin-3-yhimidazo[1,5-alpyrazin-1-yl)-N-(pyridin-2-yl)benzamide (intermediate 47) and 2-hutynoic
acid, to afford the tile compound (4.9 mg, 14.1%). Data: UPLC(C) R, : 1.38 min; m/z 482.3 (M+H)".

intermediate 48

10
(S)-4-{&-Amino-3-{|-{methylaminoethyDimidazol 1. 5-alpyrazin-1-yD-N-(4-(rrifluoromethviipyridin-2-

yhbenzamide

This intermediate was prepared, in an anaiogues manner as described for intermediate 1, from (S)-2-

{{benzyloxysarbonyb{methyl)aminopropancic acid-to obtain (S}-benzyl 1-(8-amino-1-bromoimidazof1,5-
15 alpyrazin-3-yilethyi(methylcarbamate,  Subsequent reaction with  4-{4,4,5,5-Tetramethyl-1,3,2-
dioxaborolan-2-yli-N-{4-{trifluoromethyl pyridin-2-yl)benzamide (Intermediate 10), analogues as described

for intermediate 2 afforded the title compound (71 mg, 64.7%).

Example 38
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{ S$)-4-(B-amino-3-(1-(N-mathvibut-2-ynamido ethvhimidazol 1. 5-alpyrazin-1-yi}-N-{4-
{trifluoromethyhpyridin-2-yhbenzamide

This compound was prepared, in en analogues manner as described in Example 2, from (8)-4-(8-amino-
3-{ 1-(rnethylaminolethyimidazo[t,5-a]pyrazin-1-yl }-N-(4-(triflucromethyl )pyridin-2-yhberzamide
{(intermediate 48) and 2-butynoic acid, to afford the ii’tié compaund {11.5 mg, 33.4%}. Data: UPLG(C)R;:
2.54 min; m/z 522.2 (M+HY".

Intermediate 49

4-(Dimethyiaming Yout-2-ynoic acid

n-Bulli in hexane (2.5M, 24.06 mmol, 9.62 mL) was slowly added to a solution of N, N-dimethylprop-2-yn-
1-amine (24.06 mmol, 2,58 mbL., 2 ¢) in dry THF (10 mL) at -78°C. The mixiure was stirred for 1 h at -
78°C, then crushed CO: (241 mmol, 10.598 g) was added in one portion and the reaction mixture was
stirred for an additiona! 10 min. The resulling solution was poured into water and washed with ethyl
acetate. The aqueous layer was evaparated in vacuo to give the crude amino acid. This was dissolved in
methanol, and the insoluble salts were removed via filtration. The filtfate was evaporated to give 3.25 g of
4-{dimethylaminobut-2-ynoic acid (106%).
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Example 40
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{8)¥-4-{8-Amino-3-{ 1~(4~(dimethyiaminobui-2-ynovipyrrolidin-2-yvlimidazol 1, b-alpyrazin-1-yh-N-{ pyridin-2-
ylbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound

described in intermediate 2b and 4-{dimethylaminc)but-2-ynoic acid (intermediate 49), io afford the title
compound (5.6 mg, 12%). Data: UPLC (C) R, : 0.97 min; m/z 508.3 (M+H)".

Intermediate 50

4-Methoxybut-2-ynoic acid

n-BuLi in hexane (2.5M, 28.5 mmol, 11.41 mL) was slowly added to a solution of 3-methoxyprop-1-yne
(28.5 mmol, 2,41 mL, 2 g) in dry THF (10 mi) at -78°C. The mixture was stirred for 1 h at -78°C, then
crushed CO; (285 mmol, 12.56 g) was added in one portion and the reaction mbxiure was stirred for an
additional 10 min. The resulting solution was poured into waler and washed with ethyl acetate. The
aqueous layer was evaporated in vacuo to give the crude amino acid. This was dissolved in methanol,
and the insoluble salts were removed via filtration. The filirate was evaporated to give 3.35 g of 4-

methoxybut-2-ynoic acid (103%).
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Exarmnple 41
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{ §)-4-(8-Amino-3-( 1-{4-methoxvbut-2-yrioylipyriolidin-2-vhimidazol1 5-alpvrazin-1-yi}-N-{pvridin-2-
yhbenzamide

This compound was prepared, in an analogues manner as described in Example 2, from the compound

described in intermediate 2b and 4-methoxybut-2-ynoic acid (Intermediate 50), o afford the title
compound (2.1 mg, 24.7%). Data; UPLC (C) R, 1.44 min; m/z 486.2 (M+HY",

The following Examples were synthesized following the methods described for example 1-41.

42 T > (S)-4-(3-(1-acryloylpyrrolidin-2-yl)- | 472.3 | 2.25 min
}/ﬁ" 8-aminoimidazo{1,5-alpyrazin-1-yl)-
s \
b {J N-{4-flucropyridin-2-yl)benzamide

43 Q\ﬁ {8)-4~(3~( 1-acryloylpyrrolidin-2-yl)- 523.3 1.72 min
o f;? B-aminoimidazo[1,5-a]pyrazin-1-yl)-
\).»N
@ N-{4~(pyrrolidin-1-yhpyridin-2-
N"L’i”(‘;@ ylibenzamide
s N @
P
Nt
N
44 f\; ;p {S)4~(8-amino-3-(1-but-2- 498.3 1 247 min
;f“’ ynoyipiperidin-2-ylYimidazo[1,5-
o g;.:) alpyrazin-1-yh-N-{4-flucropyridin-2-
A .
bt o yhbenzamide
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45 : L’%N (S)4~(8-amino-3-(1-but-2- 480.3 | 2.26 min
O
f/g A ynoylpiperidin-2-yhimidazo[1,5- LCMS (B)
g
b E’J ajpyrazin-T-yh)-N-(pyridin-2-
N7 .
e R yhbenzamide
o TEE—
b
46 ”I,\,:’ (8)-4-{3-(1-acryloylpiperidin-2-y|}-8- | 468.3 | 2.49 min
4]
/_,\\fN aminoimidazo[1,5-alpyrazin-1-yl)-
.
g i »
M-(pyridin-2-yl}benzamid
A r[ o {py yl) e
R O
R
47 ! (S)-4-(8-amino-3-(1-but-2- 5083 | 2.00min
Y,
. {"\fw‘ ynoylpyrrolidin-2-yljimidazo[1,5-
Fz, alpyrazin-1-yi)-N-{4-propylpyridin-
I _lfJ 2-yl)benzamide
&/N‘/N Du
N/L“S\-\:;\
—
48 },’% (S, EYy-4-(8-amino-3-( 1-(4-methoxy- 528.3 1.89 min
L N-methylbut-2-
Y enamidoyethylimidazo{1,b-
hH, KI;:J
YH& ) alpyrazin-1-yl}-N-(4-propylpyridin-
%/N‘i_.Nf"‘*‘f - 2-ylbenzamide
!
49 "“C\, (S)-4-(8-amino-3-(1- 546.3 | 2.15min
Nii {vinylsulfonylipipetidin-2-
(:\f vhiimidazol1,5-alpyrazin-1-yl-N-(4-
v s
NJ\%N propyipyridin-2-ybenzamide
L‘E/&“/ DS\T/
)
S
a.
50 nﬁj\:”\(g (Sd-(B-amino-3-{1-but-2- 484.3 | 1.84 min
by b - ynoylpyrrolidin-2-yDimidazof1,5-
K/'j’“ % alpyrazin-1-yl}-2-fluoro-N-(pyridin-
s
E 2-ylhenzamide




WO 2013/010868 PCT/EP2012/063552
g0

51 ‘5\?/\\\! (8, E)4-(8-amino-3-(1-(4- 5284 | 1.60min
o methoxybut-2-enayl)pyrrolidin-2-
. @ yhimidazof1,5-alpyrazin-1-yl)-N-(4-
rf WNJN . methoxypyridin-2-ylibenzamide
S
S
52 . {::f (8, E)-d-{B-aming-3-(1-(4~ 516.3 | 1.79 min
y F?f:\%:m methoxybut-2-enoyl)pyrrolidin-2-
" m{: yhimidazol1,5-ajpyrazin-t-yl)-2-
“‘/”'&Nﬁ\/vo\ fluoro-N-(4-methoxypyridin-2-
- yijbenzamide
53. FC} (S, E)-4-{B-amino-3-(1-(4- 516.3 231 min
F\:ﬁ methoxybut-2-enoybhpyrrolidin-2-
A, *ff yllimidazo[1,5-a]pyrazin-1-yl}-N-(4-
WI:/\N’;:N o fluoropyridin-2-ylbenzamide
e
L
54 e (S, Ey-d=(8-amino-3-(1-(4- 502.3 | 2.01 min
; \:N methoxybut-2-enaylpiperidin-2-
Nj\%{l ylYimidazo[1,b-alpyrazin-1-yl)-N-
\*"’é—"i?‘»gf*/h {isoxazol-3-yhbenzamide
S
55 . NZ;‘ {8, Er-4-(8-amino-3-{1-(4~ B 513.3 1.79 min
,fif)\gﬁ methoxybut-2-enoyl)piperidin-2-
N:”f- J' yhimidazo{1,5-alpyrazin-1-yl}-N-
hb\‘/wjiw?\\‘;h/ai {pyrimidin-2-yl)benzamide
L
56 . ”’Q 4(8-amino-3-(S)»1-(2- 568.3 | 2.23 min
, r'?T—N chloropyrimidine-4-
f"'\j\;’( carbonyl)piperidin-2-yimidazo[1,5-
L»’X | aleyrazin-toyl)-3-methyl-N-{pyricin-
> "L | 2-vibenzamide
57 I (8,E)-4-(8-amino-3{1-(4- 5124 | 1.67 min
;J:;” methoxybut-2-enoylipyrrolidin-2-
NT\J f yllimidazol1,5-alpyrazin-1-yl1}-N-(4-
1\\\\/&3:@ § o methylpyridin-2-yhbenzamide
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alpyrazin-t-yiN-{d-
(rifluoromethyi)pyridin-2-

yilbenzamide

58 I:F’\\ {8, E}-4-{8-amino-3-{ i-{4- 1.74 min
o\fgﬁrj methoxybut-Z-enoylipyrrolidin-2-
e yliimidazo[1,5-a]pyrazin-1-yl3-N-{4-
Til,\N/)\; . . isopropylpyridin-2-yhbenzamide
o
59 C\ (8, Ey-d-(8-amino-3-(1-(4- 5254 | 1.11min
i}‘*“ (dimethylamino Ybut-2-
) fi’i,vj enoylpyrrolidin-2-yliimidazo[1,5-
a\\,ﬁliw [N alpyrazin-1 -yl)—N.—gc&—methylpyridin-
N 2-ybenzamide
50 g (S)-4-(8-arnino-3-(1-but-2- 4720 | 2.24 min
(\(N ynoylpyrrolidin-Z-yhimidazof[1,5-
Nj‘f g{:’d alpyrazin-1-yl)-N-(thiazol-2-
L\V"‘jw" } yhbenzamide
o I
61 “7 S, (S)-4-(3-(1-acryloylpiperidin-2-yl}-8- | 510.3 | 2.11 min
N"ZNO aminoimidazo[1,5-alpyrazin-1-yl)-
) F,) N-{4-propylpyridin-2-yhbenzamide
T\V T %
Lj) k!
62 :yj o {S)-4-{3-{ 1-acryloylpyrrolidin-2-yl}- 522.0 2.37 min
O\Y:-’GN’ 8-aminoimidazol1,5-alpyrazin-1-yl)-
y (j}\? N-(4-(trifluoromethyl)pyridin-2-
i‘) = yhbenzamide
O
i
63 ?j (S)-4~(8-armino-3-( 1-but-2- 5483 | 1.09 min
:z/*“ ) ynoyipiperidin-2-yhimidazol1,5- UPLC (B)
7,
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64 {S)4-(8-amino-3-(1-but-2- 522.3 2.29 min
ynoylpiperidin-2-yljimidazo[1,5-
alpyrazin-1-yl)}-N-{4-propylpyridin-
2-yDhenzamide '

65 {8.E}-4~{B-amino-3-{1-{4- 553.3 1.31 min
{dimethylaminobut-2-
enoyipyrrolidin-2-ylimidazo[1,5-
alpyrazin-1-yl)}-N-{(4~
isopropyloyridin-2-v)benzamide

66 ) f:, A-(8-2minc-3-((S)-1- 5183 | 2.20 min

f,: (vinylsulfonylpiperidin-2-
Vj” ;Z‘{ yhjimidazo[1,5-a]pyrazin-1-yl}-3-
L\Jl\”N 5 rmethyl-N-(pyridin-2-y)benzamide
67 T (S)-4-(8-amino-3-(1-but-2- 5403 | 2.56 min
"j,wvw yhoylpiperidin-2-yllimidazof1,5-
. !f‘\_j" alpyrazin-1-y-2-fluoro-N-(4-
w’g N—_*Jiw . propyipyridin-2-yhbenzamide
S e
L
68 . f\f;} 4-(3-({S)-1-acryloylpiperidin-2-yl}-8- | 482.2 1.8 min
]/,_7: " aminoimidazol1,5-alpyrazin-1-yH-3-
;f\ e methyl-N-{pyridin-Z-yl}benzamide
fi\va«i{i} Y
2
69 ) f’;; (E)-4-(8-amino-3-{{4-(dimethyl 4712 | 1.16 min
ﬂﬂz’” amino)but-2-enamido)methy)
/“‘“‘v;}’ imidazof1,5-ajpyrazin-1-yl)-N-
L-/”““’{:ﬁ {pyridin-2-yhbenzamide
S Y
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70 fi/ ﬁ';’z)*“”l\ (S)4-(8-amino-3-(1-(2-chloro 582.2 1.89 min
;«U pyrimidine-4-carbonyl)pyrrolidin-2-
&/“\{N 8 yhimidazo{1,5-alpyrazin-1-yl)-N-{(4-
CT fhf»}“ isopropylpyridin-2-y)benzamide
b
71 :E’%;N} {Sy-4-{8-amino-3-(1-(2-chloro 800.2 2.49 min
.\/Nij; / \\/\) pyrimidine-4-carbonyljpyrrolidin-2-
Ty }NN iﬁ;/““‘i ylimidazo{1,5-alpyrazin-1-yl}-N-
- g (4,5,6,7-tetrahydrobenzoldlthiazol-
& -
2-ylbenzamide
72 oy (8, E}-4-(8-amino-3-(1-(4- 5133 | 1.84min
;\gé methoxybut-2-enoyl)piperidin-2-
}ﬁ yl)imidazo[1,5-alpyrazin-1-yl)-N-
“f;,Nf/“w’ckﬁ, (pyridazin-3-yl)benzamide
S
73 0 Ly (S, E)-4~(8-amino-3-(1-(4- 5264 | 1.26 min
Z\“ (dimethylamino)but-2-
Nji(}’”" ' enoylipiperidin-2-yliimidazof1,5-
K\/fwiN j_‘ /,,\/“N\ alpyrazin-1-yh-N-A{pyridazin-3-
(,j yhbenzamide
74 oy (8)-4-(8-amino-3-(1-(2- 5553 | 1.96 min
é:l’ h chioropyrimidine-4-
NJQ{J carbonyt)piperidin-2-yllimidazo{1,5-
L»»N\Simj. L alpyrazin-1-yl}-N-( pyridazin-3-
LY yhbenzamide
75 "%;\? (8, E)-4-(B-amino-3-(1-(4-methoxy- 5542 2.47 min
S N-methytbut-2-
i f)o enamideyethylimidazo[1,5-
. T TD\:; alpyrazin-T=yi-N-(4-
\/Niu\)\“/“ (rifluoromethyi)pyridin-2-
' ylibenzamide
76 \’\;r\/ (S, Ey-4-(8-amino-3-{1-(4- 5413 | 1.41 min
Hmf\f:o {dimethylamino)}-N-methylbut-2-
. ,\,rj? enamido)ethyljimidazo[1,5-
F’LT-*/IN , alpyrazin-1-yh-N-(4-propylpyridin-
N N?‘*‘f =" | peyibenzamice
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77 xﬂ(} {8, Ey-4-(8-amino-3-(1-{4- 579.3 1.64 min
o (pyrrolidin-1-yl)but-2-
N ,_fg enoyl)pyrrolidin-2-yhimidazo[1,5-
T:A\LQ . N/} alpyrazin-1-yi)-N-{4-propylpyridin-
LT 2-ylbenzamide
78 € (8, E)-4-(8-ammina-3-(1-(4- 5253 | 2.10 min
[:ng {dimethylamino)but-2- ECMS (B)
N::f . encylpiperidin-2-yhimidazo[1,5-
VN\S‘ j\J\J‘ alpyrazin-1-yl-N-{pyridin-2-
O yibenzamide
79 \/\Y\\f (S)-4-(8-amino-3-(1-(2- 582.3 | 1.95min
%y chioropyrimidine-4-
- {i} carbonylypyrrolidin-2-
’(/ é | vhimidazol1,5-a]pyrazin-1-yl)-N-(4-
é:?')&r‘i}v propylpyridin-2-yl)benzamide
&
80 FC? (S)-4-(B-amino-3-{1-(2- 5723 | 2.45min
%y chloropyrimidine-4-
I \’J}{\j carbonyl)piperidin-2-yhimidazo[t,5-
L/N%\N ,'»O\ - alpyrazin-1-yI}»-N-{4-fluorapyridin-2-
s i
() NE:N yhbenzamide
81 FTL\:@ {8, E)-4-(8-amino-3-{ 1-(4- 530.3 2.38 min
3\:"& methaxybui-2-enoylipipetidin-2-
et "\;ﬁ yhimidazo[1,5-alpyrazin-1-yl}-N-{4-
"j :f;i o}\\ o~ o fluoropyridin-2-yhbenzamide
3
&y 4 . .
82 ; { f} ) {8, E)4-(8-amino-3-(1-{4- 558.3 2.33 min
Ni(’ {W L methoxybut-2-enoyl)pyrrolidin-2-
. ’“‘{Wﬁ\/vo\ yi)imidazoﬁ S-alpyrazin-i-yh)-N-
o (4,5,8,7-tetrahydrobenzo[d}thiazol-
2-yhbenzamide
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83 ] ’Q (S)-4-(8-amino-3-(1-(2- 570.3 | 2.01 mi
fo\l ;;’E\fﬁ chloropyrimidine-4-
"“/}’J carbonylpyrrolidin-2-
w““‘"’”‘/’\iwi";ﬁﬁ yIYimidazo{1,5-alpyrazin--yly-2-
e methoxy-N-(pyridin-2-yl)benzamide
84 o‘\j?“\f (S)-4-(B-amino-3-(1-(2- 5582 | 1.95min
4 chioropyrimidine-4-
b b carbonyljpyrrolidin-2-
l\,ﬁjiw jﬂ yhimidazo[1,5-a]pyrazin-t-yl)-2-
G b fluoro-N-(pyridin-2-yl)benzamide
b
85 i o 4-(8-amino-3-((S)F-1{(E)4- 5263 | 2.12 min
p %5 methoxybut-2-enoylipiperidin-2-
B yhimidazoi1,5-alpyrazin-1-yi}-3-
N;/NT(K G A= | methyl-N-(pyridin-2-yl)benzamide
J
86 (,f (S, E)-4-(8-amino-3-(1-{4- 5133 | 1.83 min
' r(i\/:” methoxybut-2-enoylpiperidin-2- .
Y v ylimidazof 1 5-alpyrazin-1-y!)-N-
\V,S %~ | (pyrimidin-4-yl)benzamide
)
87 Iy 4-(8-amino-3-((S)-1-((E}-4- 5544 | 1.86 min
‘}( ) methoxybut-2-enoylpyrrolidin-2-
" ‘”\,»i/ yhjimidazo{1,5-alpyrazin-1-yi)-3-
N/L/KN . methyl-N-(4-propylpyridin-2-
ﬁ{\j’i‘/ o yibenzamide
88 ] t\, (S, Er-4-(8-amino-3-(1-(4- 5273 | 1.88 min
Dal methoxybut-2-enoyl)piperidin-2-
o Q yiimidazol1,5-alpyrazin-1-yl)-N-{4-
\*’N/ifiﬁ\f\/o\ methylpyrimidin-2-yhbenzarmide
%
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(8)-4-{8-amino-3-(1-but-2-
yhoylpiperidin-2-y)imidazof1,5-
ajpyrazin-1-y-N-(4-
methylpyrimidin-2-ylibenzamide

4953 1.97 min

90

(S)4-(B-amino-3-(1-(2-
chloropyrimidine-4-
carboriyl)piperidin-2-ylimidazo[1,5-
ajpyrazin-1-yH-N-{pyrimidin-2-

yhbenzamide

5553 1.91 min

9N

(S)-4-{B-amino-3-{1-
methacryloylpyrrolidin-2-
yhimidazo[1,5-alpyrazin-1-yi}-N-
{pyridin-2-y)benzamide

468 4 1.61 min

92

{S)r4-{B-amino-3-(1-(2-
{trifluoromethybacryloylpyrrolidin-
2-yhimidazol1,5-alpyrazin-1-yh-N-
{pyridin-2-yl)benzamide

522.3 1.89 min

83

(S, Ey-4-(8-aminc-3-{ 1-but-2-
enoylpyrrolidin-2-yllimidazo[1,5-
alpyrazin-1-yh-N-{pyridin-2-

yl}benzamide

468.4 1.59 min

94

(S)y4-{8-amino-3-{1-
{cyanomethyl)pyrrolidin-2-
yhimidazo[1,5-alpyrazin-t-yl)}-N-
{pyridin-2-yDbenzamide

438.3 1.55 min

95

{E)y-4-(8-amino-3-((4-methoxybut-2-
enamidoymethyl)imidazol1,5-
alpyrazin-1-yl}-N-(pyridin-2-

ylbenzamide

458.2 1.35 min
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96 ‘\_hi}m\ (S)-4-{B-amino-3-1-but-2- 5353 | 227 min
N ’}N ynoylpyrrolidin-2-yliimidazo{1,5- LCMS (B}
FZ:H ajpyrazin-1-yl)-N-(4-{pyrrotidin-1-
N:Ii’/{'ﬂ ylipyridin-2-yl)benzamide
s o
s
a7 . "\’;:\? (E}-4-(8-amino-3-(1-(4-methoxybut- 526.3 1.97 min
7 \:ﬁ 2-enoyljazepan-2-ylimidazol1,5-
N:f‘}" alpyrazin-1-yl-N-(pyridin-2-
s = yhbenzarmide
N
I\’j
98 N\f»> (S, E)-4-(8-amino-3-(1-(4- 5233 | 2.12min
o &~ " methoxybut-2-enoyhpyrrolidin-2-
g’g ’ yhimidazo[1,5-alpyrazin-1-yh-N-(4-
%}Aj cyanopyridin-2-yhbenzamide
e \Ns PN
il
99 - O (S)-4-(8-amino-3~(1-but-2- | 4963 | 1.87 min
’O?f j\% K ynoyipyrrolidin-2-ybimidazo[1,5-
I alpyrazin-1-yi)-2-methoxy-N-
L i (pyridin-2-y)benzamide
s
100 . {,,: (S)-4-(3-(1-acrylamidoethyl)-8- 4283 1.15 min
. \\\'ﬁ aminoimidazo[1,5-afpyrazin-1-yi)-
N;ﬂ“ }” N-(pyridin-2-yDbenzamide
%’Qﬂif
101 . N:;sé {S)y4-(3-( 1-acrvioylpyrrolidin-2-yh)- 460.2 2.03 min
/,Qj;u Braminoimidazo[1,5-ajpyrazin-1-yi)-
NEHW}’J N-(thiazol-2-yi)benzamide
N 3
&,\J
- ,;?ifiﬁ“y L | (8)4-{B-amino-3-{1-but-2- 5078 | 1.82 min
e }‘H’ - ynoylpyrrolidin-2-yl)imidazo{1,5-
N\\:;*N % alpyrazin-1-yi)-N-(4-
% T isopropyipyridin-2-ybenzamide
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103 g;\,é (S, E)-4-(B-amino-3-(1-(4- 528.3 1.84 min
; )*50 methoxybut-2-enayl)pyrrolidin-2-
! ’ yhimidazo[1,5-ajpyrazin-1-yl}-2-
N%\!//AN
‘\\\./Nj g~ | methoxy-N-(pyridin-2-yl)benzamide
7 A% . .
104 ol (S, E)-4-(B-amino-3-(1- 530.4 208 min
f?ﬁ cinnamoylpyrrolidin-2-
E f yhimidazo[1,5-a}pyrazin-1-yl)}-N-
T
R pyridin-2-yhhenzamide
105 Oy (S)-N—(1-(8-amino-1-(4-(pyridin-2 1 i
L e -{1-(8- -1 =(4=(pyridin-2- 514.3 1.56 min
/-‘*?H ylearbamoyhphenyl)imidazo[1,5-
N;‘L’*;z’ alpyrazin-3-ylethyl}-2-
L, N Mo sl _ H
S \,&Nf\\ﬁﬂ*\ chloropyrimidine-4-carboxamide
SN LW
I
(4]
r
106 f{j {S)-4-(B-armino-3-(1-but-2- 4842 | 2.38 min
;?\’ﬁ ynoyipyrrolidin-2-yl)imidazo[1,5-
e ! alpyrazin-1-y1}-N-{(4-fluoropyridin-2-
[, g ylhibenzamide
N . .
107 e (8)-4-(8-amino-3-{1-{2- 5963 | 2.19min
m}:’)m chloropyrimidine-4-
;O
i f\ carbonyl)piperidin-2-yljimidazo[1,5-
e, e
I/L\ ) alpyrazin-1-yl)-N-(4-propylpyridin-
N L4 —
e i_,ﬁ‘\-( | 2-yhbenzamide
(L_) Nﬁ(m
108 e (S, E)-4-(B-amino-3-{1-(4- 5803 | 1.03min
},f—N
':‘\\-fﬁ methoxybut-2-enoyhpiperidin-2- LUPLC (B)
o, [\’,,:? yhimidazol1,5-alpyrazin-1-yh-N=(4-
*f:\;”fw § {trifluoromethylpyridin-2-
! yhbenzamide
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109 ?f;\? {S)-4-{3-( t-acryloylpiperidin-2-y1}-8- { 5363 1.02 min
E {jf aminoimidazol1,5-ajpyrazin-1-yi)- UPLC {B)
N)NHk ’\[,j N-{(4-{trifinoromethyhpyridin-2-
o o yhbenzamide
ol
110 \"‘“ﬁﬂﬁ {8)-4-{8-amino-3-(1-but-2~ 5524 2.57 min
\,,g:‘"N' ynoyipiperidin-2-yhimidazo{1,5
w ,{f;f‘“\ alpyrazin-1-yl}-2-methoxy-N-{4-
?@fiﬂ % propyipyridin-2-yl}benzamide
SRR
O
111 A\/\{y"‘x} {S,E}-4~(8-amino-3-(1-(4- 584 .4 2.49 min
Oﬁrru methoxybui-2-enoylpiperidin-2-
9 ﬁ(ﬁ‘" | yhimidazo{1,5-alpyrazin-1-yi)-2-
NL\” T?”Jo methoxy-N-(4-propylpyridin-2-
- }*N\}JH ylibenzamide
[
112 L 4-{8-amino-3-(but-2- 4262 | 1.35min
’ :f’?-/ﬁ ynamidomethylyimidazo[1,5-
N}‘“ﬂji’ ajpyrazin-1-yl)}-N-{pyridin-2-
E“V“‘fw yhbenzamide
K
113 \/@ (8)-4-{B-amino-3-{1-{N-methylbui- 496.3 1.894 min
=N
HN’\F;D 2-ynamido)ethyl)imidazo[1,5-
. i, alpyrazin-1-yi)-N-(4-propyipyridin-
Nitﬁf\:: 2-ylibenzamide
a8
114 MCH {3, E)-4-(B-amino-3-( 1-{4- 5724 2.48 min
%y methoxybut-2-enoylpiperidin-2-
- C}F vllimidazo[1,5-ajpyrazin-1-yi)-2-
a{’l 5/*“ . . fiuoro-N-(4-progylpyridin-2-
- ‘}uj\ﬁ"//w yhibenzamide
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115 \ff\ (S)-4-(8-amino-3-(1-(2- 6222 | 1.15min
“’v;r chlaropyrimidine-4- UPLC (B)
. @;\/ carbonylpiperidin-2-yljimidazo[1,5-
N\ir{ . alpyrazin-1-yl)-N-(4-
?;“) ‘L‘.‘.{: {triffuoromethyl)pyridin-2-
vi}benzamide
116 i (S)-4-(8-amino-3-(1-but-2- 5143 | 2.68 min
. ;{“ ynoylpiperidin-2-ylimidazo[1,5-
" f(i% ajpyrazin-1-yi)-N-{5-¢thylthiazol-2-
if’\w . yhbenzamide
}*} e
117 S‘;; (S3-4-(3-(1-acryloyipiperidin-2-yI)}-8- | 502.3 2.53 min
\\rH}GN aminoimidazoll,5-alpyrazin-1-yl)-
o fj\; N-{5-sthylthiazol-2-yl}benzamide
I
L/\
118 55‘1 {Sy4-(8-amine-3-(1-(2- 588.3 2.71 min
o, I chicropyrimidine-4-
i \;H carbonyiipiperidin-2-yhimidazof1,5-
N;:;\; alpyrazin-1-yl)}-N-(5-ethylthiazol-2-
L\\/N‘\/(-N?“{h "("\N yi}benzamide
e ol
119 §><;i N (S)4-(8-amino-3-(1-(2- 8082 | 2.68 min
D\YQ’H‘N chloropyrimidine-4-
. {3 carbonyljpyrrolidin-2-
e %N yhimidazo[1,5-alpyrazin-1-yl)-N-{4-
\VN\\SFV..NEM(‘E] (tfriflusromethylpyridin-2-
l\fJ N\cj ybenzamide
120 QI (R, E)-4-(&-amino-3-(4-(4- 5143 | 134 min
ol
rz:" methoxybut-2-enaylimorpholin-3-
My e yhimidazo]1,5-alpyrazin-T-yl}-N-
DI‘;N::{N%’“ -~ | (pyridin-2-yl)benzamide
.
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121 T (S, E)-4-(8-amino-3-(1-{4- 5544 | 2.07 min
HN:D methoxybut-2-enoyhpiperidin-2-
g&/ yljimidazo[1,5-alpyrazin-1-yl)-N-(4-
MRy
N/A%}\ propylpyridin-2-yhbenzamide
\VN{ % P
&
= [N .
122 £ (,1} (S¥4-(3-( 1-acryloylpyrrolidin-2-yl}- 479.0 1.86 min
D\ 8 8-aminoimidazo[1,5-alpyrazin-1-yi)-
o
e, N-(4-cyanopyridin-2-yhbenzamide
I 4
e
9
&.
123 °’ﬂ W {S)-d-(B-amino-3-( 1-but-2- 496.3 1.50 min
/
o\\’NﬁN ynoylpyrrolidin-2-yhimidazo{t,5-
{ i} afpyrazin- -yl -N-(4-
NJWJN methoxypytidin-Z-yhbenzamide
\,,N\S o
SN TRy
- — _
124 Iy (S)}4-{3-(1-acryloylpyrrolidin-2-yl)- 468.1 | 1.37 min
F%N
- Iﬁ 8-aminoimidazol1,5-alpyrazin-1-yl)-
s /;f N-{4-methyipyridin-2-ylbenzamide
N .
}N,ik #
125 . 2 (S)-4-(3-( 1-acryloylpyrrolidin-2-yl}- 496.1 1.76 min
=N
° g 8-aminocimidazo[1.5-alpyrazin-1-yi)-
- /’;} N-{4-propylpyridin-2-yi)benzamide
NJ\-;
L\\./é‘/t\} q
126 B ?f—;, (S)—4~(3~(1»acryloyipyrro!idin—2—yi)— 482.1 1.53 min
0\?’5 B-aminoimidazo[1,5-alpyrazin-1-yi)-
b, %”2 N-(4-ethylpyridin-2-yDbenzamide
'}'2\7;\1
N
%N)LJ/’
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127 . %}N (S, E)-4-(8-amino-3-(1-{4- 511.0 | 1.29min
”(_,;”u (dimethylamino)but-2-
j\”ajf” enoyl)pyrrolidin-2-yiimidazo[1,5-
L g™ 9 /N ajpyrazin-1-yt)-N-(pyridin-2-
o yhibenzamide
128 ,=>'§\,,~\\J (8, E)-4~{8-amino-3-{1-(4- 5663 | 2.73 min
%;,{N methoxybut-2-enoyl)pyrrolidin-2-
w O yhimidazo[1,5-alpyrazin-1-yl)-N-(4-
'ii\ﬁN ; (irtfluoromethyl)pyridin-2-
e 7 | yibenzamide
129 Ty | (sra{s-amino3(1-2- 5542 | 1.38 min
j?f‘i‘f chioropyrimidine-4-
-, /ir,ﬁ carbonyl)pyrrolidin-2-
A
e 0 yhimidazo[1,5-a]pyrazin-1-yl)-N-(4~
' \;“}N/\jrh methylpyridin-2-yl}benzamide
i
CN\/ =
130 '\r ;N (S)-4~(8-amino-3-(1-but-2- 491.2 220 min
Djﬂ: ynoylpyrrolidin-2-yhimidazol1,5-
A
T K;J\’ alpyrazin-1-yl}-N~{4-cyanopyridin-2-
N N . )
ot { 53\\\ yhbenzamide
S
131 - \ff;\h{ (8)-4~(B-amino-3-(1-but-2- 494 3 1.65 min
"4 ynoylpyrrolidin-2-yhimidazoft,5-
4
N (?;: ajpyrazin-1-yi)-N-(4-ethylpyridin-2-
T::Ej“ o yhbenzamide
N)]\b‘\ag
i s
132 {2 (S)-4-(8-amino-3-(1-but-2- 5423 | 2.57 min
N,
. ’("\;N’ ynoylpyrrolidin-2-yijimidazo(1,5-
g,:z\ﬁ ajoyrazin-1-y-N-(4-phenylpyridin-
N (j‘”’ 2-ylihbenzamide
T\.,:'EJ’/N qQ
}‘N/J‘t;\
.
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133 "FH\\ (S)}4-(3-{1-acryloylpyrrolidin-2-yl}- 530.3 238 min
T
”\F_\pé 8-aminaimidazo[t,5-alpyrazin-1-yl)-
fj’/ﬁ N-{4-phenylpyridin-2-ybenzamide
M, j\,_/:’?
N"LV}(
L neg® o
o
-

Example 134 Assay Methods

Btk enzyine activity

Btk enzyme activity is measured using the IMAP {immobilized metal ion affinity-based fuorescence
polarization) assay as outlined below.

Bik enzyme {His-Btk (Millipore catalog# 14-552), is diluted {o 0.4 U/ml in KR buffer (10 mM Tris-HCI, 10
miM MgCly, 0.01% Tween-20, 0.05% NaNs;, 1 mM DTT, 2 mM MnCl, pH 7.2).

Seriai dilution log10 from 2 mM to 63.2 nM of test compounds are made in 100% DMSO. The dilutions in
DMSO are then diluted 50Fold in KR-buffer. Final compound concentration range in the assay from 10
wivt to 0.316 nh.

5 pliwell of test compound in KR buffer (final DMSO concentration in the assay is 1%) is mixed with 5
pliwell of 0.4 Uiml Btk enzyme (final concentration in the assay is 0.1 U/ml.). Test compounds and Btk
enzyme are pre-incubated 60 minutes at room temperature, before adding 5 pl/well of 200 nM Fluorescin
labeled substrate peptide (Blik/Lyntide substrate, e.g. #R7 188#R7233, Molecuiar Devices) in KR-buffer.
EFinal peptide substrate concentration in assay is 50 nM. The kinase assay is started by adding 5 pl/well
of 20 yM ATP in KR-buffer (final ATP conceniration is 5 pM ATP, Km ATP in Btk IMAP assay). Following
incubation for 2h at room temperaiure the enzyme reaction is stopped by adding 40 pb/well IMAP
Progressive Binding Solution (according to supplters (Molecular Devices) protocot using 75% 1x buffer A
and 25% 1x buffer B with 1:600 Progressive Binding Solution). After 60 min incubation at room
temperature in the dark the FP signal is read. Fluorescence at 535 nm is measured using parallel and
perpendicular filters io determine differences in rotation due to binding of the phosphorylated substrate
peptide o the beads. Values are calculated as percentage of the difference in readout (AmPi) of the
controls with and without ATP. ECs; values are determined by curve filting of the experimental results
using Activity Base.

All examples have an EGC50 of 10 pM or lower.



10

15

WO 2013/010868 PCT/EPZO12/063552
94

21uM 91,
=160nM
<1 52, 53, 54, 55, 68, 72, 74, 85, 86, 87, 88, 90, 92, 93, 94, 104

=10nM | 2, 4,5,7, 11, 24, 49, 41, 50, 51,-56, 57, 58, 59, 60, 68, 70, 71, 73, 80, 81, 82, 83,
<100nM | 84, 89, 95, 96,97, 98, 99, 103, 105, 106, 112, 113, 114, 118

1,3,6,8,9,10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29,
<10 nM | 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 42, 43, 44, 45, 46, 47, 48, 49, 61, 62, 63,
84, 65, 66, 67,75, 76, 77,78, 79, 100, 101, 102, 107, 108, 109, 110, 111, 115,
116, 117, 118, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133

Lek enzyme activity
l.ck enzyme activity is measured using the IMAP (immobilized metal ion affinity-based fluorescence

polarization) assay as outlined below,
Lek enzyme (Millipore catalog# 14-442), is diluted to 0.4 U/ml in KR buffer (10 mM Tris-MCI, 10 mM

' MgCE?, 0.01% Tween-20, 0.05% NaN;, 1 mM DTT, 2 mM MnCl,, pH 7.2).
-Sertal dilution log10 from 2 mM to 63.2 nM of test compounds are made in 100% DMSO. The dilutions in

DMSQO are then diluted 50-fold in KR-buffer of which 5 pi is used in the assay, leading to a final
compound concentration range in the assay from 10 yM to 0.316 nM.

5 uliweli of test compound in KR buffer (final DMSO concentration in the assay is 1%) is mixed witﬁ 5
ultwell of 0.4 U/mL Lck enzyme {final concentration in the assay is 0.1 U/mL). Test compounds and Lok
enzyme are pre-incubated 80 minutes at room temperature, before adding 5 plivell of 400 nM Fluorescin
labeied subsirate peptide (p34cde? subsirate peptide, e.g. #R7157THRT7 172, Molecular Devices) in KR-
buffer. Final peptide substrate concentration in assay is 100 nM. The kinase assay is started by adding 5
uLliwell of 24 uM ATP in KR-buffer {final ATP concentration is § uM ATP, Km ATP in Lok IMAP assay).
Following incubation for 2h at room temperature the enzyme reaction is stopped by adding 40 pliweil
IMAP Progressive Binding Solution {according to suppliers (Molecular Devices) protocol using 75% 1x
buffer A and 25% 1x buffer B with 1:600 Progressive Binding Solution). After 60 min incubation at room
temperature in the dark the FP signal is read. Fluorescence at 535 nim is measured using parallel and
perpendicuiar filters to determine differences in rotation due to binding of the phosphorylated substrate
peptéde o the beads. Values are calculated as percentage of the difference in readout (AmPi} of the
controls with and without ATP. ECs, values are determined by curve fitting of the expsrimental results

using Activity Base.
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ol Exemiple’y

1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
45, 47, 48, 48, B0, 51, 52, 53, 54, 55, 56, 57, 58, b9, 61, 63, 65, 66, 67, 68, 69,
=1uM 70,71,72, 73,74, 75,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 81,
92,03, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 105, 106, 107, 108, 169, 110,
111, 112, 113, 114, 115, 116, 117, 118, 118, 120, 121, 123, 127, 128, 129, 130,
131

2100nM
< UM 60, 62, 64, 76, 104, 122, 124, 125, 126, 132, 133

Src enzyme activity

Src enzyme aciivity is measured using the IMAP (immaobilized metal ion affinity-based fluorescence
polarization) assay as outlined below.

Src enzyme (Millipore catalog# 14-326), is diluted to 0.8 Uimb in KR buffer (10 mM Tris-HCI, 10 mM
MgCls, 0.01% Tween-20, 0.05% NaNs, 1 mM DTT, 2 mM MnCl,, pH 7.2).

Serial ditutioh iog10 from 2 mM fo 63.2 nM of test compounds are made in 100% DMSQO. The dilutions in
DMSCO are then diluted 50-fold in KR-buffer of which 5 pl is used in the assay, leading fo a final
compound conceniration range in the assay from 10 uM 1o 0.316 nM. -

5 pLiwell of test compound in KR huffer (final DMSO concentration in the assay is 1%) is mixed with 5
whwell of 0.8 U/mL Src enzyme (final concentration in the-assay is 0.2 U/mL). Test compounds and Src
enzyme are pre-incubated 60 minutes at room temperature, before adding 5 pLiweli of 400 nM F!uorescin“
labeled substrate peptide {p3dcdc? substrate peplide, e.g. #R7157THRT 172, Molecular Devices) in KR-
buffer, Final peptide substrate concentration in assay is 100 nM. The kinase assay is started by adding 5
ul.Awell of 16 uyM ATP in KR-buffer (final ATP concentration is 4 uM ATP, Km ATP in Src IMAP assay).
Following incubation for 2h at room temperature the enzyme reaction is stopped by adding 40 pliwedl
IMAP Progressive Binding Solution (according to suppliers (Molecular Devices) protocol using 75% 1x
buffer A and 25% 1x buffer B with 1:600 Progressive Binding Soiution). After 66 min incubation at room
temperature in the dark the FP signal is read. Fluorescence at 535 nm is measured using parailel and
perpendicular filkers to determine differences in rotation due to binding of the phosphorylated substrate
peptide fo the beads. Values are calculated as percentage of the difference in readout (AmPi) of the
controls with and without ATP. ECs; values ars determined by cuive filting of the experimental results

using Activity Base.
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1,2,3,4, 56,7, 89, 10,11,12, 13, 14, 15, 18, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 80, 61, 62, 63, 64, 65, 66,
21uM 67, 68,69, 70,71, 72,73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 161, 102, 103, 104, 105, 106,
107, 108, 108, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,.120, 121, 122,
123, 124, 125, 126,127, 128, 129, 130, 131, 132, 133

FynT enzyme activity

FynT enzyme activity is measured using the IMAP (immobilized metal ion affinity-based fluorescence
polarization) assay as outlined below.

FynT enzyme {Biomol catalog# SE-287), is diluted to 0.5 pg/mb in KR buffer (10 mM Tris-HCI, 10 mM
MgCly, 0.61% Tween-20, 0.05% NaNj, 1 mM DTT, 2 mM MnCl,, pH 7.2),

Serial dilution logt0 from 2 mM to 63.2 nM of test compounds are made in 100% DMSO0. The dilutions in
DMSO are thern diluted 50-fold in KR-buffer of which 5 pt is used in the assay, leading to a final
compound concentration range in the assay from 10 yM to 0.316 nM.

5 pljwell of test compound in KR buffer (final DMSQO concentration in the assay is 1%) is mixec with
uifwell of 0.5 pg/mL FynT enzyme {final concentration in the assay is 125 ng/ml.). Test compounds and
FynT enzyme are pre-incubated 60 minutes at room temperature, before adding 5 pL/well of 400 nM
Fluorescin laheled substrate peptide (p34cdc2 substrate peptide, eg. #R7157HR7172, Moiecular
Devices) in KR-buffer. Final peplide substrate concentration in assay is 100 nM. The kinase assay is
started by adding 5 uL/well of 0.8 uM ATP in KR-buffer (final ATP concentration is 0.2 pM ATP, Km ATP
in FynT IMAP assay). Following incubation for 2h at room temperature the enzyme reaction is stopped by
adding 40 pi/well IMAP Progressive Binding Solution (according to suppliers (Molecular Devices)
protocol using 75% 1x buffer A and 25% 1x buffer B with 1:600 Progressive Binding Solution). After 60
min incubation at room temperature in the dark the FP signal is read. Fluorescence at 535 nm is
measured using parallel and perpendicular filters to determine differences in rotation due te binding of the
phosphorylated substrate pepiide to the beads. Values are calculated as percentage of the difference in
reaclout (AmPi} of the controls with and without ATP. ECs; values are determined by curve fitting of the

experimental results using Activity Base.
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1,2,3,4,5,6,7, 89, 10, 11,12, 13, 14, 15,16, 17, 18, 18, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 65,
21uM 67.68,69,70,71,72,73, 74,75, 76,77, 78,79, B0, 81, 82, 83, 84, 85, 88, 87,
88, 89, 90, 91, 92, 93, 94, 95, 98, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 1186, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126,127, 128, 129, 130, 131,132, 133

Lyn enzyme activity

Lyn enzyme activity is measured using the IMAP (immaobilized metal ion affinity-based fluorescence
polarization) assay as outlined below.

Lyn enzyme (Millipore catalog# 14-510), is diluted to 250 mU/mL in KR buffer (10 mM Tris-HCL, 10 mM
MgCls, 0.01% Tween-20, 0.05% NaNg, 1 mM DTT, 2 mM MnCl;, pH 7.2).

Serial dijution log10 from 2 mM to 63.2 nM of test compounds are made in 100% DMSQ. The dilutions in
DMSO are then diluted 50-fold in KR-buffer of which 5 pl is used in the assay, leading to a final
compound concentration range in the assay from 10 pM to 0.316 nM.

5 ul/well of test compound in KR buffer (final DMSO concentration in the assay is-1%) is mixed with §
pwelt of 250 mU/mL Lyn enzyme (final conceniration in the assay is 62.5 mU/mL.). Test compounds and
Lyn enzyme are pre-incubated 60 minutes at room temperature, before adding 5 ul/well of 400 nM
Fluorescin labeled substrate peptide (Blk/Lyntide substrate, e.g. #R7188#R7233, Molecular Devices) in
KR-buffer. Final peptide substrate concentration in assay is 100 nM. The kinase assay is staried by
adding 5 pliwell of 8 UM ATP in KR-buffer {final ATP concentration is 2 pM ATP, Km ATP in Lyn IMAP
aszay). Foliowing incubation for 2h at room temperature the enzyme reaction is stopped by adding 40
uliwell IMAP Progressive Binding Solution (according to suppiiers (Molecular Devices) protocol using
75% 1x buffer A and 25% 1x buffer B with 1:600 Progressive Binding Solution). After 60 min incubation at
room temperature in the dark the FP signal is read. Fluorescence at 535 nm is measured using paraliel
and perpendicular filters to determine differences in rotation due to binding of the phosphorylated
subsirate peptide {o the beads. Values are caiculated as percentage of the difference in readout (AmPi) of
the controls with and without ATP. EC, values are determined by curve fitting of the experimental resulis

using Activity Base.
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Claims

1. A compound according to Formula (F)
R5

@)
Y

N

Formula (T}
5 or a pharmaceutically acceptable salt thereof, wherein:
XisCH,N,OorS;
Yis C(R6),N, O or S;
Zis CH, N or a bond;

10 AisCHorN;
BlisNor C(R7);
B2 is N or C(R8};
B3 is N or C(R9);
B4 is N or C(R10);
15 R1is R11C(0), R128(0), R1380; or (1-6C)alkyl optionally substituted with R14;
RZ is H, (1-3C)alkyl or (3-7C)cycloalkyl;
R3 is H, (1-6C)alkyl or (3-7C)cycloalkyl); or
R2 and R3 form, together with the N atom that R2 is attached to and the C atom that R3
1s attached to, a (3-7C)heterocycloalkyl optionally substituted with one or more fluorine,
20 hydroxyl, (1-3C)alkyl, (1-3C)alkoxy or oxo;
R4 is H or (1-3C)alkyl;
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R5 is H, halogen, cyano, (1-4C)alkyl, (1-3C)alkoxy, (3-6C)cycloalkyl, any alkyl group of
which is optionally substituted with one or more halogen; or R5 is (6-10C)aryl or (2-
6Chheterocycloalkyl;

R6is H or (1-3C)alkyl; or

RS and R6 together may form a (3-7C)cycloalkenyl, or (2-6Chheterocycloalkenyl; each
optionally substituted with (1-3C)alkyl, or one or more halogen;

R7is H or halogen;

R&is H or (1-3C)alkyl; or

R7 and R8 form, together with the C atom that R7 is attached to and the C afom that R8
is attached to, a (6-10C)aryl or (1-9C)heteroaryl;

R9 is H or halogen;

R10 1s H, halogen or (1-3C)alkoxy;

R11 is independently selected from the group consisting of (1-6Clalkyl, (2-6C)alkenyl
and (2-6C)alkynyl each alkyl, alkenyl or alkynyl optionally substituted with one or more
groups selected from hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, [(1-4C)alkyl]amino, di[(1-
4C)alkyllamino, (1-3C)alkoxy, (3-7C)cycloalkoxy, (6-10C)aryl or (3-
7Chheterocycloalkyl; or

Ril is (1-3C)alkyl-C(0)-S-(1-3C)alkyl; or

R11 is (1-5Chheteroaryl optionally substituted with one or more groups selected from
halogen or cyano;

R12 and R13 are independently selected from the group consisting of (2-6C)alkenyl or
(2—6C)aikynyi both optionally substituted with one or more groups selected from
hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, [(1-4C)alkyllamino, di[(1-4C)alkyllamino, (1-
3C)alkoxy, (3-7C)eyeloalkoxy, (6-10C)aryl or (3-7C)heterocycloalkyl; or
(1-5C)heteroaryl optionally substituted with one or more groups selected from halogen or
Cyano;

R14 is independently selected from the group consisting of halogen, cyano or (2-
6C)alkenyl or (2-6C)alkynyl both optionally substituted with one or more groups selected
from hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, [(1-4C)alkyl]amino, dif(1-4C)alkyl]amino,
(1-3C)alkoxy, (3-7C)cycloalkoxy, (6-10C)aryl, (1-5C)heteroaryl or (3-
7C)heterocycloalkyl;



100a

with the proviso that
- 0 to 2 atoms of X, Y, Z can simultaneously be a heteroatom;
- when one atom selected from X, Y is O or S, then 7 is a bond and the other atom

selected from X, Y cannotbe O or §;
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when Z is CH or N then Y is C(R6) or N and X is CH or N;
; 0 to 2 atoms of B1, B2, B3 and B4 are N,

The compound according to claim 1 wherein B1 is C(R7); B2 is C(R8); B3 is C(R9); B4
is C(R10);
R7isH,R9is H, and R10 is H; and

R8 is selected from the group consisting of hydrogen and methyl.

The compound according to any one of claims 1 to 2 wherein R4 is selected from the

group consisting of hydrogen and methyl.

The compound according to any one of claims 1 to 3 wherein the ring containing X, Y
and Z 1s selected from the group consisting of pyridyl, pyrimidyl, pyridazyl, triazinyl,

thiazolyl, oxazolyl, and isoxazolyl.

The compound according to any one of claims 1 to 4 wherein the ring containing X, Y

and Z is selected from the group consisting of pyridyl, pyrimidyl, and thiazolyl.

The compound according 1o any one of claims 1 to 5 wherein R5 is selected from the
group consisting of hydrogen, fluorine, chlorine, (1-3C)alkyl and (1-2C) alkoxy; the (1-

3C)alkyl group of which is optionally substituted with one or more halogen.

The compound according to any one of claims 1 to 6 wherein RS is selected from the
group consisting of hydrogen, fluorine, methyl, ethyl, propyl, methoxy and

trifluoromethyl.

The compound according to any one of claims 1 to 7 wherein R2 is hydrogen or (1-

3C)alkyl; and R3 is (1-6C)alkyl.

The compound according to any one of claims 1 to 7 wherein R2 and R3 form, together

with the N atom that R2 is attached to and the C atom that R3 is attached to, a
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heterocycloalkyl ring selected from azetidinyl, pyrrolidinyl, piperidinyl, homopiperidinyl
or morpholinyl, optionally substituted with one or more fluoro, hydroxyl, (1-3C) alkyl,
(i-3C)alkoxy, or oxo.

The compound according to any one of claims 1 to 9 wherein R1 is R11C(O) and R11 is
independently selected from the group consisting of {1-6C)alkyl, (2-6C)alkenyl or (2-
6C)alkynyl each optionally substituted with one or more groups selected from hydroxyi,
(1-4C)alkyl, (3-7C)cycloalkyl, [(1-4C)alkyllamino, dif(1-4C)alkyl]Jamino, (1-3C)alkoxy,
(3-7C)cycloalkoxy, (6-10C)aryl or (3-7Chheterocycloalkyl; or R11 is (1-5C)heteroaryl

optionally substituted with one or more groups selected from halogen or cyano.

The compound according to any one of claims 1 to 10 wherein R1 is R11C({O) and R11 is
selected from the group consisting of (2-6C)alkenyl or (2-6C)alkynyl each optionally
substituted with one or more groups selected from hydroxyl, (1-4C)alkyl, (3-
7C)eycloalkyl, dif(1-4C)alkyllamino, (1-3C)alkoxy, (3-7C)cycloalkoxy or (3-
7C)heterocycloalkyl.
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The compound according to claim 1 selected from the group consisting of
(S)-4-(3-(1-Acryloylpyrrolidin-2-yi)-8-aminoimidazo[ 1,5-alpyrazin-1-yl)-N-(pyridin-2-
ylbenzamide;

(S, E)-4-(8-amino-3-(1 -(4-(pyrrolidin-1-yh)but-2-enoylpyrrolidin-2-yl}imidazo[ 1,5-
a}pyrazin- 1-yl)-N-(pyridin-2-vl)benzamide;

(S, E)-4-(8-Amino-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-yl)imidazo[1,5-
alpyrazin-1-yl}-N-(pyridin-2-ylYbenzamide;

(8, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-ylyimidazo[ 1,5-a]pyrazin-1-
y1}-N-{pyridin-2-yl)benzamide;
(S)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yl Yimidazo[1,5-
a|pyrazin-1-vi}-N-{pyridin-2-yl}benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo{ 1,5-a|pyrazin- 1 -yl)-N-(pyridin-
2-yl)benzamide;

(S, F)-4-(8-Amino-3-(1-(4-(dimethylamino)but-2-enoylhpyrrolidin-2-vDimidazo[ 1,5-
a|pyrazin-1-yl)-N-(4-fluoropyridin-2-yl)benzamide;
(8)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1 ,5-a]pyrazin-1-y})}-N-(4-
methylpyridin-2-yi)benzamide;

(S, E)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
y1)-N-(4-propylpyridin-2-yl)benzamide;
(S)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo{ 1 ,5-a|pyrazin-1 -y1)-N-(4-
(trifluoromethyl)pyridin-2-yl)benzamide;

(S, £)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)pyrrohidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
vI)-N-(4-ethylpyridin-2-ylYbenzamide;
(S)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo{ 1 ,5-alpyrazin-1-y1)-N-(4,5,6,7-
tetrahydrobenzo[d}thiazol-2-yhbenzamide;
($)-4-(3-(1-acryloylpyrrolidin-2-yl}-8-aminoimidazo[ 1,5-alpyrazin-1 -y1)-2-fluoro-N-
{(pyridin-2-yl)benzamide;

(S, E)-4-(8-Anmino-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-ylimidazo[ 1,5~
apyrazin-1-yl)-N-(thiazol-2-yl)benzamide;

(S, E)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1 -
y1}-N-(pyridin-2-yl)benzamide;



10

15

20

25

30

103

(S)-4-(3-(1-Acryloylpiperidin-2-y1)-8-aminoimidazo[1,5-alpyrazin-1-yl)-N-(4-
fluoropyridin-2-yl)benzamide;

(S)-4-(3~(1-Acryloylpiperidin-2-y})-8-aminoimidazo{ 1,5-a}pyrazin- 1 -yi)-N-(4-
cyanopyridin-2-yl)benzamide;
(S)-4-(8-Amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[ 1,5-alpyrazin-1-yl}-N-(4-
(trifluoromethyl)pyridin-2-yl}benzamide;
(S)-4-(3-(1-Acryloylpiperidin-2-y1)-8-aminoimidazol 1,5-a]pyrazin-1-yl)-N-(pyrimidin-2-
yDbenzamide ;

{(8)-4-(3-(1-Acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-alpyrazin-1-yl)-N-(4-
methylpyrimidin-2-yl)benzamide ;
(S8)-4-(8-Amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl}-N-
{pyrimidin-4-yhbenzamide ;

(S)-4-(8-Amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yI)-N-
(pyridazin-3-yhbenzamide ;
(S)-4-(8-Amino-3-(1-but-2-ynoylpiperidin-2-yi)imidazo[1,5-a]pyrazin-1-yl)-N-(isoxazol-
3-ybenzamide ;
(S.E)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yl)imidazo{ 1,5-a]pyrazin-1 -
y1}-N-(5-ethylthiazol-2-yl)benzamide;
(S)-4-(3~(1-Acryloylpiperidin-2-y1)-8-aminoimidazo[1,5-a]pyrazin-1-y1)-2-fluoro-N-(4-
propylpyridin-2-ylbenzamide;
4-(8-Amino-3-((S)-1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-alpyrazin-1-yi)-3-methyl-N-
(pyridin-2-yl)benzamide;

4-(3-( Acrylamidomethyl)-8-aminoimidazo[1,5-alpyrazin-1-y1)-N-(pyridin-2-
vlbenzamide;

(8)-4-(8-Amino-3-(1-but-2-ynamidoethyl)imidazo{ 1,5-ajpyrazin-1-y1)-N-(pyridin-2-
vi)benzamide;

(5)-5-2-(2-(8-Amino-1-{4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[ 1,5-a]pyrazin-3-
vipyrrolidin-1-yl)-2-oxoethyl ethanethioate;
{S)-4-(8-Amino-3-(1-(4-hydroxy-4-methylpent-2-ynoyl)pyrrolidin-2-yl)imidazo[ 1,5-
aJpyrazin-1-yl}-N-(pyridin-2-yl)benzamide;

(5)-4-(8-Amino-3~(1 -(6-chloropyrimidine-4-carbonylpyrrolidin-2-yl)imidazo[ 1,5-
ajpyrazin-1-y1)-N-(pyridin-2-yl}benzamide;
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(8)-4-(8-Amino-3-(1-pent-2-ynoylpyrrolidin-2-yl)imidazof 1,5-ajpyrazin-1-y1)-N-
(pyridin-2-yl)benzamide;
(8)-4-(8-Amino-3-(1-(3-cyclopropylpropioloyl}pyrrolidin-2-yl)imidazof 1,5-ajpyrazin-1-
y}-N-(pyridin-2-yl)benzamide;
(S)-4-(8-Amino-3-(1-hex-2-ynoylpyrrolidin-2-yhimidazo[ 1,5-a]pyrazin-1-yI)-N-(pyridin-
2-yl)benzamide;
4-(3-(1-Acryloylazepan-2-yl)-8-aminoimidazo[1,5-alpyrazin-1-yl)-N-(pyridin-2-
yhbenzamide;
(R)-4-(8-Amino-3-(4-but-2-ynoylmorpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yhbenzamide ;

(S)-4-(8-amino-3-(1-(N-methylbut-2-ynamido)ethyl)yimidazo{ 1,5-alpyrazin-1-y1)-N-(4-
{(trifluoromethyljpyridin-2-yhbenzamide;
(S)-4-(8-Amino-3-(1-(4-(dimethylamino)but-2-ynoyl)pyrrolidin-2-yl)imidazo[ 1,5~
alpyrazin-1-yl}-N-(pyridin-2-ybenzamide;
{(S)-4-(8-Amino-3-(1-(4-methoxybut-2-ynoyl)pyrrolidin-2-yl)imidazo[ 1, 5-a]pyrazin-1-
yi)-N-(pyridin-2-yl)benzamide;

(8)-4-(3-(1-acryloylpyrrolidin-2-yl)-8-aminoimidazo{ I, 5-alpyrazin-1-vi}-N-(4-
fluoropyridin-2-yhbenzamide;

(5)-4-(3-(1-acryloylpyrrolidin-2-y1)-8-aminoimidazo[ 1,5-alpyrazin-1-y1)-N-(4-
(pyrrolidin-1-yhpyridin-2-yl)benzamide;
{(8)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-ajpyrazin-1-y1)-N-(4-
fluoropyridin-2-ylbenzamide;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-ylYimidazo[ 1,5-a]pyrazin-1-y1)-N-(pyridin-2-
ylibenzamide;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ I, 5-alpyrazin-1-y1)-N-(pyridin-2-
yhbenzamide;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo{ 1,5-alpyrazin- 1 -yl )}-N-(4-
propylpyridin-2-yl)benzamide;

(S, £)-4-(8-amino-3-(1 -(4-methoxy-N-methylbut-2-enamido)ethyl)imidazo[ 1,5-alpyrazin-
1-y1)-N-(4-propylpyridin-2-yl)benzamide;
(5)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamide;

(5)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yljimidazo[ 1,5-a]pyrazin-1-yl)-2-fluoro-N-
(pyridin-2-yhbenzamide;



10

15

20

25

30

105

(8. E)-4~(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-ylimidazo[ 1,5-a]pyrazin-1-
y1}-N-{4-methoxypyridin-2-ylbenzamide;

(S, F)-4-(8-amino-3-(1-(4-methoxybut-2-enoylpyrrolidin-2-ylYimidazo{ 1,5-alpyrazin-1-
yh)-2-fluoro-N-(4-methoxypyridin-2-yDbenzamide;

(S, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo{ | ,S—a]pyraziﬁ— 1-
y1)}-N-(4-fluoropyridin-2-yhbenzamide;

(8. E)-4-(8-amino-3-(1-(4-methoxybut-2 -enoyl)piperidin-2-yljimidazo[ 1,5-a|pyrazin-1-
vl}-N-(isoxazol-3-vl)benzamide;

(S, £}-4-(8-amino-3-(1 -(4-methoxybut-2-enoyl)pipernidin-2-yhimidazo{1,5-aJpyrazin-1 -
yv1}-N-(pyrimidin-2-yl)benzamide;
4-(8-amino-3-({(S)-1-(2-chloropyrimidine-4-carbonyl)piperidin-2-yl)imidazo[ 1,5~
aipyrazin-1-yl}-3-methyl-N-(pyridin-2-yh)benzamide;
(S.E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
y)-N-{4-methylpyridin-2-ylbenzamide;

(S, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyhpyrrolidin-2-yl)imidazo[ 1,5-a|pyrazin-1-
v)-N-(4-isopropylpyridin-2-yl)benzamide;
(S,E)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-yl}imidazo[ 1,5~
a|pyrazin-1-yl)-N-(4-methylpyridin-2-vl}benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-ylyimidazo[ 1,5-a]pyrazin-1-y1)-N-(thiazol-
2-yhbenzamide;

{(8)-4-(3-(1-acryloylpiperidin-2-yl}-8-aminoimidazof 1 ,5-a]pyrazin-1-yi)-N-(4-
propylpyridin-2-yl}benzamide;

($)-4-(3-(1-acryloylpyrrolidin-2-yl)-8-ammoimidazo[ 1 ,5-a]pyrazin-1-y1}-N-(4-
(trifluoromethylpyridin-2-ylbenzamide;
(8)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-alpyrazin-1-yl)-N-(4-
(trifluoromethylpyridin-2-yl}benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin- I -yI}-N-{4-
propylpyridin-2-ylbenzamide;

(S, £)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoyi)pyrrolidin-2-yl)yimidazo[ 1,5-
ajpyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamide;
4-(8-amino-3-({S)-1-(vinylsulfonyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-3-methyl-
N-{pyridin-2-ylYbenzamide;

(5)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl}imidazo[ 1,5-a]pyrazin-1-yl)-2-fluoro-N-
(4-propylpyridin-2-ylYbenzamide;
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4-(3-((S)-1-acryloylpiperidin-2-yl}-8-aminoimidazo[ 1,5-apyrazin-1-y1}-3-methyl-N-
{(pyridin-2-yhbenzamide;

(E)-4-(8-ammo-3-((4-(dimethyl amino)but-2-enamido)methyl) imidazo[1,5-aJpyrazin-1-
yI)-N-{pyridin-2-y])benzamide;

{(S)-4-(8-amino-3-(1-(2-chioro pyrimidine-4-carbonyl)pyrrolidin-2-yl)imidazo[1,5-
ajpyrazin-1-yl}-N-(4-isopropylpyridin-2-yl)benzamide;

(5)-4-(8-amino-3-(1-(2-chloro pyrinudine-4-carbonyl)pyrrolidin-2-yl)imidazo[1,5-
alpyrazin-1-y1)-N-(4,5,6,7-tetrahydrobenzo[ d]thiazol-2-yl)benzamide;
(S,.E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-ylyimidazo[ 1,5-a]pyrazin-1-
vI)-N-(pyridazin-3-yl}benzamide;
(S.E)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoylpiperidin-2-yl)imidazo[1,5-
alpyrazin-1-yl}-N-(pyridazin-3-yhbenzamide;
(5)-4-(8-amino-3-(1-(Z-chloropyrimidine-4-carbonyl)piperidin-2-ylimidazo[ 1,5-
alpyrazin-1-yl)}-N-(pyridazin-3-yDbenzamide;
(S,£)-4-(8-amino-3-(1-(4-methoxy-N-methylbut-2-enamido)ethyl)imidazo[ I ,S-a]'pyrazin—
1-yD)-N-(4-(trifluoromethyl)pyridin-2-yDbenzamide;

(S, £)-4-(8-amino-3-(1-(4-(dimethylamino)-N-methylbut-2-enamido)ethyl)imidazo[ 1,5-
alpyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamide;

(S, £)-4-(8-amino-3-(1-(4-(pyrrolidin-1-ybut-2-enoyl)pyrrolidin-2-yl yimidazo[ 1, 5-
a]pyrazin-1-yl)-N-(4-propyipyridin-2-ylbenzamide;
{S.£)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoylpiperidin-2-yl)imidazo{ 1,5-
ajpyrazin-1-yl)-N-(pyridin-2-yl}benzamide;
(S)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yl)imidazo[ 1,5~
ajpyrazin-1-yl)-N-{4-propylpyridin-2-yhbenzamide;
(S)-4-(8-amino-3-(1-(2~-chloropyrimidine-4-carbonyl)piperidin-2-yl)imidazo[ 1,5-
ajpyrazin-1-yh-N-{4-fluoropyridin-2-ylybenzamide;

(S, £)-4-(8-amino-3-(1-(4~methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1 -
yh)-N-(4-flucropyridin-2-yi}benzamide;
(S.E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyDpyrrolidin-2-yhimidazo[ 1,5-a]pyrazin-1-
y1)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamide;
(S)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-y1)imidazo[1,5-
alpyrazin-1-yl}-2-fluoro-N-(pyridin-2-yDbenzamide;
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4-(8-amino-3-((:S)~1-((£)-4-methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-aJpyrazin-1-
yb-3-methyl-N-(pyridin-2-yhbenzamide;
(S,E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
y)-N-(pyrimidin-4-yl)benzamide;
4-(8-amino-3-((S)-1-((E)-4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5-alpyrazin-1 -
y1)-3-methyl-N-(4-propyipyridin-2-ylbenzamide;

(S, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-ylyimidazo[ 1,5-a)pyrazin-1 -
yi)-N-(4-methylpyrimidin-2-yi)benzamide;
(8)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yD)-N-(4-
methylpyrimidin-2-ylybenzamide;
(S)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)piperidin-2-yljimidazo[ 1,5-
alpyrazin-1-yh)-N-(pyrimidin-2-yl)benzamide;
{S)-4-(8-amino-3-(1-methacryloylpyrrolidin-2-ylyimidazo[1,5-aJpyrazin-1-yl)-N-
(pyridin-2-yl)benzamide;
(5)-4-(8-amino-3-(1-(2-(trifluoromethyl)acryloyl)pyrrolidin-2-yhimidazo[ 1,5-a]pyrazin-
1-yl)-N-(pyridin-2-yl}benzamide;

(S, E)-4-(B-amino-3-(1-but-2-enoylpyrrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-y[)}-N-
(pyridin-2-yhbenzamide;
(S)-4-(8-amino-3-(1-(cyanomethyl)pyrrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamide;
(£)-4-(8-amino-3-((4-methoxybut-2-enamido}methyl)imidazo[1,5-alpyrazin-1-y1)-N-
(pyridin-2-yhbenzamide;

(5)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1,5-alpyrazin-1-yl}-N-(4-
(pyrrolidin-1-yDpyridin-2-y)benzamide;
(£)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)azepan-2-yhimidazo[ 1,5-a}pyrazin-1 -yl }-N-
(pyridin-2-yhbenzamide;

(S, E}-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5-alpyrazin-1 -
yh-N-(4-cyanopyridin-2-yl}benzamide;

(8)-4-(3+(1-acrylamidoethyl)-8-aminoimidazo{ 1,5-a]pyrazin-1-y1)-N-(pyridin-2-
yl)benzamide;

(S}-4-(3-(1-acryloylpyrrolidin-2-y1)-8-amincimidazo{ 1,5-a|pyrazin-1-y1}-N-(thiazol-2-

yh)benzamide,
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(5)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
isopropylpyridin-2-yl)benzamide; |

(S, £)-4-(8-amino-3~(1-cinnamoylpyrrolidin-2-yl}imidazo[ 1,5-aJpyrazin-1-yl)-N-(pyridin-
2-yl)benzamide;
(8)-N-~(1-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[1,5-alpyrazin-3-
yl)ethyl)-2-chloropyrimidine-4-carboxamide;
(5)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo{1,5-alpyrazin-1-y1)-N-(4-
fluoropyridin-2-yl)benzamide;
{5)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)piperidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamide;

(S, E)-4~(8-amino-3-( [ -(4-methoxybut-2-enoyi)piperidin-2-yl yimidazo[ 1,5-a]pyrazin-1-
yl}-N-(4-(trifluoromethylypyridin-2-yl)benzamide;
(8)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-aJpyrazin-1-yl)-N-(4-
(trifluoromethylpyridin-2-ylibenzamide;
4-~(8-amino-3-(but-2-ynamidomethyl)imidazo[ 1,5-a}pyrazin-1-y1)-N-(pyridin-2-
yhibenzamide;

(S)-4-(8-amino-3-(1 -(N-methytbut-2-ynamido)ethyl)imidazo[1,5-a}pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamide;

(S, E)-4-(8-amino-3-( I -(4-methoxybut-2-enoyl)piperidin-2-yl Yimidazo[ 1,5-a]pyrazin-1-
yl)-2-fluoro-N-(4-propylpyridin-2-yl)benzamide;
(S)-4-(8~-amino-3-(1-(2-chloropyrimidine-4-carbonyl)piperidin-2-yl)imidazo{1,5-
ajpyrazin-1-yl)-N-(4-(trifluoromethylpyridin-2 -yl )benzamide;
(:5)-4-(8~amino-3-(1-but-2-ynoylpiperidin-2-yl}imidazo[ 1,5-a}pyrazin- 1 -y1}-N-(5-
ethylthiazol-2-yl)benzamide;

(8)-4-(3-(1-acryloylpiperidin-2-y1)-8-aminoimidazo{ I, 5-a]Jpyrazin-1-yl)-N-(5-
ethylthiazol-2~yljbenzamide;
(S)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)piperidin-2-ylimidazo{ 1,5~
ajpyrazin-1-yl)-N-(5-ethylthiazol-2-yl)benzamide;
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(8)-4-(8-amino-3-(1-(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yl Jimidazo[1,5-
alpyrazin-1-yl)}-N-(4-(trifluoromethyl)pyridin-2-yl)benzamide;

(R, E)-4-(8-amino-3-(4-(4-methoxybut-2-enoylymorpholin-3-yl)imidazo[1,5-alpyrazin-1-
yI}-N-(pyridin-2-yl)benzamide;
(S.E)-4~(8-amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1 ,5-a]pyrazin-1-
v1}-N-(4-propylpyridin-2-yl)benzamide;
(S)-4-(3-(1-acryloylpyrrolidin-2-yl)-8-aminoimidazo[ 1,5-alpyrazin-1-yl)-N-(4-
cyanopyridin-2-yl)benzamide;
(8)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
methoxypyridin-2-ylybenzamide;
(S)-4-(3-(1-acryloylpyrrolidin-2-y1)-8-aminoimidazo[ 1,5-alpyrazin-1-yl)-N-(4-
methylpyridin-2-yl)benzamide;

(S)-4-(3-(1-acryloylpyrrohdin-2-yl}-8-aminoimidazo[ 1,5-a}pyrazin-1-y})-N-(4-
propylpyridin-2-yhbenzamide;

(S)-4-(3-(1-acryloylpyrrolidin-2-yl})-8-aminoimidazo[ 1,5-aipyrazin-1-y1)-N-(4-
ethylpyridin-2-yl)benzamide;
(5.E)-4-(8-amino-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5~
alpyrazin-1-y1}-N-(pyridin-2-yh)benzamide;
(S,.E)-4-(8-amino-3-(1-(4-methoxybut-2-enoyl)pyrrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
yI)-N-(4-(trifluoromethyl)pyridin-2-yl)benzamide;

(S)-4-(8-amino-3-( 1 -(2-chloropyrimidine-4-carbonyl)pyrrolidin-2-yl Yimidazo[ 1,5-
ajpyrazin-1-y[}-N-{(4-methylpyridin-2-yl)benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yl)Yimidazo[ 1,5-a]pyrazin-1-yi)-N-(4-
cyanopyridin-2~yl)benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrrohidin-2-yhimidazo[ 1,5-alpyrazin-1-yi)-N-(4-
ethylpyridin-2-yl)benzamide;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrrolidin-2-yhimidazo{ 1,5-a]pyrazin-1-y1)-N-(4-
phenylpyridin-2-yl)benzamide

(5)-4-(3-(1-acryloylpyrrolidin-2-y1)-8-aminoimidazo[ 1,5-alpyrazin-1-y1)-N-(4-
phenylpyridin-2-yl}benzamide, and

pharmaceutically acceptable salts of the foregoing.

The compound of any one of claims 1 to 12 for use in therapy.
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14. The compound of any one of claims 1 to 12 for use in the treatment of Bruton’s Tyrosine

Kinase (Btk) mediated disorders.
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Use of a compound according to any one of the claims 1 to 12 for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

A combination of a compound of any one of claims I to 12and a further therapeutic

agent.

A pharmaceutical composition comprising a compound of any one of claims I to 12and a

pharmaceutically acceptable excipient.

The compound of claim 1, wherein
Xis CH;

Y 1s CH;

Zis CH;

B11s C(R7);

B2 is C(R8);

B3 is C{R9};

B4 is C(R10});

R1is R1IC(O);

R2 and R3 form, together with the N atom that R2 is attached to and the C atom that R3
is attached to, a pyrrolidinyl;

R4 s H;

R7is H;

R9is H;

R1G 1sH; and

R8 is H or methyl.

The compound according to claim 1 selected from the group consisting of:
(8)-4-(3-(1-Acryloylpyrrolidin-2-y1}-8-aminoimidazof 1,5-alpyrazin-1-yl)-N-(pyridin-2-
yhbenzamide;

(5, £)-4-(8-Ammo-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-ylyimidazo{ 1,5~
alpyrazin-1-yl)-N-(pyridin-2-yl)benzamide;
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(S, E)-4-(8-amino-3-(1-(4-methoxybut-2-enoylpyrrolidin-2-yiYimidazo[1,5-a]pyrazin-1-
y1}-N-(pyridin-2-yl)benzamide;
(S)-4-(8-amino-3-{1-but-2-ynoylpyrrolidin-2-yl)imidazo! 1,5-alpyrazin-1-y}}-N-(pyridin-
2-yYbenzamide;

(8)-4-(8-Amino-3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1, 5-a]pyrazin-1-yl)-N-(4-
(trifluoromethyl)pyridin-2-yl)benzamide;

(5)-4-(8-Amino-3-(1-(4-hydrox y-4-methylpent-2-ynoyl)pyrrolidin-2-yi)imidazo[ 1,5-
alpyrazin-1-yI)-N-(pyridin-2-yl}benzamide;
{R)-4-(8-Amino-3-(4-but-2-ynoyimorpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
{(pyridin-2-yl)benzamide;
(S)-4-(8-Amino-3-(1-(4-(dimethylamino)but-2-ynoyl)pyrrolidin-2-yl)imidazo[ 1,5-
alpyrazin-1-yl)-N-(pyridin-2-yl)}benzamide;

(5, E)-4-(8-Amino-3-(1-(4-methoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-
yD-N-(pyridin-2-ylibenzamide;
(5)-4-(8-amino-3-(1-(N-methylbut-2-ynamido)ethyl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(trifluoromethyl)pyridin-2-yl}benzamide;
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($)-4-(8-amino-3-(I-but-2-ynoylpiperidin-2-ylyimidazo{1,5-aJpyrazin-1-yl)-N-(pyridin-2-
yl)benzamide;
(5)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-alpyrazin-1-y1)-N-(4-
(trifluoromethyl)pyridin-2-yl)benzamide, and

pharmaceutically acceptable salts of the foregoing

The use of claim 15, wherein the Btk mediated disorder is selected from the group
consisting of rtheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neuiropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type II diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, proliferative diseases, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signalling,

and a bone disorder related to multiple myeloma.

The use of claim 15, wherein the Btk mediated disorder is selected from the group

consisting of rheumatoid arthritis, psoriatic arthritis, and osteoarthritis.
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The use of claim 15, wherein the Btk mediated disorder is selected from the group
consisting of proliferative disease, non-Hodgkin Iymphoma, diffuse large B-cell
lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic lymphocytic
Jeukemia, acute lymphoblastic leukemia, acute lvmphoblastic leukemia with mature B
cell, B cell lymphoma resulting from chronic active B cell receptor signaling, and a bone

disorder related to muitiple myeloma.



10

15

20

112

23. A compound of Formula (I) according to claim 1;
R AL

5Y \‘%

X i

Formula (1)

or a pharmaceutically acceptable salt thereof,

wherein:

XisCHorS;

Y 1s C(R6);

Z is CH or a bond;

Ais CH;

Bl is N or C(R7);

B2 is N or C(R8);

B3is Nor CH;

Bdis N or CH;

Riis RIIC(=0),

R2 18 (1-3C)alkyl;

R31s (1-3C)akyl;

R2 and R3 form a (3-7C)heterocycloalkyl ring selected from the group consisting of azetidinyl,
pyrrolidinyl, piperidinyl, and morpholinyl, optionally substituted with one or more
fluorine, hydroxyl, (1-3C)alkyl, or (1-3C)alkoxy;

R4is H;

R5 is H, halogen, eyano, (1-4C)alkyl, (1-3C)alkoxy, or (3-6C)cycloalkyl, any alkyl group of

~ which is optionally substituted with one or more halogen;
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R6is H or {1-3C)alkyl;

R7 is H or halogen;

RE is H or (C1-3)alkyl; or

R7 and R8 form, together with the carbon atom that R7 is attached to and the carbon atom that
R8 is attached to, a (6-10C)aryl or (1-9C)heteroaryl;

R5 and RO together may form a (3-7C)cycloalkenyl or (2-6C)heterocycloalkenyl, each optionally
substituted with (1-3C)alkyl or one or more halogen;

R11 is independently selected from the group consisting of (2-6C)alkenyl and (2-6C)alkynyl,
wherein each alkenyl or alkynyl is optionally substituted with one or more substituents
selected from the group consisting of hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, [(1-
AC)alkyllamino, di[(1-4C)alkyl]amino, (1-3C)alkoxy, (3-7C)cycloalkoxy, (6-10C)aryl
and (3-7Ciheterocycloalkyl;

with the proviso that

Oto 2 atoms of B1, B2, B3 and B4 are N.

24, A compound of Formula (I} according to claim 1:

Ry YY\ZE*

>
=

Formula {j}
or a pharmaceutically acceptable salt thereof,
wherein:
the rmg containing X, Y and Z is selected from the group consisting of pyridyl, pyrimidyl,
pyridazyl, triazinyl, thiazolyl, oxazolyl and isoxazolyl ;
AisCH;
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BlisCH;

B2isCH;

B3isCH;

B4is CH ;

R1is C(O)R11 ;

R2 and R3 form, together with the N atom that R2 is attached to and the C atom that R3 is
attached to, a (3-7C)heterocycloalkyl ring selected from azetidinyl, pyrrolidinyl,
piperidinyl, homopiperidinyl or morpholinyl, each optionally substituted with fluoro,
hydroxyl, (1-3C)alkyl, (1-3C)alkoxy or oxo ;

R4 is hydrogen ;

RS5 is H, halogen, cyano, (1-4C)alkyl, (1-3C)alkoxy, or (3-6C)cycloalkyl, any alkyl group of
which is optionally substituted with one or more halogen ;

R11 1s (2-6C)alkenyl or (2-6C)alkynyl, each optionally substituted with one or more groups
selected from hydroxyl, (1-4C)alkyl, (3-7C)cycloalkyl, di[{1-4C)alkylJamino, (1-
3Calkoxy, (3-7C)cycloalkoxy, or (3-7C)heterocycloalkyl .

25. A compound which is (5)-4-(3-(1-acryloylpyrrolidin-2-yl)-8-aminoimidazo[ 1,5-
ajpyrazin-1-yI)-N-(pyridin-2-yl)benzamide , having the structure:

26. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the compound of claim 25.
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27. A pharmaceutically acceptable salt of a compound, the compound being (8)-4-(3-(1-
acryloylpyrrolidin-2-yl)-8-aminoimidazo| 1 ,5-a]pyrazin-1-yI)-N-{pyridin-2-yl)benzamide

and having the structure:

28. The pharmaceutically acceptable salt of claim 27, wherein the salt is selected from the
group consisting of acetate, ascorbate, benzoate, benzenesulfonate, bisulfate, borate,
butyrate, citrate, camphorate, camphorsulfonate, fumarate, hydrochloride, hydrobromide,

hydroiodide, lactate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,

10 phosphate, propionate, salicylate, succinate, sulfate, tartarate, thiocyanate, and

toluenesulfonate,

29, A pharmaceutical composition comprising a pharmaceutically acceptable carrier or
diluent and the pharmaceutically acceptable salt of claim 27.
15
30. A pharmacentical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 28.

31. A compound which is (S, £)-4-(8-amino-3-(1-(4-(dimethylamino }but-2-enoyl)pyrrolidin-
20 2-yhimidazo[1,5-ajpyrazin-1-yl)}-N-(pyridin-2-yl}benzamide , having the structure:



32. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the compound of claim 31.

33. A pharmaceutically acceptable salt of a compound, the compound being (S,£)-4-(8-
amino-3-(1-(4-(dimethylamino)but-2-enoyl)pyrrolidin-2-yl)imidazo[1,5-alpyrazin-1-yl)-
N-{pyridin-2-yl)benzamide and having the structure:

16

34, The pharmaceutically acceptable salt of claim 33, wherein the salt is selected from the

group consisting of acetate, ascorbate, benzoate, benzenesulfonate, bisulfate, borate,
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butyrate, citrate, camphorate, camphorsulfonate, fumarate, hydrochloride, hydrobromide,
hydroiodide, lactate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,
phosphate, propionate, salicylate, succinate, sulfate, tartarate, thiocyanate, and

toluenesulfonate.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 33.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 34.

A compound which is (S)-4-(8-amino-3~(1-but-2-ynoylpyrrolidin-2-yl}imidazo[ 1,5~
aJpyrazin-1-y1)-N-(pyridin-2-yl}benzamide , having the structure:

N
¢}
NH
NH;
N/ =
N
K/N VA
N %

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the compound of claim 37.

A pharmaceutically acceptable salt of a compound, the compound being (S)-4-(8-amino-
3-(1-but-2-ynoylpyrrolidin-2-yl)imidazo[ 1,5-alpyrazin-1-y)-N-(pyridin-2-yl}benzamide

and having the structure:
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5
10 41
42.
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43.

=N
o]
NH
NH;
NF ==
N
R/N / o
N %

The pharmaceutically acceptable salt of claim 39, wherein the salt is selected from the
group consisting of acetate, ascorbate, benzoate, benzenesulfonate, bisulfate, borate,
butyrate, citrate, camphorate, camphorsulfonate, fumarate, hydrochloride, hydrobromide,
hydroiodide, factate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,
phosphate, propionate, salicylate, succinate, sulfate, tartarate, thiocyanate, and

toluenesulfonate.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 39.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 40.

A compound which is (S)-4-(8-amino-3-(1-(3-cyclopropylpropicioylpyrrolidin-2-
yvlimidazo[1,5-alpyrazin-1-yl)-N-(pyridin-2-yl)benzamide , having the structure:



=N
9]
NH
NH,
NF =
N
!\/N { 0
N %
44 A pharmaceutical composition comprising a pharmaceutically acceptable carrier or
diluent and the compound of claim 43.
5
45, A pharmaceutically acceptable salt of a compound, the compound being (5)-4-(8-amino-
3-(1-(3-cyclopropylpropioloyl)pyrrolidin-2-yhimidazo| 1,5-a]pyrazin-1-y1)-N-(pyridin-2-
yl)benzamide and having the structure:
/ N
N
Q
M
NH,
N = =
N
ol .
I\ %
10

46.  The pharmaceutically acceptable salt of claim 45, wherein the salt is selected from the

group consisting of acetate, ascorbate, benzoate, benzenesulfonate, bisulfate, borate,
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butyrate, citrate, camphorate, camphorsulfonate, fumarate, hydrochloride, hydrobromide,
hydroiodide, lactate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,
phosphate, propionate, salicylate, succinate, sulfate, tartarate, thiocyanate, and

toluenesulfonate.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 45.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of claim 46.

A compound which is (5)-4-(8-amino-3-(1-hex-2~-ynoylpyrrolidin-2-yhimidazo[ 1,5~
alpyrazin-1-y)-N-(pyridin-2-yDbenzamide , having the structure:

=N
o]
NH
N
N/ ==
N
AV
N %

A pharmaceutical composition comprising a pharmacentically acceptable carrier or

diluent and the compound of claim 49.

A pharmaceutically acceptable salt of a compound, the compound being (S)-4-(8-amino-
3-(1-hex-2-ynoylpyrrolidin-2-yljimidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamide

and having the structure:
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=N

NH

The pharmaceutically acceptable salt of claim 51, wherein the salt is selected from the
group consisting of acetate, ascorbate, benzoate, benzenesulfonate, bisulfate, borate,
butyrate, citrate, camphorate, camphorsulfonate, fumarate, hydrochloride, hydrobromide,
hydroiodide, lactate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,
phosphate, propionate, salicylate, succinate, sulfate, tartarate, thiocyanate, and

toluenesulfonate,

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and the pharmaceutically acceptable salt of clatm 51.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier or
diluent and the pharmaceutically acceptable salt of claim 52.
Use of the compound of claim 25 for the manufacture of a medicament for the treatment

of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 55, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,

Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
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nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type Il diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, as{hma, bronchitis, rhinitis,
sinusitis, pnewmoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell tymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 53, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of the pharmaceutically acceptable salt of claim 27 for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Bik) mediated disorders.

The use of claim 58, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, uicerative
colitis, Crehn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,

Graves’ disease, scleroderma, type I diabetes, tvpe 11 diabetes, acute active hepatitis,
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chronic active hepatitis, pancreatitis, primary biliary cirrhoéis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, thinifis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
Iymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 58, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of compound of claim 31 for the manufacture of a medicament for the treatment of

Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 61, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter's syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type 11 diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,

sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
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media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 61, wherein the Btk mediated disorder is B cell chronic Iymphocytic

leukemia or mantle cell lymphoma.

Use of the pharmaceutically acceptable salt of claim 33 for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 64, wherein the Btk mediated disorder is selected from the group
consisting of theumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Retter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune imflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, aliograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type 1I diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse

large B-cell lymphoma (DLBCL}, mantle cell lymphoma (MCL), B cell chronic
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lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,
and a bene disorder related to multiple myeloma.

The use of claim 64, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of compound of claim 37 for the manufacture of a medicament for the treatment of

Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 67, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type 1l diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasts, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
msufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin Iymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
Iymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 67, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.
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Use of the pharmaceutically acceptable salt of claim 39, for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 70, wherein the Btk mediated disorder is selected from the group
consisting of theumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenta,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Crraves.’ disease, scleroderma, type I diabetes, type Hl diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin Iymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle ceil lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute Iymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 70, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of compound of claim 43 for the manufacture of a medicament for the treatment of

Bruton’s Tyrosine Kinase (Btk) mediated disorders.
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The use of claim 73, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, ostecarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type II diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
msufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary msufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute Iymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 73, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of the the pharmacsutically acceptable salt of claim 45 for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 76, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with

nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
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hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ discase, scleroderma, type I diabetes, type I diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, thinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cel! lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 76, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of the compound of claim 49 for the manufacture of a medicament for the treatment

of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 79, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimmune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type I diabetes, type Il diabetes, acute active hepatitis,

chronic active hepatitis, pancreatitis, primary biliary cirrhosis, myasthenia gravis,
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multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis
media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, puimonary emphysema,
pulmonary fibrosis, silicosts, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DIL.BCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leakemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 79, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.

Use of the pharmaceutically acceptable salt of claim 51 for the manufacture of a

medicament for the treatment of Bruton’s Tyrosine Kinase (Btk) mediated disorders.

The use of claim 82, wherein the Btk mediated disorder is selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty arthrtis,
Reiter’s syndrome, polychondritis, acute synovitis, spondylitis, glomerulonephritis with
nephrotic syndrome, glomerulonephritis without nephrotic syndrome, autoimmune
hematologic disorders, hemolytic anemia, aplastic anemia, idiopathic thrombocytopenia,
neutropenia, autoimimune gastritis, autoimmune inflammatory bowel diseases, ulcerative
colitis, Crohn’s disease, host versus graft disease, allograft rejection, chronic thyroiditis,
Graves’ disease, scleroderma, type | diabetes, type 1l diabetes, acute active hepatitis,
chronic active hepatitis, pancreatitis, prirnary biliary cirrhosis, myasthenia gravis,
multiple sclerosis, systemic lupus erythematosis, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunbums, vasculitis, Behcet’s disease, chronic renal
insufficiency, Stevens-Johnson syndrome, inflammatory pain, idiopathic sprue, cachexia,
sarcoidosis, Guillain-Barré syndrome, uveitis, conjunctivitis, kerato conjunctivitis, otitis

media, periodontal disease, pulmonary interstitial fibrosis, asthma, bronchitis, rhinitis,
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sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary emphysema,
pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease, chronic
obstructive pulmonary disease, a proliferative disease, non-Hodgkin lymphoma, diffuse
large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), B cell chronic
lymphocytic leukemia, acute lymphoblastic leukemia, acute lymphoblastic leukemia with
mature B cell, B cell lymphoma resulting from chronic active B cell receptor signaling,

and a bone disorder related to multiple myeloma.

The use of claim 82, wherein the Btk mediated disorder is B cell chronic lymphocytic

leukemia or mantle cell lymphoma.



